Lesson 15
4.4.  A Statics Truss Problem

· An engineering example involving a large system of linear equations can be found in the field of statics. 
· The problem is to solve for the internal forces in the truss structural members. 
· In truss analysis, the structural members are considered to be connected by pins at the joints. 
· A pin can exert a single force with components in both the horizontal and vertical directions, but cannot exert a moment. 
· It is assumed that external loads act in a plane and thus the truss may be treated as a two-dimensional structure. 
· It is also assumed that external loads are only applied at the ends of the structural members and therefore, the members may be considered as a two-force body. 
· For a two-force body, the force exerted on the member by the pin must be in the member’s axial direction. 
· To demonstrate that this is true, isolate a structural member, and take the moment about one end of the member. For the body to be in equilibrium, the moment about any point on the member, must be zero. Thus, the force at the other end of the member must also be along the longitudinal axis of the member resulting in a zero moment. 

· In the analysis, we consider making an imaginary cut in a structural member and removing one part of the member. We replace the effect that the removed part has on the remaining part by a force which is considered as the internal force in the member. 
For illustration purposes a truss consisting of 5 structural members is considered (see Figure 4.1). 
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Figure 4.1
Since there are 5 structural members, there are 5 unknown internal forces. Reactions, which are the forces that the supports exert on the structure,  can be obtained from the equilibrium equations involving only the external forces and are thus considered to be known.  Also note that there are 4 joints.  We can write 2 scalar equations at each joint; i.e.,
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(4.4)

However, we can only use 5 independent equations.  We will write 2 scalar equations at joints A and B and one scalar equation (in the x direction) at joint C. The system of equations can then be represented by the matrix equation:
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where
A = coefficient matrix

F = column matrix of the unknown internal forces

P = column matrix involving given external forces

The coefficient matrix A will be made up of elements aij where the first index is the equation number and the second index represents the force member associated with that element. In writing the equations, take all unknown internal forces to be in tension. If Fi comes out negative, then the internal force is in compression. First we solve for the Reactions at points A and D; i.e., Ax, Ay, Dy,  (see Figure 4.2). 
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Figure 4.2
Unknown reactions are to be assumed pointing in the positive (x,y) directions. Forces are in kN. Taking the moments about point A gives:
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Solving for Dy gives
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Now summing all the external forces (reactions are considered as an external force) in the x and y directions give:
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Internal forces at Joint A (see Figure 4.3):
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Figure 4.3.
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(1)       

 a11 = cos (60º ),  a13 = 1,  P1 = 
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(2)
                       

a21 = sin (60º ) ,  P2 = - Ay

Internal forces at Joint B (see Figure 4.4):
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Figure 4.4.
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(3)


 a32 = cos (60º ),  a31 =  - 0.5,  a34 = 1,  P3 = 0
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  a41 = - sin ( 60º ), a42 = 
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Internal forces at Joint C (see Figure 4.5):
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       Figure 4.5.
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a54 = 
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Since joint D has not been used in establishing the coefficient matrix, it can be used as a check on the obtained solution; i.e., the sum of all the forces acting at joint D, both in the 
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at joint D  (see Figure 4.6), then:
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Figure 4.6.
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If CKDy and CKDx are not both zero, then a mistake has been made somewhere. The following example program solves for the internal forces in the truss.

Example 4.4

% Example_4_4.m
% This program solves for the internal forces in a truss by the matrix  

%  method. A work sheet is used to write the governing equations at 

% each joint. The equation numbers are specified in the worksheet and 

% the coefficients a(i,j) are determined in the worksheet and copied  

% into the program. 
 clear; clc;
 th60=pi/3; th30=pi/6; ie=5; je=5;
 a=zeros(5); p=zeros(5,1);
 sth60=sin(th60); cth60=cos(th60); sth30=sin(th30); cth30=cos(th30);
 % Calculation of reactions:
 % Sum of moments about joint A gives the vertical component of
 % the reaction at joint 
 Dy=(2*cth30*6*sth60+2*sth30*6*(1+cth60))/6;
 % Sum of external forces in the x direction gives the horizontal   

% component 
 % of the reaction at joint A.  
 Ax=-2*cth30;
 % the sum of external forces in vertical direction gives the vertical
 %component of the reaction at joint A.
 Ay=2*sth30-Dy;
 fid=fopen('output.txt','w');

 fprintf(fid,' Example_4_4.m \n');
 fprintf(fid,' statics_problem.m \n');
 fprintf(fid,' Program solves for the internal forces ');

 fprintf(fid, 'of a truss \n\n');
 fprintf(fid,' Reactions in kN \n');
 fprintf(fid,' Ax=%8.3f \t\t Ay=%8.3f \t\t Dy=%8.1f \n\n',Ax,Ay,Dy);
 % Overwrite the non-zero elements of matrix a and matrix p.
 a(1,1)=cth60; a(1,3)=1.0; p(1)=-Ax;
 a(2,1)=sth60; p(2)=-Ay; 
 a(3,1)=-cth60; a(3,2)=cth60; a(3,4)=1.0;
 a(4,1)=-sth60; a(4,2)=-sth60; 
 a(5,4)=-1.0; a(5,5)=-cth60; p(5)=-2*cth30;
 fprintf(fid,' A matrix \n\n');
 jindex=1:je;
 fprintf(fid,'   ');
 for i=1:ie
      fprintf(fid,'%6i',jindex(i));
 end
 fprintf(fid,'\n');
 fprintf(fid,' ---------------------------------------------------\n');
 for i=1:ie
      fprintf(fid,'%4i ',i); 
      for j=1:je
         fprintf(fid,'%8.4f',a(i,j));
     end 
      fprintf(fid,'\n');
 end
 F=a\p;
 fprintf(fid,'Internal and external forces in kN \n\n');
 fprintf(fid,'  Member #     F(kN)       Equation #     p(kN) \n');
 fprintf(fid,'------------------------------------------------- \n');
 for i=1:ie
      fprintf(fid,'  %3.0f     %9.4f    %3.0f     %5.3f \n',... 



i,F(i),i,p(i));
 end
 % check if the sum of the horizontal components at joint D is zero:
 fprintf(fid,'Check if sum of the x components');  

 fprintf(fid,'at joint D is zero \n');
 ckDx=-F(2)*cth60+F(5)*cth60-F(3);
 fprintf(fid,'  ckDx=%12.4e \n',ckDx);
 % check if the sum of the vertical components at joint D is zero:
 fprintf(fid,'\n check if sum of the y components');

 fprintf(fid'at joint D is zero \n');
 ckDy=Dy+F(2)*sth60+F(5)*sth60;
 fprintf(fid,'  ckDy=%12.4e \n',ckDy);
 fclose(fid);

-----------------------------------------------------------------------

Program results:
Example_4_4.m 

statics_problem.m 
Program solves for the internal forces of a truss 
Reactions in kN 
 Ax=  -1.732         Ay=  -2.000         Dy=   3.0 
 A matrix 
        1        2       3       4       5
 -------------------------------------------------------
   1   0.5000  0.0000  1.0000  0.0000  0.0000
   2   0.8660  0.0000  0.0000  0.0000  0.0000
   3  -0.5000  0.5000  0.0000  1.0000  0.0000
   4  -0.8660 -0.8660  0.0000  0.0000  0.0000
   5   0.0000  0.0000  0.0000 -1.0000 -0.5000
Internal and external forces in kN 
  Member #   F(kN)       Eq. #    p(kN) 
  ==================================================
    1        2.3094        1     1.732 
    2       -2.3094        2     2.000 
    3        0.5774        3     0.000 
    4        2.3094        4     0.000 
    5       -1.1547        5    -1.732 
 check if sum of the x components at joint D is zero 
 ckDx=  0.0000e+00 
 check if sum of the y components at joint D is zero 
 ckDy= -8.8818e-16 
-------------------------------------------------------------------------------------------------------
PAGE  
8

_1422537997.unknown

_1422538466.unknown

_1475351662.unknown

_1475351688.unknown

_1426070905.unknown

_1422538051.unknown

_1422538156.unknown

_1422538451.unknown

_1422538132.unknown

_1422538032.unknown

_1276771320.unknown

_1422537829.unknown

_1422537949.unknown

_1403093943.unknown

_1276765211.unknown

_1276771195.unknown

_1276765404.unknown

_1258703423.unknown

_1276765079.unknown

_1258704729.unknown

_1258703012.unknown

