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Introduction 

 

The objective of this project was to develop numerical methods in Matlab to evaluate a two-

dimensional truss structure under two concentrated dead loads for the largest tensile and 

compressive stresses, their locations, the reaction forces at the supports, and the undeformed 

and deformed shapes of the structure (using a magnification factor to emphasize the 

displacement). This model was developed using the conceptual framework of the Element-by-

Element Stiffness Approach and implemented in Matlab using matrix techniques. Lastly, the 

model was developed to read truss data in from the user through a text file whose format takes 

on the form of that presented in the “Results and Discussion” section of the report. 

 

Next, the reader will be informed of the methodology that the author exercised to develop 

solutions for the project. Before developing any numerical methods in Matlab, the author 

reproduced the diagram of the truss labeled with element and node number conventions. 

Then, using the convention of a sample input text file containing properties of a 2-D truss 

including geometry, node and element numbers, material properties (elastic modulus), and 

force and displacement boundary conditions, an input text file was developed for the truss in 

the problem statement using the same convention. It should be noted that this convention was 

applicable considering that both trusses are 2-D, and subjected to time-invariant, concentrated, 

loads. After the input text file was created, pseudocode was developed to characterize the 

framework of the computerized model in a form that was programming language agnostic.  The 

following five figures depict the diagram, text file convention, and pseudocode.  
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Figure 1: Problem Statement and Labelled Truss Diagram 
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Figure 2: Assembly of Input Text File (1) 
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Figure 3: Assembly of Input Text File(2) 
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Figure 4: Assembly of Input Text File (3) 
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Figure 5: Pseudocode of Numerical Model 
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Results and Discussion 

 

The author implemented the input text file and pseudocode in Matlab using the skeleton 

program provided in the problem definition. The three skeleton functions contained within this 

skeleton “main” program were developed on separate .m files to improve readability of the 

main program. In evaluating the main program using the constructed input file, the author 

obtained the following results for the nodal displacements and reaction forces, internal forces 

and axial stresses as shown in figures 6-8 below.  Figure 6 presents the nodal displacements for 

each of the nodes in the truss. It is 

important to note that the reason the 

horizontal and vertical displacements for 

nodes 1-4 that correspond to the pin-

support restrained nodes are non-zero is 

because the Penalty Method was used as 

an approximation to the pin-support 

behavior. In particular, in the Penalty 

Method, the pin-support is replaced with 

a spring with a very large stiffness 

whereby the connected node can be 

approximated to undergo a displacement 

that is very small. Effectively the high 

stiffness of the spring approximates the 

complete restraint to motion that the pin support provides, and thus, offers a good 

approximation for the displacement. In referencing figure 7, we have the reaction force values 

for the eight degrees of freedom that correspond to the restraints at the pin supports for nodes 

1-4. Lastly, in referencing figure 8, we have the internal force and axial stress results for each of 

the members. It is shown that element 24 is the critical tension element, namely, it experienced 

the largest tensile stress under the given loading configuration with a value of just over 511 psi. 

Figure 6: Nodal Displacement Results 



Justin Campbell 
UT eID: jsc4348 
COE 321K 
Dr. Mear 
 

 10 

Conversely, element 23 is the critical compression element, namely, it experienced the largest 

compression stress under the given loading configuration with a value equal in magnitude to 

the critical tension element (511 psi). These values and their locations are clearly labelled in the 

undeformed truss in figure 9.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Reaction Force Results 
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Figure 8: Internal Force and Axial Stress Results 
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Figure 9: Undeformed Shape of Truss with Critical Tension and Compression Elements 

Critical Compression 
Element: Element 23, 
Axial Stress: -511.067 
psi 

Critical Tension 
Element: Element 24, 
Axial Stress: 511.067 
psi 
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V2=824.080 lbs 

V1=540.466 lbs V3=1178.624 lbs 
lbs 

V4=456.830 lbs 

H4=342.623 lbs H3=808.840 lbs 

H1=405.349 lbs 
lbs H2=746.114  lbs 

Figure 10: Undeformed Truss with Reaction Forces Labelled 
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As shown in figure 11, the 

deformations of the truss 

structure under the 

loading conditions are not 

recognizable under the 

default magnification of 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: Undeformed and Deformed Structure (Magnification Factor:1) 
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In increasing the 

magnification factor 

from 1 to 100, the 

deformation becomes 

somewhat apparent as 

slight downward 

deformation along the 

bottom row of 

horizontal elements is 

recognizable. However, 

this magnification is not 

clear, so, a 

magnification of 1000 is 

used and shown below.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12: Undeformed and Deformed Structure: Magnification Factor: 100 
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As we can see in figure 13, with a 

magnification factor of 1000, the 

deformation of the truss is much 

more pronounced.  

 

 

 

 

 

 

 

Figure 13: Undeformed and Deformed Structure with Magnification Factor: 1000 


