
TERM PROJECT FOR STRUCTURAL ANALYSIS 2 – CIV519 

Part a, Introduction: 

This entry is about an individually done term project of a 4th year technical elective course called structural analysis 2. The 

project required us to make a detailed analysis of a research paper related with course material, mainly the steel trusses. The 

main goal of this project was to practice the course material and learn about the trusses that are used in real life. Another 

important goal of it was to improve our ability on analysing a published report. The project also indirectly aimed at the usage 

of computer software for solving complex structural loading systems that will take long time to solve by hand. The paper this 

project was about is linked at the part b of this entry. 

The paper was talking about an analysis method called the two-stage method. The method was proposed by Janusz Rebielak, 

a Polish professor at the department of architecture in Cracow University of Technology. The method was inspired from the 

buckling analogy of steel under compression. His method was based on the principle of superposition and it was for 

approximately solving appropriate statically indeterminate plane trusses. 

I broke the analysis in four parts mainly focusing on historic and current bridges since steel trusses like mentioned in the 

report are encountered mostly on bridge designs. In the first part, I repeated the examples shown in the paper using mostly 

RISA-3D and compared my results with the results of the paper. In the second part, I examined the applicability of the 

proposed two-stage method to 4 widely used truss types. In the third part, I commented and discussed on possible limitations 

of the proposed method and in the final part I gave my opinion about the method proposed as well as pointed out some 

possible mistakes. 

I found this project to be particularly helpful in improving my discussion, interpretation of data and commenting skills. I also 

practiced my ability to use a commercial design and analysis software and learned new functions of it. I believed in the 

usefulness of this project and spent considerable time and effort on this project since as a future structural engineer, I know 

that reading and analysing reports will be a substantial part of my work. 

Part b, the paper: 

The paper is called “New Simple Method of Calculation of Statically Indeterminate Trusses” and can be found online at: 

http://www.sci-en-tech.com/apcom2013/APCOM2013-Proceedings/PDF_FullPaper/1594_J_Rebielak.pdf. The original version 

can also be found in UofT’s engineering library. It was also published in 2014 in the Journal of Mathematics and System 

Science 4 (p367-371). 

Part c, the repeated examples from the paper, results and my commentary: 

Below are my analysis results for the first example studied at the paper: 

 

 

http://www.sci-en-tech.com/apcom2013/APCOM2013-Proceedings/PDF_FullPaper/1594_J_Rebielak.pdf


 

 

 

 

 
 

 

 

 

 



 

 

 



At the left, there is a 

spreadsheet which 

shows the numerical 

results. All the 

approximations that go 

on the safer side is not a 

big issue other than 

economic disadvantage if 

the load applied is high. 

I’m focusing on the not 

safe values. Most of the 

not safe forces have a 

low percentage error and 

this error can be 

compensated by safety 

factors used in design. 

But if I focus on 

members 22, 23, 24 and 

25. I see an error of 

25.53%. But these 

members are the ones 

with the smallest force value. So here again the minimum requirements of the design code used will govern. 

Therefore, this “specific” structure can be designed by two-stage method although I don’t recommend this in 2018. 

But can it be done? Yes. 

 

 

 

 

 

 

After solving example 1, I noticed that for most of the time I get the same results. My results for example 1 at the 

paper differ at some points. Those can be seen below. Green circles represent not very important mismatches. 

Green circles with a red star mark are significant mismatches. In this example, all the only green mismatches are 

due to roundoff which is not very significant. Mismatch number 5, 6, 7, 8 and 15, 16, 21, 22 is because of a 

calculation error or too much rounding from authors part while doing the calculations. Because of this difference, 

significant mismatches 29, 30, 31, 32, 33, 34, 35, 36 happen. Mismatch 25 and 26 are the most significant for this 

example and I think the author or the editor copied the shape from above and forgot to change those values. 

 



 
 

 

 

 

 

 

 

 



Example 2: 

 

Below are my analysis results for the second example studied at the paper. 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 



 

 

 

 
 

 

 

 

 

 
 

 

 

 

 

 
 

 



At the left, there is a 

spreadsheet which shows 

numerical results. All the 

approximations that go on the 

safer side is not a big issue other 

than economic disadvantage if 

the load applied is high. I’m 

focusing on the not safe values. 

When I look at the spreadsheet 

overall, I see two type of not 

safes. The first type is where the 

force value is small considered 

to other members, but the 

percent difference is big, and 

the second type is where the 

relative difference of forces is 

small in percentage. The small 

relative difference is usually not 

an issue since everything we 

design for has a safety factor. In 

this case, the other one is also 

not an issue. As an example, I 

can give member 55. At that 

member, the force is 

approximated as 0 but in reality, 

it is 0.121 kN compression. 

0.121 is a small value and most 

likely minimum requirements by 

the building code will govern at 

this member, even the applied 

load gets scaled x100. So, I think 

this is not an issue. This 

“specific” structure can be 

approximated by two-stage 

method although I don’t 

recommend this in 2018. But 

can it be done? Yes. 

 

 

 

 

 

 

 

 

 



Similar to example 1, after solving example 2, I noticed that for most of the time I get the same results. My results 

for example 2 at the paper differ at some points. Those can be seen below. Green circles represent not very 

important mismatches. Green circles with a red star mark are important mismatches. Green mismatch 1 is a typo 

from the authors part and all the other green mismatches are due to roundoff which is not very significant. 

Mismatch number 2 and 5 with a red mark is a sign error from authors part. The sign signifies compression or 

tension, so it can be considered important. But in reality, I think when he was adding the forces, he made a 

mistake. Nevertheless, I believe he or his assistants were supposed to check it before publishing a report. There 

might be a publishing mistake as well. 

 

 



Part d, applicability of the two-stage method in Bailey Truss, Baltimore Truss, Fink Truss and Pauli Truss: 

BAILEY TRUSS 

Bailey truss was invented by Donald Bailey in 20th century. At that time, there was a war and soldiers had to carry the bridge 

panels and assemble them on site. The bailey panel has certain specific dimensions according to the field manual but for the 

purposes of this project, I will stick with the dimensioning used in the report. 

 

The original Bailey panel looked like this: 

 

These panels were to be assembled by soldiers quickly to form the bridge. According to the field construction manual, the 

diamond braces are suggested to be welded although a pin connection is also allowable, top and bottom chord is continuous 

but pinned between panels.  

However, in modern bridges, longer panels can be constructed. So, for modeling purposes, the top and bottom chord of the 

bridge can be modeled continuous.  

In fact, this type of bridge configuration will only have axial forces given that all the loads are applied to the joints vertically. 

 

Simple trusses mentioned in the report have all members with both ends released. This type truss modeling works for only 

certain types of trusses. In reality, some or sometimes all members can be fixed and still the structure can be considered a 

truss due to the way it is loaded or designed.  

The Bailey truss can be modeled in several ways which all gives the same result. However, Bailey truss cannot be modeled 

having all members released. If the equation given in the report to be used one can find that the truss modeled that way will 

be statically unstable to the 1st degree. Modern finite element solver found in computer software will give a warning and 

verify that as well. 

 

 

 



 

Hand Calculation of Degree of Static Stability Ds:                                  Software Solver warning for instability: 

      

For hybrid frame-truss structures, another formula can be used to analyse the degree of static indeterminacy. The truss 

equation used in the report is a sub-equation of this general equation: 

 

References for the equation:  

“Structural Analysis: In Theory and Practice By Alan Williams” 

“Di Maggio , F. C. Statical indeterminacy and stability of structures . Proc. Am. Soc. Civil Eng.89 ( ST3 ) . June 1963 . pp. 63–75” 



 

 

I modeled the Bailey truss in an appropriate configuration and run computer first order linear elastic analysis. This is just to 

get the axial forces. I could have fixed all ends and run an analysis as well. For this case it doesn’t really matter.  

I applied loads to every joint, but I also did model applying forces to joints where vertical members exist. I will present those 

results numerically and give graphical output for the case where loads applied to every single joint in the top chord. I wanted 

to include the other case as well since it is widely used. 

Example of Bailey Truss where loads are applied where vertical members exist: 



 

The results for loads applied to every single top joint: 

 

 

 

 

 



 

 

Applicability of the two-stage method as the way it is described in the report: 

Two-stage method to this truss cannot be applied, however, a modified version of it that doesn’t care about the 

degree of static indeterminacy where all top members are removed in the first, and all bottom are removed in the second 

may be applied. But, since removing all the members in the top chord or bottom chord doesn’t make the structure 

determinate, still a computer must be used. So, basically, for this truss, two-stage method is pointless.  

The question asks for the applicability so here are my numerical results and my comments: 

Before putting the numerical data, I want to point out that I tried some release configurations including the one 

presented above for software results. The best prediction of axial forces was when I fixed all the joints. So, I will just present 

that data. For the configuration above, two-stage like (not exactly two-stage described in the paper) method gives 

unacceptable results. 

 

 

 

Member Layout Used in numerical results: 

 

First case where loads are applied to every single top joint, Tension (+): 



 

 

Second case where loads are applied to every top joint where vertical member exists, Tension (+): 



 

 

 By, quick looking at the results, there are quite a few members which has a predicted unsafe loading and big 

percentages in the diamond braces. So, I don’t think this is a good preliminary design. I don’t think two-stage method can be 

applied for this truss, even with a modified version. 



BALTIMORE TRUSS 

Baltimore truss was invented in 19th century for the use in a railroad construction between Baltimore-Ohio-Pennsylvania 

Railroad. It is a Pratt Truss with extra members to prevent second order effects. (Info reference: HistoricBrigdes.org) 

Pratt Truss:                                                                                                  Baltimore Truss: 

            

Baltimore Truss with smaller span: 

 

Analysis of Baltimore Truss? Is it even necessary to apply two-stage method? 

Although, in reality, some connections in a Baltimore truss can be rigid, a Baltimore truss can be modeled as a simple truss. 

This simple truss model will be stable and determinate. Modeling a Baltimore truss as a simple truss will result at the same 

exact axial forces with modeling it as a fixed truss. No shear or moments will be present. One big point of using the two-stage 

method is to try make the structure determinate and calculate forces. For a truss that can be modeled as determinate, there 

is no point of using an approximate indeterminate method.  

So, in conclusion, two-stage method doesn’t apply to this truss. 

Here is some analysis to prove my points:  

 

 

 

 



 

All ends fixed axial forces: 

 

All ends released axial forces: 

 

 

Using equation Degree of Static Determinacy =  (number of members) – (2)(number of joints)+(number of reactions) 

Ds = 45 – 2 x 24 + 3 = 0  => determinate 

 

 



FINK TRUSS 

Designed and patented by Albert Fink in 19th century, fink truss was initially invented for railroad use. The axial only members 

used in a Fink truss is its speciality amongst other types. Currently it is used for smaller applications 

Original patent drawing of Fink Truss: 

 

Another version of fink truss (like our version): 

 

Fink Truss currently in use in Peru (like our version but smaller span): 

 

Applicability of Two-stage method to the Fink Truss: 

The Fink Truss given can be modeled with all pin connections like the Baltimore Truss. But, the degree of determinacy will be 

4 meaning that the truss will be 4th degree statically indeterminate. Two-stage method suggest the removal of 4 members 

from top and 4 members from bottom chord. This is not possible here since removal of a single member from the top will 

change the way the truss behaves and will even cause instabilities. (The bridge collapses in non-engineering terms) 

One reason behind the instabilities or weird behavior is that some members here are cables or tension-only members which 

can take very little or no compression. These members can be modeled as a regular member also (which is what I did for the 

software results of the original truss) but this will cause very bad approximations as soon as some members are removed. 

Therefore, in the software analysis of some members removed truss, it is better to set up the tension members as tension-

only members with a buckling load of 0 which means that as soon as a tension-only member goes under compression, the 

solver assigns a value of 0 stiffness to that member basically removing it from analysis. 

 



Software results for the actual truss: 

 

 

 



PAULI OR LENTICULAR TRUSS 

Invented in 19th century by Berlin Iron Bridge company. They later mass produced these truss bridges and today this type of 

truss is still used in numerous modern bridges. (https://www.researchgate.net/profile/Amy_Cerato/publication/268286982) 

Original patented drawing:

 

Lenticular truss like ours: 

                         

Analysis of Baltimore Truss. Application of two-stage method and commentary: 

Software Graphical Results:

 

 



Numerical Application of The Two-Stage Method (Member Labeling on next page): 

 



 

Two stage method can be applied to this truss due to the similarities of it to the example truss given. It also gives surprisingly 

good results, almost identical to the original truss. The 102.27% “Not safes” are just very small numbers to be ignored. 



Part e, possible limitations of the proposed method: 

1)Nonlinear analysis: In nonlinear analysis, superposition principle is not valid therefore two stage method is not appropriate. 

Also, compression members will buckle leading to improper estimations of forces. 

2)Vertical Load not symmetric: It can be used for calculating the top and bottom chord forces of the truss. However, for the 

braces, the estimates will be off. If the loads are small, might be acceptable. Otherwise, this method should be avoided for 

asymmetrical or non-uniform vertical loading. 

An example where this method is not appropriate for the entire structure, tension (-): 

 

The not symmetric loading case was analysed also by the author of this report and the following two report contains some 

additional information: 

http://www.sci-en-tech.com/ICCM2017/PDFs/2486-9688-1-PB.pdf 

http://www.mechanik.media.pl/pliki/do_pobrania/artykuly/22/2017_07_s0585_eng1.pdf 

3)Horizontal loading: This will not work because as soon as some members from top or bottom chord are removed, it will 

change the forces of the bracing. 

4)Temperature loading and fabrication errors: This won’t work because these are not equivalent to a uniform vertical load. 

 

 

http://www.sci-en-tech.com/ICCM2017/PDFs/2486-9688-1-PB.pdf
http://www.mechanik.media.pl/pliki/do_pobrania/artykuly/22/2017_07_s0585_eng1.pdf


Part f, my opinions on the paper and possible mistakes that the paper contains: 

This paper was written by an engineer that has focuses on building design according to his other published work. So, the 

methods described in this paper are intended for the specific simple trusses that he works with. I think this paper is more 

focused on buildings then bridge trusses. In terms of professionality, I don’t think the paper was checked professionally. There 

shouldn’t be basic mistakes on a published report.  

In 2018, almost 2019, I would not recommend such a method. It only applies to specific cases, there are a lot of limitations 

and more calculation efforts. In his conclusion, the author mentioned about the simplicity of the method, but we are living in 

an age where computers became very powerful and very portable. A portable computer can easily do 10^10 floating point 

operations per second and we enough ram to store huge matrices. Using finite element analysis, indeterminate structures of 

such a small scale can be solved within seconds and with very good accuracy. Linear analysis is currently not an issue. Hand 

calculation checks are still done but not for such simple things. 

I pointed out some numerical mistakes in the part b of this report. I won’t repeat those here. Other then those, there is a 

conceptual mistake on a part of this report. He says tension members to compression members:

 

 




