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Preface

Motivation for a New Text
Let’s be realistic, most structural analysis performed in practice is done on 
a computer. So why do we need another text on how to perform analysis 
by hand? Because most structural analysis is performed using a computer. 
That might sound like circular logic, but think about it for a moment. A text 
on hand methods for structural analysis should be focused on skills needed 
to complement computer aided analysis, and I couldn’t find one of those.

If you ask experienced engineers, there are three practical reasons 
for performing hand calculations: 1) some problems are faster to solve 
by hand than by computer, 2) hand methods can be more efficient in the 
preliminary design phase where we don’t yet know the member proper-
ties, and 3) hand methods make up many of the tools practitioners use for 
evaluating detailed analysis results. The topics in this text were carefully 
chosen to support these three purposes. That meant developing several 
chapters dedicated to skills used by experienced engineers but not found 
in other textbooks (e.g., approximate analysis of braced frames, approxi-
mating drift, analysis of rigid diaphragms).

Yes, computers have made it possible for us to design structures that 
could not have been designed before. Nevertheless, even today most 
structures could still be designed by hand. It is the increase in efficiency 
that makes computers indispensable in the modern design process. With 
that increased efficiency, however, also comes the ability to make errors 
faster than ever before. Therefore, it is especially important that new en-
gineers learn the skills for and develop the habit of evaluating the reason-
ableness of structural analysis results.

The evaluation skills presented in this text are the result of a ten year 
project to gather experience from practicing structural engineers and in-
corporate it in the classroom based on principles from cognitive science. 
Students following a traditional curriculum and practitioners both took 
an exam to measure their ability to identify the most reasonable answer 
and explain why. As expected, practitioners outperformed the students. 
With the curriculum presented in this text, however, students performed 
much better on the exam than students following the traditional curricu-
lum. In fact, they cut the gap with practitioners in half.

The curriculum in this text emphasizes developing intuition for rea-
sonable answers and cultivating the habit of predicting results.  Intuition 
allows experienced practitioners to know if a result is not reasonable 
without giving it conscious thought.  The fastest way to develop intuition 
is to practice evaluation skills routinely and to reflect on the thought pro-
cess we used.  That reflection is called metacognition and is fostered in 
most of the homework problems in this text.  Expert evaluators of results 
will tell you that they start by predicting results.  There are important rea-
sons from cognitive psychology for why it should be in that order, so pre-
dicting results before performing detailed analysis is a routine part of the 
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homework and example problems in this text.  These skills and habits are 
valuable not only for students going on to practice structural engineering, 
but for our students going into any field of engineering. 

So while developing a new text, why not address other issues students 
bring up about their structural analysis textbooks and courses. One such 
issue is not seeing how the theory connects with the real world. It is dif-
ficult for someone new to structural engineering to make the connection 
between stick figures on a page and real structures they see in the world. 
To help students make this connection, every example and homework 
problem is based on a real-world structure with a scenario motivating the 
requested analysis.

Another issue is the amount of detail in the examples. Students learn 
a lot by reviewing worked examples and reflecting on why each step 
is taken. To help in that learning, the examples in this text carry units 
throughout all calculations and the examples don’t skip steps. In addi-
tion, the calculations are augmented with comments explaining why dif-
ferent steps were performed and what the results mean.

Organization
Each chapter begins with Motivation: a brief description of why the top-
ics in that chapter are important to practice structural engineering. Most 
of the sections within the chapters are organized with the following for-
mat: Introduction, How-To, Section Highlights (boxed and shaded for easy 
identification), and Example Problems (boxed for easy identification). The 
homework problems are grouped at the end of each chapter and are easily 
identified by a ribbon down the side of the page.

Homework Problems and Example Structure
The homework format is another product of the ten year study. The 
homework problems are structured to achieve three goals: 1) develop 
intuition, 2) practice the concept, and 3) accurately evaluate results.

Most homework problems begin with students making a guess about 
some part of the solution in order to promote development of intuition. 
It is important to the development process that students make a guess 
without fear of being wrong. Therefore, this part should be graded based 
on whether it was done or not. If students believe that the quality of the 
guess will impact their score, they will wait until after they have gener-
ated a solution before writing down their guess.

The middle part of each homework problem emphasizes application 
of the concepts covered in that section of the text. This is the traditional 
hand calculation portion.

Since many of the hand methods in this text are useful for evaluat-
ing computer analysis results, homework problems for about half of the 
chapters also require that the student calculate the result using structural 
analysis software. The student is asked to verify fundamental principles 
for their result (i.e., all equations of equilibrium are satisfied) and features 
of the graphical solution (e.g., segment of constant shear diagram value 
where there is no applied load).
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The student is then asked to make a comprehensive argument that 
the computer analysis results are reasonable. For full credit, the student 
should use all of the previous parts of the homework problem (except 
the guess) to demonstrate that the computer results are reasonable: 
hand solution(s), verification of fundamental principles, and verification 
of features of the graphical solution. In this argument the hand solution 
part of the homework might have used an approximate analysis method. 
In those cases, the student should recognize that the hand and computer 
solutions should not match perfectly. The student will need to decide 
whether the difference is acceptable or not.

Grading Advice
Each problem that starts with an initial guess ends with reflection on 
that guess. The student is asked to compare the initial guess with the 
computer results and reflect on why the two are similar or different. 
Again, if the instructor wants to successfully promote development 
of intuition, the students must feel that there is no disadvantage to 
having an initial guess that does not match the computer result. An 
example rubric that can be used to score this reflection is shown in the 
following table:

Full Credit (10) Adequate (7) Marginal (5) Unacceptable (0)

If the guess 
and solution 
generally 
match:

Explains how pre-
vious experience 
and/or fundamen-
tal principles led 
to a guess that 
matched.

Identifies previous 
experienced and/or 
fundamental prin-
ciples that guided the 
guess.

Attempts to explain why 
the guess matched the solu-
tion, but shows little under-
standing of pertinent fun-
damental principles and/or 
features of the solution.

No demonstration 
of understand-
ing of why the 
guess matched the 
solution.

If the guess 
and solution 
generally do 
not match:

Explains why guess 
does not match 
based on previous 
experience and/
or fundamental 
principles.

Identifies fundamen-
tal principles and/
or features of the 
solution that could be 
used to explain the 
difference.

Attempts to explain the 
difference, but shows little 
understanding of pertinent 
fundamental principles 
and/or features of the 
solution.

No demonstration 
of understanding 
of why the guess 
did not match the 
solution.

Examples of how to apply the rubric to score student reflections are also 
available.

Using Structural Analysis Software
This text is not based on the use of a specific structural analysis software 
program. Any structural analysis program that can model 2D trusses and 
frames will be sufficient. Note that in order to model braced frames, the 
program must allow specification of pinned connections in an otherwise 
rigid frame.
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If students do not already have access to structural analysis software, 
they can obtain free software via the internet. For example, basic use of 
the program MASTAN2 can be taught in a single lecture. The program is 
available for free download from the following website:

www.mastan2.com

Instructor Resources
The single objective of this text is to prepare your students with skills and 
habits for the practice of engineering, regardless of the specialty. Trust 
the process. Do all the steps. The organization of the example and home-
work problems is based on how experienced engineers approach analysis 
and is supported by cognitive science.

All instructor resources are available for download at www.pearson-
highered.com. If you are in need of a login and password for this site, 
please contact your local Pearson representative.

Mastering Engineering
This online tutorial and assessment program allows you to integrate 
dynamic homework with automated grading of the calculation parts of 
problems and personalized feedback. MasteringTM Engineering allows 
you to easily track the performance of your entire class on an assignment-
by-assignment basis, or the detailed work of an individual student. For 
more information visit www.masteringengineering.com.

Instructor Solutions Manual
Fully worked-out solutions to the homework problems.

PowerPoint Lecture Images
All figures from the text are available in PowerPoint for your lec-
ture needs. These are used to give students real visual examples of the 
phenomena.

Learning Catalytics
This “bring your own device” student engagement, assessment and class-
room intelligence system enables you to measure student learning dur-
ing class, and adjust your lectures accordingly. A wide variety of question 
and answer types allows you to author your own questions, or you can use 
questions already authored into the system. For more information visit 
www.learningcatalytics.com or click on the Learning Catalytics link inside 
Mastering Engineering.

Prerequisite Courses
This text is constructed assuming that students have already completed 
statics and mechanics of materials courses; therefore, topics such as de-
terminate truss analysis have been omitted.
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Visual Walkthrough

Section Highlights
Section Highlights are boxed and highlighted for 
easy identification.

Motivations
Motivations start each chapter to provide 
justification and real world context for 
what students will be learning about in 
the chapter and why it’s important.

Examples
The text emphasizes developing intuition 
for reasonable answers and cultivating the 
habit of predicting results.
Evaluation of Results within the Example 
Problems include icons and headings 
reinforcing the importance of evaluating 
results via Observations of Expected 
Features, Satisfaction of Fundamental 
Principles, and confirmation that the 
Approximations Predicted the Outcomes.
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Homework Problems
The homework problems are 
structured to achieve three 
goals: 1) develop intuition, 
2) practice the concept, and 
3) accurately evaluate results. 
Most homework problems and 
examples begin with students 
making a guess about some 
part of the solution in order 
to promote development of 
intuition. Each problem that 
starts with an initial guess ends 
with a reflection on that guess.

Real-World Connection
Each example and homework 
problem starts with a real-world 
scenario to show how the analysis 
skills apply to practice. With 
that scenario is a photo or highly 
detailed photorealistic rendering 
of the structure to connect the 
idealization to reality. 

Homework Problems
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Evaluating Results
The reality is that in the practice of structural engineering we typically rely 
on complex structural analyses to finalize our designs. Our obligation to hold 
paramount the safety, health and welfare of the public 1 means that we must 
always evaluate the reasonableness of our results. Practitioners use a wide 
variety of tools to evaluate their analysis and design results. If we focus spe-
cifically on how experienced practitioners evaluate structural analysis results, 
their tools can be organized into three categories: features of the solution, fun-
damental principles, and approximations.

1 Part of First Fundamental Cannon from the ASCE Code of Ethics, and similar to 
part of the Code of Professional Conduct of the European Council of Civil Engineers

Observed Expected Features?
Based on our understanding of mechanics 
principles and the situation, we expect to see 
certain features in the results of our analy-
sis. For example, we expect a beam to have 
a smooth deflected shape as long as there is 
no internal hinge. Similarly, when we look in 
the mirror we expect to see certain attributes. 
Therefore, whenever we have compared 
features of the solution in the example prob-
lems, we have put a small mirror.

Satisfied Fundamental Principles?
Fundamental principles such as equilibrium 
and compatibility must be satisfied at all 

times. Just as a compass always points north, these fundamen-
tal principles always apply. We typically learn these principles 
in our statics and mechanics of materials courses. Now we will 
rely on them to help verify that our results are reasonable. To 
help you recognize where we used fundamental principles to 
verify our results in an example problem, we have put a small 
compass with the check.

Approximations Predicted Outcomes?
We make approximations in order to obtain a solution 
quickly and with reduced likelihood of error. Approximations 
are like making a curved road straight; it is not the same 
journey, but you finish in a similar place. Practitioners use 
approximations extensively, so we will cover many differ-
ent approximation tools. We have put a small road sign with 
each approximation used to verify results.

✓

✓

✓

CHAPTER 0
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