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Abstract 
 
This report shows how assignments based on the written review of articles on buildings and 
bridges, with back-of-an-envelop calculations, can be used to expand coverage in traditional 
steel design courses.  Through these assignments students have the opportunity to look at how 
structures behave and to consider alternative designs.  The writing assignments give students 
experience in presenting engineering information to both engineers and non-engineers.  These 
assignments provide an additional opportunity for discussion and interaction with students, both 
in and outside of class.  This report provides steel design educators with the materials needed to 
introduce short written assignments with back-of-an-envelop calculations into their courses. 
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INTRODUCTION 
 

 
Traditional steel design courses are based primarily on teaching students how to design structural 
components, i.e. beams, columns, connections, bracing elements, etc.  Typically, the design of 
individual elements in a steel structure must precede the study of the overall behavior.  Once the 
design of the different components is mastered, design projects can introduce students to the 
behavior and design of the full structure.  Design projects commonly form the basis of capstone 
design courses, providing students with the opportunity to fully assimilate the design process.  
An approach is developed in this report to provide some of the key benefits obtained from design 
projects earlier in the steel design course sequence.    
 
Experience at the University of Connecticut has shown that students learn more about design 
when they explore the overall structural behavior in buildings and bridges.  Carefully prepared, 
short assignments that are directed to the study of overall structural behavior increase the 
student’s interest in structural steel design.  These assignments do not require the large amount 
of time normally needed for design projects.  As a consequence, students are able to explore a 
variety of building and bridge types and learn about the creative concepts needed to solve a wide 
variety of structural problems.   
 
During the past 18 years, this writer has been using writing assignments combined with ‘back-
of-an-envelop calculations’ as a way to expand opportunities for students to see how structures 
behave and how design decisions affect the overall structural performance (DeWolf, 2002).  
These assignments have provided students with the opportunity to look at entire structures, 
whereas conventional course design assignments generally involve the study of individual 
members and connections.  These assignments provide a format for organizing and 
communicating specific information about load paths, framing approaches, different design 
alternatives and construction practices. 
 
A key to these writing assignments is the use of back-of-an-envelop calculations.  Computers 
have not eliminated the need for back-of-an-envelop calculations.  These calculations are just as 
important today, and perhaps more so, than they were prior to the development of the powerful 
computer software now used in engineering design offices.  Back-of-an-envelop calculations 
provide a way to get rapid estimates that are useful during different stages of the design and 
construction process. Engineers often need to develop preliminary designs using short, simple, 
approximate estimates for forces and resulting member sizes.  In addition, all designs must be 
checked.  Checking should not be done by repeating the full analysis and design process.  Errors 
made in the original design process will likely be made in the repeat of the process.  Checking 
should involve short, simple, approximate calculations.  These short approximate calculations 
are often all that is needed to check full designs.  Back-of-an-envelop calculations are also useful 
in developing alternative structural systems.  In addition, they can be helpful when there are last 
minute alterations or when there are problems during construction. 
 
The intent of the writing assignments proposed in this report is that they combine relatively short 
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written discussions about structural behavior with short back-of-an-envelop calculations.  This 
provides students with the opportunity to explore different structures, expanding on the material 
that is traditionally covered in the normal steel design curriculum.  The process provides students 
with insight into how structures work.  In addition, these efforts expand the interaction between 
the teacher and the student, resulting in a course that is more interesting and rewarding for both. 
 
 
Background 
 
Today, there are many efforts underway to introduce writing into student’s major areas of study. 
 Freeman, et. al (2000) note that the premise behind ‘writing-across-the-curriculum’ is that 
students understand their subject better when they are required to write about it.  This is because 
the writing process requires critical analysis.  Writing can only be done correctly when a student 
fully understands what he or she is writing about.  Through presentation of material in their area, 
students develop new ideas that provide them with the opportunity to be part of the dialogue in 
their field.  The writing process helps them learn the language, formats and ways of reasoning in 
their field.  This helps students prepare for their careers in which they will ultimately need to be 
able to write and communicate about their expertise to both engineers and non-engineers, 
notably clients and the general public.  Thus, experience with writing is an essential component 
of the students’ learning process. 
 
This need is further explored by Bean (1996).  He has written a guide that is a valuable resource 
for introducing writing into a broad range of courses.  As he notes, two recent power movements 
in higher education have been the writing-across-the-curriculum movement and the critical 
thinking movement.  By combining these two elements, students are transformed from passive to 
active learners, deepening their understanding of the subject matter.  They learn to think in their 
own discipline, ask questions, conduct inquiries, gather and analyze data, and make arguments.  
While there is no one right way to integrate writing and critical thinking, the underlying premise 
is that writing is closely linked with thinking, and by creating an environment that demands good 
writing, we can promote intellectual growth.  Students who struggle with their writing, struggle 
with the process of thinking about problems.  In other words, writing engages students. 
 
Writing-across-the-curriculum typically requires that students write in their upper division 
courses.  Suitable courses include laboratory courses, courses with design projects and senior 
capstone design project courses.  At the University of Connecticut, writing assignments 
combined with back-of-an-envelop calculations have been used in the senior-level steel design 
course.  The course is the second steel design course in the undergraduate curriculum.  The first 
course, required of all undergraduate students in the department, covers tension members, 
compression members, rolled steel beams and some simple connections.  The second course 
covers beam-columns, bracing, composite design, plate girders and an extensive section on 
connections.  The writing assignments are spread throughout the second course, and they 
typically have features related to the current design topic. 
 
The main objections to adding writing assignments to engineering courses have been that the 
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teaching of writing in one’s discipline can be demanding and that it should only be done by 
teachers who are experts in the current theory, pedagogy and evaluation of writing.  In other 
words, writing must be taught in English courses or technical writing courses under the direction 
of “experts” in writing.  This is not true.  Writing-across-the-curriculum is based on the premise 
that writing can and should be done in individual disciplines, typically by instructors in the 
discipline.  The experience at the University of Connecticut and elsewhere has shown that it is 
not necessary to have experts from the English Department involved in courses in order to 
introduce writing projects.  We need to remember that we have all had to learn how to write as 
engineers, and with some practical, realistic guidelines, we as engineering instructors can 
introduce writing assignments into our courses, and we can do this efficiently and effectively. 
 
Lynn Bloom, AETNA Chair and Professor of English at the University of Connecticut, Storrs, 
CT, proposed a list of principles for writing-across-the-curriculum.  These have been discussed 
by Freeman, et. al.  The principles were developed to provide the foundation for the development 
and evaluation of writing outside of English departments.  Bloom’s guidelines, with 
modifications that reflect the approach proposed herein for engineering design assignments, are: 
 

1. Writing should be an integral part of the learning process in all courses. 
 
2. Teaching writing is the responsibility of all faculty members; no single discipline or 

department owns writing. 
 

3. Writing is a process; writing assignments should include generating ideas and 
development of drafts. 

 
4. We learn to write by writing. 

 
5. Teachers of writing should write. 

 
6. Writing to learn is different from writing to demonstrate mastery of the subject matter or 

knowledge of the forms and conventions of writing in a particular discipline. 
 

7. Responses to student writing should be based on the purpose of the assignment, i.e. it 
should focus on what has been learned. 

 
8. Responding to student writing is different from editing it. 

 
9. Not all writing needs to be graded. 

 
10. There is more than one way to write. 
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The goal of this report is to present guidelines on the use of writing assignments with back-of-
an-envelop calculations in steel design courses.  It is hoped that steel educators will use these 
guidelines to explore how writing assignments can be introduced into their own courses.  There 
are four sections, guidelines for developing writing assignments, guidelines for evaluating 
assignments, basic information on assessment techniques and reasons why steel design educators 
should include writing assignments in their steel design courses.   
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GUIDELINES FOR DEVELOPING WRITING ASSIGNMENTS 
 
 
This section describes what is needed by instructors to develop their own writing assignments.  It 
includes a review of general requirements for the assignments, guidelines that can be used to 
select assignment topics, suggestions for designing an effective assignment, some suggestions 
for suitable source materials, and guidelines on how to avoid plagiarism.  Sample assignments 
are given at the end of this report. 
 

 
Assignment Basis 
 
There are different approaches that can be used to develop writing assignments.  The focus of 
this guideline is the development of relatively short engineering writing assignments that can 
expand on what is covered in a traditional steel design course.  The intent is to enhance the 
course material.  Faculty should not approach writing assignments with the idea that they take 
course time away from the subject, but instead, faculty should view the assignments as a way to 
broaden course material.  This writer believes strongly that writing assignments should be a part 
of the normal structural design curriculum. 
 
The essential goal is to provide students with the opportunity to learn more about how structures 
behave.  To do this, the writing assignment can focus on explaining the structural approach 
used, such as the bracing scheme, or it can be directed at understanding how different 
components contribute to the overall structural scheme.  These goals can be met with relatively 
short written assignments combined with some simple, approximate calculations. Longer written 
assignments are more suited to project reports and theses, and these are outside the focus of this 
report. 
 
The assignment consists of giving students an article about an existing structure, either a 
building or bridge.  The first part of the assignment requires that students write approximately a 
page about basic structural design features.  This part uses a series of questions on the basic 
design aspects.  The written response requires that students explore how structural systems 
work.   The second part of the writing assignments requires that students perform short, 
approximate calculations, involving either analysis or design aspects.  These calculations 
reinforce the written material.  The assignments are carefully explained so that students can 
focus their efforts on the essential structural elements.  The assignments provide an opportunity 
to supplement the normal course material with discussions of different structural systems, such 
as the bracing approach or frame type.  When the assignment is returned, further class 
discussion addresses concerns raised by the assignments.   
 
All assignments include what are commonly referred to as ‘back-of-an-envelop’ calculations.  
The term ‘back-of-an-envelop calculation’ has been used by engineers and others as a label to 
indicate short, approximate calculations, that can fit on the back of an envelope.  The goal is to 
get a reasonable estimation of some quantity, often using approximations for different variables 
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and simple calculations.  The calculations should be neither involved nor lengthy.  The effort 
involved should be on the overall aspects and not on details.  This approach often leads to a 
better understanding of how a structure behaves because the student avoids getting bogged 
down with details. 
 
The back-of-an-envelop calculations are intended to show students how to make simple 
approximations that are similar to those made during the preliminary layout of a structure or 
those made during the checking process.  Anton Tedesko wrote that, “The use of computers has 
not diminished the value of back-of-an-envelop calculations.  Intuition and experience guide a 
quick calculation, which may reveal the reasonableness or ridiculousness of a design before it 
gets too far.” (Tedesko, 1994, p. 6).  A short article “Hand Calculations Rescue Lift” in 
Engineering News Record (1997, March 31) showed how back-of-an-envelop calculations 
allowed a large lift to proceed in a timely manner, farm more rapidly than would have been 
possible had the engineers resorted to a lengthy computer analysis. 
 
Experience at the University of Connecticut has shown that back-of-an-envelop calculations 
provide students with an opportunity to focus on the overall behavior, rather than concentrating 
on details.  A typical steel design course has many homework assignments that focus on the 
details.  As an example, back-of-an-envelop calculations can be used by students to estimate the 
size of a major bracing member that must resist both wind and gravity loads.  Through this 
process, students also learn how to check final designs.  It is rarely correct to check either 
analysis or designs by repeating the full process used to obtain the original results.  This would 
require more time than normally available, and the likelihood is that the same mistake is 
repeated.  In addition, the back-of-an-envelop calculations can be used to provide an opportunity 
to emphasize that the design process requires both an understanding of specification 
requirements and the construction process.   
 
 
Selection of Assignment Topics 
 
Bean (1996) states that in preparation for designing specific writing assignments, teachers should 
first respond to a series of questions.  The following questions have been modified from his list 
to fit the goals of the assignments proposed in this report. 
 

1. What are the main modules in the course, i.e. what steel members and connections are 
covered in the course? 

  
2. What are the main learning objectives?  Should students concentrate on specific 

applications of design specifications?  Should students explore how steel frames behave? 
How should the construction be included with design topics? 

 
3. Based on the experiences of former students taking the course, what parts of the course 

create the greatest difficulty for students?  How might specific writing assignments 
address these problems? 
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4. What are the final goals that students need to achieve in the course?  

 
The following are suggestions for areas that might be explored in the writing assignments in 
structural steel courses: 
 

•  Structural systems, such as the bracing system. 
 
•  The determination of forces acting on individual members, such as the maximum 

moment that must be carried by a plate girder or the force in one of the key bracing 
members. 

 
•  The determination of load paths for gravity and lateral loads due to wind or 

earthquakes. 
 

•  The determination of approximate members sizes, or the checking of an existing 
member size.  To do this, it is not always necessary to conduct a lengthy, or rigorous, 
analysis.  Through use of approximate analyses, students learn how to estimate 
member sizes for preliminary design discussions and more importantly, they learn 
how to check final designs. 

  
•  Comparison of two different approaches for the structural system.  As an example, 

should the building use a braced or un-braced frame?  What are alternative 
approaches to placing bracing in a frame? 

 
•  Bridges with similar design components or systems.  While bridges are designed with 

a different specification, the overall design approaches are similar. 
 
The assignment selection should be based on an article that provides an opportunity to conduct 
back-of-an-envelop calculations.  These calculations typically require assumptions about the 
overall structural behavior.  This requires that students focus on the design concepts, as opposed 
to detailed design requirements.  As an example, students might be asked to determine the 
maximum force in the chord of a truss and determine if the size is adequate.  Or they might be 
asked to estimate the size of one of the bracing members.  
 
Assignments should provide students with sufficient information about the structure so that they 
can estimate member forces and member sizes.  Generally, the article should have one or more 
structural drawings that can be used to do this.  It is not always necessary to have all details, 
precise dimensions or actual loads.  Some of these can be estimated and given to the students in 
the assignment statement.  As an example, students might be asked to determine the maximum 
force in a bracing member, based on an assumed wind load that is provided by the instructor. 
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Suggestions for Designing an Effective Assignment
 
The guide by Freeman, et. al. (2000), notes that a writing assignment is analogous to a computer 
program.  The expression “garbage in, garbage out” pertains to equally to both.  A paper’s 
quality begins with the assignment.  Making the purposes and expectations of the assignment 
clear will greatly improve the quality of the final product.   
 
The assignments proposed in this report are distinctive in that they combine writing with back-
of-an-envelop calculations.  Students should apply knowledge from the course content to the 
structure they are writing about.  Requirements that are needed for longer papers, such as 
introductions and conclusions, are not needed.  Since the student is expected to write about an 
assigned article, additional research with its need for citations is not necessary. 
 
The following are suggested steps for development of the type of assignment discussed in this 
report.  They are based on the need for both a written part and a calculation part. 
 

1. Determine the purpose of the assignment.  This defines the reasons for requiring students 
to write, which should be related to the back-of-an envelop calculations.  The purpose 
might be to explore how a component behaves and to estimate the size of the member.  
Or it might be to suggest alternative approaches for either structural elements or frame 
systems. 

 
2. Write out the assignment in detail.  Identify what the assignment is expected to 

accomplish, how the assignment addresses issues related to the class, and what the 
student is expected to do. 

 
3. Define the desired format.  Specify the length (the minimum and maximum number of 

words are preferable to the number of pages), manuscript form, and other organizational 
details. 

 
4. Define the audience.  Where possible, it is desirable to create a genuine writing situation 

where students actually write for an intended audience.  One possibility is to have 
students write to an audience that is not as knowledgeable about structural engineering, 
such as a community group of non-engineers. 

 
5. State the process to be followed.  Specify the due dates and need for planned revisions, 

peer review and other requirements related to the process. 
 

6. Provide the criteria that will be used for evaluation of the assignments.  Explain how the 
assignment will be graded. 

 
7. Consider providing examples.  Showing students examples of good papers submitted in 

previous years can be effective.  Showing students a corrected copy of a poorer paper is 
another possibility. 
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8. Evaluate the assignment.  Have colleagues, graduate students or other students at the 

same level critique the assignment.  This is a good way to determine if there are details 
that are vague. 

 
9. Provide a list of what will be evaluated.  This list should address discipline-based 

elements (what are the main engineering components that the writing is supposed to 
address?), writing style (is there a clear logical structure, are statements supported with 
convincing arguments?), and mechanics (spelling, grammar, etc.). 

 
The final product is better when students know fully what is expected when they work on the 
assignment.  Additionally, students need to be encouraged to revise their work as they develop the 
final document.  If students begin papers close to the due date, they will not have an opportunity to 
rethink and revise their initial drafts.  Revision, with time between drafts, leads to better papers.  
Bean notes that when students write their papers the night before they are due, they insulate 
themselves from the intellectual struggles that occur with revision, where the true craft of writing is 
learned.  Students should be required to use a word processor as this encourages revisions.  
 
The following guidelines should help with the design of the steel design assignments. 
 

•  What structural components and structural systems are covered in the article?  What is 
unique about the structure discussed? 

 
•  How is the material in the article related to that in the course?  What can be used in the 

article to expand the course material?  What structural applications included in the article 
are related to the formal course material? 

 
•  What items can be used for the back-of-an-envelop calculations?  These calculations 

should focus the students on the important structural aspects and provide them with an 
opportunity to explore problems that might require more complexity and time if done 
‘exactly.’  

 
As Bean (1996) notes, a good assignment “deepens students’ engagement with course material, 
promotes critical thinking, and helps them to learn the discipline’s discourse – its characteristic 
methods of inquiry, analysis, and argumentation. 
 
In preparing questions needed for the assignment, it is important to ask questions that require the 
students to think about what they have read.  Students should not be expected to regurgitate the 
material in the article.  In addition, it is not necessary to assign full-length term papers or other 
longer papers.  A single page is often sufficient, both for explanation of the structural concept 
and for providing the student with an opportunity to write about a real structure.  The inclusion 
of the back-of-an-envelop calculations is useful in insuring that the assignment is not merely a 
synopsis of the material in the assigned article.  Thus, these calculations can be used to expand 
what is learned, as well as to focus the written response. 
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As noted, it is important to carefully develop the assignment so that what is expected is clear to 
the student.  A brief discussion when the assignment is given is often helpful.  This should 
include interesting aspects about the structure, both those needed for the assignment and others.  
Explaining why the assignment was selected is beneficial.  This discussion can be relatively 
short, 5 to 10 minutes. 
 
The assignments can be tailored for use in design courses at any level.  The key is to tie the 
assignment to topics currently being covered in the course.  An assignment given in a beginning 
steel design course might involve a large truss over an arena or stadium; estimation of one of the 
chord sizes could be tied to the course material on tension or compression members.  
Assignments in more advance courses could consider the use of plate girders for longer spans.  
Assignments could also be given to small groups, though this can be problematic with respect to 
who does the work.  Generally, student writing needs to be done be an individual.  The back-of-
the-envelop calculation could be carried out by the group, with each student doing his or her own 
writing.  As an alternative if there is a series of assignments, the actual writing could be rotated 
through the group members. 
 
 
Suggested Assignment Sources 
 
Articles used with the assignments can come from a wide variety of publications.  They need to 
be those that address different structural possibilities, including design, analysis, architecture, 
construction and failures. 
 
•  Modern Steel Construction, American Institute of Steel Construction 
 
•  Civil Engineering Magazine, American Society of Civil Engineers 
 
•  Structure Magazine 
 
•  Engineering News Record 
 
•  Case studies provided by engineering and construction companies 
 
•  Internet articles on structural steel structures 
 
 
 
It is important to be careful with respect to copyright issues when assignments are reproduced 
for students or placed on web sites.  It is suggested that instructors check copyright issues with 
their educational institution. 
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Guidelines on How to Avoid Plagiarism 
 
Engineering Codes of Ethics, absolutely critical to the practice of engineering, state that engineers 
must not be deceptive and that they should not affix their signature to any plan or document that they 
are not responsible for.  Students need to be reminded that plagiarism is unethical, both on a personal 
level and on a professional level. 
 
Students should be encouraged to discuss the assignments prior to writing, especially with each 
other.   However, each student must write their own response to the questions and perform their own 
calculations.  Group writing ultimately leads to writing by a single group member.   
 
There is much material currently available on plagiarism.  Many universities and colleges have 
developed their own guidelines.  The University of Connecticut has been developing a 
comprehensive approach for application to all areas within the University.  There are two aspects 
to plagiarism that apply to the proposed assignments.  The first aspect is obvious, i.e. students 
must not copy the assignment from other students.  The second is that any material used directly 
from the article must be appropriately referenced. 
 
Plagiarism occurs when a writer uses someone else’s language, ideas or other original material 
without acknowledging the source.  Sources of words, ideas, derivations and data must be 
acknowledged by referencing the source.  If verbatim statements are included, they must be 
included in quotes. 
 
The proposed assignments, combining relatively short written assignments with back-of-an-
envelop assignments are less likely to lead to plagiarism, providing that students do not copy 
another student’s assignment.  The combination of writing and calculations is somewhat unique, 
and so solutions are unlikely to exist on the internet.  Experience has also shown that when the 
assignment is not long, students are less likely to search the internet for material.  Nevertheless, 
the following guidelines should reduce, and hopefully eliminate, plagiarism.  
 

•  Carefully defined questions assure that students do their own work.  The assignment 
should not require a direct review of what is said in the article, but instead it should be 
based on the discussion of ideas presented in the article. 

 
•  The following statement can be supplied with each assignment: “Students are encouraged 

to discuss with each other the assignments prior to writing.   However, each student must 
do their own writing and develop their own calculations.” 

  
•  Students can be told that the best way to approach the assignment is to first read and 

understand the article, thinking about the assignment requirements.  This should be 
followed by writing about what has been learned, without direct reference to the article.  
In doing this, students should think about what has been learned, not about the process of 
writing.  This lessons the tendency to just transfer statements from the article to the 
assignment. 
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•  Bean (1996) suggests that students should be asked to save notes, drafts and other 

information developed during the assignment and to turn these in with the final 
assignment.  This both encourages students to follow the recommended processes and 
effectively discourages plagiarism. 

 
•  Students can be asked to sign a statement such as “All work submitted is my own work, 

except where I have given appropriate references.” 
 
 
Example Assignments 
 
Example assignments are included at the end of this document.  The first two have been used a 
number of times at the University of Connecticut.  The next two are given to show how 
assignments can be developed to include both writing and back-of-an-envelop calculations.  
These examples are followed by two assignments that have been used that follow a different 
approach.  They show how the basic approach can be modified to give students an opportunity to 
focus on well-known structural problems. 
 
The first assignment also contains the assignment used at the University of Connecticut, an 
example of the calculations desired, an example of a student’s written response with the 
instructor’s corrections, and a list of general comments provided to students when it is returned.  
Some of the key points pertaining to the assignment are as follows: 
 

•  The written portion of the assignment requires a page of writing, which is approximately 
what is needed to fully describe the structural system.  Significantly shorter or longer 
assignments receive a reduced grade. 

 
•  The calculations as shown include some description of what is being done.  Normally, 

one would not include all of the descriptive points, and the calculations could clearly fit 
on the back of an envelope.  

 
•  An example of a student submission, with the instructor’s comments, is included to 

demonstrate the approach used for evaluation.  As is shown, there are general comments 
on organization and style, typically given in the margins.  In addition, there are 
underlined portions with abbreviated notes give to indicate problems (the abbreviations 
are described in the next section).  At times, it is easier to show how something should be 
changed, as opposed to simply noting that there is a deficiency.  Some comments on the 
example writing assignment show this.  However, as noted in the following section, it is 
often best to require that students reflect on how their writing should be changed and then 
make the change.  The evaluation ends with a general comment that is intended to give 
the student an overall view of how he or she met the assignment’s requirements.  Major 
problems with the written description are noted in this end evaluation. 
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•  A list of general comments, collected with repeated use of this assignment, follows.  This 
list is used with the in-class discussion when the assignment is returned to the students. 
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RESPONDING TO STUDENT WRITING 
 
 
The guide by Freeman, et. al. (2000), notes that responding to student papers is undoubtedly the 
most time consuming part of these assignments.  A set of instructions for providing feedback to 
the students is developed in this section. 
 
With care, the time needed to respond to writing assignments and grade them in upper level 
university courses can be reduced. Students typically will have had ample opportunity to learn to 
write by the time they are juniors and seniors.  While there is a general feeling that junior and 
senior students have not learned how to write, instructors of freshmen English courses will state 
emphatically that students have been provided with good writing instruction.  Engineering 
students need to realize that writing in an engineering course is as important, if not more 
important, than that in their earlier courses.  The ability to write in engineering disciplines is one 
of the keys to being a successful engineer, regardless of the area of employment.  Bean (1996) 
suggests that faculty members convey the following message to students: “It is socially 
unacceptable to submit written work with an annoying level of error.  You may damage yourself 
irrevocably in business and professional life if you do so.  You might as well learn the habits of 
careful editing and proofreading now while you are in college.” 

 
 
General Guidelines for Responding to Student’s Writing 

 
Experience has shown that the grading of writing assignments in upper level courses does not 
need to require substantial grading effort.   The guide by Freeman, et. al.(2000), emphasizes that 
responding to student writing is different from editing it.  Students should be responsible for 
identifying and correcting their mistakes in grammar and spelling, not the instructor.  Thus, it is 
only necessary to identify examples of mistakes.  This project will outline an approach for the 
efficient reviewing of the written assignments that can be used so that students take 
responsibility for their writing.  Instructing students how to correct their own work will make 
them much better writers. 
 
Students learn very little about writing when the instructor, or grader, corrects and rewrites the 
student’s paper.  Responding to student’s writing falls into two general areas: (a) breadth of the 
ideas and critical analysis; (b) mechanics and grammar.  Experts have noted that it is most 
important to focus on the breadth of the ideas and critical analysis.  Bean states that most writing 
difficulties involve problems with critical analysis.  Typical problems are the lack of a clear, 
focused thesis, illogical organization and the absence of analytical supporting evidence.  Thus 
the focus in evaluating writing should be aimed primarily at improving students’ engagement 
with the subject matter and not directly at improving student writing.  The link between writing 
and critical thinking should govern the evaluation.  As Bean (1996) notes, writing instruction 
goes sour whenever writing is conceived primarily as a communication skill rather than a 
process for critical thought. 
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Bean (1996)strongly recommends that comments on papers should be “revision-orientated” as 
opposed to “editing-oriented.”  Marking and commenting strategies should encourage students to 
spend time doing their own proofreading and editing.  This leads to the need for revisions.  The 
revision-orientated approach tells students that the “current draft needs to be dismantled and the 
ideas thought through again.”  Students need to be held responsible for fixing their own errors, 
and this reduces the marking effort needed.  One approach is to withhold or lower a grade until a 
student revises a paper for re-review.  As Bean states, “the best advice to give students about a 
passage is not to edit it for errors but to tell the students that they should rewrite it for clarity and 
coherence.”  Thus, put a comment on a paper that merely says “Edit for sentence error.”  
Another comment might be “Rewrite paragraph to improve the flow of ideas.”  
 
The following guidelines are presented to help instructors focus their comments on the important 
elements in the student’s writing. 
 

•  Emphasize revision during the writing process.  Good writing rarely occurs in the first or 
even second try.  Students should be expected to revise their writing before it is 
submitted.  If it is clear that this is not done, the paper should be returned for revision. 

 
•  Ask questions as a reader, not as a teacher.  Asking questions is preferable to rewriting 

parts.  This approach encourages students to think about how changes should be made. 
 

•  Be positive and specific.  Offer suggestions that can help students clarify their writing.  
This can involve asking for better descriptions of processes, or asking students to explain 
their assumptions. 

 
•  Evaluate the assignment with dignity.  It never helps to show sarcasm.  Bean’s advice is 

to treat the student’s work with the same sensitivity that we would use to evaluate the 
work of one of our colleague’s. 

 
•  End comments are important.  Summary comments provide an overall impression of the 

paper and emphasize how the paper can best be improved. 
 

•  Resubmission is highly beneficial.  Writing is a skill that is developed over time, through 
continual revision.  Requiring multiple drafts with revisions leads to improved writing.  It 
is not necessary to grade drafts.  Only general comments should be given in the review of 
drafts.  Even if it is not the intent to have students rewrite a paper, feedback should be 
provided to show students how they could revise the paper. 

 
•  It is noted in by Freeman, et. al. (2000), that most writing experts agree that instructors of 

writing should minimize comments on the mechanical issues of grammar and spelling.  
As noted above, it is much more important to concentrate on helping students improve 
the writing process and the substance of their work.  Bean notes that research has shown 
that students will improve more quickly if they are required to find and correct their own 
errors.   
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•  If the instructor focuses primarily on spelling and mechanics, then so will the students.  

One way to avoid grammar overkill is to focus on a single paragraph or two, edit it 
thoroughly, making suggestions on content, organization, style and mechanics.  The 
student should then be asked to make appropriate revisions throughout the rest of the 
paper. 

 
•  One approach is to not make any corrections in spelling and mechanics, simply pointing 

out to students that there are a number of grammatical errors that they need to correct 
prior to resubmission.  This put the focus of the corrections on the student. 

 
•  Requiring students to read their drafts in peer response groups can be effective.  Bean 

says that good writing grows out of good talking.  The process of reading aloud forces 
students to go slowly.  In this way, they can often catch mistakes that they overlook when 
they go through the document more rapidly.  Using a group to evaluate drafts is similar to 
the team approach used to make major decisions during the engineering design process.  
Discussion of assignments within small groups can lead to better writing. 

 
•  Freeman, et. al. (2000), note that learning to critique improves ones own writing.  Peer 

evaluation, where assignments are given to one’s peers to evaluate, is the basis for much 
of our professional writing.  Thus it is appropriate to use this approach with writing 
assignments.  The instructor should provide guidelines for all peer exchanges.   

 
o This writer has prepared the following guidelines for students to use in evaluating 

each others writing.  All evaluation is done anonymously, with evaluators chosen 
from the opposite side of the classroom.  There is no grade for the evaluation; 
experience has shown that most students learn from the opportunity to do the 
evaluation of the assignment. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Evaluate the writing assignment for the following: 
 

1. Overall clarity – does the paper have a clear focus?  

This question should not be answered with a ‘yes’ or 

‘no.’ 

2. Organization - is the paper divided appropriately into 

paragraphs, with one general idea per paragraph? 

3. Awkward phrasing - underline and write ‘awk’ 

4. Redundant statements and phrases - underline and write 

‘red’ 

5. Wordy sentences and phrases - underline and write 

‘wordy’ 

6. Provide other helpful guidelines. 

Your contributions are to be helpful, not critical.  Keep in mind 
what would be of help to you if you were asked to rewrite the 
assignment. 

o The guide by Freeman, et. al.(2000), has additional guidelines that can also be 
used by students to evaluate the writing of their peers.  Does the paper have a 
clear purpose?  Is the organization logical?  These questions can’t be answered 
with a yes or no.  They also recommend use of a check list of errors. 
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•  While the use of computer spell and grammar checkers is generally worthwhile, students 
still need to proofread carefully.  The following has appeared on the internet 
anonymously, and it demonstrates this point clearly. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ode to the Computer Spell Checker 
 
Eye halve a spelling chequer 
It came with my pea sea 
It plainly marques four my revue 
Miss steaks eye kin not sea. 

•  Checklists can reduce the time spent grading.  The following check list, adopted from the 
document by Freeman, et. al.(2000), covers both general areas, i.e. the breadth of the 
ideas and critical analysis, and mechanics and grammar. 

 
 

Content 
1. Quality of ideas 
2. Quantity of ideas 
3. Relevance to topic 
4. Development of paper 

Structure of Paper 
1. Clarity of focus 
2. Continuity 
3. Arrangement of  parts 
4. Transition among parts 
5. Logical progress of paper 

Mechanics 
1. Punctuation and grammar 
2. Sentence structure 
3. Spelling 
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•  Simple corrections, such as those needed for example grammar and spelling errors, are 
easier to note using a list of abbreviations.  An example set of abbreviations that has been 
used by this writer is shown in the following box. 

 
 
 
 

Awk  Awkward phrasing 
 
Punc  Punctuation error 
 
Red  Redundant; repeating what already said 
 
Sp  Spelling 
 
Sub  Sentence needs subject 
 
Verb  Sentence needs verb 
 
Wordy             Extraneous words, shorten sentence 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
•  Assigning grades requires care.  It is important to give the student appropriate feedback, 

with an appropriate grade.  Generally, grades at the top and bottom are relatively easy to 
determine, i.e. an A or an F.  It is those in between that are not always easy to determine. 
 A few subjective guidelines can assist in this process.  One way is to tie the grade 
primarily to the quality of the ideas, the development of the paper, including the outline 
and continuity, the logical thought process and whether the writer answers the key 
questions in the assignment.  Tying the grade to a grading guide provided to the student 
helps.  This writer has used the following general guidelines, covering both the written 
portion of the assignment and the back-of-an-envelop calculations, assigning 5 points to 
the writing and 5 points to the back-of-an-envelop calculations.   
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The writing will be graded based on your presentation of key ideas.  Approach the 
assignment as if you are writing to describe the material to a student in the course.  
Organize your paper so that your points are clear to the reader.  Normally, you 
should use a paragraph for each idea or topic.  The grade for the written part will be 
based approximately on the following: 
 

5 - Well done, clear, good writing 
4 - Major error in answer to question or writing needs work 
3 - Major error and writing needs work 
2 - Inadequate length and discussion 

 
The calculation portion of the assignment has a two-fold goal.  First, it expands on 
the material discussed in the written portion.  Secondly, it provides a way to 
explore key design areas in a simplified way.  The required calculations are what 
are often referred to as back-of-an-envelop calculations.  They should not require a 
lot of space or great detail.  They are approximate calculations only.  This type of 
calculation is used to get a general idea on the feasibility of a design component, to 
explore different alternatives or to check more detailed calculations.  The grade for 
the calculation part will be based approximately on the following: 
 

5 - Well done, with correct general approach and no errors which are major 
(answer within approximately 20% of expected solution) 

4 - One substantial error (answer off by more than 20-30% or do not include 
all aspects in calculation or major error in assumption) 

3 - Two errors as described above in 4 
2 - Three errors as described above in 4 

 
 
 
As Bean (1996) has noted, many teachers across the curriculum believe that because they 
struggle with their own writing and because they do not know the grammatical terminology and 
composition theory, they lack the skills needed to help students with their writing.  Since the best 
commentary on a student’s writing focuses primarily on ideas and development, we should all be 
able to evaluate student’s writing effectively.  As Bean also notes, teachers simply need to be 
honest readers, making comments like: “I got lost in this part.”  “You need better evaluation 
here.”  “Excellent point.” 
 
Determination of the weight of the writing assignments in the total course grade should be 
related to the portion of the time spent doing the assignments.  Bean states that basing 10 to 15 
percent of the total course grade on the writing assignment leads to increased student effort in the 
course and more engaged learning. 
 
When students know what is expected, particularly after they have submitted an initial 
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assignment and have received feedback that is directed at helping them, they do improve in 
subsequent assignments.  If they feel they are a critical part in the process that is needed to 
improve their writing, they will perform at higher levels.  Students need to be convinced of the 
importance of writing, both while they are students and during their careers. 
 
Ideas for Reducing the Workload 
 
Bean (1996)devotes a chapter to timesaving strategies for coaching students through the process. 
 He emphasizes the need to design good assignments and the need to clarify grading criteria at 
the onset.  In addition, devoting a class to the generation of ideas associated with the assignment 
can be beneficial.  He recommends that students be divided into small groups to discuss the basic 
ideas, or that they work in pairs where students interview each other about their progress.  
Submitting something early in the process helps students get underway.  He does not recommend 
outlines as this can distort the process.  Also, the word ‘outline’ carries unfortunate baggage. 
 
There are a variety of options that can be used by the instructor to reduce the amount of time 
needed to respond to student’s writing.  These include the following approaches. 
 

•  Students can grade each other’s assignments, either in small groups or individually. 
 
•  Not all assignments need to be graded.  Grading only selected assignments, is the same 

approach used by those who give pop quizzes.  Students do not know ahead of time if the 
assignment will be graded.  As Bean notes, students benefit from all writing that they do, 
no matter how it is evaluated. 

 
•  Providing limited, but essential, feedback on the breadth of the ideas and the student’s 

critical evaluation is an effective way to respond to student writing when there are 
significant time constraints. 

 
•  Students can evaluate their own writing assignments.  This is similar to requiring 

successive drafts.  It is one way to assure that there are successive drafts.  On the due 
date, the instructor can inform the student that they need to grade their own paper and 
then revise it accordingly.  Students should be asked to turn in the original paper with 
their comments and the revised paper. 

 
•  Students can be asked to turn in a portion of the assignment, prior to the submittal of the 

final assignment.  This helps to assure that the student understands what is needed, and 
thus it can improve the final submittal.  What is submitted should be simple to check, 
such as a free-body diagram showing the essential features and forces for a building 
frame. 

 
•  Students with significant problems can be referred to the university or college’s writing 

center. 
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ASSESSMENT TECHNIQUES 
 
 
At times, it is desirable to evaluate the effectiveness of these assignments to demonstrate the 
benefits that the assignments bring to student learning and thus convince the instructor that the 
effort required is worthwhile.  The assessment process should be easy to conduct, yet effective, 
and accomplished with a minimum amount of effort. 
 
The following fundamentals should be considered in the development of any assessment 
approach used to evaluate these assignments: 
 

•  A common approach used for assessment is to give pre- and post-tests to see what has 
been accomplished.  The initial test, given at the beginning of the assignments, 
establishes a baseline.  Then testing at the end demonstrates what has been learned. One 
approach is to have the first set of assignments evaluated by two or three individuals, 
dividing them into two piles, those that are acceptable and those that are not acceptable, 
based on some given parameters.  This is then repeated with the last assignment.  The 
percentage of assignments in each pile then forms a rough, but effective basis, for 
evaluating the student’s accomplishments. 

 
•  The assessments tool should be narrowly focused to address important concepts only.  If 

too many items are assessed, the process becomes tedious, both for the student and the 
instructor.  A small number of guidelines should be adequate to demonstrate the 
effectiveness of the assignments. 

 
•  A common approach to assessment is to compare students who have done the 

assignments with those who have not done them.  This is not readily applicable for use in 
most courses, except in courses where only some of the students do the writing 
assignments.  Thus, it is not felt to be an effective technique for what is proposed in this 
report. 

 
•  Assessment is best done by outside evaluators, and not the teacher of the course.  

Preferably, this should be done by those who either do not know the students, or the 
names should be removed.  One assessment technique is to use peers, i.e. have different 
groups of students evaluate assignments of another group.  Names should be eliminated.  
This is an effective learning process for all involved, and there is evidence that students 
write better when they know that their peers are involved in the evaluation process. 

 
•  It is important to develop a set of guidelines for use by the assessors.  What is most 

important? A few general guidelines are more readily evaluated than a long list of 
guidelines.  The assessment approach should not be decided by the individual assessors.   

 
•  Writing is about conceptualizing ideas, and thus assessment should be based on this.  The 

process should consider the audience that the writing is intended for.  Is the writing 
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focused on providing other engineers with information that they can use?  Or is the 
writing intended to show non-engineers how different structural engineering concepts are 
used in a design?  Ideally, assessors should be taken from the intended audience. 

 
With ongoing assessment and review, based on a variety of benchmarking tools, assignments can 
be modified and refined to provide students with the best strategies for improving their 
understanding of structural engineering.  The assessment techniques should focus on the primary 
learning objectives.  The writing portion of the assignments should be assessed to evaluate the 
how students are addressing the breadth of ideas and their critical analyses, not the mechanics, 
i.e. spelling and grammar.  The calculation portion is more difficult to assess.  Nevertheless, the 
assessment process should address the students’ abilities to conduct short, approximate 
calculations that show that they have insight into the structural behavior.  Tests in steel design 
courses traditionally focus on details and individual members.  The back-of-the-envelop 
calculations are intended to address the overall behavior, and thus assessment should address 
how well the students are achieving an understanding of structural behavior. 
 
The results of the assessment process should provide a basis for convincing colleagues, 
department heads, and deans that the effort to introduce these assignments is worthwhile.  The 
assessment should clearly support faculty who increase the opportunities for their students to 
expand their learning opportunities in their design course.  Faculty rewards should acknowledge 
good teaching, and the introduction of new, worthwhile concepts in one’s courses should be 
recognized.  An assessment process should be useful to achieve this goal. 
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WHY EDUCATORS SHOULD INCORPORATE WRITING INTO THEIR STEEL 
DESIGN COURSE 

 
 
Assigning writing assignments is important because it expands the student’s learning process.  
This is the fundamental reason for using these assignments in steel design courses.  Writing 
assignments should not be given just to provide students with new opportunities to practice 
writing.  
 
Freeman, et. al. (2000), present what they call “Myths and Realities in Teaching Writing-across-
the-Curriculum.”  These were developed to convince agriculture faculty members to introduce 
writing assignments into their courses.  The myths and realities, with some alterations so that 
they better apply to steel educators, follow. 
 

Myth 1: I have to be an expert writer to teach writing.  Reality: Any teacher can use 
principles developed for writing-across-the-curriculum to give and evaluate writing 
assignments. 
 
Myth 2: I have to like to write in order to teach writing.  Reality: It is only necessary to 
believe that writing is important. 
 
Myth 3: I can’t teach writing – it is not my field.  Reality: We all write a lot, and the 
principles of teaching writing are not complicated. 
 
Myth 4: If I teach writing, it will take away valuable time needed to teach the subject 
matter.  Reality: If we incorporate writing as a way to learn course material, we will be 
teaching both how to write and we will be conveying a deeper understanding of the 
subject at hand. 
 
Myth 5: I am already overworked and stressed out - I can’t possibly manage the extra 
paper load.  Reality: The guidelines developed for teaching writing-across-the-
curriculum in this report have been developed so that the paper load does not become 
excessive. 
 
Myth 6: If I focus on writing-to-learn, it will be at the expense of learning-to-write.  
Reality: The best way to learn to write is to write as often as possible. 
 
Myth 7: Writing is elegant and easy for real writers - it is hard and messy for me and 
thus, how can I teach my students?  Reality: Writing is hard and messy for nearly 
everyone - writing to learn is no more difficult than solving problems and conducting 
experiments to learn. 
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Myth 8: I’ve never been trained to teach writing - I can only teach the way I have been 
taught – with lots of emphasis on grammar, spelling, and rules.  Reality: Writing to learn, 
as opposed to focusing on the mechanics of writing, is something we all do. 

 
The presentation of the above myths and realities is intended to help convince engineering 
educators that they should assign writing assignments in order to expand their students’ learning 
opportunities.  Educators should see writing assignments as useful tools that help students 
achieve the overall goals for the course.  As Bean has noted, the reward is seeing students come 
to class better prepared, more vested in and motivated by problems addressed in the course, more 
apt to study rigorously, and more likely to submit high-quality work. 
 
Bean (1996) also addresses the concern that emphasizing writing takes time away from course 
content.  Emphasizing writing and critical thinking in a course increases the amount of subject 
matter that students actually learn and in many cases increases the total content covered in the 
course.  He notes that the primary effect of adding writing and critical thinking components to a 
course is that it restructures and transforms the students’ study time outside of class.  This 
promotes better study habits, and it helps students to see their learning as purposeful and 
interesting.  Based on experiences at the University of Connecticut, improvement in study habits 
is transferred to other non-writing assignments. 
 
It is the view of this writer that the back-of-an-envelop calculations required for the assignments 
in this report have become even more important as the use of structural design software has 
increased.  Today, entire floor systems and structural frames are designed using commercial 
software.  The process is automatic, and it often requires very little calculation effort or thought. 
 The danger is that the numbers that are generated by the computer appear to be precise, and thus 
it is too easy to accept the computer output without thinking about the actual numbers.  What 
students need to understand is that they must view these numbers critically.  Using an 
understanding of the behavior with simplified assumptions and approximations, they can check 
computer results.  The back-of-an-envelop calculations as discussed in this report provide 
students with an approach that can be readily used to check designs, both those obtained from 
computer software and those obtained from hand solutions.   
 
Another reason for adding the proposed writing assignments to steel design courses is that the 
both the writing and calculations strengthen ABET requirements (Engineering Accreditation, 
2004).  As noted in these requirements, engineering programs must demonstrate that their 
students can communicate effectively.  Writing across the curriculum is based on providing 
writing opportunities in student’s individual majors.  The back-of-an-envelop calculations also 
reinforce the ABET criteria for Civil Engineering Programs that states the students must 
demonstrate “the ability to perform civil engineering design by means of design experiences.”  
While students do not explore the full design process in these assignments, they do have the 
opportunity to evaluate and criticize designs.  The incorporation of the proposed writing 
assignments is thus another way to satisfy major ABET objectives. 
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SUMMARY 
 
 
Writing assignments with back-of-an-envelop calculations have been proposed to get students to 
focus on the art of structural engineering, to look beyond the design of specific elements and 
connections.  The writing assignments address the overall behavior of the structure.  By using 
back-of-an-envelop calculations in conjunction with the writing, students learn how the structure 
behaves using short, easily managed assignments.  The assignments typically require 
consideration of different structural approaches.  Examples that have been successfully used 
have included comparison of the use of bracing versus rigid frames in tall buildings, evaluation 
of approaches used to cantilever exterior floor areas, and comparisons of cable-stayed bridges 
with suspension bridges considering suitable span lengths.  The writing assignments with back-
of-an-envelop calculations also provide a basis for further discussion of structural design in 
class.  The primary goal of these assignments has been to provide an opportunity to explore the 
major aspects of structural engineering, without detracting from the normal course lectures and 
assignments that focus on the design of specific elements and connections. 
 
In summary, written assignments provide a format for organizing and communicating 
information about load paths, framing approaches, different design alternatives and how design 
influences and is influenced by construction practice.  The goal of this report has been to show 
how writing assignments can be used efficiently in a traditional steel design course in order to 
help students explore how structures behave and to learn more about the overall design process.  
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EXAMPLE ASSIGNMENTS 
 
 
The example assignments that follow demonstrate the approach used to incorporate writing and 
back-of-an-envelop calculations into steel design courses.  Each example includes a brief 
description of the structure with information pertaining to the assignment, the assignment and the 
general goals of the assignment. 
 
The first two examples have been used successfully for a number of years at the University of 
Connecticut.  The next two have been not been used, but will be included in future offerings.  
They are presented here to show how a teacher might construct his or her own assignments.  The 
articles that are used as a basis for these four assignments are included. 
 
The four example assignments are followed by two additional examples that show how the basic 
approach can be altered to include articles about structures with real problems.  Both of these 
were developed to include both writing and back-of-an-envelop calculations. 
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Boston Company Building 
 
General Description - The Boston Company Building (Sales Engineering, 1970) is a 41-story 
steel framed office tower.  It has a central core area with 9 columns and an exterior framing 
system, allowing for a column-free floor layout.  The building uses vertical k-frame trusses to 
provide lateral stability and to transfer both the exterior gravity and the lateral loads to the 
ground.  Interesting features include the use of the diagonals to carry the gravity loads in each of 
the three sub-sections and the fact that the building is open at the base.  The result is that half of 
the entire live load is carried by the four corner columns at the base. 
 
Writing Assignment - Students are asked to explain how the loads are carried by the framing 
system, with a discussion of both the gravity and wind loads.  This discussion must include the 
function of the diagonals in the frame and note that they carry both gravity and wind loads.  
Students are told that they need to include a sketch showing the basic framing scheme.  To do 
this, students need to understand how the floors are supported by the interior core and exterior 
columns and diagonals.   
 
Back-of-an-Envelop Calculation – Students are asked to estimate the force in the lower 
diagonals at the junction with the corner columns.  This reinforces the fact that the diagonals 
carry the full shear load from the wind and the exterior gravity load in lower portion of the 
building.  To do this, students need to understand the floor framing scheme and be able to 
determine how the gravity loads are transmitted to the diagonals.  They also need to understand 
how wind is transferred from the building’s facade to the diagonals. 
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Example Assignment: 
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 Example Student Submission: 
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General Comments Developed from Evaluations: 
 

•  The written portion should clearly separate the description of how the gravity and wind 
loads are carried by the structure. 

 
•  In describing how loads are resisted, it is best to follow the load paths.  As an example, 

start with the gravity load on the floor system, describe how it is transferred to the core 
and the exterior and then follow it down to the diagonals and then to the corner columns. 

 
•  Poorly organized written descriptions are indicative of not fully understanding the load 

paths and way in which the loads are carried. 
 

•  Writing style problems include wordy descriptions, not breaking into separate paragraphs 
each with a separate idea, repetition of material and the need to use more direct sentences 
in technical writing. 

 
•  Students are reminded that use of simple free-body diagrams will help them organize 

their calculations. 
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Buffalo Academic Tower 
 
General Description - The Buffalo Academic Tower is a steel-framed building on the Canisius 
College campus in Buffalo (Sales Engineering, 1972).  It has a nine-story circular tower with 
offices that sits atop a larger two story structure with class rooms.  The design had  to deal with 
significant site, floor-to-floor and height limitations.  Additionally, it was not possible to use 
columns on the exterior of the office tower since these would have extended through the interiors 
of the classrooms in the lower two levels.  Thus a framing scheme was adopted that had columns 
only in the interior of the office tower, with diagonal tension members supporting the outer floor 
area.  Interesting features include the fact that the tower is round, the use of a rigid frame in the 
interior core area combined with simple connections in the exterior tower areas and the floor 
framing system.   
 
Writing Assignment - Students are asked to write about the framing scheme used in the tower.  
They need to address both gravity and wind loads.  They also must discuss why the framing 
scheme was selected, and suggest alternative framing schemes.  This needs to include different 
approaches for resisting the lateral loading and ways to support the exterior, cantilevered areas in 
the office tower.  The discussion also needs to include advantages and disadvantages of the 
approach used to support the exterior, cantilevered floor areas in the tower, i.e. the use of 
diagonal supports. 
 
Back-of-an-Envelop Calculation – Students are asked to estimate the forces in the diagonals used 
in the tower to support the cantilevered areas and the forces in the beam directly supported by 
the diagonals.  This requires tracing the loads through the floor system, with inclusion of the load 
from the exterior wall.  The article does not include a load for the wall, so this is given with the 
assignment (it is often necessary to supplement material in articles so that students have 
sufficient information to do the back-of-an-envelop calculations).  The solution requires that 
students understand how the loads in the floor system are transferred to the diagonal supports, 
using the floor framing plan given with the article.  Students should also determine that the 
beams supported directly by the diagonals are beam-columns (this assignment is given during 
the unit on beam-columns). 
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Niles West High School Field House 
 
General Description – The field house was designed to provide an indoor track, four basket ball 
courts and other athletics facilities (Niles West, 1997).  The owners required that the volume of 
the building be minimized to reduce heating costs.  Thus, the designers decided to use a curved 
roof with lower heights at the sides where acceptable.  To do this, they used cable supports to 
reduce the moments in the beams and thus the required beam sizes.  The approach provided the 
required 170 foot clear span with a minimum height of 12 foot over the track in the central area.  
The roof structure is supported by wide flange arches with cable supports as shown in the cross-
section figure.  Interesting features include the position of the cables, on the inside of the 
building in the central portion and on the exterior adjacent to the columns, the fact that the cables 
are angled horizontally from the supporting columns and the need for the wide flange members 
that are encased in concrete in the floor area.   
 
Writing Assignment - Students might be asked to discuss the structural framing scheme.  
Basically, the frame is similar to a one-bay, one-story rigid frame with fixed supports that are 
both fixed for rotation and fixed against horizontal displacement.  In addition, the frame is made 
from wide flanges combined with cables, and the combination results in a beam with two pinned 
points at the junction of the wide flanges and the cables.  The writing assignment could ask 
students to explain the need for the encased wide flange beams in the floor and to explain 
whether the frame is determinate or indeterminate.  The assignment could address the horizontal 
truss in the plane of the roof, referred to in the last paragraph.  The writing assignment could be 
supplemented with a request to suggest alternatives to the scheme used.  One alternative is to use 
a conventional truss, with the roof at the lower chord level. 
 
Back-of-an-Envelop Calculation – Students could be asked to estimate the forces in both the 
cable and the wide flanges at the center of the span due to gravity loading.  This would require 
determination the dead and live load on the roof, and this would require addition of the load 
information to the assignment.  Students could also be asked to estimate the areas needed for the 
wide flange and the cable, though this would require some cable design information and an 
estimate of cable strength.  Students could also be asked to estimate the force in the encased 
wide flanges.  These questions will require some preliminary discussion of the distribution of the 
roof load to the individual frames.   
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Northwestern University Stadium 
 
General Description - A new pressbox facility has been added to the Northwestern University 
Stadium (Stadium Addition, 1998).  This pressbox sits above the existing stadium, and the 
design must satisfy specific site requirements.  Three floor levels were required, with height 
limitations specified by the city.  The height restriction required tight floor-to-floor heights, and 
this in turn minimized the beam depths.  Thus a cable support system has been used to transfer 
gravity loads back to the supporting truss.   Some of the interesting features include the fact that 
serviceability governed in the supporting truss design, the limitations on the truss depth, and the 
use of the cables at the top.   
 
Writing Assignment - Students could be asked to write about the framing scheme selected.  This 
could address both the gravity and wind loads.  They also could discuss why the framing scheme 
was selected, though this is reasonably well covered in the article’s short description.  A better 
approach would be to have students discuss alternatives to the framing scheme based on use of 
the cable supports, with and without the height restrictions.  These might include use of a 
cantilevered truss to support the three floors, though this would place restrictions on the interior 
layout.  Were it not for the height restrictions, the floors could be supported by cantilevered 
beams.  Students could be asked to address how the tower meets both strength and serviceability 
requirements.  They should note that serviceability governed in the design. 
 
Back-of-an-Envelop Calculation – Students could be asked to determine the force in the cables at 
the junction with the roof of the pressbox.  Estimated floor loads would need to be included in 
the assignment, preferably in terms of dead and live loads.  In addition, it would be necessary to 
include an estimate of the weight of the glass window wall.  Also, spacing of the trusses would 
need to be estimated.  Another back-of-the-envelop calculation could be the determination of the 
axial forces in the two truss chords at the base of the tower.  As noted in the article, one chord is 
in compression and one in tension. 
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Citicorp Building 
 
General Description - One of the best articles on what is one of the best discussions of 
engineering ethics is the article “The Fifty-Nine-Story Crises“ that was first printed in the New 
Yorker magazine (Morgenstern, 1997).  Students have found this article both interesting and of 
value.  The article does not present a clear description of the building, so it is supplemented with 
a photo showing the actual structure and an Engineering News Record article, “Engineers 
Afterthought Sets Welders to Work Bracing Tower.” 
 
Writing Assignment –Students are asked to describe the problem confronted by William 
LeMessurier when he was asked about the building by a student.  They need to include in this a 
description of how the wind loading is normally resisted, what quartering loads are, and why 
these quartering loads were critical for this structure when they usually are not a problem in tall 
buildings.  The intent is to get students to look at how the main columns are loaded when wind 
acts on the structure.  Students need to compare column forces due to wind when there are four 
columns at the corners and when there are four columns are at the centers of the sides, as occurs 
in the actual structure.  Students are also asked to describe what was done to repair the structure 
and to note how this improved the overall performance.   

  
Back-of-an-Envelop Calculations - It is stated in the article that the wind increased the strain by 
40 percent because the columns were at the center of the four sides instead of at the corners.  
Students are asked to show how this occurs, using a back-of-an-envelop calculations.  This 
requires coverage of the basic ideas in lecture. 
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Kansas City Walkway Failure 
 
Study of failures provides students with an excellent opportunity to write and conduct back-of-
an-envelop calculations.  The Kansas City Walkway failure is one of the more notable structural 
engineering failures (Pfrang, 1982).  This failure has been studied at the University of 
Connecticut using a modified approach to that used in the conventional writing assignments.  
Students are first given a design problem that asks them to design a hanger for two beams, 
showing the hanger as a single round bar.  The beams are given, along with their reactions. 
Students are also asked to consider how they would connect the beams to the hanger, and them 
must develop sketches showing their approach.  Numerical design of the connection is not 
required.  The assignment shows that invariably most students make the same error that the 
original designers made.  The actual writing assignment follows this assignment. 
 
Writing Assignment - The written assignment follows discussion of the assignment in class.  The 
Civil Engineering Magazine article on the walkway failure by Pfrang and Marshall (1982) is 
handed out at this time.  Students are asked to describe how the failure occurred, with a 
discussion of the difference between the original design and the actual constructed design.  They 
are also asked to develop and describe in both words and sketches a revised connection design. 
 
Back-of-an-Envelop Calculations – Students could be asked to replace the bars used for the 
tension hangers with an alternative that allows them to design a connection.  Or they could be 
asked to suggest a design, with calculations, that they feel is safer.  At the University of 
Connecticut, the initial design prior to the reading of the article is the calculation that is included 
with this assignment. 
 
 


