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Design Codes in Structural Engineering
Practice and Education
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Abstract: Codes and standards are important tools in civil and structural engineering, but how they are applied in the workplace in com-
parison to how they are taught in undergraduate engineering education has been understudied. The purpose of this research is to explore the
social and material contexts wherein codes are applied in a structural engineering workplace and in undergraduate structural engineering
courses to better understand the alignment of these two environments. The researchers employed an ethnographic approach to participate in
and observe the social and material contexts wherein engineers and students apply codes. Both students and engineers were observed apply-
ing codes prescriptively; however, engineers also had to apply codes with a more evaluative approach in certain scenarios. Students were
never exposed to similar scenarios in their courses. Based on these findings, the authors provide some recommendations for engineering
education to provide students with an improved evaluative understanding of codes that is less reliant on a limited prescriptive understanding
of code procedures. Implementation of the evaluative use of codes presents challenges to an already full curriculum; therefore, the authors
provide examples and descriptions for integrating codes into the existing curriculum to prepare students for the engineering judgment re-
quired when applying the concepts they learn in school in practice. DOI: 10.1061/(ASCE)EIL.2643-9115.0000026. © 2020 American Society

of Civil Engineers.

Introduction

The civil engineering curriculum has been considered insufficient in
providing undergraduates what they need to know to be successful in
the workplace (Aparicio and Ruiz-Teran 2007; Balogh and Criswell
2013; Solnosky et al. 2017). Common areas of insufficiency cited in
engineering education are communication, teamwork and leader-
ship, and proficiency with advancing technologies (Brunhaver
et al. 2017; Johri and Olds 2011; Kelly 2008; Litzinger et al. 2011;
Trevelyan 2007, 2010). Communication, teamwork, and leader-
ship are broader skillsets that apply to all engineering disciplines,
whereas technologies vary from discipline to discipline. Within
civil engineering and more specifically structural engineering,
technologies have been defined as problem-solving tools (ASCE
2008; SEI 2013).

In structural engineering, the word technologies might bring to
mind software programs for structural analysis, but underlying
these programs are a bevy of text-based technologies, such as build-
ing codes and standards. Building codes and standards—hereto
simply referred to as codes for brevity—are tools (Batik 1992) that
are constantly advancing and require proficiency from structural
engineers for their appropriate use in practice (Solnosky et al.
2017). Proficiency with codes requires the comprehension of the
structural engineering concepts represented within them (Rumsey
et al. 2010; Solnosky et al. 2017). However, these same concepts
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are often taught in isolation from codes—if the codes are taught
at all—in undergraduate structural engineering education (Kelly
2008; Koch et al. 2010; Solnosky et al. 2017). This isolated teaching
is at least partially due to a commonly perceived educational notion
that fundamental conceptual understanding must be established
before teaching students how to use technologies; otherwise, stu-
dents will have a “black box” understanding of the technologies
(Center for Global Standards Analysis 2004; Rumsey et al. 2010;
SEI 2013).

Although a valid educational concern, situated cognition theory
posits that conceptual understanding is bounded within the social
and material (sociomaterial) contexts wherein people learn and ap-
ply said concepts (Johri and Olds 2011). Therefore, teaching con-
cepts in isolation from the sociomaterial contexts of codes may be
contributing to students’ deficiencies with the technologies of
codes when entering the workplace, thereby limiting the applica-
tion of their fundamental conceptual understanding. An improved
understanding of the use of codes in academic and workplace set-
tings would facilitate improving undergraduate education. Thus,
the purpose of this research is to answer the following research
question:

How are structural engineering concepts represented through
the sociomaterial contexts of code applications in academic
and workplace environments?

Background

Building codes and standards are constantly evolving tools that
provide requirements and/or guidance for structural engineers in
designing safe structures (SEI 2013; Solnosky et al. 2017). The
terms codes and standards are frequently used interchangeably
and colloquially by instructors and engineers (Kelly 2008). The fol-
lowing sections aim to briefly define codes and standards, demon-
strate how these tools contain conceptual representations important
to structural engineering and what this means in terms of situated
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cognition, present various opinions on the roles of these tools in
engineering education, and then present studies with similar meth-
odologies before outlining the research methods.

Codes and Standards

When discussing codes and standards in engineering, there are im-
portant differences in their meaning and application across different
engineering disciplines (Kelly 2008). Within civil engineering,
standards mostly pertain to design requirements or considerations
for public welfare and are frequently referenced by code regula-
tions. This often results in engineers frequently referring to both
standards and codes as simply “codes” even though they are differ-
ent (Kelly 2008; Quinn and Albano 2008).

In the United States, most building codes are modeled off one
or more of the International Code Council’s (ICC) 15 international
codes, such as the International Building Code (IBC), and are admin-
istered at the state or local jurisdictional levels (Kelly 2008).
In structural engineering, these codes reference and delegate certain
design requirements to the standards for all major structural materials
and analysis procedures (Kelly 2008). For example, “most building
codes, which are mandatory regulations in their jurisdiction, refer-
ence ASCE’s standard for minimum design loads” [i.e., ASCE 7
(ASCE 2013)] (Kelly 2008, p. 61). Building codes have been de-
scribed as parent-codes to the standards they reference, and these
standards are then referred to as child-codes (Solnosky et al. 2017).
For clarity and consistency, throughout the rest of this paper, the au-
thors refer to building codes and standards as codes.

Situated Cognition and Conceptual Representations
in Codes

Codes are written by committees of experts from various fields
who, during the last century, drafted and published ever-expanding
codes that evolved with engineers’ knowledge of how structures
behave (Kelly 2008) by establishing newer heuristics and prescrip-
tive requirements (SEI 2013; Quinn and Albano 2008). Thus, these
tools drastically changed the profession of structural engineering
and how engineers represent fundamental concepts during design
activities (SEI 2013). Concepts are considered units of knowledge
that function as hierarchical organizers for a discipline’s knowledge
domain (Perkins 2006; Rittle-Johnson 2006; Streveler et al. 2008).
For example, the concept of local buckling is one that is hierarchi-
cally organized within the concept of buckling and encompasses
the concept of lateral torsional buckling.

Although some might think of concepts as residing within
the individual’s mental schema; people represent concepts in the
real-world and, thereby, demonstrate their conceptual knowledge
through the social and material contexts of language, text, dia-
grams, symbols, equations, and others (Lemke 1997; McCracken
and Newstetter 2001). For example, the concept of wind loads act-
ing on a structure is represented in ASCE 7 through the material
context of diagrams, equations, and tables, and within the social
contexts of the environment in which ASCE 7 is applied and
the evolution of this code’s development by committees over
time. Situated cognition is a learning theory that then argues if
sociomaterial contexts mediate conceptual knowledge; they also
shape and are inextricably connected to it (Johri et al. 2014;
Lemke 1998). An implication of this theory then is that knowledge
transfer to novel contexts is limited (Bransford et al. 2000; Carraher
and Schliemann 2002; Lave and Wenger 1991). Therefore, the
structural engineering profession’s use of codes in design is a socio-
material context wherein structural engineering concepts are
represented, and when these sociomaterial contexts differ across
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academic and workplace environments, engineering education is
hindered in its applicability to practice (Johri and Olds 2011). That
said, a variety of opinions exist on how, if at all, codes should be
taught in engineering education.

Codes in Structural Engineering Education

Within structural engineering, certain codes have become common-
place in the curriculum and others less so. For example, for
material-specific design courses to introduce students to the design
codes relevant to that material is fairly common (e.g., most rein-
forced concrete design courses expose students to using ACI
318) (Kelly 2008; Rumsey et al. 2010; Solnosky et al. 2017). How-
ever, jurisdictional codes and ASCE 7 often receive little or no at-
tention in undergraduate structural engineering education, causing
parent—child code relationships to go unnoticed by students (Koch
et al. 2010; Solnosky et al. 2017).

Previous research and changes to both Accreditation Board for
Engineering and Technology (ABET) criteria and ASCE’s Body
of Knowledge (BOK) demonstrate a myriad of opinions on whether
codes should receive more or less attention in an undergraduate en-
gineering education. For example, Shealy et al. (2015) found in a
survey of more than 120 civil engineering faculty and AEC industry
professionals that these two groups generally believe that codes are
an important topic to teach in undergraduate education. Conversely, a
separate Delphi survey of 32 structural engineers noted that codes
should be primarily taught at the master’s level and within the first
five years of practice (Balogh and Criswell 2013).

ABET criterion five has relegated the incorporation of codes
into an engineering education “curriculum culminating in a major
design experience based on the knowledge and skills acquired in
earlier coursework”™ (i.e., a capstone course) (ABET 2018). ASCE’s
commentary on ABET criteria for civil engineering programs noted
that codes must be integrated into the design component of the cur-
riculum (ASCE 2019b; Kelly 2008), and ASCE’s second edition of
the BOK (BOK?2) defined a specific technical outcome (technical
outcome 8) that notes that students should be able to apply engi-
neering tools, such as codes, to engineering problem solving before
entering the profession (ASCE 2008). However, ASCE’s third
edition on the BOK (BOK3) removes this technical outcome
and uses less explicit language in its more broadly defined outcome
of “Design,” which simply notes that students “must consider”
codes at various stages of the design process (ASCE 2019a).
The Structural Engineering Institute (SEI) noted in their Vision
for the Future of Structural Engineering and Structural Engineers:
A Case for Change (SEI 2013) an overreliance on prescriptive
codes in the profession and a lack of fundamental conceptual
knowledge on the behavior of materials in structural engineering
education as factors contributing to reducing the role of the
profession in society from engineers to technicians. This report
distinguished performance-based codes as a better tool than pre-
scriptive codes for the future of the profession (SEI 2013). Some
codes, such as ASCE 7, have been moving toward performance-
based procedures, and the SEI report strongly encouraged other
codes to do so (SEI 2013).

Although the aforementioned surveys, learning outcomes, and
reports espouse various beliefs about the roles of codes in education
and practice, they all noted that codes are prevalent tools used in
design and generally should have some role in the curriculum.
However, the current undergraduate education on codes is believed
to be limited due to the time made available to cover code related
material, codes being taught in isolation from other course/
curriculum content, variability in faculty knowledge of codes, lim-
ited resources to help faculty teach codes, and codes being taught
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using passive, ad hoc techniques (Center for Global Standards and
Analysis 2004; Kelly 2008; Moon 2010; Solnosky et al. 2017).
That said, little to no research has been conducted exploring the
sociomaterial contexts wherein codes are applied in the workplace
and education environments to gain a better understanding of how
these contexts can be aligned across environments to better prepare
students for the proficiency they need with codes when entering the
workplace. Exploring these contexts in both environments is well
suited for ethnographic methods.

Ethnographic Studies

Ethnographic methods situate a researcher or team of researchers
within a specific environment in which they can gain access to a
rich, descriptive understanding of the sociomaterial contexts in
which participants operate through participation and/or observa-
tions of these contexts (Emerson et al. 2011). This method has been
identified as a way to study situated cognition in engineering edu-
cation (Case and Light 2011; Johri et al. 2014) but has been seldom
used. Furthermore, most ethnographic studies in engineering edu-
cation focused on broader engineering education within either a
workplace or academic environment using purely observation tech-
niques and no participation.

For example, Vinson et al. (2017) conducted an ethnography
wherein they observed 20 early career engineers from nine different
disciplines in five distinct workplace environments. Vinson et al.
(2017) observed that as early career engineers become more ex-
posed to codes and other text-based tools in the workplace, they
become more likely to use these resources in problem solving.
Fewer examples exist of ethnographic studies in academic environ-
ments. However, one that was conducted by Stevens, O’Connor
et al. (2008) observed four engineering students in different disci-
plines throughout their four-year undergraduate experience and
noted that lower-level courses generally had students use prescrip-
tive approaches to reach singular right answers, whereas upper-
level courses exposed them to more open-ended problems.

One example of an ethnographic study that focused specifically
on structural engineering observed 19 structural engineers in
three different workplace environments (Gainsburg et al. 2010).
Gainsburg et al. (2010) observed codes being used as repositories
of historically established knowledge to meet project time con-
straints, suggesting that they were used in a prescriptive manner.
The authors know of only one discipline-specific ethnography
wherein the researchers participated in the environment in which they
observed. Bornasal et al. (2018) conducted a participant-observation
ethnography of a transportation engineering firm wherein they
observed engineers referencing codes to quickly make design deci-
sions. Participation-observation ethnographies allowed the research-
ers gain a richer understanding of the participants and environments
they study because the addition of the participation dimension can
provide the researcher(s) with additional data for challenging or con-
firming observations and, thus, adds credibility to the ethnography
(Emerson et al. 2011; Walther et al. 2013).

All of the previous ethnographic studies mentioned explored
only workplace or academic environments. Very few engineering
education studies employed any methodology that directly com-
pared workplace and academic environments within a single study
(Johri et al. 2014). The authors believe that it is worthwhile to do
this to expand the engineering education community’s understand-
ing of differences in knowledge application across these environ-
ments and to offer more meaningful recommendations for the
application of codes in an engineering curriculum. Therefore,
the authors revisit their research question:
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How are structural engineering concepts represented through
the sociomaterial contexts of code applications in academic
and workplace environments?

Methods

A participant-observation ethnographic methodology was adopted
to answer the research question via observational access to and
experience with code applications in authentic academic and
workplace environments. The decision to focus on a specific engi-
neering discipline was to gain a more nuanced understanding of
code application in education and practice than what has already
been documented in the literature. The decision to focus on struc-
tural engineering was because the researcher conducting the
ethnography—the ethnographer—has an educational background
in this discipline and was able to participate more meaningfully
in both environments. Furthermore, codes have been identified
as a critical tool in structural engineering practice (Balogh and
Criswell 2013; Gainsburg et al. 2010; Koch et al. 2010; SEI
2013; Rumsey et al. 2010); therefore, this discipline offers signifi-
cant opportunities to explore the sociomaterial contexts within only
a handful of environments.

Site Selection and Transferability

The academic and workplace environments selected for this study
were a private architecture and engineering (A&E) firm and four
undergraduate structural engineering courses, respectively. Both
sites are in Oregon, which was geographically accessible to the eth-
nographer. The selection of these sites was based on the firm’s will-
ingness to participate and employ the ethnographer as a part-time
intern, and receiving instructors’ permission to participate in and
observe their courses. As previously mentioned, ethnography sit-
uates the researcher(s) in a specific environment to explore and pro-
vide in-depth descriptions of the sociomaterial contexts of the
environment. Therefore, the goal of ethnographic research is not
to find generalizable results, but to provide rich, detailed descrip-
tions of the environment that is meaningful to the research and ed-
ucation community to transfer within their own contexts (Lincoln
and Guba 1985; Walther et al. 2013).

Tables 1 and 2 provide demographic information for additional
context on the instructors and their courses, and the structural en-
gineers in the workplace environment. All of the instructors that
taught a course using a code had sound knowledge of their respec-
tive codes and historical development. All of the codes in the aca-
demic environment were observed being used in the workplace
environment, albeit the workplace environment more frequently
used previous editions. For example, all of the engineers in the
workplace environment were observed using ASCE 7-10 over
the most recent edition published in 2016. Most engineers were
using the 14th edition of AISC’s Steel Construction Manual
(SCM), whereas some others were using the 13th edition. One en-
gineer used their copy of ACI 318-14 when the remaining engi-
neers were using ACI 318-11.

Data Collection, Analysis, and Credibility

Data collection in an ethnography consists of three simultaneous
sources: field notes from participant-observations, interviews,
and artifact documentation (i.e., code excerpts) (Johri 2014;
Emerson et al. 2011). During an ethnography, data analysis is oc-
curring simultaneously such that the data collected from these three
methods can be used to guide future data collection and triangulate
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Table 1. Demographic info for structural engineering courses studied

Lecture Instructor teaching
(recitation) (industry) experience Female/male

Course No. of students hours/week® Code(s) used in years instructor
Structural analysis | 60 3(2) Oregon structural specialty code and 30 (12) Male

abridged portions of ASCE 7-16 in

textbook
Structural analysis 11 50 312 None 36 (29) Male
Steel Design 67 3(2) AISC steel construction manual (15th ed.) 1) Female

and printout sections of ASCE 7-16
Reinforced concrete cesign 60 4 (0) ACI 318-14 22 (24) Male

All courses were on a quarter system, meeting 4-5 h per week for 10 weeks.

Some instructors’ industry and teaching experience overlap at various stages in their careers.

the existing data (Stevens et al. 2008; Walther et al. 2013). Further-
more, the ethnographer consulted two other engineering education
researchers who were familiar with ethnographic methods before,
during, and after exiting each environment to improve the credibil-
ity of the data being collected and analyzed.

Field notes from participation-observations consisted of the eth-
nographer initially handwriting notes of observations during his
own use and when others were using or discussing codes. These
handwritten notes were immediately typed up following the obser-
vation, and the ethnographer developed interview questions for per-
tinent participants and took pictures of pertinent code excerpts for
artifact collection. These pictures were copied and pasted into rel-
evant portions of the field notes to create an annotated description
of the episodes wherein codes were discussed and/or applied. Inter-
view questions were asked in formal and informal interviews based
on participant availability. Interview data were used to fill in miss-
ing information in the ethnographer’s field notes, check members,
and access participants’ interpretations of events wherein codes
were applied (Emerson et al. 2011; Walther et al. 2013).

Following informal interviews, the ethnographer revised any
relevant field notes. Formal interviews were audio-recorded and
transcribed by a third party. Following transcription, the ethnogra-
pher reviewed the transcription and deductively coded excerpts
based on specific conceptual representations that participants men-
tioned pertaining to codes. Following this initial round of coding,
the ethnographer then inductively coded transcripts in tandem with
field notes and the documented artifacts to create a holistic descrip-
tion of the episodes wherein codes were being discussed and/or
applied. At this point, the episodes were descriptive case studies
that were then analyzed and compared with one another to identify
common themes across each episode (Yin 2003). Case studies are

Table 2. Demographic info for structural engineers at the workplace
environment

Parameter Value
No. of structural engineers 20%
Industry experience in years 0-46 (10.3)
No. of licensed PEs (SEs) 12 (5)
No. of female/male engineers 7 (13)
No. of M.S./M.Eng. degree holders 7

Note: PE = professional engineer; SE = structural engineer; M.S = master of
science; and M.Eng = master of engineering.

“The firm employs 24 structural engineers across three offices; however,
only 20 were observed in-depth at the office in which the ethnographer
was participating. Eight of the 20 engineers observed were graduates
from the undergraduate program studied, with the other 12 graduating
from eight different programs across the country.
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considered a valuable method for studying and presenting complex
phenomena that are indistinguishable from their contexts (Baxter
and Jack 2008; Yin 2003).

The credibility of the themes derived from the cases was en-
hanced through participation in and observation of both environ-
ments for an extended period to encounter diverse sociomaterial
contexts wherein codes were used (Case and Light 2011; Johri
2011). The ethnographer has B.S. and M.S. degrees in civil engi-
neering with a course emphasis in structures for both degrees. The
ethnographer took the courses that were studied in his respective
undergraduate program at a different institution. The ethnogra-
pher’s previous practical experience was limited to broader civil
engineering internships, with little exposure to structural engineer-
ing practice. The ethnographer spent three months in the workplace
environment, arriving at the firm’s office each weekday between
7-8 a.m. and leaving between 5-6 p.m. The ethnographer worked
as an intern for approximately 16 h per week and conducted ob-
servations and interviews, collected artifacts, and analyzed data
during the remainder of the work week. As an intern, the ethnog-
rapher assisted in 18 different structural engineering projects and
observed engineers working on several others within the industrial,
commercial, and public sectors.

The ethnographer spent six months in the academic environ-
ment over two 10-week terms, enrolling in two classes each
term. The ethnographer participated in each class as a normal
student would, attending lectures and labs, taking notes, com-
pleting homework assignments, and taking exams. Participating
in these activities allowed the ethnographer to gain access
to how codes were presented in a lecture and to how students
were applying codes in homework, lab assignments, projects,
and exams.

Findings

In general, codes contained several conceptual representations that
were used in both environments to prescriptively determine the de-
mand on and/or capacity of various structures. By prescriptive the
authors mean that the engineers, students, or instructors utilized a
portion of a code to the letter, with little to no explicit interpretation
of the concepts being represented in their prescriptive approach.
Engineering problems encountered in academic environments
typically required students to use a code or codes to find relevant
information and apply applicable equations with little or no ambi-
guity, thus justifying their prescriptive approach. More ambiguous
cases that addressed the limitations and/or assumptions built into
codes were typically only discussed in the lecture. Occasionally,
students had to assess when more nuanced prescriptive methods
in codes needed to be used and then apply them to gain greater
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capacity in their design or to reduce their demands. These “sharp-
ening your pencil” calculations, as one instructor frequently put it
for using a code’s methods for more precise calculations, were also
observed in the workplace. However, engineers were more likely to
also use evaluative approaches in their application of codes to re-
duce their demand, increase their capacity, or be more conservative
than a code’s recommendations/requirements. By evaluative the
authors mean that the engineers had to rely on sound engineering
judgment, skepticism of code provisions, and/or fundamental con-
ceptual knowledge when applying or deciding not to apply aspects
of certain codes.

The following subsections present cases from first the academic
environment and then the workplace environment. The cases pre-
sented herein are from field notes of participation-observations in
each environment, interview excerpts with engineers and instruc-
tors, and artifact documentation of relevant excerpts from codes
and design problems for additional context. Not all codes observed
in the workplace environment were observed in academic environ-
ments; however, all codes used in the academic environment were
present in the workplace environment. This is to be expected be-
cause a substantial amount of codes are used in practice, and not all
of them could be realistically covered in engineering education.
Therefore, the cases presented are meant to convey broader themes
for how codes were applied and interpreted in both environments
rather than make direct comparisons of how a specific code was
used in either environment. The cases presented in this section
are not meant to be encompassing of all codes or academic and
workplace settings; rather, they are meant to convey themes that
can supplement and/or refute existing ideas on the use of codes
in engineering education to provide the reader with transferable
findings to their own specific contexts.

Academic Environments

In three of the four courses observed, at least one code was utilized
by students to some extent when solving structural engineering
problems on their homework, recitation assignments, projects,
and/or exams. The course that did not use any codes—Structural
Theory II (ST-II)—had the primary objective of teaching students
how to analyze indeterminate structures using the concepts of equi-
librium, compatibility, and constitutive laws. Because this course
was not focused on design or determining external loads, it could
be argued that there is little to no need for using a code as part of its
curriculum. Therefore, the following subsections present cases
from the other three courses wherein a code or codes were pre-
sented in the lectures and used by students.

Academic Case 1: Strength Reduction Factor and Shear

in ACI 318-14

Whereas the ST-II course primarily focused on concepts of equi-
librium, compatibility, and constitutive relations, these fundamental
concepts are prevalent in any structural engineering course and are
embedded in many codes. For example, the Reinforced Concrete
(RC) Design instructor mention in the lecture that “ACI 318-14 per-
mits us to use equilibrium, compatibility, and constitutive relation-
ships to circumvent the code.” This evaluative approach to ACI
318-14 is further demonstrated within the code itself per section
R1.3.2: “The minimum requirements in this Code do not replace
sound professional judgment” [ACI 318-14 (ACI 2014, p. 10)].
However, no design problems given to the students in this course
dealt with a scenario that warranted anything other than a prescrip-
tive application of ACI 318-14. However, the instructor for this
course emphasized limitations in ACI 318-14 to provide students
with some idea of the assumptions built into this code. For exam-
ple, in a lecture on the shear design of RC beams, the instructor
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22.5.5 V, for nonprestressed members without axial force

22.5.5.1 For nonprestressed members without axial force,
J'. shall be calculated by:

v, =20/f/b,d

unless a more detailed calculation is made in accordance
with Table 22.5.5.1.

(22.5.5.1)

Table 22.5.5.1—Detailed method for calculating V.

: |

U]
[I Oh £ +2500p,, Z}d)bwd (a)
Least of (a), (b), - \
and (c): (19N 7 +2500p, )b, d (b) —i
35077, d [ ©)

"M, occurs simultaneously with ¥, at the section considered.

Fig. 1. Prescribed equations for calculating V, for nonprestressed
members without axial force. (Reprinted with permission from ACI
2014.)

mentioned that shear failure is non-ductile and, thus, difficult to
predict. The instructor then stated that ACI 318-14 conservatively
accounts for this feature by reducing the strength reduction factor,
®, to 0.75 when determining the shear strength of a member. The
instructor then mentioned that the AASHTO LRFD Bridge Design
Specifications has a better model for equating shear failure than
ACI 318-14 does and, thus, uses a strength reduction factor of ¢ =
0.9 for normal weight concrete (AASHTO 2012, section 5.5.4.2.1).
The instructor then presented the class with the equations that ACI
318-14 prescribes to calculate the nominal shear strength provided
by just the concrete in a RC member, V... The instructor noted that
the easiest and most common way to calculate V. is by using equa-
tion 22.5.5.1 in ACI 318-14 (Fig. 1). The instructor then presented
the class with Table 22.5.5.1 in ACI 318-14 (also in Fig. 1) and
stated that if engineers want to “sharpen our pencil” for a more
detailed calculation and gain more shear capacity, then they can
use the least of the equations presented in Table 22.5.5.1. Students
were never presented with a design scenario that required them to
“sharpen their pencil” and always used equation 22.5.5.1 to deter-
mine V. on their homework and exam problems.

This case from the RC Design course demonstrates how the in-
structor clearly identifies a limitation of ACI 318-14 and compares
this limitation to a different code (the AASHTO LRFD Bridge
Design Specification) to present students with an evaluative under-
standing of a conservative feature in ACI 318-14. The subsequent
presentation on how to prescriptively calculate V. with the sole em-
phasis on the more conservative equation—?22.5.5.1—for homework
and exam problems demonstrates how students primarily apply a
code’s prescribed conservative approach with little to no exposure
to scenarios that might require a more evaluative approach to justify
a less conservative, albeit permitted, solution.

Academic Case 2: Lateral Torsional Buckling Modification
Factor in AISC 360-16

Similar to the case previously presented, in the Steel Design course,
the instructor derived the critical stress equation for the flexural
limit state of the elastic lateral torsional buckling of wide flange
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Fig. 2. Nominal flexural strength and buckling behavior based on
unbraced length. (Adapted from AISC 2016.)

members to illustrate an assumption and factor built into the equa-
tion provided in the specification portion (AISC 360) of AISC’s
Steel Construction Manual (SCM). To illustrate this case, the fol-
lowing is an excerpt from an interview with the instructor wherein
they were asked, “In what ways do you expose students to assump-
tions and/or handle limitations in either ASCE 7-16 or the SCM?”
to which the instructor responded:

Yeah, so this is one of the things that I feel like I didn’t do that
well on, but I think this is one of the big. .. this is the item.
So I did a lot of assumptions, like maybe broken down in al-
most too much detail, but this is the reason the C,, thing for
example, the reason you don’t use C;, equals 1.0 is because
the lateral torsional buckling equation is based off of the
assumption that you have a uniform moment, so that’s some-
thing built into the equation. [...] That is an assumption
that’s made before it even gets here [points to their SCM],
and so I did a lot of that. I limited table use, but I think what
I wish I would have done more was maybe that initial review
of some strength of materials concepts, some structural analy-
sis concepts, because I think it got to the point where they
were just confused. There were too many assumptions float-
ing around, and they didn’t know which ones were important
and which ones weren’t. So, I think . ..you want to tell them
that there are limitations, but you don’t want to make them so
confused that they don’t know which direction to move in.

Here, the instructor refers to a lecture wherein the ordinary dif-
ferential equation (ODE) is derived for the critical stress due to
elastic lateral torsional buckling (LTB) for the portion of the curve
presented in Fig. 2, for which the unbraced length, L,, is greater
than the critical unbraced length corresponding to the development
of the yield moment, L, (i.e., L, > L,).

To derive this equation, the instructor mentioned during the lec-
ture that we assumed uniform moment across the beam’s unbraced
length. However, beams do not always experience uniform moment
across their unbraced length, and AISC 360 accounts for this by
multiplying the derived ordinary differential equation with the fac-
tor Cy, where C;, = 1.0 for uniform moment and C;, > 1.0 for non-
uniform moments across L,,. The instructor refers to this example in
the interview when they broke down an assumption in an ODE de-
rived from the theoretical strength of material concepts and how
AISC 360 accounts for that assumption with the additional factor,
C,. Students were expected to calculate C;, on a couple of home-
work problems but were often told to make the conservative
assumption of C;, = 1.0 in their calculations of a wide flange
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member’s nominal moment strength. The instructor mentioned
in the lecture that most engineers make this same assumption be-
cause it is conservative and saves time by not having to calculate
Cp, > 1.0. The instructor also mentioned in the lecture that one of
the main reasons they actually taught the class how to calculate C,,
was to give students additional practice creating moment diagrams.

This instructor finished their answer to the interview question by
noting that they wanted to expose students to the limitations and
assumptions built into codes, but they were worried that students
would be confused if there were too many ‘“‘assumptions floating
around” and subsequently not know “which direction to move in”
when applying a code. The instructor also mentioned in that inter-
view excerpt that they want to focus initially on greater material
strength and structural analysis concepts before addressing the as-
sumptions and limitations in the codes such that students are less
confused about the source of these assumptions and limitations.

Similar to the previous case, the instructor presented why certain
factors exist in their respective codes and the assumptions off which
they are built that typically lead to more conservative equations in
the codes and how students can prescriptively use the codes to per-
form more detailed, less conservative calculations. However, stu-
dents received little to no practice wherein they were exposed to
a scenario that warrants a more detailed and less conservative cal-
culation of C; because their homework problems told them either
when to calculate C, > 1.0 or assume that C,, = 1.0 with no addi-
tional context for why the calculation or assumption should be
made. These homework problems came from a single assignment
and are portrayed in Fig. 3.

This and the previous case from the RC Design course demon-
strate how these instructors lectured on limitations and assumptions
in their respective codes, whereas students prescriptively applied
their codes on homework assignments and exams with little to
no evaluation of these limitations and assumptions. However, these
cases provided students with some exposure to the importance of
carefully reading their respective codes to ensure they are using the
appropriate equation prescribed in their codes. The importance of
reading codes carefully was emphasized by the instructor of
the Structural Theory I (ST-I) course and demonstrated in the fol-
lowing case.

Academic Case 3: Live Load Reduction in ASCE 7 and
OSSC 2014

In the ST-I course, the instructor has some early homework and
recitation assignments wherein students were required to navigate
the 2014 edition of the Oregon Structural Specialty Code (OSSC)
and portions of ASCE 7-16 provided in their textbook for determin-
ing live, dead, snow, wind, and earthquake loads. For example, in a
recitation exercise, students were expected to use pertinent sections
of the OSSC to determine the live load on the column and beam
highlighted in Fig. 4 and whether any live load reduction could be
applied. In an interview with the instructor, they stated that the in-
tention for these assignments was to have students read the codes
carefully:

And mostly the point there, I guess it’s just, it’s easy to not
read it correctly. I'm not necessarily teaching them in that
class how to read ASCE 7, but just making the point that
you better read it carefully. [...] And then you have to look
not just in one place [ ...] So you can’t just look in this page
right here, there might be relevant information here, here,
here, and here.

Here and in the recitation assignment, the instructor emphasizes
to the students the importance of reading codes carefully and read-
ing all of the relevant information before assuming whether or not
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Problem 1

A W24 x 104 beam is used to support the loads shown in the figure below. Lateral bracing of the
compression flange is supplied only at the ends. Determine Cy. If F, = 50 ksi, determine if the W24 is
adequate to support these loads. Use the equations in Chapter F of the manual to calculate Ly, L,, and
&M, and use the appropriate design tables (Table 3-2 and Table 3-10) to check your answers. Check for
shear.

Py =105k
lP,—l&Uk wpy = L0 k/ft Includes self-weight

l l v‘ v Y l l l l"'l.*lJSk.fn
757 =M

15 ft . 15 ft

Problem 2

A W14x90 of A572 Grade 60 steel (Fy, = 60 ksi) is used as a beam with lateral support at 10 foot
intervals. Assume that Cj = 1.0 and compute the nominal flexural strength. (Hint: This is not a standard
steel material for wide-flange members. Check local buckling to determine whether it affects M,.)

Problem 3

Design the lightest W shape beam of 50 ksi steel to support the loads shown in the figure below. Neglect
the beam self-weight. The beam has continuous lateral bracing between A and B, but is laterally unbraced
between B and C. Determine Cz,.| Check for shear.

wp = 2.0 k/ft
wy = LOKIM JL P, =25k

b b
IE>7 A B 737 C

< I8 ft e 18 ft -

Fig. 3. Homework assignment for the Steel Design course wherein students calculated C,, or assume that equaled 1.0 in their subsequent calculations

for nominal flexural strength (M,). (Reproduced with permission.)

an equation is applicable. For the recitation assignment presented
in Fig. 4, students had to carefully read sections of the OSSC to
determine whether they could reduce the live load demand on the
beam and column and then correctly apply Equation 16-23 in the
OSSC (2014). This equation is the same one for live load reduction
in ASCE 7-16.

This case is another example of how students were exposed
to prescriptively navigating and applying the code to use a more
detailed, less conservative equation (in this case, live load reduc-
tion). Thus, in all three cases provided from the academic envi-
ronments, students were shown equations in various codes and
taught to some extent how they could use more detailed equations
subsequently provided in their codes to increase their capacity or
reduce their demand. Whereas these cases provided students with
some exposure to the assumptions that went into the development
of these code equations and their limitations, students were never
provided with examples or practice with scenarios in which they
have to use an evaluative approach to justify using more or less
conservative equations from within or outside of their codes.
Although many of the same codes and equations were observed
being used in a similar manner in the workplace, occasional
scenarios arose wherein engineers used an evaluative approach
rather than a prescriptive one when applying certain provisions
in a code.

© ASCE 04020013-7

Workplace Environment

Multiple codes were observed being used in the workplace envi-
ronment, with engineers often simultaneously navigating more than
one code in their design activities. In general, the engineers often
used codes to prescriptively calculate loads/demands and check
limit states for various structural elements. However, other scenar-
ios emerged wherein the engineers had to go beyond prescriptively
applying a code and, instead, had to negotiate an evaluative ap-
proach in how they chose to apply certain provisions in various
codes. The following cases illustrate these scenarios to provide
an overview of what the authors mean by this evaluative approach
and how it differs from the prescriptive applications of codes.

Workplace Case 1: Lateral Stability Factor in NDS 2012

This first case demonstrates a design task wherein the ethnographer
had to apply provisions from American Wood Council’s (AWC)
National Design Specification (NDS) (AWC 2012) for lateral sta-
bility when designing wood members. For this design task, the eth-
nographer had to design a hip beam for a canopy structure. When
determining the bending capacity of the wood beams, a stability
factor (Cyp) less than or equal to 1.0 must be multiplied to the ref-
erenced bending stress capacity of the member. This stability factor
potentially reduces the design capacity of the member to account
for the effects of LTB. The NDS permits C; = 1.0 (no reduction) if
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Fig. 4. Recitation assignment in ST-I course wherein students had to (a) determine the live load acting on the highlighted beam and column; and
(b) apply the live load reduction equation from OSSC (2014) if applicable. (Reprinted from OSSC 2014.)

the bending member has sufficient lateral support per section
3.3.3.3: “When the compression edge of a bending member is sup-
ported throughout its length to prevent lateral displacement, and the
ends at points of bearing have lateral support to prevent rotation,
C;, =1.0" (AWC 2012, p. 15). The NDS then provides subsequent
provisions to calculate C; based on the geometry and material

(2) 2x10

-‘ 10heX4

Fig. 5. Canopy framing plan illustrating rafters framing into the hip of
the canopy.
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properties of the member. The ethnographer was not sure if he
could safely assume the rafters framing into the hip (Fig. 5) pro-
vided sufficient lateral support to justify using C; = 1.0 or if they
should be conservative (but spend more time) following the sub-
sequent provisions in the NDS to calculate C; < 1.0.

The rafters framed into the hip every 0.61 m (24 in.), but the
NDS does not explicitly address whether this spacing was suffi-
cient lateral support, leaving the ethnographer uncertain. The
ethnographer asked a senior engineer whether the rafters provided
enough lateral support to merit C; = 1.0. The senior engineer said
that the rafters provided more than enough lateral support. In a sub-
sequent interview with this same engineer, the ethnographer asked
how the engineer was so certain that the rafters would provide
enough lateral support. To answer the question, the engineer
shared an anecdote from a field trip to a structures testing lab
during a graduate course they had taken wherein they observed
the amount of force required to prevent LTB in a slender steel
beam:

Engineer: ...as the relatively slender beam started to try to
laterally torsionally buckle, he [the instructor] said, “Okay,
hand someone a yardstick,” he said, “Just push on it.” There’s
several thousand pounds being applied to this and you’re just
pushing on it with a yardstick, and now it’s not laterally tor-
sionally buckling. So that real simple connection of like, “Oh,
this is what a brace force is and oh, doesn’t actually take that
much.” It’s just about restoring equilibrium to make sure that
it yields in plane and doesn’t buckle out of plane, and actually
doesn’t require that much force. [...]
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Ethnographer: Yeah. And in my head, I was even thinking, I
was just like, “I don’t feel comfortable saying that these rafters
provide lateral stability,” just because I had no concept of . . .

Engineer: What it takes.

This episode demonstrates that because the ethnographer lacked
a fundamental conceptual understanding of how much a brace force
should be and how frequently one is needed throughout a span to
provide lateral stability, they were unable to use an evaluative ap-
proach in interpreting the NDS for determining Cj.

Workplace Case 2: Risk Category in ASCE 7

The previous example demonstrates how fundamental conceptual
knowledge allows an engineer to take an evaluative approach to a
code and justify a less conservative design. Other cases in the work-
place environment conversely demonstrated how engineers some-
times use an evaluative approach to applying codes based on their
engineering judgment and/or skepticism of a code’s minimum re-
quirements to justify being more conservative than said code’s min-
imum requirements. An example of this type of case comes from an
observation of three engineers working on a project that had some
uncertain site conditions pertaining to the foundation of a nearby
existing structure. One of the engineers quipped after their meeting
that their department head “drew the short straw and had to stamp
this project,” implying that the uncertain site conditions made it a
liability for whoever had to stamp the project. The department head
overhears this and says, “Wait a minute . . . ” to which the same en-
gineer who made the joke quickly replied that the project was risk
category II as defined in ASCE 7. The department head retorts that
just because ASCE 7 permits a structure to be risk category II does
not mean that it should not be a higher risk category. Higher risk
categories are designed for larger forces and, thus, more conserva-
tively designed than lower risk category structures.

The ethnographer asked the department head what they meant
by this in a subsequent interview, and the department head alluded
to a specific excerpt from the commentary in ASCE 7-10 as an
example of the code permitting structures containing toxic, highly
toxic, or explosive substances being classified as risk category II.
The excerpt from the interview is provided as follows for additional
clarity:

...somebody wrote in the 7-10, some committee, somehow,
that said, basically, if you can contain, if you've got chemi-
cals, and you can contain them and they won’t spill over to the
neighbor after an earthquake, that you're fine. You can be
level two. And I just think that is—and it used to be in the
commentary that it kind of made that inference that—and
it wasn’t real super clear. But people would take that excep-
tion and go back to the commentary and say, “You know, this
is really what it says.” Well, now it’s explicit in the code
[ASCE 7-10 C1.5.3, presented in Fig. 6]. I mean, it just comes
right out and says that, “Hey, if the neighbors aren’t affected,
you don’t have to be a [category] three or four.” And what I
was saying is that, probably that’s coming from the East coast
some place. I’'m just speculating now, and I don’t know this. I
doubt this would ever come out in California and if they ever
had a big earthquake down in California, is what I was saying
[...]you’ll have chemical plants that will collapse, kill work-
ers. [...] I don’t think California would let people do
this . . . and in most jurisdictions it would be no way. But let’s
say they did and some big chemical plant was only a group
two, and it was just life safety. They didn’t have to go the extra
mile, and a bunch of stuff collapses, a bunch of pipes break,
and yeah, it doesn’t even spill over to the neighbors, but it
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does a bunch of environmental damage [ . .. ] and then every-
body’s going to be up in arms, asking, “What the hell? Why
wasn’t this designed as a group four?” Well we just did it to
code. And that happened in North Ridge [ . .. ] and you know,
there’s a lot of stuff in our codes that have been developed
since North Ridge and stuff we’re even doing since North
Ridge that probably won’t do well. It won’t perform well,
and our codes will have to change.

Fig. 6 provides the portion of the ASCE 7-10 commentary to
which the department head referred in this interview.

In the interview excerpt, the department head says that many
jurisdictional codes would not permit risk category II for some
structures even though ASCE 7-10 does. The regional codes take
precedent over ASCE 7-10, but the department head used this as an
example for when an engineer should use his or her better judgment
to potentially assign a structure a higher risk category, resulting in a
more conservative design even though a code might permit a less
conservative design. The department head emphasized this point by
noting how codes evolved after the Northridge earthquake in 1994
and how they were still skeptical of minimum design provisions in
the code that they suspected needed to be further updated after
another major earthquake event. Thus, this case demonstrated an
engineer’s overall evaluative approach to a code in the workplace
environment wherein they used their judgment and skepticism of
codes based on their limitations to be more conservative in their
design.

Workplace Case 3: K-Rating Speeds in FEMA 430

In a similar case, engineers in the workplace environment were ob-
served discussing a project and whether they should apply a code’s
minimum criteria or use a more evaluative approach to justify a
more conservative design. This case was observed during a design
meeting for a project installing bollards at an airport to increase
security against a potential terrorist attack from a truck being used
as a battering ram. The project engineers were designing the bollard
system and subsequent load path per the K4 certification outlined in
FEMA 430 Section 4.2.2 Barrier Crash Test Standards (Fig. 7)
based on their client’s requirements. A couple of engineers mention
considering using a higher certification class or adding a factor of
safety due to the uncertainty in the impact load (e.g., vehicle
weight, speed and angle at impact, explosives, simultaneous load-
ing scenarios). The engineers working on the project ultimately set-
tled on the original K4 criteria per the client’s requests. The existing
challenges that they were already facing with handling the large
forces flowing from the bollards into existing structural elements
as a result of a K4 rated impact also influenced their decision to
apply the code as indicated. This case demonstrates how even when
engineers in the workplace environment settle on applying a

Buildings and other structures containing toxic, highly toxic,
or explosive substances may be classified as Risk Category 11
structures if it can be demonstrated that the risk to the public
from & release of these materials is minimal, Companies that
operate industrial facilities typically perform hazard and opera-
hility (HAZOP) studies, conduct quantitative risk assessments,
and develop risk management and emergency response plans.
Federal regulations and local laws mandate many of these studies
and plans (EPA 1999a). Additionally, many industrial facilities
are located in areas remole from the public and have restricted
access, which further reduces the risk to the public.

The infent of Sestian 189 fn fam . maen o -

Fig. 6. Excerpt from ASCE 7-10 section C1.5.3. (Reprinted from
ASCE 7-10.)
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T T
K12 50 mph 80 kph
K8 40 mph 65 kph
K4 30 mph 48 kph

To become certified with a DOS “K” rating, the 15.000-b. vehicle must
achieve one of the K-rating speeds, and the bed of the truck must not
penetrate the barrier by more than 36 inches. The test vehicle is a me-
dinm-duty ruck such as those that any driver with a commercial license
and a credit card can buy or rent. Note that the amount of intrusion is
measured to the front of the cargo bed of the ruck, where explosives

would typically be located (Figure 4-8).

Fig. 7. FEMA 430 table illustrating differences in Department of State
(DOS) K-rating certification classes. (Reprinted from FEMA 2007.)

minimal code requirement, there is still some evaluative negotiation
based on their engineering judgment and fundamental conceptual
understanding for uncertainty in predicting loads.

One of the engineers who suggested using a factor of safety on
this design was subsequently interviewed and asked if they could
provide an example in which they were not comfortable with the
uncertainty in a code, particularly when the evaluation of the pre-
scribed load led to the use of a more conservative load. The engi-
neer responded with:

We do it all the time up front if we’re doing a schematic design
because we know that variables will change [ ...] A lot of the
times if we’re designing a mezzanine or something, or just
offices, we’ll bump up the weights by 25%. Just because
of the unknown and you don’t want to have to go back
and redesign things.

ASCE 7-10 prescribes a minimum live load of 50 PSF for typ-
ical office spaces and a variety of live loads depending on the
occupancy or use of a mezzanine (ASCE 2013). The values of these
minimum loads already have some conservative assumptions
underpinning their quantification; however, even so, the uncertainty
and dynamicity of real-world loads resulted in the engineers in the
workplace environment taking an evaluative approach when apply-
ing the minimum loads provided in ASCE 7.

The three cases presented demonstrated how engineers in the
workplace environment sometimes take an evaluative approach
when applying and interpreting codes to either justify more or less
conservative designs. These cases also demonstrate how the socio-
material contexts of the code being applied and the nature of the
project or design task being worked on influences whether or not
the engineers used an evaluative or prescriptive approach.

Discussion

The findings presented in these cases demonstrate how the socio-
material contexts of the workplace environment sometimes require
an evaluative approach in applying codes. In the academic environ-
ments, such evaluative approaches were only alluded to in the
lecture, and students practiced applying the codes in purely
prescriptive ways. This resonates with some of what the existing
literature noted as limitations in the way codes are taught in under-
graduate education—most notably that information on limitations
and assumptions in codes and the need to apply them in an evalu-
ative fashion is mentioned ad hoc in lectures, minimizing students’
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opportunities to engage with this information (Kelly 2008;
Solnosky et al. 2017). Furthermore, the courses observed were gen-
erally structured around initially presenting conceptual content in
the lecture. Then, the students practiced applying codes prescrip-
tively on their homework and/or lab/recitation assignments with
a minimal explicit connection back to the relevant conceptual
content.

Isolating codes from other course content was an additional
limitation identified in the literature of the instruction of codes
(Solnosky et al. 2017). In this case, the RC course was somewhat
unique because “the core of ACI 318 is built around a subtle and
elegant stipulation that all concrete cross-sections meet the require-
ments of strain compatibility and equilibrium” (Rumsey et al. 2010,
p. 1); therefore, these concepts are constantly reinforced through
the application of the equations in this code. Conversely, the Steel
Design course utilized the SCM, which represents many concepts
through tables that students can apply prescriptively without a con-
siderable understanding of the conceptual information represented
in them. The steel instructor even shared in an interview how they
were initially taught to use these tables:

When I learned steel design, I was like a table wizard. I could
look up things instantly in tables, but I had no concept of what
those tables actually meant. Which means if you got any sort
of section that wasn’t one of the standard ones, like a wide
flange, and it wasn’t in the textbook, you had no idea what
to do with it. And you didn’t know what any of its properties
were. There was no intuitive sense of what the section was
doing. [...]This issue I have with the code and I bet this
is the same issue that [other instructors have] with it too . . . it
causes the students to not think critically. They just like, it
just gives them an answer.

Here, the instructor talked about how they were taught to pre-
scriptively use the tables in the SCM without additional evaluation
for what they were representing. The instructor also perceives the
nature of codes as problematic because they can cause students to
not think critically, which resonates with the concerns raised about
prescriptive codes in the SEI (2013) report presented in the Back-
ground section. However, based on the workplace environment
cases, there appears to be an opportunity to use the codes as a
medium for teaching fundamental concepts and developing stu-
dents’ critical thinking around those concepts. For example, expos-
ing students to design scenarios wherein they are required to take a
more evaluative approach in using the codes, similar to the engi-
neers in the workplace, gives students more explicit opportunities
to think critically about code-based conceptual representations.

Although the SEI (2013) report raises concerns about how pre-
scriptive codes limit engineering students’ fundamental conceptual
knowledge, it does not address the influence of how instructors
teach such codes on that fundamental conceptual knowledge.
According to one of the instructors: “We teach them [codes] as
cookbooks, most definitely. We teach them [students] as, you go
by the code. You follow these steps. You'll get to the answer.”
If students are only provided “cookbook” scenarios wherein they
use prescriptive codes with prescriptive approaches, then the SEI
(2013) report’s concerns of prescriptive codes on early career pro-
fessionals are warranted. For example, take this workplace depart-
ment head’s perspective of the codes on graduating:

When I got out of school, I literally thought [ . .. ] it [the code]
just had tons of research behind it, and just some really super
smart people came up with the code, and it’s gospel. And, boy,
it didn’t take long, and I figured, and I was like, “Wait a

J. Civ. Eng. Educ.

J. Civ. Eng. Educ., 2021, 147(2): 04020013



Downloaded from ascelibrary.org by Shane Brown on 10/07/21. Copyright ASCE. For personal use only; all rights reserved.

minute, this isn’t necessarily the gospel. There’s some stuff
kind of messed up in here.”

These two quotes about the codes being cookbooks exemplify
the concerns of SEI (2013) over students being purely taught pre-
scriptive applications of codes and developing an overreliance on
codes that limits the application of the fundamental conceptual
knowledge instructors attempt to emphasize in school. However,
when students are taught to apply codes with an evaluative
approach, an opportunity exists for students to apply their funda-
mental knowledge of concepts within a sociomaterial context sim-
ilar to workplace environments rather than to create a separate set of
working knowledge that is purely code-based (Rumsey et al. 2010).
Such an approach can also foster a healthy skepticism of codes
“that attempt to define the design parameters of upwards of 95%
of the structures being built today” (SEI 2013, p. 7).

As previously mentioned, codes are written by committee and,
although the committees are large and full of experts from diverse
fields (Kelly 2008), the codes are still subject to fallacies inherent in
human-made objects “designed by committee.” For example, take
one of the workplace engineers’ experience from attending the
NCSEA 2018 conference that they shared in an interview with
the ethnographer:

One of the presenters walked through why certain tenets of the
code are in there. Why are you only allowed to design a con-
crete shear wall building up to 155 (sic) feet? He’s like, well
it’s based on shadow zonings from LA in the ‘50s. And oh, by
the way, it’s a typo. It was supposed to say 165, and it’s been
in every subsequent edition since then. There’s no theoretical
basis for it. It has to do with zoning and not creating too much
shadow on adjacent properties. And then it got codified in
engineering standards. So there’s no good reason why you
can’t have a taller building from an engineering standpoint
that performs just as well. So his message to everyone was,
challenge the code. Use your fundamentals. Use the skills
and tools you were taught as an engineer to determine
what is a good and prudent practice.

To clarify, the engineer meant to say 48.8 m. (160 ft) instead of
47.2 m (155 ft) and is referring to ASCE 7 height limits on lateral
force resisting systems prescribed in Tables 12.2.1 in the 2010
version of ASCE 7 (ASCE 2013). The ethnographer looked into
this claim and confirmed that the 48.8-m (160-ft) value was “es-
tablished by the first [Structural Engineers Association of Califor-
nia (SEAOC)] Blue Book to supplement an earlier Los Angeles
code requirement for buildings taller than 13 stories. A height limit
of 13 stories, approximately 45.7 or 48.8 m (150 or 160 ft), was
imposed by Los Angeles zoning regulations since approximately
the early 1900s. [...] Thus, the 48.8-m (160-ft) limit has its ori-
gins in this Los Angeles city planning rather than an explicit seis-
mic design rationale (SEAOC Seismology Committee 2009).

Although it is impossible for engineering instructors to know all
of the limitations and assumptions built into every code, the authors
believe that teaching students an evaluative approach to applying
codes develops a healthy skepticism in students of code provisions
that they can take into their careers to prevent them from thinking of
codes as cookbooks that can be followed without critical thinking.
This is not to say that students should not be taught a prescriptive
approach to codes. Indeed, these are powerful tools used in the in-
dustry that students should be taught how to use (Kelly 2008; Koch
et al. 2010; Solnosky et al. 2017). The authors merely suggest that
students receive some additional practice applying these codes that
goes beyond prescriptive applications. Some may argue that an al-
ready full curriculum limits such extensive teaching of codes. The
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authors believe that these concerns can be adequately resolved by
integrating code applications into existing curricula. Therefore, the
authors developed the following recommendations for code educa-
tion within single courses and across the engineering curriculum.

Recommendations

The first recommendation that the authors suggest is providing stu-
dents with design scenarios in homework assignments that require
them to consider a more evaluative approach when applying codes.
The easiest way to implement this is through homework problems
that require students to decide whether they should use a more
conservative or detailed “sharpened pencil” calculation prescribed
in a code. For example, in RC design, students could be provided
with a scenario wherein a hypothetical architect has reduced their
allowable beam depth due to desired floor heights. The problem
could be set up such that the commonly used conservative equation
used to calculate the shear capacity due to the concrete alone in
their RC beam results in insufficient total shear capacity. To resolve
this issue, the students need to understand the conservative assump-
tions built into that equation and apply the more detailed equations
in Tables 22.5.5.1 in ACI 318-14 presented in Academic Case 1 to
boost their shear capacity with the architecturally constrained
geometry of their beam. A similar scenario could be used in a steel
design course based on the more detailed calculation of C,, pre-
sented in Academic Case 2. Moreover, in contrast to the capacity
versus demand equation, students could be presented with a sce-
nario wherein they need to reduce the demand on an existing struc-
ture by using live load reductions rather than being prescriptively
taught how to use the live load reduction equations. These scenarios
provide students with experience in making the code work for their
design rather than the other way around. These scenarios also give
students a better conceptual understanding of what and how socio-
material contexts affect the variability of determining capacity ver-
sus demand, as demonstrated in Workplace Case 3. These types of
problems may require more time from students—and instructors for
grading. However, the authors believe that simply adding one
of these types of problems on a handful of assignments across
multiple courses could expose students to more evaluative code ap-
plications and develop their engineering judgment without signifi-
cantly burdening the existing curriculum. For example, an existing
homework problem that asks students to apply a code prescriptively
to obtain a design value could be expanded to also ask students
to consider a more evaluative procedure that results in a slightly
different, but still valid, answer requiring the use of engineering
judgment to justify. That said, future research could also explore
including practicing engineers in the development of the curricu-
Ium to aid instructors in making decisions on the curriculum that
could be reduced to make time for adding the curriculum that is
more authentic to practice.

Another recommendation is to integrate field trips and/or lab
visits wherein students are exposed to how structural materials
are put together and behave in the real-world such that their only
conception of these things is not solely pictures, diagrams, and
equations in codes and textbooks. Observations of construction
sites and lab tests allow students to see how constructability and
other real-world conditions affect the performance of structures
(Koch et al. 2010). When possible, the instructor can connect
how the code does or does not handle these conditions. This rec-
ommendation resonates with Workplace Case 1, wherein the engi-
neer mentoring the ethnographer shared their lessons learned from
a field trip visit to a structures lab testing beams. Field trips and/or
lab visits may not always be feasible, but several online videos exist

J. Civ. Eng. Educ.

J. Civ. Eng. Educ., 2021, 147(2): 04020013



Downloaded from ascelibrary.org by Shane Brown on 10/07/21. Copyright ASCE. For personal use only; all rights reserved.

that demonstrate lab tests of structures and case studies of promi-
nent structural failures that can be presented in the classroom to
emphasize constructability issues and how codes have evolved over
time as a result of testing and lessons learned.

The authors are aware that the curriculum in nearly all engineer-
ing disciplines is considerably full, and adopting these recommen-
dations may be considered unfeasible (Solnosky et al. 2017)
without sacrificing the breadth of other code-related topics or by
focusing on more fundamental conceptual knowledge. Regarding
the desire to cover fundamental conceptual knowledge in the ab-
stract before learning about codes, the authors believe that funda-
mental conceptual knowledge can be enhanced and made more
engaging when taught through scenario-based cases using codes
to organize “bigger ideas” about engineering practice and funda-
mental design principles (Rumsey et al. 2010; Walther et al. 2011).
Regarding concerns about sacrificing breadth, one recommended
practice for mitigating this concern is assigning students or groups
of students sections of code(s) to research and present to the class.
This practice allows students to dissect and investigate the under-
lying tenets and conceptual knowledge in their assigned section of
the code and more efficiently expose them to the breadth and depth
of codes (Rumsey et al. 2010). Furthermore, when each upper-level
course in an engineering curriculum provides students with at least
one in-depth scenario-based exploration of codes that requires an
evaluative approach, then the entire onus of teaching the complex-
ities of codes does not fall on a capstone course, and students are
better prepared for the challenges they encounter with applying
codes in the capstone.

Conclusion

The purpose of this research was to explore how structural engineer-
ing concepts were represented within the sociomaterial contexts of
code application in workplace and academic environments. This re-
search is more broadly valuable to the structural engineering com-
munity and engineering education community because of the
variety of opinions on the role that codes should or should not play
within the curriculum. Through the use of ethnographic methods,
the researchers were able to capture detailed descriptions of how
the sociomaterial contexts of the workplace require structural en-
gineers to take an evaluative approach when applying codes and
how this contrasts with the sociomaterial contexts of structural
engineering courses that instill a primarily prescriptive approach
to applying codes. An in-depth exploration of these environments
offered greater insights into potential avenues for improving code
education in structural engineering at the undergraduate level. The
authors believe that this insight is likely applicable to other civil
engineering disciplines and, potentially, engineering disciplines
outside of civil engineering and encourage similar research that in-
vestigates the sociomaterial contexts of code application in other
fields.

As previously mentioned, the dilemma with the suggested ap-
proaches is how to make curricular decisions within an already
packed curriculum. Two endpoints exist—either require more cour-
sework in Bachelor of Science and Master of Science programs or
very carefully consider the efficacy of the existing curricular
requirements, with infinite solutions considering both endpoints.
Codes are an important consideration in this dilemma because they
are often considered “workplace” knowledge, and evaluative ap-
proaches to codes are even more likely in this category. However,
the base assumption of the current curriculum—that students learn
the fundamental concepts first and then how to apply them—can be
revisited. Evaluative approaches to codes are an example of the
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interplay of codes and concepts in that the evaluation process nor-
mally requires some understanding of the base concepts. Assump-
tions of learning concepts are widely challenged, both theoretically
through theories of contextual learning and situated cognition, and in
practice through project- and design-oriented curriculum, such as
that at Olin College of Engineering (2020). Therefore, perhaps it
would be healthy and productive to view education more holistically
as enculturation into the civil engineering practice, in which the base
ideas of what it means to be a practicing civil engineer are better
understood, and curriculum is designed around the essence of civil
engineering practice. This approach is well documented in learning
theory through descriptions of cognitive apprenticeship (Lave 1988),
where education intends to expose students to .. .the whole rich
web of practice-explicit and implicit-allowing the learner to call upon
aspects of practice, latent in the periphery, as they are needed”
(Brown and Duguid 1993, p. 13). Cognitive apprentice approaches
advocate for providing learning opportunities to students around
evaluative code approaches that occur throughout the curriculum
rather than at the expense of conceptual content. It may even be suit-
able to have a course on codes, including how they are developed and
how they can be evaluated.

The addition of our recommended approaches may require
greater involvement of active practicing engineers in the curricu-
Ium. They are much more likely to have contemporary understand-
ings of the code, including limitations and exceptions. It is
relatively common to involve practicing civil engineers in capstone
courses; however, perhaps there are feasible ways of incorporating
them into curricular practices, such as homework problem develop-
ment, including rubrics and evaluation criteria. The knowledge of
civil engineering faculty related to codes and design will likely al-
ways be inherently limited based on hiring processes and job
responsibilities; however, it is almost certain that additional ways
exist to incorporate authentic practice throughout the curriculum by
increasing the use of and participation with active practicing engi-
neers. Lastly, the authors began this paper by identifying common
areas of insufficiency cited in engineering education literature be-
fore specifically focusing on technological proficiency with codes.
However, technological proficiency and the other areas of commu-
nication, teamwork, and leadership do not exist in isolation from
one another. Therefore, when education can improve students’
technological proficiency—such as through evaluative approaches
to code application—students are provided with opportunities to
also demonstrate their proficiency in communication, teamwork,
and leadership in the workplace through their technological
proficiency.

Data Availability Statement

Some or all of the data, models, or code generated or used during
the study are proprietary or confidential in nature and may only
be provided with restrictions (e.g., anonymized data) including,
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