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Work in Progress (WIP)

The Effect of Introducing Biological and Environmental Discipline-Themed
Problems in Statics on Students’ Self-Efficacy and Perceived-Value of the
Course

Abstract

Statics is a required course for the biological and environmental engineering majors, but it often
focuses solely on mechanical and civil engineering applications. With no connection to their
career, students often see a drop in performance and career development. Therefore, new
problems from biological and environmental engineering disciplines are introduced into the
course. This study examines the self-efficacy developed within students and the perceived value
they ascribe to new problems that teach fundamental statics concepts and focus on biological and
environmental principles. The study collected data from 133 students over three semesters. The
effect of this intervention was measured by administering a pre-and post-survey at the beginning
and end of the course to the Biological, Civil, Environmental, and Mechanical Engineering
students found in the class. The surveys asked the participants to rate five questions about their
self-efficacy and seven questions about their perceived value for the newly introduced homework
problems. Ratings were conducted with a five-point Likert scale. Self-efficacy (SE) and
perceived value (PV) were studied because of their correlation to performance and future career
development. This is a work in progress, and there is an ongoing effort to continue to build the
data pool of biological and environmental engineering students since the numbers of those that
participated in the study are not large enough to empirically arrive at a conclusion. As such, this
study will only be looking at the trend data for the biological end environmental engineering
students. The change in the Mean for the SE pre (4.14+0.74) and post (4.10+1.03) data and PV
pre (3.40£0.89) and post (3.62+0.73) data showed that there was an improvement in the PV of
the course by the Biological and Environmental Engineering students after the new problems
were introduced. SE did not reveal any significant difference. This also correlated with the trend
in the mean for SE and PV for each individual semesters’ survey. In addition to this, the
Wilcoxon signed-rank test was used to find significant changes in the data for pre-and post-
surveys ranking of the nonparametric data. The results indicated that there was a significant
increase in students’ PV of the course (pvalue = 0.003) while the SE was not significant (pvalue=
0.128). This study shows that even though authentic Biological and Environmental focused
engineering problems have no impact on the students' self-efficacy, they still found the
intervention valuable and helpful to their understanding of the course. This value was derived by
adding Biological and Environmental engineering-focused questions to Statics and this implies
that instructors can maximize the effectiveness of their instruction by implementing major-
specific examples and assignments in their classes.

Keywords: Self-Efficacy, Perceived Value, Statics, Biological and Environmental Engineering



1. Introduction

Statics is a foundational engineering course that is typically taken in a student’s second year for
many engineering disciplines. This is a key time when students are evaluating if they should
continue pursuing engineering or if they should change majors. Statics also provides knowledge
for future engineering courses that build upon its foundational content, such as Strengths of
Materials and Dynamics. A typical statics class is heavily focused on problems suited to
mechanical and civil engineering students, which can leave biological and environmental
engineering students with little understanding of how the concepts of statics are applied to their
engineering discipline. Without having a connection with students’ discipline in terms of content,
it becomes difficult for them to understand the relevance of the subject being taught. As such,
their motivation, self-efficacy, and engagement significantly decrease [6].

Meanwhile, self-efficacy, which is described as the confidence that someone has in his or her
ability to complete a specific task has been linked to students’ performance, such that students
with higher self-efficacy perform better and vice-versa [2], [15], [16], [25]. This necessitates that
educators take measures that could enhance the students’ self-efficacy. Also, the perceived
value, which is described as students’ anticipated benefits and sacrifices with respect to the
outcome of using educational tools or services has been said to have the ability to maximize the
performance of a teaching method [1], [9]. This is because it is correlated with students’
motivation and performance [10]. Thus, in an effort to enhance the self-efficacy and perceived
value of students, problems that are specific to the biological and environmental engineering
discipline were introduced into the Statics course and this study seeks to investigate how
impactful this has been on the students’ self-efficacy and perceived value.

Four new statics problems were developed that more closely align with biological and
environmental engineering principles (see, Appendix I). These problems were then used in three
different semesters: Spring 2020, Fall 2020, and Spring 2021 at High Rise University. Students
were told about the research and the purpose of the newly designed questions. IRB protocols
were developed and followed in recruiting participants. Pre- and post-surveys on self-efficacy
and perceived value were administered to the students enrolled in the class with five questions
measuring self-efficacy and seven questions measuring perceived value and were answered on a
five-point Likert scale. These questions were asked once near the beginning of the semester
before the introduction of the environmental and biological-themed questions and once at the end
of the semester after the completion of the introduced questions. Extra credit was given to the
students when they completed each survey. A principal components analysis (PCA) was run on a
12-question questionnaire that measured the self-efficacy and perceived value of 66 participants.
The Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy indicated that the strength of the
relationships among variables was high (KMO= 0.83), while Bartlett's Test of Sphericity was
statistically significant (y° (66) =641.83, p < .0005), thus indicating that it was acceptable to
proceed with the analysis.

This study investigates the impact of statics homework problems developed around biological
and environmental engineering applications on students’ self-efficacy and their perceived value
of the course. With the development of problems that align with biological and environmental



principles introduced into Statics class, the effect that the refocused problems have on students
can be identified. To measure this effect, the student’s perceived value of the problems and their
self-efficacy were calculated from survey instruments administered before and after the
introduction of the homework problems. Using this, along with demographic information such as
the major of the student, statistical tests were used to determine if the newly developed problems
had the intended effect on the biological and environmental engineering students.

The study specifically looked at the difference in the self-efficacy and perceived value on pre-
and post-survey instruments and it should be noted that the study does not consider the grades of
the students but only investigated how they felt about the course before and after the intervention
of the biological and environmental engineering-themed problems.

2. Literature Review
2.1 Knowledge Retention in engineering

The knowledge retention of engineering students has been a known problem and still affects
institutions today. Due to the significance of this problem, there have been many studies on
engineering students’ knowledge retention and its causes [4], [8],[11], [14], [19]. More recently,
links have been drawn between engineering student retention and a feeling of community with a
focus on problems relevant to the students' current engineering practice [20].

It has been said, that for any science, technology, engineering, and mathematics (STEM) class,
teaching methods aimed at improving knowledge retention should expose students to real-world
problems that highlight potential career opportunities [5]. In most statics classes, the problems
are heavily focused on concepts that are traditionally found in civil and mechanical engineering,
such as trusses and pulley systems. There are limited opportunities for biological and
environmental engineering students to engage with real-world problems that demonstrate the
relevancy of statics to their own disciplines. With an ever-growing need for these majors, a lack
in the retention rate of students in the majors is detrimental to their self-efficacy and overall
success in the disciplines as the knowledge of statics is one of the basics, they needed for their
career success.

Therefore, it is necessary to re-envision the teaching of statics class because it is a required
foundational course the biological, and environmental engineering students. It is believed that
introducing major specific topics into this course will aid in the retention which should culminate
to improvement in the self-efficacy of the students. Some researchers have tried to take a more
project-based approach to teaching [3]. Others have tried to rearrange the order in which
information is taught, while also taking a more physical approach to the class. For instance,
Dollar and Steif [7] found it desirable to present information sequentially and in the context
where forces could be perceived with sight and touch while Oerther [18] implemented an
integration of biology into classes taken by other engineering majors. This latter study found
that students appreciated the effort taken to integrate state of the art molecular biology into
environmental engineering courses. Our research aims to combine these two endeavors to create



biological and environmental-focused problems and integrate them into a statics class to improve
student experiences.

2.2 Self-Efficacy

Self-efficacy has been defined as an optimistic self-belief and the extent to which one is
confident that he or she can perform very well in difficult tasks and or cope with adversity, in
various domains of human functioning, thereby resulting in a successful performance [2], [22],
[25]. Self-efficacy being the confidence that someone has in their ability to complete any specific
task is a very complex concept with many dimensions that has no generalizable instrument used
for all situations. Self-efficacy generally has three dimensions: magnitude, strength, and
generality. Magnitude describes the difficulty of a task someone believes they can complete.
Strength relates to the extent to which the ability to complete a task is felt. Last, generality is
whether someone feels they can complete a wide range of tasks confidently [23]. We set out to
measure the self-efficacy of engineering students in their ability to solve statics problems. Self-
efficacy has been studied within the context of education since 1986 when a multidimensional
instrument was created to use among students, teachers, and principals [21].

Self-efficacy is a valuable concept to determine the success of various teaching interventions.
Past research has linked self-efficacy to performance and future engineering interests [17]. Due
to this link, it is an ideal construct to measure for this research because biological and
environmental engineering students have limited opportunities in a typical statics class to
develop future engineering interests due to the lack of relevancy of traditional statics problems.

2.3 Perceived Value

For this study, the definition of perceived value was described by how students view a given
educational tool or intervention benefiting them and their future academic goals [9]-[10]. In
market research, perceived value is calculated by the individual through an analysis of costs and
benefits [24]. The extra effort a student puts into understanding an intervention or problem can
be no greater than the clarity the intervention provides. This idea originates from market research
in psychology journals, where the perceived value and quality of a product are related to the
price a consumer would buy that product at. The concept of a trade-off between the cost of a
product and its perceived value was later brought into education research [12]. Perceived value is
becoming an increasingly popular metric to use in the classroom and higher education because of
its ability to maximize the performance of a teaching method [1].

2.4 Social Cognitive Career Theory

To aid biological and environmental engineering students in their journey through higher
education, it is important to look at theories such as Social Cognitive Career Theory (SCCT) so
that constructs like perceived value and outcome expectations can be studied. SCCT is a useful
way to describe the career development of students and people in the workforce in terms of their
self-efficacy, outcome expectations, and goals [3]. SCCT is made up of three overlapping



models, and in this context, the performance model is most relevant to the present study. The
theory explains the following process, which is self-repeating throughout someone's life. First,
current ability and past performance change both self-efficacy and outcome expectations of that
person. Outcome expectations are someone's beliefs about how their current circumstance will
impact their future. These two metrics then shape the goals that a person holds. Everything
previously mentioned impacts the performance of that person in the future. The newly developed
performance then affects the current ability of that person restarting the cycle [13].

For this study, the outcome expectations of a student are viewed as the perceived value of the
intervention. How a student views the costs and benefits of a new problem will be the same as
what they expect to get from the problem. This study focused on improving performance, hence
the performance model, of biological and environmental engineering students by measuring self-
efficacy and outcome expectations/perceived value.

The data collected from biological and environmental engineering students could only be
analyzed using non-parametric statistical analysis due to the small number of the student’s
enrolment in the class during the three studied semesters. However, Major-specific results can
only be seen in general trends from pre- to post-survey. Due to the non-parametric nature of the
data a Wilcoxon signed rank test was used in place of a t-test to analyze the combined data from
students across all engineering majors taking the class because.

3.  Methods
3.1 Description of Methods

The research team began the process by developing new statics problems that would be within
the difficulty level of the current problems, while simultaneously being particularly suited for
biological and environmental engineering students. Engineering students that had previously
taken statics were solicited to develop the problems since they were familiar with the course
content. Once the problems were developed and approved, they were used as homework
problems for the students. Some of these problems are Digital Pulley in Rock Climbing, Green
Roof Truss, Reverse Osmosis, and Forces and Moments on Cervical Vertebrae.

As these problems were distributed over three semesters, surveys were conducted both at the
beginning and end of the semesters, referred to as “pre- and post-semester” surveys. These
surveys were built using a five-point Likert scale and included five questions that would be used
to calculate each student’s self-efficacy and seven questions that would measure their perceived
value of the introduced problems. The pre-survey was conducted before the students were
exposed to the new material but after instruction had started while the post survey was conducted
at the end of semester. The students were also asked to provide their major so that the responses
from students in the biological and environmental engineering majors could be compared to
those in the mechanical engineering, civil engineering, and other majors that were in the statics
class. After the survey instruments were complete, the reliability of the instrument was
calculated with Cronbach Alpha test. The results from this test showed that the survey instrument
was reliable so further analysis could be conducted.



Once the data was collected (pre and post), it was transferred into IBM’s SPSS software to be
analyzed. Between team members, SPSS version 21.0 was used. First, the majors were coded so
that biological and environmental engineering majors were labeled as one group, and all other
majors were labeled as a separate group. Then, by taking the statistical mean of the first five
questions and then the next seven questions, we were able to calculate the self-efficacy and
perceived value respectively. Then, a mean with standard deviation was created with self-
efficacy and perceived value as the dependent variables, and the students re-coded major as the
independent variable. This was done for each semester’s pre- and post- data.

Next, the pre- and post- self-efficacy and perceived value data was compared within each
semester using a Wilcoxon signed ranked test to determine the reliability and significance of the
data. Lastly, the data for each semester’s pre- and post- self-efficacy and perceived value were
compiled into pre- and post- totals. Similarly, these totals were then run through the Wilcoxon
test to determine the reliability and significance of the total data.

4. Student Demographics

Demographic Characteristics of the Respondents

The total number of students that participated in the pre and post survey for the three semesters
was 133, with percentage distributions across the three semesters shown in Fig. 4.1. The
percentage distribution of the demographics of all participants for both the pre and post survey are
shown in Table 4.1.

Table 4.1 Demographic distribution of the participants.

Variables Measurement Pre-Survey Post-Survey
Mechanical Engineering 65.9 64.7
Civil Engineering 16.5 18.0
) Biological Engineering 13.7 12.8
Major - - -
Electrical Engineering 2.2 3.0
Environmental Engineering 0.5 0.8
other (please specify) 1.0 0.8
Male 80.8 77.4
Sex
Female 19.2 22.6
16-20 59.3 64.7
A 21-25 39.0 22.6
e
& 26-30 1.0 11.3
Above 30 0.5 1.5




Research Participants

= Spring 2020

= Fall 2020

spring 2021

Figure 4.1 Percentage distribution of research participant for each semester

5. Results and Discussion

The data in Table 5.1 conveys the average self-efficacy (SE) and perceived value (PV) for pre-
and post- surveys of each semester while Fig 5.1 (a) and Fig 5.1 (b) depict the graphical
illustration of the trend in the mean and standard deviation of the SE and PV of environmental
and biological engineering students for Spring 2020, Fall 2020 and Spring 2021. Table 5.2 and
Fig. 5.2 depict the change in the Mean and Standard Deviation of SE and PV for the combined
Pre and Post Surveys respectively.

Table. 5.1 Trend in the means of the SE and PV of environmental and biological engineering

students for the 3 semesters

SELF-EFFICACY PERCEIVED VALUE
Major PRE-SURVEY POSTSURVEY PRE-SURVEY POST-SURVEY
S°20 | F°20 [ S°21 | S°20 | F°20 S°21 S°20 F°20 S°21 S°20 | F°20 | S°21
435 3.86| 4.28| 4.25 3.88 4.30 3.41 3.44 3.34 3.75| 3.83| 3.44
Mean
[Environmental and
Biological Engr. 037 1.06| 0.44( 0.96 1.25 0.85 0.91 0.92 0.95 056 0.77| 0.73
SD
M SPRING 2020 B SPRING 20

FALL 2020
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Fig 5.1 Graphical illustration of the Trend in the SE and PV of environmental and biological
engineering students for Spring 2020, Fall 2020 and Spring 2021

Table. 5.2 Trend in the means of the SE and PV of all students for the 3 semesters

SELF-EFFICACY PERCEIVED VALUE

Major PRE-SURVEY POSTSURVEY PRE-SURVEY POST-SURVEY

$°20 [F°20 [Ss21 [$°20 [ F20 [ s21 [ s20 | F20 | $°21 | S20 | F°20 | S21

IEnvironmental Mean 4.35| 3.86| 4.28| 4.25| 3.88| 4.30 3.41 344| 334| 3.75| 3.83| 3.44

and Biological SD 0.37| 1.06| 0.44] 0.96| 125 0.85] 0.91| 092 0.95] 056 0.77] 0.73
[Engr.

Mechanical Engr | Mean | 4.28| 4.18| 4.53] 4.25] 4.36] 450 4.23] 4.17| 4.65| 4.26| 4.41| 4.36

and Others SD 0.65| 0.80| 0.48| 0.83| 0.79| 0.78] 0.61| 046 043 0.78] 0.47| 0.83

Mean | 4.29] 4.12| 4.48| 4.25| 4.27| 446 4.16| 4.04| 439 4.22] 431| 417

fotl SD 0.63] 0.85] 0.48| 0.83| 0.89| 0.78] 0.68| 0.63| 0.76| 0.78 0.57] 0.88

I SPRING 2020

I FALL 2020

SPRING 2021



The Mean and Standard Deviation of SE And PV for the
combined Pre and Post Surveys

== — == T
SE PV SE PV
ALL PRE-SURVEYS ALL POST-SURVEYS

B Mean SD

Fig. 5.2. The change in the Mean and Standard Deviation of SE and PV for the combine Pre and
Post Surveys

In Spring 2020, the mean values for biological and environmental engineering students’ SE
decreased from 4.354+0.37 to 4.25+0.96 (resulting in a positive difference of 0.10) and the
student’s PV of the problems increased from 3.41+0.91 to 3.75+0.56 (with a positive difference
of 0.34). For the Fall of 2020, the mean values of SE increased from 3.86+1.06 to 3.88+1.25
(resulting in a positive difference of 0.02) while that of the PV of the problems also saw an
increase from 3.44+0.92 to 3.79+0.77 (with a positive difference of 0.35). Lastly, in the Spring
0f 2021, the mean values of SE increased from 4.28+0.44 to 4.30+0.85 (making a positive
difference of 0.02), while the mean values of the PV of the problems for this last semester saw a
first-time decrease from 3.34+0.96 to 3.31+0.77 (a negative difference of 0.03). In addition to
this, there was an improvement in the biological and environmental engineering students’ PV of
the course with an increase of 0.22 for the combined pre (3.40+0.89) and post (3.62+0.73)
surveys while the combined pre (4.14+0.74) and post (4.10+1.03) surveys showed that their self-
efficacy did not portray much difference after the new problems were implemented.

Overall, the trends in the means of the three semesters’ data and the change in the mean of the
combined pre and post data revealed that the students’ PV of the introduced problems increased,
but their total SE did not elicit much difference. This indicates that the students appreciated the
problems and found them worthwhile, but the problems did not make a significant impact on
their self-efficacy throughout the semesters. However, the problems did seem to be a welcome
and satisfactory addition to the course.

Wilcoxon signed ranked tests

In order to verify the significance of the collected data and its implications, Wilcoxon signed
ranked tests were conducted using the found SE and PV for each semester’s pre- and post-



surveys. The test was run for each semester and then another test for the total conjoined data.
Table 5.3 and Table 5.4 show the result of the Wilcoxon signed rank tests for the cojoined data.

Table 5.3 Wilcoxon Procedure’s Ranks Table

Ranks
N |[Mean Rank Sum of
Ranks

Negative Ranks 49° 62.23 3049.50

SE Post—SE Pre Pf)sitive Ranks | 71P 59.30 4210.50
B - Ties 13¢
Total 133

Negative Ranks 434 56.33 2366.00

PV Post— PV Pre P9sitive Ranks 76: 61.25 4655.00
B - Ties 14
Total 133

a. SE Post <SE Pre
b. SE Post>SE Pre
c. SE Post =SE Pre
d. PV_Post <PV _Pre
e. PV_Post>PV Pre
f. PV_Post=PV Pre

Out of the overall 133 participants in the study, there was an improvement in the SE of 71
participants after the implementation of the new problems, 13 participants saw no change in their
SE of the course, and 49 participants seemed to find the new problems a bit challenging. Also,
out of the 133 participants, 76 participants elicited an improvement in their PV of the problems
to the course, 14 participants felt that the introduction of the new problems did not have effect on
the perspective of the course, and 43 participants disapproved of the problems.

Table 5.4 Wilcoxon Signed Rank Test Statistics
Test Statistics®

SE Post — SE Pre [PV Post— PV Pre
Z -1.524° -2.933°
Asymp. Sig. (2- 128 .003
tailed)

a. Wilcoxon Signed Ranks Test
b. Based on negative ranks.

In summary, the result of the Wilcoxon Signed rank statistics showed that the PV of the students
elicited a statistically significant median increase after the new problems were introduced to the
course, z = -2.93, p <.005 while there was no statistically significant median increase in the SE
of the participants after the problems were introduced to the course, z = -1.52, p=0.128. This



result proved to be consistent with the previous analysis. As for trends in biological and
environmental engineering majors, the perceived value trended upwards for Spring 2020 and Fall
2020 while self-efficacy trended upwards for Fall 2020 and Spring 2021. The results show a
general positive impact from the new problems; however, more data must be collected to draw
definitive conclusions about the impact these problems might have on biological and
environmental engineering students.

6. Limitations

One impactful event that occurred during data collection was the lockdown caused by the SARS-
COVID-2 virus. These lockdowns had a tremendous effect on teaching, moving the class to an
online style. While the data collected is still very useful, the lockdowns and the resulting remote
experience may have had an impact on the students’ answers to the survey questions. Another
limitation of the study was the small percentage of biological and environmental engineering
majors enrolled during the time of data collection. Because of this limitation, we do not have the
statistical power to fully discuss the impact that the introduced problems on the biological and
environmental engineering students. This was why this study looked into the trend in the means
and incorporated the Wilcoxon signed-rank nonparametric procedure across students from all
disciplines that took the course and decided to participate in the survey. Both limitations can be
mitigated with further data collection. As such, this study is a work in progress.

Next Step

After all the data was collected for the Spring 2021 semester, a set of open-ended qualitative
questions were developed to be asked in a semi-structured interview. The questions will provide
a deeper understanding of quantitative results when students are able to contextualize their
answers to the previous survey. One set of questions will attempt to answer, “What are the
reasons provided by students, with regards to a change in self-efficacy, reflective of the
implementation of environmental and biological engineering problems in a statics course?”.
Another set of questions will attempt to answer, “How does the composition of study groups
within Statics impact self-efficacy of students engaged in solving homework problems?”.

Also, more data would be collected in future semesters to reach a conclusion about the impact of
these problems solely on biological and environmental engineering majors. This is because the
result of the Wilcoxon signed-rank test from this study was combined from students across all
engineering majors taking the class.

7. Conclusion

This research was developed to discover whether an impact could be made to biological and
environmental engineering students’ self-efficacy in statics if new problems were introduced that
were more closely related to their field of study. Once these problems were created, they were
introduced to students over the course of three semesters with little to no change in their



distribution. Then, for extra credit, the students took surveys answering questions from which
their answers could be used to calculate how the problems were received (Perceived Value), and
how they influenced the students’ own confidence in the class (Self-efficacy). Based on all the
obtained survey responses, we were able to conclude that, although the majority felt that the
introduced problems were worthwhile, the students’ Self-efficacy did not significantly change by
the introduction of these problems. However, it can also be concluded that the newly introduced
problems did not negatively impact the self-efficacy of the students as a positive trend was found
in the Descriptives of the students in terms of their self-efficacy even though it was statistically
insignificant.

This research was, however, limited by the school’s population of students enrolled in biological
and environmental engineering majors. Also, there could have been influence from the COVID-
19 pandemic that forced schools into online learning during the span of this research. Going
forward, this research will be continued for the benefit of the targeted majors. However, moving
forward with this research, a larger population of these students must be examined by adding
additional semesters of data. It is recommended that additional universities be targeted to
increase the number of biological and environmental engineering students from which data can
be examined. This would also allow for a larger variety of discipline-specific problems to be
developed for the study and to truly measure the targeted majors’ Self-efficacy and meet their
needs accordingly.
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Appendix I

Newly Developed Biological and Environmental Engineering Themed Problems

Four new homework problems were developed in the topic areas of:

e Forces and Moments on Cervical Vertebrae (Biological Engr.)
e Green Roof Truss (Environmental Engr)

e Digital Pulley in Rock Climbing (Biological Engr.)

e Reverse Osmosis (Environmental Engr)

Two of the problems are shown below:

Forces and Moments on Cervical Vertebrae

Introduction

Suboccipital muscles

Splenius capitis — |

The muscles in the neck that
extend the neck and hold up the 2 7 i
head include the semispinalis AU Topetiss
capitis, the splenius capitis, and the Y /i S
longissimus capitis. These muscles
are located on the back of the neck.

Splenius
capitis (cut

Sternocleidomastoid — | i Levator
4 scapulae

b i Longissimu
Multifidus A capitis
muscles I

i Semispinal
1st thoracic 2 capitis
vertebrae

Neck muscles Superficial neck muscles: Deep neck muscles: left
(left lateral view) right side trapezius removed side semispinalis capitis
(posterior view) removed (posterior view)

Problem: The extensor muscles exert a force (M) to hold up the
head. The weight of the head (W) acts at the center of gravity
(CG). The first cervical vertebra exerts a force (F). Using the
dimensions in the figure on the right and assuming the head has
a weight of 50 N: (1 N/m? =1 Pa)

a) Find the forces F and M in Newtons;

b) Find the stress (in kPa) on the first cervical vertebra
assuming it has an area of 5 x 10* m?;

c) The average rupture compression strength of the
intervertebral discs is 11,000 kPa. Will the stress from
part b) cause the disc to rupture?




Green Roof Problem

Introduction

The most basic definition of a Green Roof is a
roof that has live, growing plants. In order to
accomplish this, the roof must have a layer of water-
proofing, a system to protect the roof structure from
roots, a drainage system, filters, and soil. All of this, in
addition to the water necessary to grow the plants,
adds weight which needs to be accounted for when
considering the roof trusses.

Problem: The specific weight of the green roof system
(including the soil, water, plants, etc.) is 96 Ib/ft3. Based
on common roof dimensions, this results in a
distributed load (W) of 71 Ib/ft on each side as shown
in the symmetrical figure on the right. This load acts on
members AD and DI, which are 10 ft long. If the angle
of the roof pitch 8 = 45°, find the forces in member BC
and member CE using the Method of Joints. Also
determine if the forces act in tension or compression.

Hint: You need to convert the distributed load to point
loads acting on the joints.




