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1 Problem Formulation 

1.1 Introduction 

Section one, Problem Formulation, contains information vital to solving the problem, which is creating a 

solution to an empty, triangle shaped plot of land at Zane Middle School that is currently not being 

utilized. In addition, background information and the objective of the problem are included. Lastly, a 

black box model is used to highlight the general objective for the outcome. 

1.2 Background 

Zane Middle School located in Eureka, California has a diverse student body of approximately 600 

students. Their academics focus on Science, Technology, Science, Art, and Math (STEAM). In a centrally 

located, high traffic area of campus, hallways coming from three different directions diverge, creating a 

triangle of space. This space, shown in Error! Reference source not found.-1, is referred to as the 

Triangle of Death due to the unappealing appearance and lack of purpose. There have been several 

attempts to improve the area, none of which have been successful or withstanding due to various 

factors including safety and incompleteness. A counselor at Zane Middle School, Trevor Hammons, is 

interested in having the Triangle of Death area improved. 

Team Triangle of Life consists of four Engineering students (Elizabeth Odell, Jake Reeser, Julia Iman, and 

Vincent Mendez) from Humboldt State University’s ENGR 215 class. The Triangle of Life team will work 

with Zane Middle School and Trevor Hammons to design and implement a solution to the Triangle of 

Death.  

 

Figure 1- 1. Picture of the "Triangle of Death"(Elizabeth Odell) 
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Figure 1- 2. Black Box Model of the "Triangle of Death" (Jake Reeser) 

1.3 Objective 

The objective of this project is to create a solution for the area known as the “Triangle of Death” with 

something safe, cost effective, more visually appealing, and long lasting. This new area will be more 

interactive and educational for the students. The design will make sure that students are unable to climb 

on the roof or disassemble the project. Error! Reference source not found. is a representation of the 

project where the black box is the process, and the input and output is the state of the world before and 

after the project. 
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2 Problem Analysis and Literature Review 

2.1 Problem Analysis 

2.1.1.1  Introduction  

A Problem Analysis lets engineers find the different criteria associated with the project and helps define 

the constraints to their idea/ideas. This section will focus on specifications, considerations, criteria, 

usage, production volume. Literature Review is to collect information that may be useful in reaching a 

decision for a final design.  

2.1.2 Specifications 

There are several specifications that the final design for the Triangle of Death needs to fall within. Any 

plants or structures must be sustainable without maintenance. This includes no deciduous plants or 

building materials that need to be replaced on a regular basis. The area must be durable and 

withstanding to the use of middle school students. It must be visually appealing. If colors are used, they 

must be either red, gold, or both. There should be no dangerous aspects or safety risks to the design, 

such as splinters from the wood, tripping hazards, etc. To prevent students from climbing onto the roof, 

no plants or structure should be taller than roughly chest height. Finally, the storm drains and sprinkler 

system should not be covered up by any structure.  

2.1.3 Considerations 

The first thing that needs to be considered in creating the design is that it will be placed in a middle 

school. This needs to be considered because middle school students tend to be very destructive of 

objects and the environment around them. Eureka’s moderate and wet climate should also be 

considered.   

2.1.4 Criteria 

The criteria help define the problem that needs to be addressed. The constraints add specificity to the 

criteria and the weight is used to order the importance of the criteria.                                                                              

Table 2-1 shows the criteria for this project.  
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                                                                             Table 2-1. Constraints with Weighted Criteria 

Criteria Constraints Weight 

Safety Must meet school safety standards 10 

Durability Resistant to abuse from middle school students, weather, and 
should last at least 5-10 years 

9 

Maintainability Necessary maintenance less than once every once a year 8 

Cost Cost less than $400 9 

Aesthetic More visually appealing than the current state 7 

Accessibility Usable for students 8 

 

2.1.5 Usage 

The design will be used primarily by the students at Zane Middle School, but it also will be used by the 

staff or visitors. The estimated traffic once the school fully re-opens after COVID is estimated to be 

around 600 students from September to June.  Its function will be to fill a triangular plot of land that is 

currently not being utilized. Specifically, students will use it as a passageway to class and possibly a spot 

to hang out. The design will be used throughout the day. Hopefully, it will be long lasting and used for 

years to come.  

2.1.6 Production Volume 

The production volume will be for the single “Triangle of Death” area at Zane Middle School. 

2.2 Literature Review 

2.2.1 Client Interview 

The main client Trevor Hammons, the Counseling Services Director, was interviewed about the project 

and provided information on both the past attempts to fix the Triangle of Death and other successful 

and not as successful projects done by HSU ENGR 215 students at Zane Middle School. 

2.2.2 Design Criteria  

The project must not contain anything that could be dangerous to the students. This includes rocks that 

can be picked up or thrown, splinters from the wood, or contain any non edible plants. There can’t be 

any way for students to access the roof, which at the lowest point is 8.5 feet tall. The design must be low 

maintenance and self-sustaining. If colors are used, they should be red and gold, the school colors. 
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Figure 2- 1. First attempt to repair the Triangle of Death (Adams 
et al. n.d.) 

Rhododendrons, any tree, or deciduous plants cannot be used. The final product should be something 

visually appealing. (Hammons 2021) 

2.2.3 Past Triangle of Death Projects 

Several other attempts have been made to fix the Triangle of Death at Zane Middle School. Originally, it 

was a triangular dirt patch of land. The area was covered with shredded redwood bark with some plants 

directly in the ground with six urbanite (ground concrete) and recycled concrete pathways leading to a 

central circular urbanite area. Error! Reference source not found.Error! Reference source not found. 

shows the final result.  However, this design did not hold up (Adams et al.). Error! Reference source not 

found. shows the Triangle of Death after the urbanite had settled into the ground, leaving just the 

cement blocks. Another Engineering 215 group in Spring 2019 removed the concrete blocks, which they 

used to create three circular planters. They also created three concrete walkways that traverse the 

triangle. This project was not successful either, as the planters were never filled and later removed. 

Error! Reference source not found. shows the newly created walkways and the empty planters (Team 

Geometrees 2019) This project could have been successful if it had been completed and the planters 

filled. (Hammons 2021) Spring of 2020 another Engineering 215 was assigned to the Triangle of Death. 

Plans were created to build five wooden planters. However, due to the COVID-19 pandemic, the project 

was never completed. (Team Cowboys of the Season 2020) 

 

 

 

 

 

 

 

 

 

 

Figure 2- 2. Triangle of Death After Urbanite Settled (Adams 
et al. n.d.) 
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2.2.4 Landscape Design 

The seven basic principles of landscaping include simplicity, variety, balance, emphasis, sequence, scale, 

and unity. Simplicity not only decreases maintenance, but also ensures that the landscape is not 

overwhelming or overcrowded as well as keeps it neat and orderly. A simple design can be created by 

only including aspects that are necessary or important to the design.  

Another aspect is variety. An array of textures, sizes, and shapes, creates visual interest, as long as it 

doesn’t adversely affect the simplicity of the landscape. The landscape should also be balanced. It can 

either be exactly the same on each side (formal balance) or be equal on each side but not exactly the 

same (informal balance). Emphasis on some aspects of the design can direct the viewer’s eyes. This can 

be done with a change of texture, shape, or color that makes the aspect of the design stand out. 

Sequence refers to the transition between different elements, such as different textures, sizes, or colors. 

The transition should be gradual, not abrupt.  Scale and proportion should also be taken into 

consideration. Having one item in the landscape that is significantly taller than all the other elements 

can draw all the attention to that object. Finally, unity creates connectedness throughout the area. This 

can be done with paths or fences that connect two areas, or by repeating aspects. However, it can be 

easy to have too much repetition. (Team Cowboys of the Season 2020) 

Figure 2- 3. Newly created walkways and empty planters 
(Team Cowboys of the Season 2020) 
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2.2.4.1 Wayfinding 

Wayfinding is anything that helps guide people through a physical environment and enhance their 

understanding of the area. An example of wayfinding would be an arrow on the ground pointing in a 

direction to walk to make sure you stay on the right path. If the wayfinding signals are to help aid people 

while parking, they will know where they can and cannot park and will get fewer citations and tickets. If 

the wayfinding signals are to help people follow a path in a museum or airport, knowing where 

everything is and knowing where you are can help drastically and you will have less people miss flights 

and people getting lost.  

People's preferences on things vary drastically. Some people may want the type of wayfinding found in a 

mall, where you can see where you are and where everything is. Then the person chooses their own 

path. While some people may prefer a direct route such as in a haunted house where one just walks 

forward along a predetermined path.  

2.2.4.2 Mulching 

Mulch is material that covers the soil of landscape. It can be either synthetic or organic material. Some 

common mulch materials include bark, straw, wood chips, pine needles, small stones/crushed rock, a 

layer of black plastic, and coca hulls. The primary benefits of mulch are soil water retention, weed 

reduction, and provides protection against extreme temperatures. An ideal type of mulch to utilize 

would have the following characteristics: economical, readily available, easy to apply and remove, stays 

in place, supplies organic matter to the soil, and is free of unwanted weeds and insects.  

Wood chips, bark chunks, and pine needles are typically preferable for shrubs or trees. Bark mulches are 

usually byproducts of milling or logging. Bark chunks last the longest. Bark mulches are not easily 

compacted or blown by the wind. However, mulches that came from a mill could have toxins harmful to 

plants. If the bark has been weathered the toxins have usually dissipated.  

Wood chips can create a temporary nitrogen deficiency, so it is recommended to add nitrogen to the 

soil. Sawdust is commonly used for acid-loving evergreens (blueberries, rhododendrons, and azaleas) 

because it makes the soil acidic as it decomposes. However, it is necessary to fluff and renew the 

sawdust yearly.  

Straw is easily available and cheap. However, it has quite a few drawbacks, including flammability, 

rodent attraction, and unappealing appearance. Crush stone or gravel is not displaced by the wind, 
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doen’t decrease nitrogen levels in the soil, or bring in weeds. One consideration for the gravel might be 

that students are able to pick it up and throw it, potentially causing harm. (Rakow 2009) 

2.2.5 Native Plants 

In order to choose plants that are well adapted to survive on Zane’s campus, it is important to consider 

the local climate. Eureka is rated as a 9b zone on the hardiness scale (USDA, 2012). The hardiness scale 

is the lowest average temperature every year of a given location. 9b means the lowest temperature is 

between 25 and 30 degrees Fahrenheit. The average humidity ranges from 75% in February to 83% in 

August. Plants that thrive in the 9b zone do well with shade and lots of rain. According to Calscape, (A 

website that displays known California native plants data from the database Consortium of California 

Herbaria) Eureka has 305 native plants that are reasonable to grow. Of these 305, there are 70 shrubs, 

74 like shade, 210 like part shade, and 117 like damp soil. The client prefers the plants to be edible, 

resemble the school colors (red and gold), requires that plants are evergreens, are waist high or smaller, 

and have no thorns. The edible plants fitting these requirements are Southern Kinnikinnick, Western 

Thimbleberry, Twinberry, Saskatoon Serviceberry, blue huckleberry, Stink Currant, California 

Coffeeberry, Blue Elderberry (Calscape 2016) .  

2.2.5.1 Native Flowers 

Although Eureka is wet and shady, it is home to many native flowers. Some native gold or red flowers 

include Azaleas, Columbia Lilly, Tiger Lily, Keckiella, Viola sempervirens, Cardinal Catchfly, Western 

Columbine, Cardinal Catchfly, Yellow Skunk Cabbage, Western Buttercup, Evergreen Violet, Chick Weed, 

Ithuriel's Spear, and Yerba Buena (Calscape 2016). 

2.2.5.2 Native Ground covering 

Ground coverings can be used to help bring a sense of nature to an otherwise bland dirt area. In Eureka 

there are 97 native “grasses” and 64 native “ground covering plants”. Some notable ground covers are 

Vaccinium cespitosum, Coast Goldenrod, Coffeeberry, Wild Ginger, Pacific Potentilla, Dune Tansy, 

Silverweed (Calscape 2016). 

2.2.5.3 Nonnative Plants          

Other plants that are grown in Northern California area include wild cabbage, Rosehip, Sweet Fennel, 

Manzanita, Wood strawberry, Salmonberry, Salal, Arugula, Rose Merry, Black mustard.  
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2.2.5.4 Weather Considerations 

In order to choose appropriate plants for the environment, the local weather should be considered. 

Eureka California, the location of Zane Middle School, receives an average annual rainfall of 40.33 

inches, according to the U.S. Climate Data, compared to the national average of 30 inches annually and 

California’s average annual rainfall of 22 inches. Eureka has an average annual low temperature of 46O F 

and a high of 60O F. The temperature climate of Eureka greatly influences which plants are likely to 

thrive.  

2.2.6 Materials  

2.2.6.1 Wood 

Due to its abundant nature, wood is one of cheapest and easiest materials to work with. However, wood 

is only a temporary structure and if properly maintained can last 5-10 years. Other structures such as 

concrete, metal, etc can last for decades. The three best woods are Red cedar, yew, and redwood 

(Painter 2016). These three types of wood have naturally evolved to have complex compounds in their 

sap to prevent rot. However, cedar tends to lose its color faster than the other two woods. Yew is 

expensive but redwood is mid ranged in terms of prices. 

2.2.6.1.1 Wood finish 

Wood finish prevents cracking, drying, and the deterioration of wood. It also puts a protective surface 

on top of the wood. This means that the wood will last a considerably longer amount of time, will not 

splinter, and look better overall. Many wood finishes don't have the ingredients listed and could contain 

toxic materials. It is a good idea to stick to Linseed oil, Tung oil, Pine Tar, Lifetime Wood Treatment, and 

TimberPro UV (Microfarmgardens 2015). All of these finishes tend to be reasonably cheap at $15-$20 

per pint (around 50 square feet). 

2.2.6.2 Plastic 

Plastic wood or composite wood is a combination of recycled plastics (PE, PP, PVC, or PLA) and wood 

fibers combined with a binding agent. Composite wood is ideal for outdoor use because it lasts longer 

than wood and is more durable. Most composite wood is also recycled and is usually non toxic meaning 

that it is good for gardening use. There are also different types of composite wood for example there are 

modular sets that make it easy for building garden beds without the need for tools such as drills, screws, 

sanders, bits, etc. The downside is that it is more expensive ranging from 1.2-1.6 times the price of a 

redwood/red cedar wood. With more complicated sets the price can rise even higher than that. 

(Hiziroglu 2016) 
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2.2.6.3 Concrete  

Concrete is a strong, durable, low maintenance material that is purchased in powder form and mixed 

with water to create a sludge like substance. You must use the appropriate amount of water as seen in 

Error! Reference source not found., as too much will weaken the concrete as seen in Error! Reference 

source not found. and too little water will prohibit the particles in the mix from sticking together as seen 

in Error! Reference source not found.. (FamilyHandyMan 2020). Then, after coating the mold with a 

lubricant such as non-stick cooking spray, the sludge must be gradually poured into a given mold layer 

by layer to ensure all the corners are filled in completely (ThisOldHouse 2014). Tap the sides of the mold 

with a hammer to let the air bubbles escape. Then allow the mix to cure for at least 20 hours, remove 

mold, and spray with water to remove the mold lubricant.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2- 4. Concrete Mix with the correct amount of 
water (FamilyHandyMan 2020) 

Figure 2- 6Concrete mix with not enough water 
(FamilyHandMan 2020) 

Figure 2- 5. Concrete mix with too much water 
(FamilyHandyMan 2020) 
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2.2.6.3.1 Permeable concrete 

Permeable concrete has many environmental benefits over common concrete such as stormwater 

runoff reduction and underground water quality improvement. Specifically, permeable concrete differs 

from common concrete in that it contains an interconnected void structure that allows for water to 

drain quickly through it. Once set, the permeable concrete will be a porous grey surface. Some 

drawbacks are that it can cost 10% to 20% more than common concrete and it is structurally weaker. 

This makes it ideal for structures that won’t be supporting extreme amounts of weight. It works well in 

areas with foliage, as the permeable concrete prevents hazardous runoff and allows for an appropriate 

amount of water to reach the roots. However, permeable concrete may clog. To prevent this, one can 

power wash the surface (Xie et. al. 2019). Error! Reference source not found. shows permeable cement 

on Zane’s campus that previous Engineering 215 students installed. 

 

 

 

 

 

 

 

2.2.6.4 Mosaic Tiles 

Mosaic tile art walls are a great way of expressing school spirit, they allow students to interact with their 

school decor, and the students can leave their legacy on the school. White non-glossy ceramic tile is the 

preferred tile, as it is cheap, easy to work with, and it works well as a canvas. To paint the tiles, one must 

use acrylic based paint, oil-based paint, or permanent markers. In terms of the process, it is wise to 

encourage students to draw a rough draft on a separate paper of equal dimensions as the tile. Then, the 

students can transfer their final work onto the tile along with their name and date. There are various 

ways to adhere ceramic tile to a surface depending on the surface (KinderArt 2020). An example is 

Figure 2- 7. Permeable concrete on Zane 
Middle School Campus. (Odell 2021) 
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shown in Figure 2-8. This type of decor adds a lot of color and character to school campuses. Previously, 

students at Zane Middle School decorated benches with mosaic tiles, as seen in Figure 2-9. 

Figure 2- 8. Painted ceramic tiles mosaic mural. (KinderArt 2020) 

 

 

 

 

 

 

 

 

2.2.6.5 Asbestos 

Asbestos, a silicate mineral made of long fibrous crystals was used up until the 1980’s when it was 

regulated by the Environmental Protection Agency due to the negative health impacts, including 

asbestosis, a lung cancer caused by asbestos. As of 2009, approximately 100,000 people die annually 

due to medical conditions caused by asbestos. Asbestos was used in numerous products, including many 

construction materials. If using older upcycled materials, they must be tested for asbestos (Soto et al. 

2009) 

 

Figure 2- 9. Mosaic tiles on Zane Middle School Campus. (Odell 2021) 
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2.2.6.5.1 Asbestos Testing 

Materials can be tested for asbestos by either having an asbestos testing company come to the site and 

test the products by purchasing a take home kit. With the take home kit, the samples of the material are 

sent to a lab to be tested. (Wallender 2020) 

 

2.2.7 Middle School Students 

2.2.7.1 Middle School Student Interests 

The interests students typically have in middle school include playing games outside or on the computer, 

going to do things with friends, playing sports, and not having responsibilities. An advantage of the 

middle school student interests is that middle school age students typically enjoy hanging out with 

friends, and the project site is in a central area of the school where students gather. A disadvantage of 

middle school student interests is that the students may break or ruin parts of the project because kids 

often cut across the project site to get to different classrooms, so as a result, the area might face some 

erosion. 

 

2.2.7.2 Middle Schooler Psychology  

It is notable that middle school students are experiencing a time in their life like no other they have 

been through before. This is because they are experiencing the biological event of puberty. Puberty 

leads adolescent preteens to have a relatively developed limbic system or emotional brain, while 

simultaneously operating with an underdeveloped prefrontal cortex which controls functions such as 

inhibition of impulse, reflection, and planning (Armstrong 2006) . This has a profound impact on the 

cognitive, emotional, and social lives of adolescents. It is important for students to feel like they have 

community during this time, as they develop a hunger for acceptance and belonging. Another key factor 

is implementing an interdisciplinary curriculum that is based on active and personalized learning. This is 

important because middle school students often grapple with their personal identity and interests. 

Expressive art activities and giving students a role in decision making are both key practices to positive 

middle school student development to provide a sense of self-worth and identity (Armstrong 2006). 

 

2.2.7.3 Pedagogy 

Pedagogy is the approach of teaching and how it is taught. For example, since the audience will be 

middle schoolers, their preferred way of learning is to have the learning be in a fun activity instead of 
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just listening to a lecture and watching the teacher write on the board. Some examples of advantages of 

this teaching method of pedagogy are that kids have increased openness and trust of and with their 

teachers, more student engagement, better culture of learning, and more sharing of ideas and 

resources. Some examples of disadvantages of this teaching style is that there is a potential for poorer 

test scores, unprepared students, and unprepared teachers. 

 

2.2.8 School Standards 

2.2.8.1 School Themes/Logos 

An example of a theme or logo would be how every sports team has their own set of colors and a name 

that can be turned into a logo or mascot. For example, the Kansas City Chiefs of the NFL have red, white 

and yellow as their colors (or theme) and have a chief as their mascot (or logo). The school theme for 

Zane middle school are the colors red and gold and the school logo is the “Falcon”. An advantage of 

school themes/logos is that a logo or theme could be added to the area to make it more personal for the 

students and faculty. 

 

2.2.8.2 Common Core Standards  

The common core standards can be broken up into 12 different categories: English language arts, 

mathematics, English language development, career technical education, computer science, health 

education, history-social science, model school library, physical education, science, arts education, and 

world languages. The four that most apply to the situation are English language arts, mathematics, 

history-social science, and science. The English language arts common core states that students will 

build knowledge through content-rich informational text, reading, writing, and speaking are grounded in 

evidence from different texts, both literary and informational, and engaging in group and individual 

reading and research activities centered on more complex texts and developing academic language. 

Mathematics common core practices are as follows: grade 6 learns ratios and proportional relationships; 

early expressions and equations, grade 7 learns ratios and proportional relationships; arithmetic of 

rational numbers, and grade 8 learns linear algebra and linear functions. The common core standards for 

history-social science are as follows: grade 6 learns about history from ancient civilizations to the early 

U.S. history including challenging topics like religion, slavery, war, and human oppression, grade 7 learns 

about the rise and fall of empires, the diffusion of religions and languages, and significant movements of 
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people, ideas, and products, and grade 8 learns about U.S. history from the founding of the American 

Republic through the end of the nineteenth century. The common core standards for science revolve 

around explaining the science behind everyday events in nature and their lives California State Board of 

Education n.d.). 

 

2.2.8.3 School building codes 

The school’s number one concern is the safety of the students, however there are other factors that 

come into play. According to California Code of Regulations, title 5, all facilities must be designed to 

reflect the school district’s educational goals and objectives. It must also provide maximum site 

enrollment and environmental comfort. It should also be designed so as to require a practical, minimal 

amount of upkeep. They must also follow Occupational Safety and Health Administration (OSHA) 

regulations (California State Board of Education n.d.). 
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3 Alternative Solutions 

3.1 Introduction 

This section describes some of alternative solutions the team discussed during the brainstorming 

session. During the brainstorm, ideas, criteria, and considerations were discussed and the remaining 

ideas became alternative solutions.  

3.2 Brainstorming 

Our brainstorming consisted of an informal discussion with a shared document. It lasted approximately 

45 minutes, and we came up with about a page and a half of possible ideas. We came up with these 

ideas by having every group member write down anything that came to mind for our topics. Our topics 

consisted of seating, planters, gates, and miscellaneous ideas. We then narrowed down the ideas to a 

list of 9 possibilities by selecting which options were the most realistic to have at a middle school, which 

were the most aesthetically pleasing and the cost effectiveness. Notes from the brainstorming can be 

seen in Appendix B.  

3.3 Alternative Solutions  

• After the brainstorm session, the following list of Alternative Solutions was created: 

• Wood and Rope fence 

• Grass with Steppingstone 

• Benches 

• Circular Concrete Planters 

• Space Covered with Interactive/Educational Design 

• Planter Surrounding by Benches 

• Planter Benches 

• Planters 

• Bench Supported by 2 Planters 

3.3.1 Wood and Rope fence 

A simple wood rod and rope fence can be cheap and effective if made correctly.  It requires a roughly 2 

inch in diameter wood rod at any length and roughly 1 inch diameter rope. Drilling a hole through the 

wood beam and inserting the rope will hold all the wood rods together. Once together, hammering the 

beam into the ground will help protect the area where plants are growing by keeping students out of 

the area. This fits the criterion because it is very cheap, aesthetically pleasing, and requires little 

maintenance. An example of a wood and rope fence is shown in Figure 3-1 below. 
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Figure 3- 1. Wood/Rope Fence. (Vincent Mendez) 

3.3.2 Grass with Steppingstone 

Grass and steppingstones is a simple way to fill in a large area with minimal effort. It requires grass and 

flat stones placed in the ground. Steppingstones are bought or made from many materials including rocks, 

concrete, permeable concrete, and many other materials. Eureka is a wet area hence it has almost 100 

native grasses which would allow maximum savings and minimal effort put into upkeep. This fits the 

criterion because they are very durable, require little maintenance, cheap, and aesthetically pleasing. An 

example of grass with steppingstones is shown in Figure 3-2 below. 

 

Figure 3- 2. Steppingstone Pathways. (Vincent Mendez) 

3.3.3 Planters 

Planters are essentially raised garden beds. Planters can be made from an assortment of materials 

including wood, plastic wood, permeable concrete, bricks, tires, etc. For our project they are made from 
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Red Cedar. First is put on the Red Cedar planks to help preserve the wood for a long amount of time. 

The Red Cedar is then be screwed together in different shapes to allow for a versatile placement. Once it 

is placed in the Triangle of Death it is filled with a mixture of compost and other types of soil. Finally, the 

planter are filled with native plants. The benefits of Planters are providing a barrier which prevents 

students from trampling plants. Additionally, it prevents soil from compacting, erosion from weather, 

protection from bugs, and allows for proper drainage. This fits the criterion because it is aesthetically 

pleasing, decently cheap and is safe, although it could be a tripping hazard. An example of planters is 

shown in Figure 3-3 below. 

 
Figure 3- 3. Planter and placement options. (Vincent Mendez) 

3.3.4 Benches 

A bench design is a very simple and easy design that is used as seating. Benches can be constructed with 

used or donated materials, which can keep the cost down. The design of the bench chosen has endless 

possibilities, but a wooden bench made of 2x4s is the design in this solution. The placement of the 

benches is very easy and does not require any tools and will be placed in an area that is accessible to 

students. This fits the criterion because they are aesthetically pleasing, safe, could be cheap and creates 

seating which makes the area usable for students. An example of benches is shown in Figure 3-4 below. 
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Figure 3- 4. Bench Placement locations. (Jake Reeser) 

3.3.5 Space Covered with Interactive Design 

Covering the space with an interactive/educational design will make the area more attractive to the eye 

and will make more students interested. In this design, the area is completely paved in concrete. There 

can be collaboration with the Zane Middle School art teacher and class to paint a design on the concrete 

that is educational and related to the school colors and theme. This lets students be involved with the 

process and helps create a sense of ownership for the area for the students.  This fits our criterion 

because the cost is low and aesthetically pleasing. An example of a space covered with interactive 

design is shown in Figure 3-5 below. 

 

Figure 3- 5. Interactive Design. (Jake Reeser) 

3.3.6 Circular Concrete Planters 

In this design, three large concrete circular planters are placed between the pathways. Mulch is spread 

around the planters, which covers the ground and helps prevent unwanted weeds. The planters are 

filled with soil and native plants are planted in them. The overall cost for the planters is low because we 

received a donation of 4 48” in diameter planters from Hilfiker Pipe Co. The planters fit the criterion 

because they are not tall enough to be used to climb onto the roof, do not contain any sharp edges, are 

cheap due to donations, require little maintenance, are very durable and are aesthetically pleasing. An 

example of circular concrete planters is shown in Figure 3-6 below. 
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Figure 3- 6. Circular Concrete Planters (Elizabeth Odell) 

 

3.3.7 Planter Benches 

Planter Benches are planters with wider edges that can be used to sit on, as a bench. The planter is 

constructed with a concrete foundation and concrete sides using a form. Composite boards (so that 

splinters are not possible) are then placed on top of the planter in order to provide a place to sit. The 

planters are not tall enough to access the roof. The shape of the planters is triangular in order to fit 

better in between the sidewalks. It is more expensive than the other options but should be under the 

budget of $400. The planters are filled with dirt and planted with native plants. Mulch is spread around 

the planters, but not covering up the sidewalks. This fits the criterion because they are aesthetically 

pleasing due to the plants, require little maintenance, and add seating to the area, which makes the 

area accessible to students. An example of planter benches is shown in Figure 3-7 below. 

 

 
Figure 3- 7. Planters Supporting Wood Benches. (Elizabeth Odell ) 

3.3.8 Bench Supported by Two Planters 

The bench supported by two planters is an aesthetically pleasing way to create seating for students at 

Zane Middle School. Students would be able to sit and hang out with classmates while surrounded by 

local plants. The design consists of wood framing to achieve maximum support and safety. After cutting 

all the pieces of wood and assembling the seat frame, we must establish a strong, level foundation by 

digging square, level holes into the ground and filling them with gravel, anchoring them to the ground 

through a spike and pilot hole. Then, one must begin building up the square planters one layer of 2 x 4 

pieces of wood at a time. Once one has two, level planters, the next step is to place the seat frame 



21 
 

about 2 feet off the ground with stringers supporting the bench. The seat boards where kids will sit are 

then secured to the frame. The final step is to continue to build up the planter about 6-7 inches above 

the seat bench. To finish, secure the planter cap pieces.  This fits the criterion because it is aesthetically 

pleasing, adds seating to the area which makes the area accessible to students, requires little 

maintenance and is fairly durable. An example of a bench supported by two planters is shown in Figure 

3-8 below. 

 

 
Figure 3- 8. Benches With Planter Feet. (Julia Iman ) 

3.3.9 Planter Surrounded by Bench 

The planter surrounded by a bench is a great way to provide abundant seating in an aesthetically 

pleasing way. This bench would be a much simpler build than a bench supported by two planters, and it 

may also be cheaper. This design provides the most seating area for students. The materials necessary 

to execute this design are stone bricks for the planters, and wood for the bench structure. Before 

building the bench, the planter is constructed by stacking bricks with a thin layer of cement to bind the 

structure. The planters will be occupied by local plants. Next, one must assemble each component: the 

bench frame and the legs. Then, the bench frame and legs will be secured to one another. To create a 

strong foundation, we must dig a hole and place the bench legs in the holes. After we have made the 

bench completely level, we must pour concrete into the holes around the bench legs. This fits the 

criterion because it adds a lot of seating, is safe if the wood is treated correctly and there are no 

splinters, is very aesthetically pleasing, and is durable. An example of a planter surrounded by a bench is 

shown in Figure 3-9 below. 
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Figure 3- 9. 1 Planter Surrounded By Benches. (Julia Iman) 
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4 Selection of the Final Design 
 Section 4 consists of an analysis of the team’s alternative solutions and the process by which the final 

design was selected. The final decision was influenced by the criteria developed by the team through 

communication with the client, and we chose based on what would be the most effective design. A 

Delphi matrix, in Section 4.3, was very useful in making the final decision, as it combines the criteria with 

the alternative solutions to display which solutions best satisfy the needs of the client.  

4.1 List of Alternative Solutions 

The alternative solutions found by the team are as follows: 

• Wood and Rope fence 

• Grass with Steppingstone 

• Benches 

• Circular Concrete Planters 

• Space Covered with Interactive/Educational Design 

• Planter Surrounding by Benches 

• Planter Benches 

• Planters 

• Bench Supported by 2 Planters 

4.2 Criteria 

These criterion were determined in Problem Analysis and based on the client’s preferences. They were 

used during the decision-making process. 

● Safety: The lowest possibility for a student to hurt themselves or others 

● Durability: The ability to withstand abuse from students, weather, and time 

● Maintainability: The maintenance required to maintain the area  

● Cost: The financial cost of purchasing all the parts to build the product and maintain it for the 

three years 

● Aesthetic: How appealing the design is and how well it matches the school theme 

● Accessibility: The ability for students to interact with the design or use the space 

4.3 Decision Process 

The decision process consisted of two steps. The first step was getting in contact with the client about 

what he preferred to be important and not as important for the criteria and constraints. Taking his 

feedback into mind, we put all the criteria into a table, as seen in Table 4-1. Weighted Criteria with 

Constraints measuring the importance level on a scale of 1-10, 1 being least important and 10 being 

most important. 
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Table 4- 1. Weighted Criteria with Constraints 

Criteria Weight 

Safety 10 

Durability 9 

Maintainability 8 

Cost 9 

Aesthetic 7 

Accessibility 8 

 
 

A Delphi matrix, as seen in Table 4-2, was used to rate the team’s 9 alternative solutions to see which 

ones met the criteria the best. We used a scale of 1-50 to rate the alternative solutions, where 1 meant 

that the alternative solution did not meet the criterion at all, and 50 meant that it met the criterion very 

well. The total value of the ratings was summed at the bottom of each column. These values were made 

and voted on by the team in a group discussion. 

Table 4- 2. Delphi Matrix with Possible Solutions 
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4.4 Final Decision Justification 

Based on the Delphi matrix, grass with steppingstones had the highest score. However, after further 

discussion, it was decided that grass might not be durable enough. The combination of wet weather and 

students cutting between pathways could create bare muddy areas. The second highest ranked design is 

the circular concrete planters. This design was selected because it fits all the criteria listed. There are no 

apparent safety concerns, the planters will keep the plants safer from destructive middle school 

students, the concrete will not rot or require maintenance, it will be more visually appealing than the 

current state, and the pathways will allow the area to be accessible to students. It is also more cost 

effective than some of the other options. Circular concrete planters are sold at Hilfiker’s Pipe Company 

for $104 for 2 feet tall, 36 inch diameter planters. Smaller planters are cheaper and in the past Hilfiker’s 

Pipe Company has donated planters to Zane Middle School. Therefore, the number of planters depends 

on donations for both the planters and the plants.  
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5 Specification 

5.1 Introduction 

The purpose of Specification is to describe the planters, soil, and plants that were implemented into the 

Triangle of Death at Zane Middle School. This section contains a detailed description of the design, as 

well as information about the implementation of the design. Records of the costs, labor and the 

estimated cost of maintenance are also included in this section. The results of testing can be found at 

the end of the section. 

5.2 Description of Solution 

As discussed in Section 4, the concrete circular planters were chosen for the final solution. Four concrete 

planters were placed in between the preexisting concrete pathways. These concrete planters were filled 

with soil and plants were planted in each planter. Figure 5- 1 shows the final solution with labels.  

 
Figure 5- 1 Concrete Garden Beds (Elizabeth Odell) 

5.2.1 Planters 

Each planter is two feet in height and has an inside diameter of 4 feet. The outside diameter is 52 

inches. They are made of concrete and do not contain rebar. They originally were manufactured casings 

for wells. A diagram of the concrete planters is pictured below in Figure 5- 2. Each planter was placed 

roughly in the center of the areas between the concrete pathways. The placement of the planters in the 

Triangle of Death is shown in Figure 5- 3. The dimensions on the diagram are in feet.  
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Figure 5- 2.  Cad Concrete Garden Bed Drawing. (Vincent Mendez) 

 
Figure 5- 3. Top View of the Triangle of Death (Jake Reeser) 

 5.2.2 Soil 

Approximately 3.7 yards of topsoil was used to fill the planters. While being placed into the planters, any 

trash or weeds were removed, but the soil does contain some rocks. The Soil was donated from Alves 

Inc.  
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5.2.3  Plants 

A variety of plants were planted in the planters. All are low-maintenance plants with no regular watering 

necessary.   There are four main plants: Arctic Jay Nectarine, Arctic Glo Nectarine, Sweet Scarlet Goumi, 

and a White Current. The Arctic Nectarine trees are varieties that typically do well in the moderate 

climate in Eureka. The trees are placed in planters that are far enough from the roof so that students will 

not be able to use the trees to access the roof. The Nectarine Trees, the Scarlet Surprise Goumi, and the 

White Current all produce edible fruit. In the planters, there are also a variety of flowers and plants that 

are placed around the plants. These include Daffodils, Blue Rose Succulents, Red Hot Poker, Bearded 

Irises, Belladonna Lilies, and Calla Lilies. A close up of one of the planters in seen in Figure 5-4. 

 

Figure 5- 4. Concrete Plant (Elizabeth Odell) 

All the plants were donated by Sean Armstrong from Redwood Energy except for the white current. 

Sean Armstrong also donated a Blue Muscat Grape, but it was replaced with the White Current. This is 

because the grape vine would’ve needed a trellis which could’ve caused a safety issue. It is a fast-

growing plant that would have needed more maintenance.  A coded diagram of the placement of the 

plants is seen below in 5-5. 
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Figure 5- 5. Placement of Plants in the Planters (Elizabeth Odell) 

 

5.2.4 Ground Covering 

The area around the planters was removed of weeds. The pre-existing weed mat was left to help 

prevent the weeds from growing and to prevent the wood chips from compacting into the soil. Zane 

Middle School will be delivering and implementing wood chips to the dirt areas between pathways in 

May of 2021.  

5.3 Cost 

5.3.1 Cost of Labor 

Most of the cost comes from total hours spent working on this project. In total, 223 hours of work were 

put into the project. A breakdown of the hours can be seen in Table 5-1. 

 

 



30 
 

 

Table 5- 1. Pie Chart of Time Spent on Project. (Jake Reeser, Vincent Mendez) 

 

 

5.3.2 Cost of Implementation 

The overall cost for construction and installation of the project was $860.38 but only $10.00 was paid 

due to numerous donations. The $10.00 purchase was for a White Current Plant. This includes 4 

concrete planters with an estimated delivery fee, 3.7 cubic yards of soil, a variety of plants, and a 

borrowed trailer to haul the soil to Zane. A breakdown of the retail value of the plants is seen in Table 5-

2 and Table 5-3 shows the overall cost of the project. 

 

Table 5- 2. Plant Costs 

Name Price Units Total 

Daffodil $0.20 30 $6.00 

Belladonna Lilies $2.50 4 $10.00 

Blue Rose Succulent $1.70 3 $5.10 

Red Hot Pokers $4.50 2 $9.00 

Bearded Iris $0.83 6 $4.98 

Calla Lily $1.50 2 $3.00 

Sweet Scarlet Goumi $20.00 1 $20.00 

Arctic Jay Nectarine $30.00 1 $30.00 

Arctic Glo Nectarine $30.00 1 $30.00 

White Currant $10.00 1 $10.00 

Subtotal $128.08 

Total (7.75% tax) $138.01 
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Table 5- 3. General costs 

Item Price Units Total 

Concrete 
Planters 

$122.75 4 $491.00 

Soil $45.00 3.7 yd3 $166.50 

Trailer $78.00 1 $78.00 

Plants $2.71 51 $138.00 

Subtotal $873.50 

Total (7.75% tax) $941.20 

 

5.4 Results of Prototyping 

The results of the prototyping were successful and helped the team decide on a final design. To 

prototype possible ways to attach benches to the planters, a small metal plate with a screw through the 

middle of it was used. The screw would be screwed through the middle of the metal plate first, and then 

screwed into the concrete after. This would make it so that the pressure could be evenly dispersed 

through metal instead of possibly breaking the concrete. After completing this prototype, it was 

determined that creating benches on the lip of the planters is not feasible due to the risk of having an 

unfinished product and the challenge of creating a circular bench. Figure 5-6 shows the metal plate 

prototyped.  

 
Figure 5- 6. Screw prototype for bench (Vincent Mendez) 

 
To prototype the type of planter to use, a small version of the triangle of death was created with 

planters made from scrap paper. This helped view the aesthetic of the area with circular planters and it 

was determined that circular planters would look aesthetically pleasing despite being in triangular 

spaces. Figure 5-7 shows the prototype.  
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Figure 5- 7. Layout of garden bed prototype (Elizabeth Odell) 

 
To prototype the placement of our planters, cardboard circles with the diameter of our planters were 

placed in various configurations. Pictures of each formation to document them. The team then voted to 

determine which configuration was the most aesthetically appealing and had 2-3 extra people not 

familiar with our project vote, as well as the client. The prototype with the highest number of votes was 

the formation that was chosen for the final design. Figure 5-8 shows the placement of the planters that 

was selected.  

 

 
Figure 5- 8. Layout of garden beds (Julia Iman) 
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5.5 Instructions for Implementation and Use 

To implement the design, the first step was to clear the area of any unwanted weeds. Hilfiker Piping 

Company delivered four circular concrete to campus using a trailer and placed them into the area using 

a forklift. The client directed where he wanted the planters to be placed. Figure 5-9 shows the planters 

being placed into the area.  

 

Figure 5- 9. Concrete planter being placed (Elizabeth Odell) 

Next, the soil had to be hauled 12 miles to Zane Middle School from Alves, Inc in Arcata, Ca. The amount 

of soil required to fill all four planters (about 3.7 cubic yards) required two round trips for a total of 48 

miles traveled. Figure 5-10 shows the soil being loaded into the trailer at Alves. Inc.  

 

Figure 5- 10. Dirt being loaded into trailer (Elizabeth Odell) 

Then, the soil moved from the trailer to the planters by means of shovel and wheelbarrow. Figure 5-11 

shows team member Julia Iman removing soil from the trailer and into the planter.  
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Figure 5- 11. Dirt being unloaded (Elizabeth Odell) 

Lastly, a variety of plants were planted in the plants and a thin layer redwood mulch was spread on top. 

Zane Middle School will deliver and implement wood chips into the area in May of 2021.  

5.6 Maintenance 

The primary maintenance required is watering the plants. Although only plants that do not need regular 

watering were used, during the drier summer months watering once a week could be beneficial, 

especially for the nectarine trees. Annually, any pruning necessary should be done to the trees. Some of 

the flowers that are bulbs will annually die back and the dead plant matter will need to be removed. The 

annual maintenance hours are estimated to be 10 hours.  

5.7 Results 

The final solution completed for the “Triangle of Death”, the area meets all of the criteria. There are no 

aspects of the design that can cause harm to the students. The planters are durable, concrete is a 

material that is resistant to wear from exposure, destructive students, and time. The planters are tall 

enough that any plants in them won’t be trampled by students. The planters should last for many years 

unless removed. The planters are sturdy and tall enough that any plants in them won’t be trampled by 

students and heavy enough that they are impossible to be moved by students. 

The level of maintenance is low other than upkeep of the plants. The project overall did not cost 

anything due to donations, therefore was well within the budget. The aesthetic of the area is much 

improved from the original area as well. Instead of a bare, weeded, area, there are plants that add 

aesthetic appeal. The planters were purposefully left blank for upon the request of the client so that 

Zane students may have the opportunity to decorate them with either mosaics that match nearby 

benches or paint. The area is accessible to students due to the pre-existing pathways. The planters help 

create a “point-positive” mind set to encourage students to walk on the pathways instead of cutting 

through the space between the pathways.  
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One issue with the final product is that one of the corners of the preexisting pathways inside the triangle 

was slightly crushed by the forklift when the concrete planters were being placed. Neither the client nor 

the head custodian expressed concern about this. A picture of the damage done is seen in Figure 5-12.  

  

 

 

 

 

 

 

 

 

 

When the flow of traffic of students between classes was observed, it was noted that students tend to 

stay on the pathways in the triangle when going in the same direction as the pathways but tend to cut 

across the dirt when traveling perpendicular to the pathways. One student was observed picking up a 

clump of dirt and throwing it at a friend. But this was before plants and redwood bark was placed in the 

planters and there is no longer as much exposed dirt. The area seemed to be a popular area to gather 

and talk for students during the passing period.  

Overall, the project greatly improves the area. Both the client and the head custodian expressed content 

and approval with the result of the project due to the durability, lack of maintenance, and aesthetics.  

  

Figure 5- 12. Damaged to Pathway caused by forklift. (Elizabeth 
Odell) 
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6.2 Appendix B: Brainstorming 

Seating 
Benches 
Upcycled material benches 
Table 
Mosaic (similar to on campus) 
Hammock 
Cement blocks  
Carved Tree trunk  
Circular benches with large radius to encourage interaction? 
Concrete benches with local dinosaur fossil/shell molds 
Benches from recycled signs 
 

 

Planters 
Circular concrete planters, might be able to get donated 
Maze planters 
Wooden 
Plastic wood 
Permeable concrete 
Planters designed by last spring’s engr class 
Fire pit design (recycled cement) 
Chicken wire covering 
Plants with something to protect them (benches surrounding) 
Tire planters 
Low wall concrete block  
Cinder blocks 
Triangular planters 
Vertical garden 
Cover with plants growing off the sides and top 
 

Other 
Planter/bench hybrid 
 -possibly two planters supporting both ends of a bench 
 -wood 
 -concrete 
 -mosaic 

-circular  
Covering space with cement/permeable cement 

https://www.pinterest.com/pin/59180182580994782/


39 
 

Covering space with interactive/educational design 
Stepping stones made by students 
Plant covering 
Informational plaque with plants 
Ground garden 
Game 
Small circular stage/platform 
Grass 
Grass with stepping stones made by students 
Water feature 
Color the area with school colors 
Native plant garden 
Something COVID related?  
Rock path 
Statue with water running through it 
 -Little river/waterfall to hold extra water 
mural 
Large stepping stones (several feet in diameter) 
Gravel 
 

 

Gates 
Wood/rope fence 
bushes/hedges 
Metal/chain link 
 

Way to block students from entering area 
 

Alternative Solutions  
Benches 
Mosaic benches 
Stepping stones 
 


