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1. Problem Formulation 

1.1. Introduction 
The Geometrees partnered with Trevor Hammons and Zane Middle School in Eureka, California, and 

selected the project the Triangle of Rebirth, an outdoor section of the middle school. Currently, the 

Triangle of Rebirth consists of a triangle filled with dirt and concrete. Large pieces of concrete are 

packed into the dirt in the shape of a star. The concrete forms a narrow path, that is quite uneven. There 

are several unused sprinklers and drains in the dirt. Zane Middle School wants the Triangle of Rebirth to 

be transformed into a beautiful space that draws in the students. Ideally it would be interactive, even if 

this were simply in the form of a path. A wheelchair accessible, smooth path would allow all students to 

enjoy the space. The client is open to there being planters, benches, sculptures and various imaginable 

things. All elements should be appropriate and well attached to the ground. It would be a problem if 

anything can be picked up and thrown. In the problem formulation phase of the project, the definition 

of the objective of the semester project is explained in the objective section as well as how to the 

project will impact society by using a black box model.  

1.2. Objective 
The objective of team Geometrees is to aim to enhance the Triangle of Rebirth to create a space with a 

pathway that students can walk daily, display flower and shrubs as well as protect them from the 

students, as well as create an interactive space for the students to socialize and conversate in the 

outdoors.  

 

 

 

Figure 1-1: The Black Box Diagram shows what the current state of the design is, and what it is intended 

to be made into. 

2.  Problem Analysis and Literature Review 
2.1 Problem Analysis  

2.1.1. Introduction 
Section 2, Problem Analysis and Literature Review describes the research done on pathways, planters, 

and other landscaping ideas. The analysis of the project contains the specifications, considerations, 

criteria, usage, and production volume. The pathway is the larger aesthetically pleasing attraction of the 

project and needs to be able to be used by all students including those with disabilities. Plants want to 

be added but need to be protected from being trampled by students. The negative space of the project, 

the space not being filled by the pathway and/or planters is also explored in this section.  

A space that students 

don’t interact with 

much. Not visually 

pleasing. 

An exciting area that 

students want to walk 

through. It is interactive 

and beautiful to look at. 
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2.1.2. Specifications and Considerations 
Currently, the Triangle of Rebirth consists of a triangle filled with dirt and concrete. Large pieces of 

concrete are packed into the dirt in the shape of a star. The concrete forms a narrow path, that is quite 

uneven. There are several unused sprinklers and drains in the dirt.  

Zane Middle School wants the Triangle of Rebirth to be transformed into a beautiful space that draws in 

the students. Ideally it would be interactive, even if this were simply in the form of a path. A wheelchair 

accessible, smooth path would allow all students to enjoy the space. The client is open to there being 

planters, benches, sculptures and various imaginable things. All elements should be appropriate and 

well attached to the ground. It would be a problem if anything can be picked up and thrown.  

The specifications of the client are the needs of the client that setup the guidelines of the project. Our 

specifications for the project are: 

• Loose rocks cannot be picked up and thrown by the children  

• The pathway is wheelchair accessible 

•  Anything added to the space needs to be attached or weighed to the ground 

The considerations of the project are the wants of the client that can be conveyed in some type of 

manner within the project. The client, Trevor Hammons, suggested that we can explore: 

• Planters/plants 

• Benches 

• Sculptures  

• Pathway in the shape of Z 

• Zane Middle School Themed area 

The overall piece and each individual piece’s durability should be considered. Ideally, the design should 

be able to last a long time as well as creating a space with little maintenance. 

 

2.1.3. Criteria 
The criteria of the project is the standard in which the project can be judged when it is finished. The 

criteria can be constrained, in order to make the planning process easier by eliminating many 

possibilities. The criteria and constraints of the project are shown in Table 2-1 below. 
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Table 2-1: The chart displays the design criteria, and constraints of each. 

Criteria Constraints 

Cost ≤ $425.00 total 

Aesthetics Better than it looks currently. 

Safety As safe as possible. 

School Themed ≤ Three themes 

Eco-Friendliness As eco-friendly as possible. 

Durability As long lasting as possible. 

Quality As great as possible, with durability, cost 
effectiveness and appearance in mind. 

Maintenance As easy to maintain as possible. 

2.1.4. Usage 
The Triangle of Rebirth is expected to be used every day. It is located near the main office, next to the 

school drop off zone and in an area in which students are permitted to spend recess in. This means that 

many students will be walking through it, and possible spending time in it. The longevity of the space is 

aimed to be years long, despite being used so much.  

2.1.5. Production Volume 
One complete design is to be made, inside the triangle. 
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Literature Review 

1.1.1. Container Gardening  

When choosing a container to grow plants in, it is important to keep in mind the size of the plants, what 

their specific needs are and whether they are sharing a container with different kinds of plants. Plants 

needs enough space for their roots to breathe, and for water to trickle down through them. A plant that 

needs water to remain in the soil longer will likely thrive better in a container with slow drainage. Plants 

that require very little water would be better off in a container that drains water quickly. Plants with 

similar needs should share containers. Watering plants in the morning is often the best choice. This 

allows the water in the soil to soak into the plants, but also ensures the water dries before allowing 

disease to fester. (Eubanks, 2018) 

1.1.1.1. Planters 

Planters allow people to plant flowers, trees and shrubs in places where they wouldn’t be naturally. 

They can also serve multiple purposes, such as offering seating to students at a middle school. Planters 

capable of being sat on are typically constructed with wide, sturdy edges. The sides of a planter can 

double as the back of a bench, if seating with reclination is preferred 

 

 

 

 

 

 

 

 

 

1.1.2. Evergreen Trees 
Evergreen trees provide year-round aesthetic appeal and shelter.  
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2-1 An example of reused tired being used as a planter. 

https://www.homedit.com/top-30-planters-diy-and-recycled/   

Figure 2-2 A spruce, evergreen tree. https://www.thetreecenter.com/black-hills-

spruce/ 

 

https://www.homedit.com/top-30-planters-diy-and-recycled/
https://www.thetreecenter.com/black-hills-spruce/
https://www.thetreecenter.com/black-hills-spruce/
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1.1.2.1. Spruce Trees 

Spruce trees require plenty of water and loosely packed soil, for water to drain efficiently throughout 
the root system. (Markley, 2018) Spruce trees are identifiable through the way their rounded needles 
individually attach to the stem. Their cones hang from a tree and typically fall to the ground. (Wilson, 
2018)  

1.1.2.2. Pine Trees 

Pine trees can grow in a large variety of climates and geographical locations. Pine trees are 
distinguishable through their needles that come in clusters of either 2, 3 or 5. They also have woody 
cones that hang and fall from the tree. (Wilson, 2018) Pine trees inhabit a variety of environments, but 
are prone to catching disease (Markley, 2018). 

1.1.2.3. Juniper Trees 

Juniper trees are efficient at combating disease, parasites, harsh environments and inconsistent levels of 
water availability. In fact, many juniper trees can handle little to no supplemental irrigation, making 
them easy to maintain. (Markley, 2018) 

1.1.2.4. Fir Trees 

Fir trees have soft, flat needles that attach individually to the stem. Their cones stand erect and don’t 
often fall to the ground whole. (Wilson, 2018) 

1.1.2.5. Boxwood Trees 

Boxwood trees are usually used as barrier hedges. They are broad-leafed evergreens that are commonly 
used in gardens and in walkways. The common boxwood grows to about 8 feet tall. They can be grown 
in planters, as well as directly into the ground. Boxwoods are not optimal for windy, cold areas with low 
drainage. (Cornell University, 2015) 

1.1.2.6. American Arborvitae 

The arborvitae is a tall shrub that can grow quite wide when allowed. It is cone shaped and usually used 
as a barrier or windbreaker, due to its density. Arborvitaes thrive in moist, cool areas. Well drained soil 
is optimal for them, but too much loss of water can quickly lead to the leaves drying out. (Cornell 
University, 2015) 

2.3.4. Shrubs 
Shrubs can offer privacy, direct the flow of foot traffic and can make the landscape look nicer. 

 

 

 

 

 

 

 

 

 

 

Figure 2-3 Evergreen Shrubs. 

http://yancao.info/yancao-images.html 

 

http://yancao.info/yancao-images.html
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2.3.4.1.  Evergreen Shrubs 

Evergreen shrubs do not shed their leaves, offering aesthetic appeal, privacy and division of landscape 
year-round. All evergreen shrubs fall under either of these two categories; broad-leafed or needled. 
(“Preferred Evergreen Shrubs”, 2019) All evergreen shrubs grow best in well-drained soil. Some 
evergreen shrubs flower, offering aesthetic appeal. 

2.3.4.2. Broad-leaf Evergreen Shrub 

Broad-leafed evergreens grown best in areas that are safe from the winter sun, drying winds and the 
cold (Klett, 2017). With that in mind, broad-leafed evergreen shrubs are not best for growing in Eureka, 
California. They also need consistent watering for optimal growth (Klett, 2017). 

2.3.4.3. Needled Evergreen Shrub 

Needled Evergreen shrubs can maintain their leaves for up to two years. They shed slowly, maintaining 
their color. When they are sheered, over time they become hollow on the inside. Needled evergreen 
shrubs can handle the dry cold, inconsistent levels of moisture and winds quite well. (Klett, 2017) 

2.3.5. Flowers 
Flowers add beauty to a landscape, but often need extra maintenance. Flowers become easily 

overwatered, so planters with quick drainage would be essential. Rainy areas with harsh, dry cold days 

would not be the best setting to plant flowers in. Although there are evergreen flowers that can live 

through the year, they often do not. This is because they are still delicate, easily becoming overwatered 

or being blown away by the wind. (Lonnee, 2011) 

 

 

 

 

 

 

 

 

2.3.6. Seating  

2.3.6.1. Planters Used for Seating 

It is common for any kind of school to have outdoor planters that double as seating for the students. 

Using planters for seating in specific areas can lead to more students populating that space. When there 

is seating near a pickup area, the students are more likely to spend time there, thus making the process 

of getting the children home more efficient. (Nair, 2017) 

 

 

 

 

Figure 2-4 Flower patch. https://www.flowers-

wallpapers.com/flower,rays-sun-meadow-cosmos-flowers 

 

https://www.flowers-wallpapers.com/flower,rays-sun-meadow-cosmos-flowers
https://www.flowers-wallpapers.com/flower,rays-sun-meadow-cosmos-flowers
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2.3.6.2. Outdoor Benches 
Outdoor benches must be strategically crafted in order to be resilient to the outside world. Such 
resilient materials may be cement, wood that is treated and finished, water resistant metals or stone 
(Nair, 2017). Outdoor benches may also double as planters. The side of the planter may act as the back 
of the bench, for example.  

2.3.6.3. Benches Made from Reclaimed Materials 
Reclaimed materials that are often used for outdoor benches are glass bottles, old metal parts, wood, 
and pretty much anything that is capable of handling staying in the rainy outdoors. It is important to 
design these carefully when creating them for schools. Children are prone to injuring themselves. No 
sharp edges, for examples, should be left behind. (Nair, 2017) 

2.3.6.4. Benches with Lighting 
Outdoor lighting must be waterproof and would ideally be automatic. Automatic lights are either 

controlled by a timer or through sensors that detect light. Benches with lighting at schools are great for 

illuminating corridors, especially during school events that run late. In areas with plenty of rain it often 

gets darker at earlier times. Outdoor benches with lighting would be useful in such settings. (“Energy”, 

2015).  

2.3.7. Outdoor Classrooms 
Outdoor classrooms offer a variety of interactive activities to students. They help create a bridge 

between nature and the modern-day student. (Nair, 2017) 

2.3.7.1. The Evergreen State University 

Evergreen State University has more outdoor classrooms than indoor. It lies on over 1,000 acres of 

forest and is ranked one of the top outdoor schools. The architecture is one to inspire those seeking to 

build outdoor classrooms. (“The Woods, Beach and Trails, 2019) 

2.3.7.2. Lewis and Clark College of Arts and Sciences 

Lewis and Clark College is ranked as one of the best outdoor schools. It has very meticulously designed 

and cared for gardens and outdoor classrooms. (Visiting Campus, 2019) 

2.3.7.3. Campus Center for Appropriate Technology (Humboldt State University)  

The CCAT center at Humboldt State University is a superb example of an outdoor classroom. The 

entirety of the HSU campus would offer ideas for constructing outdoor classrooms, but the CCAT center 

specializes in teaching how to incorporate nature into one’s life in a way that is not harmful to the 

environment. Compost piles, gardens, greenhouses, an outdoor oven designed by students and tips on 

how to make natural paints can all be found here.  

Figure 2-5 A bench made of wood that also serves as a planter. 

http://fastconnect.info/ideas/ 
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2.3.8. Building Materials 

2.3.8.1. Wood 

Wood has been used for as a building material for millions of years to create shelter, boats, mechanical 

devices, etc. Derived from trees, wood is a strong and natural construction material. Its strength is 

determined by how dense the wood material is. The greater the wood’s density, the greater strength it 

has. Best wood to use for outdoor projects are Acacia, Cypress, Cedar, Shorea, Teak. Wood has been 

used to make useful furniture such as benches, chairs, beds, etc.  

2.3.8.2. Glass 

As an amorphous solid, glass is a non-crystalline solid that has sturdiness, as well as well as adaptability 

to be whatever shape is needed. glass has a global practicality in a construction build. It goes through a 

glass transition in which a solid can be changed physically to a polymer glass (have a glass look) with 

what. Glass can be heated and cooled into different shapes which gives it a decorative advantage as 

well. Glass bottle can be used for art sculptures or architect due to its sturdiness and transparent colors.   

2.3.8.3. Gravel 

Gravel is composed of loose fragments of rock. Rock fragments size ranges from particle size to sizes of 

large rocks. Gravel is used to pave roads and pathways. Many roads globally are made of gravel and is a 

popular material for roads in countryside villages. Gravel is also a key element to concrete. 

2.3.8.4. Tiles 

Tiles are made of hard, long lasting materials such as ceramic, stone, clay, metals, or glass. Tiles are used 

to add a decorative aspect to a construction build. Although aesthetics is a property tiles excel at, they 

can be used to cover roofs, walls, floors, etc. Tiles can guide pedestrians to use the pathway and follow 

traffic direction. Tiles are used to cover a building or house as roofing so weather doesn’t effect inside 

conditions of the space being covered. Acting as a protective armor for a wall, tiles can help maintain 

walls sturdiness as well as bring character to a space by decorating the tiles. 

2.3.8.5. Concrete 

Concrete is made by using aggregate (sand, gravel, crushed stones), water, chemical and mineral 

admixtures, and some cement. Examples of chemical admixtures used to make concrete are 

Accelerators such as Calcium Chloride to speed the hardening period of concrete. A mineral admixture 

would be fly ash to add mass to the concrete being poured. The workability of concrete is the ability of 

liquid concrete being poured in a specific place or mold to and be manned or moved into place. This 

process is to make the concrete look even with minimal cracking to none. A way to reinforce concrete is 

to put in steel beams to sturdy the concrete in place.  

 

 

 

 

 

 
Figure 2-6 Concrete being poured for a pathway. 
https://www.familyhandyman.com/masonry/pouring-

concrete/concrete-forms-and-pour-a-concrete-slab/  

https://www.familyhandyman.com/masonry/pouring-concrete/concrete-forms-and-pour-a-concrete-slab/
https://www.familyhandyman.com/masonry/pouring-concrete/concrete-forms-and-pour-a-concrete-slab/
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2.3.8.6. Wood chips 

Woodchips are small lumber pieces used to spread over a floor/ground space. It is made from trees, 

wood pieces, or tree debris by being chipped through a woodchipper or through cutting it by hand. 

Wood chips can also be painted to different colors to bring an aesthetic appeal to a project’s ground. 

They can be used to soften grounds in case children floor.  

2.3.8.7. Plastic Bottles 

Plastic is made of a long chain of hydrocarbons that create oil. The special hydrocarbon bonding chain 

allows plastic to be as flexible and durable as it is. The molecules ten form polymers. Polymers hold the 

oil together and there is an array of polymers that can form different plastics. Polymers are enhanced 

with stabilizers to prolong to the life of the plastic. Fillers are used to cut the cost of production. There 

are 7 types of plastics, PET, HDPE, PVC, LDPE, PP, Polystyrene, and All the Others (plastics that don’t fit 

into the 6 main categories fall under here). PET plastic or polyethylene terephthalate is used to make 

plastic bottles. Plastic also does not degrade with other chemicals, so it is safe from other chemicals or 

materials interacting with it. Plastic bottles traditionally hold drinking water for civilians but can serve 

purpose as a construction material. Reusing plastic bottles for a sculpture or architecture can be useful 

for flexibility with the art work and how lightweight the material is. Also, reusing plastic can show a 

stand against pollution by cleaning up the local environment for plastic bottles. The use of other plastics 

can result to the polymers turning into monomers which can be harmful health wise due to BPA, 

Bisphenol A, which can lead to health issues such as inflammation and heart disease. Examples are 

polycarbonate bottles.   

  

 

 

 

 

 

 

 

 

2.3.8.8. Paint 

Paint is a liquid that can cover a surface to change or enhance the color. The basic components of paint 

are solvent, resin, additives, and pigments. To paint an outdoor bench made of wood, one would use 

paint that advertises long lasting color meant for wood or for outdoor furniture. Outdoor paints use 

more pigment for a longer lasting finish on their paint to withstand wear and tear. Outdoor paint has 

additives that can prevent cracking, fade, staining, dirt smudges, and sun damage. Wood expands and 

contracts due to temperature change. To compensate for that natural effect, the resin in outdoor 

furniture paint is flexible to allow the paint to expand and contract with the wood as temperature rises 

and lowers.  

Figure 2-7 Plastic bottles used as a bench. 

https://i.pinimg.com/originals/ab/eb/ce/abebce1202968f0aa95902cf696

cdaec.jpg 
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Figure 2-8 Hopscotch drawn on the ground. 
http://gamesweplayed.com/play-hopscotch-potsy/  

2.3.9. Interactive 

2.3.9.1. Games 

Hopscotch is a game that is simple to execute. There are a variety of ways one can create a hopscotch 

board on the ground. Cement paints, tile or stone pressed into dirt are some examples. Masonry paint is 

meant for bricks but also works great for cement. Two-stage epoxy floor coverings are helpful for when 

very strong paint is needed. Concrete color stains also work well for outdoor concrete jobs. (Brenner, 

2009) 

 

 

 

 

 

 

 

 

 

 

 

2.3.9.2. Interactive Museum  

An exhibit that uses real objects is a lot more interesting to interact with to students than an exhibit that 

uses a model, or a picture, or an explanation. It is important that the exhibit is inviting, easy to navigate, 

constantly inspiring interactions among visitors, sharing accurate information and delivering something 

visitors can take away from. (Science in the Stacks) 

2.3.9.3. Educational 

Outdoor education is best used to teach kids about the environment around them. Outdoor Education 

for the Whole Child by Fredrick Staley talks about how important it is for the child to want to learn about 

what is being taught outside, in order for them to interact with outdoor styles of teaching.  Fredrick also 

mentions that it is important to think about how the school’s policies and procedures protect, guide and 

support all the educational activities that occur on school site. (Staley, year) Many sources mention the 

fact that outdoor activities are a good way to teach about environmental responsibility. Outdoor 

activities stimulate all of the senses. The more the five senses are used, the better. (Jeronen, 2008).  

Outdoor education programs are child-centered, stimulating and help maximize opportunities for 

enhancing and extending each child's development. (O'Sullivan, 1993). 

http://gamesweplayed.com/play-hopscotch-potsy/


15 
 

 

 

 

 

 

 

 

 

 

 

 

2.3.10. Construction 

2.3.10.1. Pouring Concrete 

” To calculate the volume you need in cubic yards, multiply the length (10 ft.), by the width (10 ft.), by 

the depth (.35 ft., or 4 in.) and divide it by 27 (the number of cubic feet in a cubic yard). You get 1.3 

cubic yards. Then, add 10 percent to allow for spillage and slab depth variations to help determine the 

concrete cost per yard.” (Stanley, Jenny). In order to set up the section where the concrete is to be 

poured, add stakes to the edges of the desired section. The stakes will act as barriers, holding the edges 

of the concrete in place. Use a level to see how much the ground slopes. If there is a slope, add dirt from 

the higher side to the lower. “Before you do any digging, call 811 or visit call811.com to arrange to have 

your local utilities locate and mark buried pipes and wires.” (Stanley, Jenny). Another tip is to have a 

firm base that drains well so that the concrete is crack resistant. Reinforce with rebar by adding a grid. 

“A drier mix is more difficult to pack into your form, especially around the edges, but makes for a 

stronger, more crack-resistant slab.” (Stanley, Jenny). Pour in small sections so it doesn’t dry and is more 

manageable. Smooth, level, and round the edges. Add grooves to allow for shrinkage cracking. 

 

 

 

 

 

Figure 2-9 A weather station can be built to motivate students to be outside and learn 

about climatology at an early age. http://www.headteacher-update.com/best-practice-

article/ideas-to-make-outdoor-learning-work-for-your-school/154990 

Figure 2-10 Concrete can be used as a building material for a pathway. 

https://www.bing.com/images/search?view=detailV2&id=354FC608013D729ACF38E87999B7E72CCAC2B6FE&thid=OIP.SuEx0

cEG7nHJe14LItoDxAHaGN&mediaurl=http%3A%2F%2Fwww.bnproducts.com%2Fwp-

content%2Fuploads%2F2016%2F01%2Fpouring-concrete-in-

winter.jpg&exph=788&expw=940&q=pouring+concrete&selectedindex=0&ajaxhist=0&vt=0&eim=0,1,2,6 

http://www.headteacher-update.com/best-practice-article/ideas-to-make-outdoor-learning-work-for-your-school/154990
http://www.headteacher-update.com/best-practice-article/ideas-to-make-outdoor-learning-work-for-your-school/154990
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2.3.10.2. Glass Work 

Fire and Glass is a local company that uses recycled glass to make bowls and more. Recycled glass can be 

used to make fiberglass insulation, reflective paint and decorative tiles. 

“Glass tiles can be used anywhere normal ceramic tiles would be installed, and they have the added 

benefit of being resistant to chemicals and stains, which makes them good for areas that are prone to 

getting wet.” (HGTV, 2014). 

Many sources use recycled glass to decorate cement structures by just adding a layer of wet cement and 

strategically placing the glass in beautiful patterns. 

2.3.10.3. Benches 

You can build a bench out of almost any material. It is important to select the right type of bench 

depending on the space. Metal benches are very durable, easy to clean and safe. Recycled plastic 

benches are good for coastal environments. They are strong, durable and resist warping.  Wooden 

benches are comfortable and are recognized for their aesthetics. Wooden benches require a lot of 

maintenance. Concrete benches are very durable and heavy so they cannot be stolen. Aluminum 

benches are very light and easy to move. They also are resistant to fading and rotting. (The Park Catalog, 

2017)  

 

 

 

 

 

 

 

 

2.3.10.4. Planters 
“When building planters PVC is a good material to use because the material is easy to cut, it holds up 

well in all temperatures and it won't rot when exposed to soil and water.” (Stimpson, 2018). It is 

important that one waits 7 days to fill a planter after it has been painted. 

Raised planters are a great choice because they are more accessible than lowered planters, the soil 

quality is easier to control, and they are easier to maintain compared to planters that are in the ground. 

Raised planters are also very affordable. 

Figure 2-11 A wooden bench can be made from pallets typically thrown away by stores. 

https://www.bing.com/images/search?view=detailV2&id=29149AD7698ACD387F3C561DEDFE8B05743C47DC&thid=

OIP.6KG_N2ab87fGgzfR_5VsQHaGX&mediaurl=http%3A%2F%2Fpalletfurnitureplans.com%2Fwp-

content%2Fuploads%2F2013%2F08%2Fpallet-bench   
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When taking children into consideration, “Raised planters can be anywhere from 6″ to 30″ tall. Due to 

the length of children’s arms, the maximum width of a planter accessible from both sides is four feet. 

The maximum width of a planter accessible from one side, maybe because it is along a fence, is two 

feet.” (NC State University) 

2.3.10.5. Fountains 

Some materials and tools we might need are rubber drainage plugs, a glazed ceramic pot, 5-gallon 

bucket, silicone sealant, drill, utility knife, fountain pump, and rocks. Other materials that can be used 

for a simpler assembly include a pond shell and a ceramic flower pot. 

“The basic project is easy—dig a hole, drop in the pond, run a tube from the pump into the bowl and fill 

the pond with water.” (Family Handyman, 2017). 

The fountain will need to have a GFCI (Ground-Fault Circuit Interrupter) outlet close enough to connect 

the pump. The water will need a study base so you will need to add a large block to the inside. 

 

 

 

 

 

 

 

 

 

 

2.3.11. Children 

2.3.11.1. Development 

 Child development is a series of several stages, whereupon a child will attempt to work on 

different skills at certain age ranges. The CDE lists several of the achievements and developments 

accomplished at those specific ranges, listed below. 

● 0-1.5: Babies gather information through touch, taste, smell, sight, and sound. Soon they 

practice rolling skills, crawling, walking, and other great physical adventures. 

● 1.5-2: During the next stage of life, your child is beginning to define himself. 

● 3-5: During the preschool years, your child will be incredibly busy. Cutting, pasting, painting, and 

singing are all daily activities. 

● 6-8: Children at this age have busy days filled with recess, homework, and tear-jerking fights 

with their friends. They begin to think and plan ahead. They have a thousand questions. 

Figure 2-12 A homemade water fountain. 

http://www.ceardoinphoto.com/wp-content/uploads/2016/09/Homemade-

Water-Fountains-from-Antique-Brown-Bowls.jpg 
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● 9-11: These children begin to think logically and like to work on real tasks, such as mowing lawns 

or baking. They have a lot of natural curiosity about living things and enjoy having pets. 

● 11-14: Your child is changing so fast—in body, mind, and emotions—that you hardly know her 

anymore. One day she’s as responsible and cooperative as an adult; the next day she’s more like 

a six-year-old. 

(California Department of Education) 

 

 

 

 

 

 

 

 

 

2.3.11.2. Hazards 

Children are often very creative in finding ways of getting themselves injured. In fact, according to 

Jeffrey Sacks of the American Journal of Public Health, “During a 2,000-hour year (40 hours per week x 

50 weeks), an estimated 1.64 percent of children in a center will incur a playground-related injury 

requiring medical evaluation; 0.98 percent will incur a playground equipment-associated injury, and 0.42 

percent will incur a climber-related injury.” (Sacks et al. 1990). In order to study these common 

playground injuries more, several investigators researched hundreds of child care centers in Atlanta to 

tally not only how many hazards there were, but also the types and frequencies. Many things that were 

categorized as counting as hazards included faulty equipment, poisonous materials nearby, and access 

to dangerous areas. The data collected found that these care centers had “trip-and-fall hazards, 27 

protruding rocks, tree stumps, or concrete pieces; and 23 sharp protrusions.” (Sacks et al. 1990). 

2.3.11.3. Interests 

 The interests of a child compared to that of an adult can vary vastly in content and commitment. 

For example, Robbie Gilligan found that several children in foster care had a multitude of interests, 

including dance, choir, animals, basketball, skiing, sprinting, and soccer (1999). Each child had a different 

level of attachment and confidence in each task, and many utilized their interests to combat other life 

issues, such as poor academics or coordination (Gilligan 1999). As stated before in the Development 

section, children are often full of curiosity and enjoy busying themselves with tasks. 

Figure 2-13 Children walking on an outdoor path, holding hands. 

https://static.guim.co.uk/sys-

images/Lifeandhealth/Pix/pictures/2008/07/16/children-460.jpg 
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2.3.11.4. Curriculum 

To understand what the curriculum for a middle school entails, what better than to look at La Jolla 

Country Day School, a typical Californian middle school. They list out not only the specific classes 

necessary for their students, but also the goals they attempt to achieve through these classes. Below is a 

list of several of the opportunities available to students, in addition to what each program’s purpose is. 

● The development of physical conditioning and athletic skills is essential to students’ total growth 

and maturation. Through a wide variety of drills, activities and team sports, students develop a 

positive attitude toward physical activity, which they are encouraged to integrate into their 

everyday lives. 

● The elective program in the Middle School encourages our Grade 7 and 8 scholars to pursue, 

engage and explore interests and passions beyond their core classes. Students have a variety of 

arts, design, engineering, liberal arts and technology courses from which to choose. 

● The Middle School Arts program at La Jolla Country Day School is designed to give students a 

chance to experiment with varied new art forms as well as the opportunity to continue with 

those that are already familiar to them. Offering exploratory opportunities in visual arts, choral 

and instrumental music, dance, drama and technical theatre, the experiences also encourage 

students to innovate with original ideas that build on the core structures of the program. 

● The ability to use language artfully, critically and effectively all stem from the capacity to read, 

write, speak and share one’s ideas. The goal of the English program is to develop the ability in 

our students to read critically, write well, speak effectively and think in constructive and creative 

ways. Student-centered literature discussions and seminars expose students to a variety of texts 

and challenges them to think and ask questions of the text at hand. Additionally, we challenge 

our scholars to write in a range of genres and styles with the end goal of mastering a formal 

academic essay, articulating and defending a formal speech and being active participants in 

discussions. 

● The exploration of history and how societies have shaped the present day fosters a rich and 

rigorous curriculum in the history department. The goal of the department is to teach students 

how to regard history thoughtfully and reflectively. They are asked to contemplate how history 

has changed over time and reflect on the relationship between past and present events through 

the lens of ancient societies, modern world culture, United States history, social and cultural 

systems in geography, and through philosophy and the arts. 

● The Middle School mathematics program is designed to provide students with a solid foundation 

for their Upper School coursework. The program aims to solidify computation skills, build self-

confidence in mathematical abilities, and teach organizational skills demonstrated in student 

work.  

● The science program introduces students to the basic foundations and methods of scientific 

inquiry and research. After completing a comprehensive curriculum review, the Middle School 

Science Department is realigning the order of courses to follow the Next Generation Science 

Standards (NGSS). These rigorous standards allow students to make connections between four 

major crosscutting concepts—Earth and space science, physical science, life science, and 
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engineering design. All students will build a strong foundation before deepening and applying 

the knowledge even further.  

● The Grade 7 and 8 Tech Elective is a student-centered, hands-on class where students choose a 

course of study through project-based learning in photography, video production, basic 

computer programming and more. Students learn to organize and plan the production of their 

projects from idea conception to presentation. This class aims to provide students with ample 

opportunity to explore a variety of genres and software apps as they work toward completion of 

their objectives. 

● Through the curriculum, students gain a familiarity with vocabulary while solidifying their 

communication skills. The program also aims to build self-confidence in verbal skills in a second 

language and to teach students organizational skills as demonstrated by their work. 

(La Jolla Country Day School) 

2.3.11.5. Pedagogy 

The reason humans communicate, according to Gergely Csibra and Gyorgy Gergely, is for natural 

pedagogy; essentially, a “fast and efficient social learning” ability that allows knowledge to be passed on 

from generation to generation simply through observations from infancy (2009). This allows them to 

obtain vasts amounts of information very easily and quickly. One example given is that “If I point at two 

aeroplanes and tell you that ‘aeroplanes fly’, what you learn is not restricted to the particular 

aeroplanes you see or to the present context, but will provide you generic knowledge about the kind of 

artefact these planes belong to that is generalizable to other members of the category and to variable 

contexts. Moreover, the transmission of such generic knowledge is not restricted to linguistic 

communication. If I show you by manual demonstration how to open a milk carton, what you will learn 

is how to open that kind of container (i.e. you acquire kind-generalizable knowledge from a single 

manifestation.” (Csibra and Gergely 2009). Humanity’s ability to mimic itself then is largely responsible 

for its capabilities regarding learning capacity, as this knowledge “would be difficult (if not impossible) to 

acquire without such support.” (Csibra and Gergely 2009). 

2.3.12. Aesthetics 

2.3.12.1. Sculptures 

When it comes to sculptures and aesthetics, it seems that there is an objective, favored type according 

to one study that monitored brain responses to classical and renaissance sculptures. When looking at 

original and modified versions of several statues, it was found “that the canonical images were mostly 

evaluated positively, whereas the modified images were generally scored with a negative rating.” (Di 

Dio, Macaluso, Rizzolatti 2007). This was not the only factor found to be important when wowing the 

viewers’ brains, however; “The presence of a specific parameter (the golden ratio) in the stimuli we 

presented determined brain activations different to those where this parameter was violated.” (Di Dio, 

Macaluso, Rizzolatti 2007). And so, based off this study, one can conclude that proportional statues or 

ones that follow specific aesthetic guidelines are generally seen as more positive. 
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2.3.12.2. Paint 

Paint can be a massive bonus to an aesthetically pleasing surface. Lambourne and Strivens describe in 

detail the process of making paint, which is essentially taking a pigment and mixing things into it until 

you have the consistency and color that you want. (1987). Additionally, the describe the four main ways 

to apply paint: spreading, spraying, flow coating, and electrodeposition. “Spreading by brush or hand-

held roller is the main method for applying decorative/architectural paints and the maintenance of 

structural steelwork and buildings generally… Application by spraying is the most widely applicable 

method. It is used for painting motor cars in the factory and by refinishers following accident damage; it 

is used in the wood-finishing industries (e.g. furniture) and in general industrial paints (e.g. domestic 

appliances). The various forms of spray painting make it a particularly versatile method of application… 

The flow coating methods are limited essentially to flat stock (e.g. chipboard) and coil coating 

(aluminum or steel coil) where they are much valued because of the high rates of finishing that can be 

achieved… Electrodeposition has become established as the main method of priming the steel body 

shells of motor cars. The total process which involves degreasing, phosphate treatment, 

electrodeposition of primer, and then spray application of surfacer and finishing coats has raised the 

standards of corrosion resistance and general appearance considerably during the period.” (Lambourne 

and Strivens 1987) 

 

 

 

 

 

 

Figure 2-13 A bronze Falcon Sculpture. 

http://www.sculpturegallery.com/Andevan07/Falcon_1.jpg 
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2.3.12.3. Tiles 

Tiles are versatile in use, capable of forming breathtaking works of art in addition to simple paths and 

walkways. Its benefits are numerous, as it is a “very compact product, vitrified throughout and with 

extremely low porosity” and “frost resistant and therefore extremely serviceable for outdoor flooring 

and wall cladding in cold climates.” (Sanchez et al. 2009). Additionally, it makes the perfect walking 

surface for public areas since it “resists abrasion well and has a high breakage threshold”, as well as 

being easily sanitized (Sanchez et al. 2009). Porcelain tiles specifically are usually made up of “clay or 

kaolin, quartz, and feldspar.” (Sanchez et al. 2009). This allows for “plasticity and dry mechanical 

strength during processing” and “mullite and glassy phase during firing.” (Sanchez et al. 2009). There are 

three main steps to create a porcelain tile: “(1) wet milling and homogenization of raw materials, 

followed by spray-drying of the resulting suspension; (2) uniaxial pressing at 35–45 MPa of the spray-

dried powder with a moisture content of 5–7%; (3) fast firing for 40–60 min at 1180–1220 °C to obtain 

maximum densification.” (Sanchez et al. 2009). Other process that add to the aesthetics of the tile 

including doing nothing so the tile looks natural, polishing to give a glossy look, and cutting into the 

typical square shape for easy installment and beautiful patterning. (Sanchez et al. 2009). 

 

 

 

 

 

 

 

2-14 Concrete with paint on the surface. 

https://i.pinimg.com/736x/96/93/a3/9693a32dd15e669df3

751cbe48d1adbb.jpg 

Figure 2-15 Tiles as a pathway. 

https://www.bing.com/images/search?view=detailV2&id=9C6194AE48CA785E56DF6C49DAD7ACDB909C61D7

&thid=OIP.SA4k3GTq5iBNuChtp_pA4AHaJ4&mediaurl=https%3A%2F%2Ftravertine.melbourne%2Fwp-

content%2Fuploads%2F2016%2F05%2FSilver-Travertine-outdoor- 
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2.3.12.4. Outdoor Lighting 

Outdoor lighting can greatly influence the atmosphere of a setting, turning an ordinary place into one of 

great beauty. In addition to the superficial usage of outdoor lighting, it can also “enhance the safety and 

security of persons or property, emphasize features of architectural or historical significance, or call 

attention to commercial premises by means of area lighting or signs.” (Institution of Lighting Engineers 

2005). It does have its downsides, however, as “Light pollution, whether it keeps you awake through a 

bedroom window or impedes your view of the night sky, is a form of pollution and could be substantially 

reduced without detriment to the lighting task.” (Institution of Lighting Engineers 2005).  

 

 

 

 

 

 

 

 

 

2.3.12.5. Walkways 

Zeinab Rahimiashtiani and Norsidah Ujang list several different factors when considering what a “good” 

and “successful” walkable environment is. This list includes factors such as: 

a) Close: A walkable environment that provides a short distance to a destination, particularly 

where driving is inconvenient, or people are without cars. This is the perspective rooted in 

transportation planning. This definition has a great deal to do with an individual’s cost-benefits 

calculation. 

b) Barrier-free: A walkable environment that is crossable, without major barriers. Walkability can 

be refined for the ease of children, elderly and disabled people. 

c) Safe: A walkable environment is safe in terms of perceived crime or perceived traffic. 

d) Full of pedestrian infrastructure and destinations: A walkable environment visibly displays full 

pedestrian infrastructure such as sidewalks or separated trails, marked pedestrian crossings, 

street furniture and street plantings. 

e) Upscale, leafy or cosmopolitan: A walkable place is somewhere that the pedestrian environment 

is pleasant for upper middle-class professionals, who have other choices for getting around.  

(Rahimiashtiani and Ujang 2013) 

Figure 2-16 Lighting for the pathway. 

https://stlouis.outdoorlights.com/ 
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2.3.13. Schools 

2.3.13.1. Regulations 

One of the regulations that schools must follow is the Every Student Succeeds Act, which was signed in 

2015 to reauthorize the ESEA (Elementary and Secondary Education Act) and pave the way for more 

progress within the school system. Some of the things it hopes to improve upon include: 

● Advances equity by upholding critical protections for America's disadvantaged and high-need 

students. 

● Requires—for the first time—that all students in America be taught to high academic standards 

that will prepare them to succeed in college and careers. 

● Ensures that vital information is provided to educators, families, students, and communities 

through annual statewide assessments that measure students' progress toward those high 

standards. 

● Helps to support and grow local innovations—including evidence-based and place-based 

interventions developed by local leaders and educators—consistent with our Investing in 

Innovation and Promise Neighborhoods 

● Sustains and expands this administration's historic investments in increasing access to high-

quality preschool. 

● Maintains an expectation that there will be accountability and action to effect positive change in 

our lowest-performing schools, where groups of students are not making progress, and where 

graduation rates are low over extended periods of time. 

(U.S. Department of Education) 

2.3.13.2. Middle Schools 

The importance of a middle school in terms of the overall schooling system cannot be understated. 

Acting as a bridge between the gaping gap between elementary and high school, middle school also 

occurs while a child is still growing and changing, ultimately impacting them for years to come. The 

National Middle School Association of Westerville, Ohio lists several things that make a school 

successful, including “an inviting, supportive, and safe place, a joyful community that promotes in-depth 

learning and enhances students” and “physical and emotional well-being.” (National Middle School 

Association 2003). Additionally, middle schools must understand that “young adolescents are capable of 

far more than adults assume” and “students are curious and concerned about the world and their place 

in it, and they understand that students thrive when engaging in genuine activities that make a 

difference in their schools and communities.” (National Middle School Association 2003) 

 

3. Search for Alternative Solutions 

3.1. Introduction 
Section 3 is the alternative solutions that will satisfy the needs of the client but won’t necessarily be 

used in the final product. These ideas are general and can be used if the project is replicated. 
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Brainstorming sessions held discussed the expectations of the client for the Triangle of Rebirth and what 

the team believes can be achieved. The alternative solutions formulated through the brainstorming 

process should help form a more concise, detailed design.  

3.2. Brainstorming 
Two brainstorming sessions were conducted to come up with alternative solutions for the project. One 

brainstorming session included the client representative and last about 30 minutes. The ideas discussed 

were then carried into a second meeting, which was held through Skype between the group members 

which lasted for approximately forty-five minutes.  

During the first brainstorming session, possible materials to use for the Triangle of Rebirth were 

discussed. Ideally, planters would be built in a certain shape to create an aesthetically pleasing and 

protective area for plant. A wheelchair accessible path will be part of the final design. The materials for 

the path were discussed, with accessibility and aesthetics kept in mind also reclaimed materials could be 

used was also considered.  

The second brainstorming session, held on Skype, involved coming up with a list of alternative solutions. 

These alternative solutions were formulated from the ideas discussed with Trevor Hammons as well as 

viewing the outdoor area in person. The solutions listed should embody the specifications, 

considerations and criteria from Section 2 and also reflect the client expectations. 

3.3. Alternative Solutions 
The brainstorming sessions held allowed for the development of clear design ideas that would help 

create a space suitable for parameters described in this outline. Eight alternative solutions were 

compiled and named: 

● Reused^2 

● Plantway 

● Let It Rain 

● The Tiled One 

● Yellowstone Road 

● Shrubadubdub 

● Groot 

● Fill the Void  

3.3.1. Reused^2 
Reused ^2 is made up of the cement blocks that were used in the project that came before us in the 

triangle of rebirth. They got them from a junk yard and got them tested for asbestos, so they are already 

ready to be used. The group before us used them as the pathway in the triangle and we want to use 

them now to make alternative planters. We will lay them out and pile them up on each other to make 

planters, and if they are not sturdy enough, we are going to make an outline of the planter, add the 

cement blocks and fill the gaps with cement. As a finishing touch we want to paint the tops of the 

planters yellow/ gold to go with school colors and use the tops as seating for the students. 
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Figure 3-1: Two styles of cement block planters. Illustrated by Shannon Rhodes 

3.3.2. Plantway 
The plant way will be made up of slices of freeway columns. We noticed that the school had a garden in 

the back and the planters were made of these columns and they look the perfect size for gaps that we 

have for planters. We are going to find where the previous groups got these cement columns and place 

them in two or three spots to use as alternative planters. 

 

Figure 3-2: Planter made out of freeway column. Illustrated by Shannon Rhodes 

3.3.3. Let it Rain 
An Alternative Solution in creating the pathway is using permeable concrete to lay the path in. 

Permeable concrete can absorb water (especially rainwater) to pass through the concrete to eliminate 

runoff in a given area. With the permeable concrete, when water passes through and into the concrete, 

the water is then sent to the ground water systems This process can replenish ground water and can be 

useful where ground water is diminishing. Like regular concrete, the permeable concrete is made with 

aggregate, but the aggregate is coated with concrete paste that gives the concrete the ability to allow 

water to seep through the material.  
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Figure 3-3 shows the layout of the permeable concrete with the design the client wants. Drawn by Chrystian 

Medina 

3.3.4. The Tiled One 
The Tiled One uses porcelain tiles with grout to create a pathway within the Triangle of Rebirth. These 

large tiles lie next to each other, creating a simple but aesthetically pleasing design. Grout is then 

applied to keep the tiles in place. This creates a very flat, stable surface that is wheelchair accessible. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-4: The Tiled One. (Photograph by Trinity Milian) 

3.3.5. Yellowstone Road 
Yellow Stone Road utilizes grout and stone to create a more natural looking pathway. Stones of different 

shapes and sizes are arranged to fill in a majority of the pathway. These would also be died a golden 

yellow, one of Zane Middle School’s themed colors. Grout then fills in the gaps and aids in creating the 
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“Z” shape. As stones are often not perfectly flattened at the top, the pathway is slightly bumpy. This 

adds some difficulty for wheelchair users, however it isn’t such a hindrance as to make it impossible to 

use.  

 

Figure 3-5: Yellow Stone Road. (Photograph by Trinity Milian) 

3.3.6. Groot 
The purpose of the planters is to provide a place to grow plants, in order to add beauty to the area. 

While aesthetics matter, it is important that easily maintainable plants are chosen. It is also important 

that the plants be able to survive the cold, wet climate of Eureka. Choosing evergreen plants, for 

example, will allow for their enjoyment year-round. Shrubs are resilient plants that can come in various 

colors. By researching plants on Humboldt State University’s directly through a list posted by the 

schools, suitable plants were identified. In this alternative solution, the plants chosen include;  

● Darwin’s Barberry Shrub. This shrub has green leaves and yellow flowers.  

 

Figure 3-6: Darwin’s Barberry (Berberis darwinii) Illustrated by Maxinne Hernandez-Evans 
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● Japanese Barberry Shrub. This shrub has bright red leaves and dark red leaves. Some look 

almost black. The contrast in color offers plenty of beauty, despite being a humble shrub.  

 

Figure 3-7 and 3-8: Japanese Barberry (Berberis thunbergii) and Shrubs in a Circular Planter Illustrated by Maxinne 

Hernandez-Evans 

● Orange Rocket Barberry Shrub. This shrub is another Berberis thunbergii, but a more brightly 

colored species. It can display various colors that often impress people with their brilliance.  

 

Figure 3-9 and 3-10: Orange Rocket Barberry (Berberis thunbergii) and Shrubs in a Triangular Planter Illustrated by 

Maxinne Hernandez-Evans 

3.3.7. Shrubadubdub 
Shrubs can be a great way to use negative space. Space left with only dirt can take away from the work 

put into making the surrounding areas more beautiful. A simple, easy to maintain shrub is the Japanese 
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Boxwood. The Japanese Boxwood is commonly used to guide people through pathways and to fill in 

empty spaces in gardens. In the triangle, one might see the Japanese Boxwood lining a planter.  

 

Figure 3-11: Japanese Boxwood (Buxus microphylla) Illustrated by Maxinne Hernandez-Evans 

3.3.8. Fill the Void 
Woodchips provide a safe, healthy, and protective finish to any job site and is used especially around 

kids. When dealing with making planters at a kids school, it is a good idea to make sure the ground 

around and near the planters is covered to discourage the throwing of dirt, if a kid falls the ground isn’t 

as hard as with no woodchips, and can bring out the aesthetics of the school. Colored woodchips can be 

bought to optimize a school’s colors.  

 

Figure 3-12: A layout of all the major construction taking place on the site and the negative space filled with 

woodchips (red). Illustrated by Chrystian Medina 
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4. Decision Phase 

4.1. Introduction 
In this section, the alternative solutions were explored, discussed, and evaluated. The final construction 

plans for the Triangle of Rebirth will be described using the criteria presented in Section 2 as well as the 

Delphi Model represented in Table 4-1.  

4.2. Criteria Definition 
The criteria mentioned in Section 2 are as follows:  

Cost: The project costs must stay within the 425-dollar limit. 

Aesthetics: The Triangle of Rebirth aesthetics value increases due to the project implementations by the 
Geometrees. 

Safety: The final design should be safe for the students of Zane Middle School to interact with. Sharp 
edges, for example, should not be included in the final design. 

School Themed: In order to fit in with its surroundings, the design should imbody a school theme 
including a Z shaped pathway, for Zane Middle School. 

Eco-Friendliness: Plants, reused materials, and minimal new materials should be used. Capturing the 
beauty in nature is ideal for the project. 

Durability: The design should be able to withstand students, facilities, as well as machinery moving over 
the surface of both the pathway and the planters.  

Quality: The materials and construction of the project is to the standard of Trevor Hammons as well as 
Zane Middle School’s groundmen.  

Maintenance: The effort required to maintain the pathway and the planters should be minimized to at 
least once a month.  

4.3. Decision Process 
In our decision process, the Delphi Model was used. In the Delphi Model, the criteria from Section 2 is 

listed. The criteria are weighed on a scale from 1-10, 10 weighing the most, and are listed down the left 

column of the model. The alternative solutions from Section 3 are weighed on a scale from 1-50, 50 

weighing the most, and are listed along the top row of the Delphi Model. The weight of each criteria is 

multiplied by the weights assigned to each alternative solution. The sum of these products gives the 

overall final score. This final score numerically represents how well each Alternative solution fits the 

weighted criteria. With the Delphi Model, finding which solution is scored the highest allows to evaluate 

the scores and the final decision process simple. The solution with the highest total scores should be 

considered for implantation for the project. 
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Table 4-1: the Delphi Model displays the weighted criterions and the alternative solutions. Each alternative solution 

is weighted, based on how well they embody the weighted criterions. 

 

4.4. Final Decision Justification 
Using the Delphi Model, the weighted totals of each solution tell us how well each solution embodies 

the list of criteria are compiled. The alternative solutions with the highest scores most closely meet the 

criteria and were chosen for that reasoning. Although using the Delphi Model is useful to use, our group 

experienced a burden finding donated materials and acted so by basing our final decisions off what 

material was available to us. 

5. Specification of Solution 

5.1. Introduction 
This section describes the solutions chosen for the final design. How long the design took to formulate 

and implement is described. The costs in both time and monetary value are also described. 

5.2. Solution Description 
The Triangle of Rebirth is a triangular area with a Z-shaped walkway, three concrete planters, and 

woodchips. The walkway consisted of three 4 feet wide paths and varied in length and angle depending 

on the location. The planters are approximately 2 feet tall and 50 to 70 inches in diameter. The empty 

space between the walkway and planters is filled in with woodchips. 

5.2.1. The Walkway 
Due to the poles being an issue with the placement of the pathway, three separate pathways were 

created. All 3 have a width of 50-70 inches and vary in lengths. Length of pathway 1 is, the length of 

pathway 2 is, and the length of pathway 3 is. The pathway is made from an aggregate mixture that was 

donated by Eureka Ready Mix. It has enough depth, 3 feet, to withstand the weight of the children for a 

long period of time.    
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5.2.2. The Planters 
The planters are 2 ½ feet with a 4-foot diameter. They are composed of permeable concrete stones 

stacked upon each other creating 3 ringed layers. They are mortared together using Quikrete cement to 

ensure stability and secureness of the stone if children were to sit, walk, or try to grab the stones. The 

planters have weed mat under its area to help control weeds from growing in the flower/shrub area.  

 

 

 

 

 

 

 

 

5.3. Cost Analysis 
The project’s costs are explained in this section this includes a visual representation in forms of graphs 

to show how each part and section contributed to the completion of the design. 

5.3.1. Design Cost 
Displayed in Table 5‐1 is a pie chart of percent of the total hours spent working on the design paper as 

well as the corresponding numbers in hours in the chart beside it. Team Geometrees spent 16 hours on 

prototyping, 20 hours on meetings with the client,44 hours on the document, 58 hours on group 

meetings, and 96 hours on construction. The total amount of time spent on the design project was  236 

hours. 

 

 

 

 

AutoCAD of the pathway by Trinity Milan 



34 
 

 

Table 5‐1 Pie Chart of cost in hours spent on the different phases of the, the total amount of hours spent was 117 

hours. 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.3.2. Implementation Costs 
Displayed in Table 5‐1 are the items that were purchased for installation and design of the planters and 

pathway with their coinciding costs. The total cost of the purchases made to complete planters and 

pathway was $97.01. 
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Table 5‐2 Total Costs for the completion of the toilet to sink water system, and the total cost was $92.00 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.3.3. Maintenance Costs 
The maintenance cost for the upkeep of the pathway and planter design would be about $2.00 a year. 

This includes loose planters and cleaning supplies. 

Table 5‐3 Shows costs of maintenance and how many times each task should be performed in a given amount of 

time. 

Item 
Prices 

Cable Ties $5.41 

Plastic Net $35.77 

Kitchen Twine $11.48 

Quikrete, Tub $17.93 

Quikrete $6.99 

Pliers $10.76 

Caution Tape $8.67 

⅜ Exposed Grout Donated 

Total $97.01 
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5.4. Implementation Instructions 
Preparation for construction is important for both pathway and planters of the project. The ground must 

be prepped before one can pour the concrete. If there is a previous pathway in the way of your projects 

construction, the old pathway needs to be dug out and the stones can be reused for as materials for 

other projects or needs. For our project we used the stones from the previous pathway as the material 

to make the planters for the Triangle of Rebirth. The path in which desired to create must be dug and 

laid out by stakes and string to properly view the layout of the pathway. Any area that won’t be covered 

by concrete needs to have weed mat under the dirt to make weed managing easier for the client. To 

ensure that the concrete doesn’t fill unnecessary space, liners are placed on the sides of the desired 

path. These must be placed to the height of the concrete sidewalks that surround the triangle’s pathway 

as well as dug into the dirt so the liners don’t move out of place. Once liners are placed, excess dirt that 

was dug up from either the weed mat or instillation of the liners needs to be taken out of the pathway 

or added to areas where the ground needs more dirt to make it level through the pathway. A compactor 

is used to level the dirt evenly throughout the pathway. This helps eliminate cracking on the slab of 

concrete to keep the look looking new for a longer period of time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-1 Putting in the liners 

Figure 5-2 Compacting the dirt 
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5.4.1. Aggregate Concrete Preparation and Implementation 
To create the Aggregate concrete mixture, the recipe is a 3:1 ratio on P gravel and cement with the 

addition of water. A wheelbarrow can be used to mix the mixture but it is recommended to use either a 

mixer or mixing truck being that the mixture can become hard to mix and the ingredients to stick 

together. It is a rule of thumb to make sure your ground is watered before pouring concrete. Pour the 

concrete in the space prepared earlier. Make sure all the space is being filled within the liners and no air 

bubbles, holes, or gaps do not form. Also, ensure that concrete is being poured at the same level as the 

surrounding concrete so that the heights match each other. Use a float to push the concrete to the 

space needed to fill. Once the whole area is filled with concrete, use a metal float that is freshly cleaned 

with water to create a shiny, smooth top surface to the concrete. Wait 30-45 minutes and then run a 

broom over the top of the concrete’s surface. This creates traction and grip on the top of the surface 

that can be helpful for when the area has rain. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-3 Adding extra dirt to areas that needed it.  

Figure 5-4 Concrete mixing truck 

Figure 5-5 Wheel barrel the concrete to the pathway 
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5.4.2. Planter Construction 
For the planter materials, we used the permeable concrete from the previous pathway. We created a 

sturdy base which gave us the diameter we wanted for the planter. We then started to stack the rock on 

each other in a rough circular shape to outline where the rocks would go. The height of the planters are 

roughly 2 ½ feet tall. After making 3 planters, we cemented to the rocks together to ensure that the 

rocks won’t fall, kids cannot pick them up and throw, or of someone tried to sit on them, they would 

support their weight better. Before cementing the rocks together, wet the rocks first. We also added 

weed mat under the area of the planters to help manage weeds growing in that area. Add dirt and 

plants to the center of the plants to make the area more aesthetically pleasing. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-6 using metal floats, smooth the surface of the concrete 

Figure 5-7 Permeable concrete stones used for the planters 
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5.5. Prototype Performance 
The concrete blocks formed into planters were cemented together and tested by the designers. Some 

blocks were loose and reinforced using aggregate cement. The aggregate cement pathway was ready to 

walk on by April 30th, 2019. Dirt was placed on the ground around the path and packed in. Over this, 

weed mat and woodchips were laid out, so that the ground and pathway are level with one another. Soil 

was added to the planters. The Triangle of Rebirth of Zane Middle School is now a much more inviting 

space with a wheelchair accessible path. 

 

  

Figure 5-8 Ringed Planter not cemented.  

Figure 5-9 Cemented, ringed planter.  
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Figure 5-10 Final planter 

Figure 5-11 Final Pathway 
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