LWH Tire House Building Experience

If we can build one ecologically friendly house in our lifetime that is habitable for 500 years, we will have contributed towards a sustainable society

Kaki Hunter and Donald Kiffmeyer, Earthbag Building 
Note to reader: All the information in this building recap can be used as a guide or reference, but by no means should be used exclusively, as this is our first attempt and we are bound to continue learning about the best practices for tire house building as we further explore this technique. The purpose of this document is to concisely document our experience and share it with others. Much of our inspiration comes from the books “Earthship” by Michael Reynolds and “Earthbag Building” by Kaki Hunter and Donald Kiffmeyer.

Introduction

In October of 2008, after seven months of work, we completed the construction of a round tire house built using discarded car tires rammed full with the dirt from old adobe bricks, earthbags and trash bottles. For a total cost of under $2000 we were able to safely use roughly 64000 pounds of garbage as building material in this prototype test structure, 13 feet in diameter. The goal of this project was to learn about tire house building in order to determine whether it is appropriate, feasible and replicable in the context of the Guatemalan highlands. Through this process, we have taken the first steps towards determining whether larger projects can be implemented. After building a similar model structure using only earthbags (grain sacks filled with compacted earth to form the walls), we envision the construction of a school complex for primary, secondary and vocational students using rammed earth filled tires and earthbags.

LWH Background

Long Way Home Inc. (LWH) began community development work in central Guatemala in 2005 to respond to educational needs of the youth in the municipality of San Juan Comalapa, Chimaltenango. Inspired by the community vision of several ex- Peace Corps Volunteers who had served in Guatemala, LWH began as a simple idea and has since developed into a multi-institutional effort and a motivating force in a rural town. Long Way Home has built a recreational and educational park, in the village of Chimiya, on land owned and operated by Proyecto Chuwi Tinamit (CCF), a Guatemalan NGO currently involved in a number of health and food relief programs in the region. In 2003, Chuwi Tinamit, at the behest of its rural membership, asked LWH to transform five acres of land in Chimiya into a sustainable park. Now, five years later, regional residents can congregate to participate in soccer and basketball leagues, classroom learning, organic cultivation, reforestation efforts and waste disposal techniques. 
Parque Chimiya is located in a rural settlement of 150 inhabitants outside the town of San Juan Comalapa, Chimaltenango.  The Department of Chimaltenango is situated in the west-central region of Guatemala, twenty kilometers northwest of Guatemala City, as the crow flies.  San Juan Comalapa is a municipality of approximately 39,000 inhabitants.  The population is principally dedicated to agriculture and the small-scale production of artisan goods. The ethnic composition of the municipality is approximately ninety five percent indigenous Maya-Kaqchikel and five percent people of mixed ancestry (Ladino). 
Project Context

This project aims to address a variety of local needs to varying degrees. Perhaps the starkest of these is the lack of environmental education and consciousness in Guatemala at a time of rapid environmental degradation. We would like to offer structurally sound (earthquake resistant) buildings/homes that are both environmentally conscience and attractive to the eye in an appropriate manner to everyone, especially the people here in Guatemala.  

Currently, trash is either burned or dumped in ravines or rivers. As there is no effective waste disposal system in rural areas, and little to no enforcement of illegal dumping laws, many Guatemalans will not hesitate to throw their trash on the ground. Therefore, Parque Chimiya has created incentives for park visitors to present trash bottles upon arrival at the park, in exchange for free admission. While regular admission to Parque Chimiya costs less than 50 cents, we encourage people to deliver a plastic bottle filled to capacity with compacted trash. Trash bottles can hold an impressive amount of junk-food wrappers and plastic packaging. Any inorganic material that can be pushed through the neck of a bottle, including batteries, medical waste and folded bottle caps is well stored for disposal. Each 16 oz bottle weighs approximately .4 lbs when full. Using a short, metal rod, trash can effectively be pushed into the bottle. This solution, in itself, is an excellent step in the waste disposal process that should be promoted and replicated around the globe. Plastic bottle waste is accumulating at an astounding rate, and as each bottle can be used to contain a substantial portion of other trash in a dumping site, anyone can use this solution. Though this method is only slightly more time consuming than simply pitching garbage into a bin, the additional effort is clearly worth it, for the sake of our planet. The park receives an average of 290 visitors each week and the quantity of trash bottles collected per week is steadily growing. Through the constructive use of solid waste, we hope to both educate our target population and provide examples that can be adopted. 

Guatemala is located in an active seismic zone, and for this reason we believe tire house building is appropriate as it is speculated that it provides shock absorption from the rubber frame and prevents structural failure due to its rounded design. By building a rounded structure, the walls are physically stronger which helps to prevent them from caving inward as any force pushing inward will then be distributed about the rest of the wall.  In 1976, Guatemala was devastated by an early morning earthquake that claimed 23,000 lives. This particular region of the country was greatly affected. Rural homes and other structures continue to leave much to be desired in terms of structural integrity in the face of future earthquakes. A goal in developing our expertise in tire house building is to proliferate this design locally to prevent future loss of life from structural failure.

While few residents in Comalapa are homeless, impoverished families lack the means to construct homes that are structurally sound. We present a solution that appears to be feasible for rural inhabitants to implement. In order to build a tire house, one must transport used tires and basic building materials to the work site. Aside from these basic needs, a builder need only know the proper technique and have the dedication and manpower needed to achieve a cheap, insulated and durable home. 

Prototype Tire House Construction

Location: 2092M N14’43.553, W90’52.779
The tire house model was built on land adjacent to the ecological community park that Long Way Home has been developing over the past five years. While the ecological park is on land owned by the Guatemalan NGO Chuwi Tinamit, the building site is owned by local resident Mario David Kolaj Telon. He has agreed to let us construct our prototype structure here and live in it while monitoring it over the next five years. 

Timeline:

This labor-intensive building technique requires more man-hours than conventional building (in our first attempt, we calculated that it took 16.5 man-hours per square foot for overall construction). In order to present a realistic time frame, one must consider a consistent crew size. In our case, most construction was completed by only two LWH staff members, which significantly lengthened the project’s duration. It took the staff of three LWH members along with two local employees (working for three weeks) and a total of 32 cycling short-term volunteers 2286 man-hours to complete this tire house. Building time could be a potential drawback to this method although we expect the next module to be completed in a much faster time period, now that we are more familiar with the building style.
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Building Process

Planning Stage

Building should be done during appropriate seasons; neither during freezing months nor during heavy rainy periods. Consider natural finishes based on what’s available, cost and time. One should also think about the availability of the materials to be used as well as what’s appropriate for your given situation which could mean some in depth research. Structural design and shape should be based on location, soil type, and climate.

Soil Composition

We considered our on site dirt by testing it to determine its clay to sand ratio, as well as the clay’s stability/expensiveness to see whether or not we should import a more optimal soil. It is recommended that a soil mixture of approximately 70% sand to 30% stable clay be used. If the clay is unstable, a binder such as imported stable clay or lime should be used. 

Since it is recommended that the moisture content of building dirt be around 10%, rain protection needs to be addressed. A simple test of moisture content can be performed by making a small dirt ball in your hand that when dropped from shoulder height breaks into small chunks on a hard surface. 

Materials
The main building materials were on-site dirt, and discarded tires. Other materials included lime, gravel, sand, cement, rebar, galvanized sheet metal, lumber, trash-filled disposable plastic bottles and grain sacks. We were able to safely use about 6390 pounds of garbage as building material in this prototype test structure. Our 13 ft. diameter tire house used 250 tires, 216 completely full trash bottles and 420 semi-full trash bottles. 

Foundation

The foundation consisted of one buried course of larger tires packed full of gravel. The gravel serves as a capillary break to keep the lowest course of the walls dry. Without it, the compacted dirt inside the tires would wick moisture from the ground leading to problems that may include compromised stability/wall integrity, molding, etc. With the changing seasons, the internal moisture will also change, causing a swelling and contracting dynamic, similar to freeze-thaw action, which is undesirable.
Drainage should be considered. Earthen walls need to be kept consistently dry or at the same humidity level to avoid any swelling and contracting. Rainwater should be directed away from the structure. Sufficient roof overhang and gutters should be considered to ensure durability.

Rammed-earth Tires

The dirt used in the wall came from the broken adobe bricks of the abandoned house that originally sat on the building site. Since the dirt was that of adobe bricks, it packed densely into the tires. Up to three and a half Guatemalan sized wheelbarrows of earth can be pounded into the average size car tire and took us around 20 min. per tire to pound. Each tire, when full of compacted earth, weighs between 150 and 200 lbs. 

Test tires were packed and tests were conducted to determine how strong they were. For example, we tried to break out the soil once it had set for two weeks, a month, and finally several months. After two weeks, the dirt broke up moderately easily with a sledgehammer. After a month, however, a pick had to be used to break out the soil in the middle part of the tire. The rammed earth in the sidewalls of the tires was extremely difficult to break apart with tools. The whole tire had to be lifted and dropped from chest height several times to break apart. After several months, the rammed earth in the tires was rock-like in hardness. Using a pick, the dirt in the center of the tire chipped away slowly with each blow breaking only a small amount. The dirt in the sidewalls withstood both the sledgehammer and pick. The dirt did eventually break apart, but only after considerable effort. We could lay the tire upright on its tread and hit the top of it with our sledgehammers and mattocks without breaking the dirt apart as well as dropping the tire onto its tread from chest height. At one point, the tire was used as a workbench to cut re-bar and other tires. After approximately one month of moderate abuse, the dirt inside the sidewalls did eventually break apart. 

The Wall

The tires were stacked in a running bond pattern, like concrete blocks or adobe bricks. Especially, because the tires we used were of different sizes, several “blocks” or filler pieces, had to be used to maintain good half-lapping (staggering) of the tires. Scrap wood is said to make good blocks according to “Earthships” innovator Michael Reynolds. Since scrap wood is neither available nor appropriate in our opinion here in Guatemala, we decided to first try earthbags as blocks. These worked reasonably well, but did not appear to be the best option. We then tried removing a tire’s side-walls, followed by making a perpendicular cut through the tread, thus leaving a long strip of tire tread. The tread was then rolled and overlapped in order to form the appropriate sized block to maintain a good running bond. We used lime-stabilized dirt to fill these blocks. Most tires ranged from 24”-27.5” wide making the overall wall thickness, after adding the interior stucco and exterior render, around 30”. A concrete bond beam, or ‘tension ring’ was poured on top of the last course of tires, tying the whole structure together at the top. 

Framing Windows and Doors

The door and window openings were formed using sand bags. We recommend using boards on either side to keep the tires plumb, or build rigid form boxes that can be reused later. The arched openings were created from wooden arch forms set on top of our sand bags. Arched openings above doors and windows are far stronger than horizontal lintels. 

Roof

We chose to use wood for the framework of the roof. A test roof using bamboo, plastic sheeting and clay-rich mud to prevent leaking was attempted, but due to the under-sizing of the available lumber, it began to sag, suggesting eminent failure. We decided to abandon the trial roof and switched to a conventional, light weight, galvanized sheet metal roof. Adequate and appropriately sized timbers could result in a successful mud roof. 
Rainwater is harvested from the conventional sheet metal roof and directed into the pila for washing dishes, cooking, and watering animals. 

Wall Finish

The interior wall was finished with a 2-coat stucco mix, troweled to a glass-like smoothness. The exterior wall below the windows has a cement-lime render and a mud finish above. With the mud finish, we found it hard to develop a good mix that wouldn’t crack and several test patches were made before finally choosing one. The original cracked mud finish seemed strong, well bonded, and had an “organic” pleasing aesthetic appearance, but the homeowner didn’t like it.

We used lime-based finishes on the walls because it is a breathable material allowing the rammed earth to stay dry.  Another reason why we used lime is that lime reabsorbs as much CO2 as was driven out of it when it was fired, whereas cement does not. By using lime-based wall finishes for the exterior renders, yearly or bi-yearly maintenance may need to be done to touch up weathered areas. Local workers or interns/volunteers could easily be taught to do this, however, with our large over hangs we do not expect to have to. 

Floor

Concrete was chosen for the floor due to the time of year we were building in, rainy season. We opted to pour a concrete floor rather than wait the 8-10 weeks, as test patches suggested it would take, for a poured adobe floor to dry. It is our opinion that concrete was a poor choice for the floor because it is too hard of a material to be comfortable, and thus created an immediate echo. The dirt floor that had been in its stead had a comfortable and natural feel that complimented the rest of the house. We would have liked to have done a poured adobe floor instead as test patches seemed to show promising results. However, the concrete does aid in strengthening the overall structure.

Potential/foreseeable problems
One drawback to tire building is the lack of popular interest and research with it in any, but especially developed countries like the U.S.A. With obesity at alarming rates, and lazy attitudes, it seems to us that we would embrace an appropriate building material such as dirt and discarded tires. 

As this is our first whack at constructing with these materials, we can’t accurately make any predictions based on our experience. Through research, we can draw a few conclusions based on what we can see first hand with our exact materials, but you will have to do your own research as well. Collecting and storing tires could be a hindrance, but “where there’s a will, there’s a way.” A reciprocating saw (or machete) may be an essential building tool for cutting tires, implying an investment on the part of any builder.

Earthen plasters and renders can’t take nearly as much abuse as lime or cement based ones and thus may need periodic maintenance. Children, and the elements give no heed to the “weakness” of natural finishes. Without a good selection, one may be forced to work with differently sized tires that will have to be dealt with in a planned and appropriate manner. Weather conditions and rain can be hindering to earthen building without proper covering and freezing temperatures will stop all construction in its tracks.
Total cost vs. Actual value 
The total cost of the tire house was under $2000. Comparing this type of construction to typical block construction, we have to include paid labor for the block as it is a skilled trade that the average volunteer/intern just cannot do, which raises the overall cost. We should also consider the shape of the house. “Nature is more than a structural engineer; She is also an expert in energy efficiency. A round wall uses the least amount of materials while providing the maximum amount of space. By trading corners for curves we fortify the structural integrity of our architecture while rediscovering our intuitive understanding of nature’s dynamic engineering principles.” – Kaki Hunter and Donald Kiffmeyer, Earthbag Building, pg.239. Although it’s technically possible to build a round room with square blocks, much extra effort needs to be employed to achieve it.

By Guatemalan standards the tire house is considered to be a high-end structure, adding extra value to a “cheap” house. Rent in Chimiya for an ordinary adobe or blockhouse is valued somewhere between $27 and $41 per month with running water and electricity. Our tire house could be valued at $83 per month or more, without running water.

Project Participants 
This project was made possible by the idea and management of Adam Howland, a LWH staff member and our resident builder. His carpentry and masonry background coupled with his Peace Corps experience working in appropriate technology provided the technical expertise and cultural familiarity to see this project through while introducing visitors to this innovative technique. Local architect/engineer Israel gave input during the building as well as the MN chapter of Engineers without Borders. EWB North Texas assisted in an idea exchange. As the tire house is located next to a well-trafficked dirt path, many local residents managed to follow the building progress as they walked by. Carpenter Moises, materials delivery Feliciano and the nearby pinchazos (flat tire fixer guys), landowner David, neighbor Fidelia, and the overall community for trash bottle contribution, all helped to make this project come to reality.

Innovation and Replication 

Tire house building is appropriate in Guatemala and across the globe as it is cheap, structurally sound, effectively uses solid waste and provides an eco-friendly lesson to those who are exposed to it. The building blocks are common items that can be found easily, and while some building activities can be fairly complicated, the simplicity of the structure is attractive. 

Trash bottles have enormous potential as a step in the waste disposal process and can be used in myriad ways, not just for construction.

We have taken the building advice of ‘Earthships’ and adapted our structure to make it appropriate for this context. For instance, the rounded design, as opposed to a U-shaped design, helps with earthquake resistance while the use of earthbags gave us the confidence/flexibility to create arches and aided in developing the aesthetic aspects of the structure.

In addition, the thermal mass of rammed earth buildings provides insulation as it holds a constant, comfortable temperature, protecting against the heat of the day and the cool of the night.
Implications

If this building method were to be implemented on a larger scale, we would see a reversal of the negative impacts of the current, poor waste disposal system in Guatemala. When local residents adopt this technique, more people will be exposed to the various benefits and environmental education for the entire community will result. Impoverished families will invest (overall) less money in home construction and will be protected from seismic activity.

Existing rural homes use building materials such as adobe brick, corn stalks, mud-covered sticks, slab wood walls and corrugated sheet metal. While these materials are cheap, they are also inadequate, uncomfortable and dangerous as they are prone to failure in the event of an earthquake. While tire house building requires more time and effort, the benefits appear to outweigh the costs of additional energy involved as they should last centuries longer. 

Project Vision
In January of 2009 we plan to break ground on the construction of an education complex. The Tecnico Maya school project is intended to be an economical design that combines eco-friendly, low impact building practices appropriate to the active seismic region in the Guatemalan highlands. We are proposing to use a combination of rammed-earth filled tires and “earthbags” for the main load-bearing walls and trash bottles for the non-load-bearing walls and small outbuildings. Rammed earth buildings do not require highly skilled construction crews which allows for volunteers, service groups, voluntourists and college interns to perform most of the labor, led by the LWH staff and local laborers.

By using on-site soil and raw manpower we can minimize transportation costs and negative externalities caused by using manmade, high energy consuming standard building materials such as the brittle, locally made concrete block, excessive cement, vast amounts of rebar and lots of lumber. By using discarded tires and incorporating trash bottles into the non-load bearing partitions and knee walls we are stemming the amount of garbage deposited into rivers, lakes, roads, city streets, landfills and ravines. 

Rammed earth construction does require more labor than conventional building practices but since unskilled labor can be used, most of this labor will be free. The citizens of Comalapa and beyond will be actively invited to participate and learn about this appropriate and economical alternative building practice with numerous benefits for the community. We predict the school construction to last at least four years and therefore the more volunteer labor, the better for the practical experience of as many interested volunteers as we can attract as well as the manpower and momentum it will provide.
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