
March 16-19, 2022 

242 
 

POURED EARTH: SITE SOIL: A POETICS OF TERROIR 
 
Catherine Page Harris, Charlie O’Geen 
HARRIS, CATHERINE PAGE 
The University of New Mexico, cphunm@unm.edu  
 
O’GEEN, CHARLIE 
University of Michigan, cogeen@umich.edu  
 
 
1 ABSTRACT 

Landscapes offer climate change solutions – functional carbon sequestration (Zinnert et al., 2021), 
urban forests (Brack, 2002), and interlocking building and flora systems (American Society of 
Landscape Architects [ASLA], 2021) to name a few. The production and use of Portland cement 
and material transportation to sites for landscape design contributes to climate change emissions 
(Ehrlich, 2020). This paper proposes Fabric Formed Poured Earth (FFPE), transforming site soils 
into building material without Portland cement, as another way landscapes can mitigate climate 
change (O’Geen & Harris, 2022; Bui, Morel, Tran, Hans, & Oggero, 2016; Gauzin-Müller & Fuchs, 
2020). Using site soil to build structure, whether sculptural or functional, decreases emissions by 
bringing less material to a site and removing less material from a site.  
 
FFPE uses geotextile fabrics as formwork for earthen infill wall structures, poured from soils tested 
and augmented to an optimal ratio of aggregates and clay. This project tests FFPE by building a 
prototype sculptural wall form; sorting site soils by particle sizes; testing traditional Puebloan clay 
harvesting; modifying site soils for an optimal range of grain sizes of clay, sand, and small rocks; 
and considering the aesthetic effects of fabric formwork in the landscape. FFPE uses the site itself 
as a construction material and reforms traditional methods with a workflow more like contemporary 
concrete construction and the aesthetics of experimental architectures (West, 2008; Gauzin-Müller 
& Fuchs, 2020).  
 
Building on O’Geen & Harris’ prior tests completed with optimal soil mixes of purchased materials 
and a previous site soil test in Albuquerque, NM (O’Geen & Harris 2022), this project separates site 
soil by particle size sieve and then uses traditional Puebloan clay harvesting techniques to ascertain 
the proportion of clay to aggregates in the native soil. To create a structurally sound and durable 
mix, the test mix is matched to optimal mix by adding clay or aggregates to create optimal 
percentages. The poured wall sculpture is paired with an excavation void sealed with ⅜” acrylic. 
This paper develops an aesthetics of climate change resilience and response through examining a 
site and building a prototype FFPE intervention at a site at the Open Space Visitor’s Center in 
Albuquerque. Translating the ground into upright forms reveals the site in built form, a poetics of 
terroir. Terroir is multiple elements of a site, not just the soil or the climate or the vegetation or the 
microbial life or the social context of a building method. FFPE seeks to unite these into a physical 
form.  
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2  BACKGROUND: 
 
Earthen construction reifies the site itself. It articulates places where soils are good for such 

construction, containing the right proportions of clay, sand, and aggregates (earthenarchitecture.org). The 
conditions of the site determine opportunities for construction. In sculptural terms, earthen construction is 
subtractive, or re-forming present material, and conventional construction is additive, or bringing material to 
a site. Graeber and Wengrow in “The Dawn of Everything” describe the regular rituals of rebuilding and 
building of a Mesopotamian city as “corvée” (tithe) where “Even the most powerful Mesopotamian rulers… 
had to heave a basket of clay to the construction site. The Sumerian word for corvée (dubsig) refers to this 
basket of earth….”  (Graeber, 2020) In Graeber and Wengrow’s writing of urban history, political systems 
are choices, and those choices often are as often made in the direction of personal freedom and 
determination as they are in hierarchy or slavery. Arguably, the use of a ubiquitous site-based material would 
allow and nurture self-determination by being freely available. Mud brick technology (Mesopotamia, Moorish 
buildings, contemporary adobe), rammed earth technology (China, Northern Europe, and in contemporary 
times across the world), cob, poured or slumped earth (North America, North Africa, Northern Europe), all 
develop a relationship with site through engaging with the particularities of soil particles. Investigating site 
soils reveals that not all soils create an optimal mix. Soils high in organic matter, silt, or aggregate, that lack 
a significant proportion of clay binder, require amendment with clay. 

Thus, earthen construction does not work everywhere as a subtractive process or as purely site 
based. In many earth types, the addition of clay or aggregates is necessary to balance a soil and resist 
tendencies to cracking and shrinkage to create an optimal mix. “New Deal homes designed by Thomas 
Hibben in Mt. Olive, Alabama…were constructed with dirt, taken from the site, which was mixed with red-
rock aggregate and tamped between wooden forms. The homes were built as part of a New Deal 
Resettlement Administration homestead community” (eartharchitecture.org). Built in 1930, these rammed 
earth homes from site materials are still being used today. Whether indigenous people would have imported 
materials to add to earthen construction, or simply found sites where the soil particle sizes and distribution 
matched their needs, needs further study and is not in the scope of this project.      
 
3 INTRODUCTION: Landscape Materials as a Climate Solution 

 
Landscapes commonly are opportunities for biochemical carbon sequestration – plant and microbial 

actions that move carbon out of the atmosphere and into soils or plant material. Landscapes can also provide 
the materials for their own transformation. On site material harvesting happens in native plant restoration, 
where projects save seeds to start plants for replanting after the disturbances of construction, or in recycling 
and repurposing paving materials, as happened with DIRT studio’s design for Urban Outfitters Headquarters 
in Philadelphia. This paper proposes Fabric Formed Poured Earth (FFPE), transforming site soils into 
building material without Portland cement, as another way landscapes can mitigate climate change. While 
poured earth does not provide structure for retaining walls or load bearing walls without post and beam 
support, it is an efficient way to use excavation material as infill and provides a strong connection to place, 
moving the horizontal site to the vertical spatial division or wall. This project seeks to investigate precedents 
for one specific earthen building method - poured earth paired with fabric formwork, the latter generally used 
for concrete forms. Fabric formwork has its own beneficial properties for reducing climate carbon impacts. 
It is light and therefore requires less embodied energy to move to a site. Building with fabric formwork does 
involve form ties, like conventional concrete formwork, but the fabric’s flexible nature removes the need for 
a Portland cement stabilizer in the poured earth mixture, thus removing the high embodied energy input 
common to concrete mixtures. 
 
4 RESEARCH OBJECTIVES 

 
There are two research objectives of this paper. The first is to investigate site relationships as terroir 

or the composition of building and composition of humans in the Vitruvian, de Serresian, and 
Graeber/Wengrow sense. The project explores the poetics of the site through the praxis of excavating, 
sorting and reconstituting site soil into a building material, and thus experiencing a site in its complexity. The 
second is to show that making infill material for sculptural forms in the landscape from site materials with 
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fabric formwork is a practical answer to the drying and building constraints of substituting materials without 
Portland cement stabilizer for Portland cement stabilized materials. The intention is to articulate the building 
process of a material that optimizes site materials, not relying on conventionally mass-produced materials 
that are resource- and ozone-depleting. 
 
5 METHODS: Mixed 
 
5.1 Research and Literature Review: Concrete, Poured Earth, and Terroir 
This research is inspired by Mark West’s work in fabric-formed cast-in-place concrete at the Center for 
Architectural and Structural Technology [CAST], and by the work of Alan Chandler and Remo Pedreschi 
from The University of East London and The University of Edinburgh respectively. A careful look at the 
motivations, process, and results of these projects, as well as our own physical testing as discussed in the 
next section, was undertaken. However, concrete depends on the binding properties of Portland cement, 
which significantly contributes to greenhouse gas emissions. In considering earthen construction, we first 
looked at classic adobe and rammed earth, but the forming methodology seemed too rigid and heavy. We 
then reviewed literature of experiments with poured earth, especially Cycle Terre and later CRATerre in 
France, which have sponsored projects with earth similar to the process surrounding concrete construction. 
This work seemed to answer our intentions and major concerns in a dynamic, beautiful way. Further, our 
site research and related theoretical readings pushed us toward a poetics of site and form. By working 
directly with the site as material, a larger connection to the immediate landscape and place is made. The 
earthen construction process continuously reveals the unseen layers and history of the site. Sifting, sorting, 
soaking, and weighing soils create a method of engagement and experience of site, of terroir. 

Terroir as a European concept developed over a period of roughly 2000 years, perhaps influenced 
by contact with other cultures, from North Africa to North America. Vitruvius in 27 BC, later championed by 
Renaissance thinkers, claimed buildings should be designed for the climate, and that humans are designed 
by the climate, positing differences in amount of blood, intelligence, stature, and hair color among humans 
based on the angle of the sun in mid-summer in any area. (Vitruvius, 1954 trans.) In so doing, he also 
delineated the sun angles and created a passive solar proposal. In 1600, Olivier de Serres, in writing about 
the possibility of introducing commercial silk production in France, advocated for the planting of mulberry 
trees to support the silkworm. In his description, he suggests that the soil is most important to influence the 
quality of the leaf of the mulberry and thus the quality of the silk. “...For the quantity of leaf, it is to be desired 
that the trees be planted in good soils, but not for the quality; because never comes out the leaf so fruitful 
of fat, as of meager terroir; (having this in common with wines, the most exquisite of which grow in light soil) 
since this terroir, there, brings back the coarse and bland leaf, and this one, delicate and savory “ (de Serres, 
1600 trans. authors).  The idea of terroir that de Serres clarifies here is that the content of the soil has a 
direct relationship to the character of the leaf, and thus its ability to nurture, in this case, silkworms.  

As Graber and Wengrow point out, by 1600, European treatises would also have been influenced 
by the then-common interchange of ideas between indigenous thinkers and Europeans. Graeber and 
Wengrow are speaking directly of northern European contact with nations of the Great Lakes and Hudson 
River Valley region, but European contact was also going on in what is now the Southwest United States. 
While European contact was mostly bloody and destructive, it is possible that Acoma Sky City and Taos 
Pueblo architecture would have offered articulation of soil-based construction methods to Spanish 
mercenaries, who would have been aware of earthen construction from their European roots. Taos and 
Acoma display long-standing Puebloan use of site-based earth and stone as building material in pueblo 
settlements. Settled before Spanish colonial conquest, Taos Pueblo shows several techniques of earthen 
building – brick and a more cob-like tradition of layers – both covered with a clay-based plaster. The renewal 
of this plaster on these buildings requires a connection to seasonality and place.  
 
5.2 Built, Physical Research: Site Soil and Non-Site Soil 

Non-Site Soil: The authors experimented with optimal mix proportions of clay and aggregate to 
determine how best to use the fabric formwork in tandem with poured earth to create a self-supporting 
material without cracks. The scale was shifted from one cubic foot to a partial full-scale mockup at 6’ x 4’ x 
9” thick. These experiments were undertaken in New Mexico and Detroit over a year’s time.  
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Site Soil: The authors then created an installation, excavating one cubic foot of material, dividing it 
by particle size into its constituent parts, and then augmenting the mix to be able to pour an optimal mix 
derived from the site material into a fabric formwork. In this paper the authors detail our experiments using 
sieves and traditional clay harvesting methods from the area to identify site-harvested clay particles. 
 
6  POURED EARTH 

 
Matthieu Fuchs – “One need not think of poured earth as a standardized product, but as the valuing 
of a local resource” (Gauzin-Müller & Fuchs, 2020, pg. 50 [trans. authors.]). 

 
6.1  Contemporary Earthen Construction 

Earthen construction is being pursued in many countries due to growing concerns about the impact 
of the building industry. Earthen construction avoids the embodied energy of concrete and its contribution 
to greenhouse gasses, allows the re-use of construction debris, and provides an opportunity to use materials 
local to a site, for instance the earth that needs to be excavated to create the foundations (American Society 
of Testing and Materials [ASTM], 2016). Current practices and codes in earth construction exist in New 
Mexico, New Zealand, Australia, Germany, France, and Spain (Pacheco-Torgal & Jalali, 2012). In France, 
CRATerre-EAG, founded in 1979, and supported by the French government since 1986, has pushed 
research in earth-based building techniques via conferences, workshops and supporting educational 
programs in Grenoble, France. The program has produced several architects and studios experimenting 
with all forms of earthen architecture. A professional organization has formed in poured earth building, 
“amaco,” that held a conference “Construire en terre coulée” in 2017 (amaco, 2017). 

Architects Matthieu Fuchs, studios Mil Leux, atelierphilippemadec and Nicolas Miessner published 
their recent projects in poured earth developed from the experiments at CRATerre and supported by the 
French Government’s recent project Cycle Terre (Gauzin-Müller & Fuchs, 2020). Cycle Terre incentivizes 
the use of raw earth as a building material by providing support “to integrate 0.025m³ (0.88 ft³) of materials 
into their projects from now on in raw earth mainly from (construction excavation) and without adding 
binders, with the exception of biobased stabilizers, per m² (10.76 ft²) of floor space” (Cycle Terre, 2021). 
Cycle Terre supports research in earthen building and creates building products such as compressed earth 
block and poured earth infill panels.  CRATerre’s projects employ multiple products which minimize, but do 
not eliminate, Portland cement or polymers as additives. Cmaterre is a good example: “This earth-concrete 
is basically composed from natural soil (87%) that can be amended with recycled concrete aggregates RCA 
(Kanema, Eid, & Taibi, 2016), and treated with 9% of cement and/or 3% of lime...”  (Eid, 2018, pg. 1523). 
This figure of 9% cement is below the range (12-15%) of the composition of standard concrete -- “In standard 
concrete, with a density of approximately 2300 kg/m3 (145 lbs/ft3), these different ingredients are generally 
divided into 45% sands, 30% aggregates, 12 to 15% cement and 10% water” (Gauzin-Müller & Fuchs, 2020, 
p. 49). CRATerre is pursuing commercial use of poured earth, as it provides a process that is most like a 
normative construction process with concrete pours, and thus can be used relatively economically.  
 
6.2  Contemporary Earthen Material Experiments 

In narrowing down contemporary work on poured earth, the constituent parts of an unstabilized mix 
offers the most options for adopting site soils and provides a starting point for minimal stabilizer additions to 
preserve the low embodied energy of poured earth. Jedidiah Williamson’s master’s thesis for the University 
of Colorado - Denver (Williamson, 2012) provided a starting point for our material research because it tested 
three poured earth mixes which were unstabilized - without a Portland cement binder.  Williamson thoroughly 
studied these three sample mixes, changing the percentages of each mix slightly to test their durability, 
shrinkage, and strength; the project ended with a series of brick tests. This inspired the authors to prototype 
poured earth for walls, using responsive formwork as a way of working with unstabilized poured earth. 

In these formulations, clay is part of the natural soil, and forms a cement substitute in poured earth 
formulas. The French research above seeks to address the functional issues of cracking, which is created 
by the amount of water needed to activate the binding properties of clay (like cement) and to create a 
pourable slurry (Minke, 2006). “Since this technique is fairly recent, it presents several challenges to 
understand, among which can be cited: (i) clay-binders physico-chemical interactions (short-term and 
pozzolanic reactions), (ii) cracking due to desiccation, as in order to obtain a good workability (slump S3), 
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the water content is quite high (25%) so cracks appear during drying...” (Eid, 2018, pg. 1523). Cracking is 
most often addressed by adding some proportion of Portland cement or polymers in rigid formwork. 

Kanema, Eid and Taibi’s work on shrinkage of raw earth articulates that “the magnitude of shrinkage 
depends on the amount of clay present in the soil, and that the drying process is related to the maximum 
radius of the pores filled with water. The soil cracks when it attains its maximum tensile stress” (Kanema, 
Eid, & Taibi, 2016, p. 379). This study adds super plasticizers and recycled cement aggregates to the poured 
earth mixture, in a rigid formwork. 

The Médiathèque et maison des réfugiés project, by atelierphilippemadec and Nicolas Miessner 
(Gauzin-Müller & Fuchs, 2020), supported by Cycle Terre, uses poured earth without cement or polymer 
additives, with cut straw as a binder, in a precast panel with an embedded formwork. These precast panels 
are non-structural as they were placed into frames. This is the closest precedent to our work, as it uses an 
unstabilized mix, a non-structural panel, and a formwork that accommodates the shrinkage of the material. 
 
6.3 Material Tests in Rectangular Prism Form 

Our material tests began with tests to determine mixes, pourability, and cracking of poured earth. 
Williamson’s three basic material mixes were replicated: A (78% aggregate, 8% clay, 13% water by weight), 
B (54% aggregate, 30% clay, and 12% water by weight) and C (24% aggregate, 55% clay, 11% water by 
weight). The first forms were 1’ x 1’ x 6” thick rectangular prisms made of plywood (see Figure 1A). The A 
and B mixes were pourable, relatively speaking. The C mix was rigid once the clay was hydrated and 
developed air pockets and voids as it was packed into the mold. It was determined that experiments would 
continue with mixes between A and B, as the A mix was easily friable on the surface, due to the greater 
amount of exposed aggregate and the B mix was stiffer than the pourable mix sought for the larger mockup. 
These initial explorations were all done with the illite clay: Hawthorne fire clay from pottery-style clay (see 
Table 1).  
 
Table 1.  Non-Site Soil Mix Proportions Log 

 
 
6.4 Rectangular Prism Forms with One Fabric Side 

The following tests used an aggregate/clay/water mix: 48% aggregate, 25% clay, 26% water with a 
4% shrinkage rate. A wooden box form was created with one wall made of stretched fabric that allowed 
some give but had form ties to control the fabric deformation (see Figure 1B). Several configurations were 
tested, including one form-tie in the center of a 1’ x 1’ x 6” thick box, and a 3” on center triangle layout of 
three form-ties. 
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In these tests, it was discovered that the rigid nature of the back of the box interfered with the 
movement of the material with the form-tie (see Figure 1C). These movements seemed to have two sources, 
settling and shrinkage. The settling was due to gravity and the pressure of the material’s own weight, though 
the latter was not obvious until we scaled the tests up. The shrinkage was mostly expressed through 
observation of the finished block in comparison to the scale of the wet block. The fabric allowed us to see 
the shrinkage, since the fabric, which had been distended by the wet material, would stand proud of it with 
a void behind as the material dried.  The tests uniformly cracked at the form-ties. From these observations 
came the idea to create a fully autonomous fabric form that would be able to move with the settling and 
shrinking of the clay. 

Optimal pouring mixes, with few voids and air bubbles, had varying amounts of shrinkage.  A larger 
amount of shrinkage was accepted (under 8%) than originally considered optimal, hoping that our flexible 
fabric formwork would allow for it or perhaps even mitigate it. For the partial full scale, we planned to pour 
concrete posts after the poured earth walls had been poured to make up for the shrinkage of the earth.  The 
tests suggested that this process required an illite or granitic clay, a mix of roughly 52% aggregate, 30% 
clay and 18% water, and that the resulting poured earth form would shrink under 3% (see Table 1). 
  

 
 

Figure 1. Compiled Poured Earth Testing Images (Source: Authors) 
 
6.5 Test blocks 

When the mix tests were close to optimal, we began casting test blocks measuring 14” x 5” x 4” tall.  
Blocks made of our “+ clay” mix were taken to a university laboratory for compression (see Figure 1D) and 
modulus of rupture tests.  The testing was carried out following the standards of the 2015 New Mexico 
Earthen Materials Building Code.  The blocks supported 464.4 pounds of force in compression and 51.6 
pounds in the modulus of rupture test. 
 
7 FABRIC FORMWORK 
 
7.1 Contemporary Fabric Formwork 

There are precedents for using fabric formwork, but all for casting concrete. Most recently are the 
publications coming from the previously mentioned academic research of Mark West (The Fabric Formwork 
Book) and the collaboration of Alan Chandler and Remo Pedreschi (Fabric Formwork).  Chandler and 
Pedreschi write “the improbability of taming, restraining and accurately controlling a mass of liquid concrete 
with a textile membrane becomes a technique with multiple advantages, acting as an effective critique of 
conventional methods of building, working with natural forces rather than expending energy and material 
suppressing those forces” (Chandler & Pedreschi, 2007, pg. 2).  

Japanese architect Kenzo Unno has created two novel systems for the casting of concrete with 
fabric sheets. The first is the “quilt-point” method. Two sheets of fabric are separated on an even grid of 
regularly spaced form ties. The form ties employ oversized washers to pinch the fabric to the spacers and 
are supported by the internal reinforcing both horizontally and vertically. An external scaffolding style tubular 
structure is erected to provide lateral support. After the concrete is cast between the two sheets of fabric, 
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the hydrostatic pressure activates a regular series of gently curving surfaces, composing a pleasing pattern 
on the resulting surface (West, 2017). Parallel to the “quilt-point”, Unno developed the “frame-restraint” 
method which “...is more or less equivalent to constructing a conventional braced plywood wall mold but 
replacing the plywood sheets with fabric” (West, 2017, p. 162). Sticks of dimensional lumber are pre-cut and 
assembled much like wall framing.  Fabric is laid over the top of the frame and attached, with the fabric 
stretched in the vertical direction while a little slack is left horizontally.  Form-ties connect the two frames 
together at a regular grid.  The result is a series of vertical curves that are held back with straight lines.   

Nader Khalili’s work with SuperAdobe brings together fabric forms and earthen construction. 
Khalili’s system kept in mind principles of earth construction but simplified it to make it more accessible. 
Inspired by traditional earth dwellings in Iran, it is intended for common people to self-build.  The system 
employs a synthetic degradable sandbag that comes in a roll and can be cut to length.  Moistened earth is 
compacted into the bags which are coiled on top of each other.  Barbed wire is laid between each layer to 
connect the two units into one.  The coils are usually circular in plan and move in as they approach the top 
of the structure, like a dome.  The interior and exterior surface is then covered with plaster (California 
Institute of Earth Architecture [CalEarth], 2021). This fabric-formed earth is hand packed and restricted to 
circular forms.  

In addition to precedent studies, this paper benefits from the physical experience of the installation 
(called Re-Forum) of site-made fabric-formed concrete panels by an author of this document (see Figure 
2A). A sixty-foot piece of woven geotextile was folded in half with the two sides connected by one inch form 
ties. The top opening was formed by two pieces of rebar into sewn slots. The construct was carried to and 
tensioned into the gallery space, using the surfaces of the room to support the formwork.  Three tons of 
concrete was cast into the formwork which was then dis-assembled and reassembled to hold the panels in 
a grid, still braced off the walls, revealing the efficiency and lightness of the fabric formed system. 
 

 
 

Figure 2. Compiled Fabric Formwork Testing Images (Source: Authors) 
 
7.2  Fully Hanging Tests - Three 

 1’ x 1’ x 4” thick blocks were created in fully fabric forms, using a wooden base to attach the fabric 
(see Figure 2B). We experimented with methods for holding the top edge of the fabric. One method used 
several points of tension along the top, one used a rigid bar at the top, and one used no control. We also 
used different form-tie patterns and styles. Even at the most controlled end of the spectrum, however, we 
had movement in the material which created more distortion at the base of the pour and less at the top. The 
rigid bar allowed us to predict where the top edge would remain, though material shrank down from the top 
edges. With the rigid bar, it did so in a regular manner.  
 
7.3 Partial Full-Scale Wall 

The partial full-scale experiment was built in a sculpture garden in Detroit, Michigan (see Figure 
2C). The garden is designed to allow multiple planar interventions in a space at the scale of a residential lot.  
PEC #1 is a partial full-scale at 50”x 77” total, with a structural concrete frame keyed around the poured 
earth. The poured earth portion is 36” x 70” and has a roughly 12” diameter elongated elliptic void set at 48” 
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high on-center. The form-ties are on a diagonal grid at 4” on center, but the pressure and settling differentials 
cause there to be 1” more depth to the bulges in the bottom than in the top 24” of the wall.  

For this experiment, we began by laying out the rebar for the final concrete frame around the poured 
earth wall on a concrete footing that is about 10’ long, 1’ wide and 4’ deep. We sewed and installed form-
ties in a fabric form, which measured 4’ x 6’ x 7” thick.  We also mechanically mixed 29 five-gallon buckets 
of aggregate, clay, and water to the specifications of +Clay from Table 1.  The total volume was 140 gallons 
or 18 cubic feet, about 2 cubic feet more than the form required. 

We attached an 8’ x 6’ wooden frame (like Unno’s) of reused two-by-fours to the footing to hang the 
fabric form. The frame allowed for room to pour the earthen mix into the top of the fabric. The form was filled 
by hand, bringing the buckets to the top of the formwork, and scooping the material into the form. We predict 
a more automated format in future tests, perhaps using a front loader to load material into the formwork. 
Working in the Michigan climate, we also employed dehumidifiers and heaters to approximate the humidity 
and temperature of the arid southwest, where the material is perhaps best suited. 
This experimental mockup marked the culmination of previous studies relative to the combined optimization 
of poured earth mix proportions (as outlined in sections 6.3-6.5 as well as Table 1 above) and fabric 
formwork (as outlined in sections 7.1 and 7.2 above). Although the construct turned out well, especially 
considering the steep learning curve of the material science (see Figure 2D), none of the material used in 
the poured earth mix came from the site. At the time, unfortunately, no site materials were easily available. 
However, significant knowledge was gained about all other portions of the assembly and logistics which 
proved to be helpful in later studies. Therefore, later studies can use the fabric and assembly and logistical 
methods as the control while site soil can be variable. 
 
8 SOILS FROM THE IMMEDIATE SITE 
 
8.1       Contemporary Site-Based Soil Mixes - Mars and Earth 

Along with global research on using earthen construction methods, CraTerre’s CycleTerre project, 
(https://www.cycle-terre.eu/en/) is a fabrication space for compressed earth block and other supports for 
using soils from the Greater City of Paris to fulfill a goal to use local soils in new construction to mitigate 
climate change causing emissions. This work points to the terrestrial possibilities of mandating the use of 
excavated site soils and to the utility of being able to build with material from the site.  

One case where material from the site will be mandated is in off earth construction being proposed 
on Mars due to the expense of transporting material to Mars. In late 2017, the National Aeronautics and 
Space Administration (NASA), announced the 3-D Printed Habitat Challenge as part of their larger 
Centennial Challenge program. The goal of the Centennial Challenge was “...to generate revolutionary and 
innovative solutions to problems of interest to NASA and the nation” (NASA & Bradley University, 2017, pg. 
3). More importantly, a focus “...on use of space-based materials and recyclables in material formations 
used for construction” (NASA & Bradley University, 2017, pg. 3) was one of the key stipulations for the 3-D 
Printed Habitat Challenge. The goal was to be able to unleash autonomous making machines to 3-D print 
habitats on Mars from the material of the site itself.  The Mars exploration limitations offers a good metaphor 
for the need for technologies like FFPE to treat the Earth as if it were Mars and respect sites accordingly. 

As the construction industry moves forward with alternatives to the current conventional delivery 
methods, site must be considered. The NASA Centennial Challenge asks how to use the site as a material 
for making the structure itself. By thinking through the extreme scenario of building something on another 
planet, we can start to apply these solutions to projects here on earth. This method could limit the embodied 
carbon accrued in buildings by avoiding the use of Portland cement as a binding agent, beginning to address 
global warming. By thinking about optimizing what is available on site, the costly effects of extraction, 
refinement, optimization, and transportation could be eliminated.   

 
8.2 Site Soil from the Open Space Visitor’s Center in Albuquerque, NM 

The Open Space Visitor’s Center was established on the site of the Roberson Ranch, named for a 
developer who worked on the west side of the Rio Grande in Albuquerque. The land was sold to the city as 
part of an area where archeological finds abound, as many peoples have used this area for farming, hunting, 
and building homes over thousands of years. The larger ranch site is an archeological site, thus digging is 
limited to already disturbed areas. This site has an agricultural history spanning several centuries and many 
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cultures. Puebloan cultures used the Rio Grande Rift Valley extensively. Spanish colonialists removed the 
Puebloans, confining them to land grants now named as Pueblos and settled the rich riparian habitats. 
Following that, the United States wrested control of the area from the newly minted Mexican Republic. The 
land itself remains agricultural despite the encroachment of subdivisions, malls, and roads. The Open Space 
Visitor’s center preserves the long drive into a compound of buildings and even continues the tradition of 
kitchen garden farming with a permaculture garden on site (Funk & Schmaeder, 2021). 

 

 
 

Figure 3.  Soil Survey for Open Space Visitor’s Center (Source: USDA & NCRS) 
and Site Soil Extraction / Sifting Process (Source: Authors). 

 
The visitor’s center site is on Glendale Loam and Brazito silty, clay loam area at the center of the 

survey in Figure 3A above. The slope characteristic of the western side of the river is clear to see in the 
pattern of riparian deposits on the eastern side of the image and rocky soils on the western.  

Through experimentation, the authors have discovered that granitic clays crack less and produce 
more stability than bentonite clays, which are derived from volcanic ashes and tufas. This site is a meeting 
site of volcanic flow on the west mesa surface, and granitic uplift in the rift valley. Clay types may vary in 
small radii. 
 
8.3 Site Specific Installation  

This site at the Open Space Visitor’s Center adjoins the stormwater collection pond where water is 
stored to provide a riparian habitat, like the pre-engineered state of the Rio Grande. Willows, tamarisk, 
cottonwood, and other riparian vegetation flourish at the edges, but the pond itself is scraped to provide 
quantifiable water storage. The site was chosen because of its proximity to other installations, previously 
completed through a competition run by ArtPark21 in 2018, and due to its applicability as a testing site for 
soil composition, being designated as a silty clay loam.  

The “PEC 3” installation was accomplished by excavating an 18” x 18” x 6” thick void in the ground. 
The excavated material was piled onto a tarp Figure 3B) and then field sieves used to separate the pile into 
its constituent parts (see Table 2 and Figure 4C). The sieves produce a range of particle size from Agg. > 
.2”, Sand .05-.2”, Silt .002-.05”, Clay <.002. Those piles were weighed and classified by size. One pottery 
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shard, roughly ¼” x ¼” x ⅛” thick was discovered in the sifting process, speaking of layered ancestral 
indigenous occupations of the soils of the Rio Grande Valley. 

 
Table 2. Proportions of components of found site-soil. 

 
  
As it seemed likely that some of the particle sizes classified as aggregate were clay material 

adhering to some larger size object, the authors decided to pursue a traditional Pueblo pottery method of 
gathering clay to separate clay from other materials, as described by Clarence Cruz, Pueblo potter and 
Assistant Professor at The University of New Mexico. The materials were soaked for 24 hours and allowed 
to pass through a fine cloth sieve in a traditional clay harvesting manner to separate silt from clay (see 
Figure 4A). Each pile of sieved particle sizes was soaked separately and then poured through fine cloth. 
The fabric created a bowl-shaped form that filled with the materials that did not filter through. In most cases, 
those materials also separated into a fine layer of clay on the top of the sandy silty materials. As they did 
not filter through, the forms dried in place. Each of those forms held its own texture, due to the different 
particle sizes of sands and silts. Figures 4B and C show the top and bottom of one of those forms. The clay 
at the top shows small organic pieces that floated to the top of the material as it was in liquid form and the 
inherent shrinking and cracking in the clay. The fabric print on the bottom of the form speaks of the fabric 
formwork’s surface texture. This process required several days for each hydrated form to dry completely. 
Figure 4D shows the forms in final dry form on another tarp.  

 

 
 

Figure 4.  Site Soil Soaking and Drying Process (Source: Authors). 
 

The material was heavy in organic matter and in silts, as befits a river deposited soil. Much more 
clay was harvested from the soil by soaking it. The results from initial sieving and from the soaking process 
are shown in Table 2. The clay was harvested from below the fine cloth and on top of the dried forms that 
did not drip through the cloth. The secondary processing resulted in roughly five times as much clay from 
the material in contrast to the original sieving process. 

To create an optimal mix, once the site soil proportions were defined, off-site clay was added (see 
Table 3 below) to create a mix of 30% clay (see Table 1). 
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Table 3. Proportions of components of found site-soil.

 
 
8.4  Fabric Formwork Morphology 

A woven geo-textile fabric was sewn with a panel of 20” x 18” tall on the back side and 15” x 18” tall 
on the front side. The side panels were kept at 5” continuously and the tubing that maintains a rigid edge at 
the top of the fabric form was bent to a radius that allowed for a roughly 18” center. The formwork allowed 
the project to experiment with a curve in the final poured piece. All seams were sewn three times with a 
roughly 3/16” zigzag stitch and poly thread. Form ties made of ⅜” PEX tubing with 1/4” threaded rod inserts 
at 5” on center were laid out in a grid, with one center tie and four diagonally symmetrical ties. The form was 
hung from bungee cords supported by a wood and T-post structure, which was simple to erect and rigid 
enough for the purpose. The form was attached to the bottom piece of ⅜” acrylic with tapped holes and ¼”-
20 stainless machine screws. The wooden batten holding the fabric flush to the acrylic surface was 
cushioned with a ⅜” neoprene layer, to prevent the material from leaking. The flexible suspension allowed 
the fabric to settle with the poured earth.  

As the poured material dried, it shrank. The fabric and the elastic cords allowed this movement 
without the form ties pulling at the material and causing cracking. After two weeks of drying, the finished 
mass of the pour sat inside the fabric bulges and matched surfaces at the form ties (Figure 5).   
 
9 RESULTS  

 
The Open Space Visitor’s Center site clarifies key issues with the use of site soil in FFPE. The 

composition of riparian soils, while including clays, are quite silty in nature. The soil needs added clay to 
arrive at an optimal mixture. The site also produces substantial organic matter which must be excluded from 
the soil mix. Organic materials degenerate in anaerobic conditions, like that of soaking clay materials for 
building with poured earth.  

Fabric formwork continues to provide a solid and non-cracking result when soil is amended with 
added clay to optimal mix and organic matter is minimized. The slight arc in the formwork resulted in a 
pleasing experiment with rigid, but non-orthogonal forms, a future direction of interest to take advantage of 
the flexibility of fabric formwork.  

This project affirms that fabric formwork can move from Portland cement stabilized material 
(concrete) to non-stabilized earthen material (poured earth). Building with site materials reaffirms the 
builder’s connection with the site. The analysis of soils and ability to read the histories of agriculture and 
flooding in the soil record through excavation, allows for a time-based experience of site. Soil produces a 
palimpsest, which this process reframes from horizontal layers into vertical. 
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Figure 5.  Hanging Formwork and Casting Process Open Space Visitor’s Center (Source: Authors). 
 

Soaking and sifting were both processes that allowed hours and days of engagement with site soils. 
During this time, migrating cranes, roadrunners, visitors to the Open Space, and Open Space employees 
engaged with the authors. The sifting produced a rough, but inaccurate measure of particle sizes, despite 
being an ASTM standard set of equipment and protocols. The soaking is similar to the ASTM hygrometer 
test, in using water to separate particle sizes. The process of soaking, sieving through cloth, and waiting for 
the particles to drip through the cloth took several weeks and resulted in a number of forms showing the 
sandy silt and the layers of finer clay materials, with organic matter floating on top. These materials were 
then broken to lift the clay off the surface, resulting in almost four times the amount of clay that leached 
through the cloth. The literal composition of the soil became tactile and available to the touch and to the 
eye. The richness of the organic matter, the granular structure of the sand, the fine dust of the silt and the 
even finer silken texture of the clay are all revealed in an experience of place, of terroir in the most literal 
sense. That terroir is compounded in the history revealed in the pottery shard, in the adjacent gardens and 
house, and in the patterns of sun, shade, and animal and bird life surrounding, not to mention human users 
of the site. 

This site was not optimal for clay content in the FFPE mix. Future sites would be chosen for higher 
clay content and lower organic matter and silts. This site, however, did show long term occupation and likely 
use of earthen building methods either in pre-conquest occupation or in the uses of Spanish housing. Along 
the Rio Grande on the West side, construction is frequently halted for archeological excavation of sites that 
are then reburied, if they are indigenous, to protect the memories and history of those sites. Excavation is 
only done with the permission of tribal members and finds are generally not shared with the public. This is 
terroir with complex stories that are not always to be told.  
 
10 CONCLUSIONS 
 

Ultimately, the experiments that have been described in this paper support the original objective of 
using the material directly from the site to create a pourable building material.  This research has proved 
that depending on the location, there is enough usable material from the ground, only sometimes relying on 
a small amount of a carbon contributing (transportation) additive to augment the found materials.  Fabric 
formwork allows for climate change solutions by allowing non-Portland cement stabilized materials to dry 
without cracking at form ties.  To deal with this, future experiments can rely on more preliminary soil scouting 
and testing to discover sites that already have a close to optimal mix.  

Poured earth uses the site itself as a beginning and an ending rather than as a receptacle for 
material moved from offsite. This process allows for site material to become the building, rather than simply 
supporting the building. Using site materials means that the impact of the construction does not include the 
movement of material to the site.  In addition to the environmental benefits, the time spent on the site 
articulating the soil into poured earth creates a connection to the site itself, uncovering the invisible 
components and potential energy of the landscape. 
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Terroir describes site engagement with the built process, and is Vitruvian, in the sense of land 
creating both the human and the building. It is de Serresian in the sense of that land’s characteristics being 
specific to its effects on people and buildings, and in the Graeber and Wenrow sense of creating a political 
relationship to building, to the society those people create. Terroir describes this progression from a purely 
functional relationship to a complex social space. Landscape is thus constructed through the granular focus 
on the soils of the site and then radiates out from that understanding. The landscape is a hybrid of the terroir 
and its effects, its relationships, its creations.   
 
11 DISCUSSION 
 
11.1 Poetry: Fabric Formed Poured Earth 

Chandler and Pedreschi developed a poetic understanding of the relationship of fabric forms to 
material in their compendium of essays, Fabric Formwork. “The use of fluid responsive formwork is a 
technique of constructing which allows the behavior of material to engage with and influence the building 
process itself” (Chandler & Pedreschi, 2007, p. 5). This project extends these poetics by including time as 
a factor in the relationship between material and responsive form making. Poured earth moves with time. In 
the process of drying, it shrinks, settles, breathes. In this project, fabric formwork moves with the shifting 
material. It swells where the settling weight pushes. It breathes where the air slowly bubbles through in 
response to vibration. The form-ties became an ever-descending grid, marking and corralling the wall nature 
with the shifting material. Without the ties, the material folds, and forms through gravity’s pull on the fabric 
and material. The dance of time with the pattern and rhythm of the ties creates a form to answer questions 
posed by the requirements of enclosure and temperature modulation. With the fabric, the poured earth can 
be allowed to respond to clay’s movements rather than needing the rigidity of fast drying cementitious 
stabilization.  

Even after it dries, poured earth continues to move with time. The changing wall persists in a 
framework of rigidity that holds it against time’s ravages. With time, the intricate surface detail of the fabric’s 
impression softens. The clay surfaces decay and crack with freeze-thaw. These fabric-formed walls linger 
between mass and detail. They are the sculptural infill of a structure, changing with the movement of time, 
weather, and habitation. 

French and Puebloan thinkers and builders would have had the capacity to analyze and judge soils 
for agriculture and for construction. While the authors are not storytellers for indigenous peoples, two 
concepts that relate to place and to earth that are common knowledge in published works about indigenous 
worldview may lead to useful rumination here. The first is the concept of Turtle world, where the earth of the 
world rides on the back of a global turtle. This frame allows for an appreciation of earth as intelligent and 
alive, and in some form a space of nurture. Another commonly held origin story in southwestern indigenous 
nations includes layers of worlds, the first through fifth world, with mankind being born through a fissure or 
hole in the earth itself from the world below into each successive world. Here again, earth is a layer, not an 
infinite depth, but rather a shell of soil beneath which stretches in infinite time the world before. In anecdotal 
conversation with members of Navajo Nation protesting the legacy mining destruction of their land, the 
people express the idea that the yellow dirt (uranium) should have been left underground. (Hood, 2019) Its 
fact of being underground is not one that should change. None of these are exhaustive cosmologies, but 
simply details that may offer an understanding of soil as an active agent in the context of European and 
Indigenous thinking. 

FFPE seeks to encompass the characteristics of the soil as an active agent, to allow for shrinkage, 
settlement, swelling, and to provide an active matrix that constrains, but doesn’t utterly control. Terroir 
accounts for a complex landscape from which this material, redolent of history, experience, and living beings 
resides. 
 
11.2  Poetry: Terroir: Site derived material  

Site derived materiality engages with the framework of terroir outlined in the background section of 
this paper. The obsessive sifting and soaking and cataloging particle sizes involved in this process enabled 
an embodied experience of place that connects with the Vitruvian, de Serresian, and Graeber and Wengrow 
frameworks of terroir creating the human, creating the agricultural product, and ultimately creating the 
political society. Jane Bennett, in her Vibrant Matter, posits worms as constituting a polis (Bennett, 2009), 
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or having political agency.  In this sense, terroir is also a polis, a political agent. Soil is an intermediary state 
of life, the bearer of carbon, sugar, water, and numerous nutrients to plants and microbial life. Soil is a 
substratum, a foundation, and a network. This project allows for a form-making exercise that focuses 
attention on the constituent processes of soil, shrink and swell, composition and form, and location. Terroir 
reaches beyond the soil's own polis into the political, morphological, and social worlds of human 
engagement.  
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