
A Millimeter of Space 

By 

Justina Dziama 
February 2019 

A thesis submitted to the 
faculty of the Graduate School of 

the University at Buffalo, The State University of New York 
in partial fulfillment of the requirements for the 

degree of: 

Master of Architecture 

School of Architecture and Planning 



     

Copyright © by 
Justina Dziama 

2018 

ii 



 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 

 
 
 

ACKNOWELDGEMENTS 

Nicholas Bruscia is a Clinical Assistant Professor at the 

University at Buffalo in the Department of Architecture and 
assumed the role of the Chair of the thesis committee. As a 
consistent member of the committee, his dedication, insights, 
and acute understanding of my way of working were crucial to 

the development of the thesis. 

Georg Rafailidis, Associate Professor at the University at 
Buffalo in the Department of Architecture was the Chair for 
directed research committee. I would like to express my thanks 

to him for helping me focus the research by encouraging me to 
pursue my interests. His way of challenging me throughout the 

directed research phase helped drive the research further. 

Stephanie Davidson is a Visiting Assistant Professor at the 
University in the Department of Architecture. As part of the 
thesis committee and a mentor, not only has she offered 

continual encouragement and support but she has instilled in 
me a confidence to help me realize my capabilities. She has 
played a pivotal role in my growth as a designer and has helped 

me to bring a clarity to my ideas and tap into my strengths 
within the research. I couldn’t be more grateful to her for joining 

my thesis committee and continue to look up to her. 

Mark Shepard, Associate Professor at the University at Buffalo 

in the Architecture and Media Studies Department, consistently 

participated in the discussion throughout the directed research 
and thesis. I would like to thank him for his continual support 
here and abroad. 

I would like to express my gratitude towards Dr. Sabine Zierold, 
head of the International MediaArchitecture Master Studies 
Program at Bauhaus-Unversität Weimar, for making me feel at 
home for the duration of my studies overseas. 

iii 



  
 

 
 
 
 

 

 
 
 

 
 

 
 

  
 

  
 

 
 
 

A special thanks is owed to Dr. Peter Bush for taking the time 

out of his busy schedule to expose me to the wonderful world 

of microscopy. 

Thank you to “Swannie”Jim Watkins for his flexibility and 

support in the thesis research. I am especially grateful towards 

his open invitation, shroud sitting, and allowing me free reign 

to explore the grounds of one of my absolute favorite place on 

this earth. 

Thank you to Jeff Sherven for his expansive knowledge in print 
media. He served as the main technical support and was an 

indispensable resource for me in the beginning stages of the 
thesis research. 

Thank you to Robert Sturm for his enthusiasm, being an extra 

set of hands, and for bringing me a much needed steaming hot 
cup of joe while working. 

Thank you to Miguel Guitart, Hadas Steiner, and Kimberly Sass 

for their support and guidance in helping me find my footing in 
the beginning stages of the directed research. 

A special thanks to Matthew Phan for his positivity, several 
years of friendship, and for reminding me not to constantly take 

things too seriously. 

A thanks to Alexa Russo for being my twin away from my 

twin and for spending stormy weekend nights on site to work 

alongside me by way of parking light. 

Thank you to Michael Gac for sharing an understanding, making 

sure I’m well fed, and for providing the ladder that would become 

an inanimate kindred spirit of sorts over the course of the thesis 

research. 

iv 



 
 

  

 

 
 

 
 
 

 

 
 
 

 
 

 

 
 

Thank you to Zach Fields for putting up with my overtly 

competitive nature, for being the best structures partner a girl 
could ask for, and for having a “good eye”. 

A special thanks goes out to Nida Ali for alleviating the feeling 

of being alone in my own head as well as in studio. 

A thanks to Yasmiry Hiciano, just for existing. 

Thank you to my cheerleaders Dyllan Sombrito and Kelsey 

Imhoff. 

This special mention goes to Minji Kang for her care and efforts 

in maintaining years of long distance friendship. Thank you for 
always being there no matter how many miles away. 

Thank you to Pauline Dziama for being at my side since the 

very beginning. Her work ethic and love of all things is inspiring 

and motivates me to strive for more every day. I would not be 

where I am without her exemplary attitude towards life. 

Words cannot express my appreciation for my parents Jovy 

Ferrer and Paul Dziama for their unrequited love and support 
in everything I do. Without their encouragement, none of this 

would be possible and I am forever indebted to them both. 

Thank you to my sister Rosanna Dziama Pfiefer for fostering 

my creativity through drawing lessons and exposure to art at 
the age of three. 

Many thanks to Justin Pfiefer for being a brother and trusty 

sounding board. 

For ensuring that exercise works its way into my regular routine, 
a thank you goes out to Christopher Streb. 

v 



 
 

 

 
 

 

 
 

 
 
 

Thank you to Lou and Max Rafailidis for participating in the 

experience of the shrouds and for being the stars of my stop 

motions. 

Thank you to Austin Lauer for his support in all my creative 

endeavors. 

Shawn Lewis played a pivotal role early on in my pursuance of 
architecture as a career path and has continued to cheer me on 
since. Thank you. 

Thank you to Thomas Paul Asklar for nurturing and encouraging 

my artistic tendencies at a young age. 

I would also like to extend a thank you to my therapist Juhyun 

Park for her patience and conscientiousness throughout this 

thesis. 

Lasty, thank you to my roommates Kathryn Lippa, Leanna 

Gradolph, and Nicole Little for all the stress relieving cups of 
tea, emotional support, and for keeping up a more than fully 

functioning living hold where I can refocus and thrive. 

vi 



 

 
 
 
 
 
 

DEDICATION 

This thesis is dedicated to my dido Mykola Dziama for proving 

that hard work and persistence cannot be denied. 

His memory served as the primary driving force behind my initial 
interest in Buffalo’s abandoned industrial sites and old steel 
mills in which he worked. Personal derives and exploration of 
these places has allowed me to further connect to my family 

history, Buffalo’s industrial heritage, reconstruct stories that 
were shared with me over the years, and imbue them with an 

unwavering presence. 

vii 



iv 

TABLE OF CONTENTS 

Acknowledgments 

iii 

Dedication 

Vii 

Introduction 

1 

Abstract 

3 

Literature Review 

6 

Methodology 

9 

Silo City 

18 

Photographic Catalog 

22 

Process 

38 



 

 

Prototypes 

54 

Conclusion 

63 

Material Research Appendix 

67 

Material Transformations 

69 

Case Studies 

82 

Material Simulations 

97 

SEM Analysis 

107 

Bibliography 

146 

iiv 



A MILLIMETER OF SPACE 

iiiv 



 
 

 

“Discovery requires aesthetically motivated curiosity, not logic, 
for new things can acquire validity only by interaction in an 
environment that has yet to be.” 

- Cyril Stanley Smith, On Art, Invention, and Technology 
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INTRODUCTION 

The topic of ruination has been a subject of interest in architecture 

since the work of Italian printmaker Giovanni Battista Piranesi 
and his romantic depiction of Roman ruins from classical 
antiquity. During the Baroque period, ruins were used as a motif 
in painting to represent mortality, the ephemerality of life and 

the hegemony of nature. In the 1919 essay Die Ruine, Georg 

Simmel perceived ruins as fragments of a former unit and a 
balance of forces between nature and material in architecture. 
The charm of ruins was dependent on the fact that they showed 

a human made work while at the same time were in part a 

product of nature (Simmel, 1919: 125-133). 
Today, as the industrial past recedes, the modern 

ruin or industrial ruins are open to a multiplicity of readings. 
They are acknowledged as monuments and sites of memory 

commemorating industrialization, as well as wasted abandoned 

territory subject to economic and social decline. They are also 

seen as opportunities for reuse and preservation. In Ursprung 
des deutschen Trauerspiels, Walter Benjamin expresses an 

interest in the possibility of putting the modernity of ruins to use. 
For him, the ruin constituted a reading strategy for constructing 

new entities rather than reconstructing lost ones (Benjamin, 
1974: 384-389). 

A contemporary example of these ideas is in Robert 
Smithson’s earthworks in which industrial leftovers are depicted 

as a consequence of a natural course of events that should be 

regarded as a contemporary condition. Better known for the 

piece Spiral Jetty, Smithson’s photographic essay A Tour of the 

Monuments of Passaic, New Jersey (1967) describes tangible 

manifestations of entropic state in the form of industrial structures 
that were already deteriorating at the time of their construction. 
Another work, Hotel Palenque embodies the artist’s notion of 
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a “ruin in reverse” in which the aesthetic ruination of media is 

characterized by materials in various states of completion from 
raw to densely layered. During a trip to Mexico, he photographed 

an old, eccentrically constructed hotel, which was undergoing 

a cycle of simultaneous decay and renovation. Hotel Palenque 

provides a direct view into Smithson’s theoretical approach to 

the effects of entropy on the cultural landscape. A vast array 
of new construction materials which were fated to frailty, were 

showcased. His appreciation for the transformation of material 
space defined his practice (Loe, 2014: 68-69). 
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Fig. 1- American Annex, Silo City, Buffalo, New York. 

As a part of the “rust belt” of the United States, Buffalo was built 
on heavy industry whose constructions would in turn influence 

the course of Modern Architecture. The remains of these 

industrial ruins exhibit the temporal qualities of buildings in their 
expression of dilapidation and decay. In their abandonment, 
we can observe these remains as organisms that develop 

their own autonomy over time as they make their return to the 

natural landscape. The topography of this decaying, industrial 
architecture showcases materials as vulnerable embodiments 

of the past, subject to the threat of time. In this case, time 
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becomes an important architectural element of these spaces 
and heightens our awareness about the lifespan of building as 

moving projects in a successive flow of transformations. 
How can the temporal aspects of buildings inform our 

consciousness about the importance of time as an element of 
architectural design? 

How can the issue of stasis be addressed in the 

documentation of buildings subject to weathering and corrosion? 

In the case of the grain elevators, constructed with slip-
form concrete, its industrial character came out of the innovation 

of material that was required to accommodate industrial 
capacities. In a post industrial period, the “nowness” of these 

leftover structures, says something very different about these 

once revered feats of construction. Today, their current conditions 

speak to a functional deterioration in the breakdown of their 
material makeup due to weathering. The entropic process of 
weathering has transformed the post-industrial remains along 

Buffalo’s riverfront, slowly changing their material expression 

throughout the last century. Reevaluating these places of 
post industrialization in their present condition, they can be 

approached as unplanned experiments that have yet to be 

analyzed, in regards to the nature of their current material state. 
This thesis approaches ruins of the post industrial landscape 

as sites of material agency in which the exterior surfaces of a 

building, which are exposed to the elements, demonstrate the 

types of material transformations that take place with a lack of 
human intervention and upkeep. The weathering of a material 
reveals the interface between the natural and human-made 

and suggests the formation of an ongoing process in which 

the relationship between materials and the environment is 

displayed. This study attempts to develop a method for capturing 

4 
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the qualities and characteristics of the undiscussed, 
immeasurably thin space at the surface of a building so that we 

might observe the impact it has on the experience of a space. 
The goal is to document this space through hyperphysical 

photographs using latex to create a film, or a shroud, that 
captures this immeasurable layer. When removed, these latex 

shrouds reveal a palimpsest of layers bearing the physical 
traces of a continuously changing condition. By isolating the 
evidence of a material’s transformation, they provide a forum to 

discuss the junction between the natural and human made; the 

aesthetics of the aged surface and the important role it plays as 
a maker of space. 
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LITERATURE REVIEW 

The essay Give Me a Gun And I Will Make All Buildings 

Move by Bruno Latour and Labena Yaneva brings up the issue 

of staticity in the documentation of buildings. The photorealistic 

renderings we have the capability to produce with CAD software 

is unrealistic in capturing a single perspective at one instance 
in time to express the nature of a buildings existence. On the 

contrary, they argue that buildings are actually moving projects 

in a successive flow of transformations (Latour, Yaneva, 2008: 
1-2). 

On Weathering: The Life of Buildings in Time by Mohsen 
Mostafavi and David Leatherbarrow, suggests that the notion 

of weatherproofing and the use of sealants meant to inhibit 
deterioration in contemporary practice has replaced the value 
of using natural processes as a part of architectural design. 
This has contributed to the inertness of the built environment 
through consistent maintenance. Weatherproofing has replaced 

weathering in pursuit of the new (Mostafavi, Leatherbarrow, 
1993: 36). 

Sand, Silt, Salt, Water: Entropy As a Lens For Design 

in Post Industrial Landscapes by Lisa Moffitt reframes the 

concept of entropy and suggests it can be used as a productive 
narrative device in the role of contemporary design practice 
(Moffitt, 2017: 774). Correlating these material transformations 

to processes found in the natural environment can help us 
to understand how to control and appropriate these material 
transformations further. This thesis takes an anti-monumentality 

approach to ruins and addresses ‘As Is’ spaces of the post 
industrial landscape as sites of material agency in which the 

current state of these spaces is viewed as valid as its condition 

in the past. 
In A Millimeter of Space, rather than following an impulse 

6 
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Fig. 2- John Pawson, A Visual Inventory, 
2012. 

Fig. 3- Katie Lagast, Spots #4, 2015. 

to make new, the designer assumes the role of an observer to 

sharpen the perception of specific conditions. A methodology 
is developed to look closely, revealing a complexity and a 

deeper connection with the post industrial environment. This 

observational attitude in which one sharpens their perception 

of the environment is valued over a more active role, has been 

explored in a variety of media. 
In A Visual Inventory, architect John Pawson shares 

personal photographs of places and objects that have sparked 

his curiosity. It is through his images and text descriptions that 
he reflects on what compelled him to take these particular 
images to begin with (Fig. 2). Katie Lagast focuses on aspects 

of the urban setting the often time go overlooked, interacting 

with these conditions through the process of physically isolating 

them (Fig 3). 
The writer Georges Perec, in Species of Spaces reflects 

on the issue of space and analyzes a series of everyday spaces, 
telescoping outwards in scale, ranging from the space of the 

page in which the book is written, to the expanses of outer 
space. He coins the term ‘infra-ordinary space’ to describe 

the spaces that we rarely see. Infra-ordinary space requires 

an attentiveness to step away from the usual point of view in 

order to see objectively and experience a spaces limits. He 

celebrates the fragility of the spaces that surround him and 
argues that places which are stable, unmoving, intangible, 
and unchanging, don’t exist. He concludes,” it’s because they 

don’t exist that space becomes a question, [and] ceases to be 

self evident,..incorporated,.. [or] appropriated” (Perec, 1997: 
91). Even the way in which we relate to space, subsequently 

changes it. A Millimeter of Space shares a similar approach in 
focusing it’s attention on the overlooked space within a context 
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of leftover places. 
In A Search for Structure, Cyril Stanley Smith speaks 

to the close material relationship between science, art, and 

technology through the selection and manipulation of matter. 
He states that, “Necessity is not the mother of invention – only 

of improvement,” and argues that aesthetic curiosity “led to 

the initial discovery of some useful property of matter” (Smith, 
1982: 330). For example, the French gardener who invented 

reinforced concrete out of a desire to create a larger display of 
flowers and the development of galvanism to imbue metalware 

with a glitter akin to silver and gold. In these cases, the pursuit 
of visual pleasure gave rise to a new structural methods and 

processes. (Smith, 1982: 330). 
Until we are able to completely and fully embed the digital 

environment in which we work with all the parameters that exist 
in reality, we cannot make new discoveries about the agency of 
materials based on their physical properties and characteristics 
alone. Nothing new can happen or be explored in the material 
dependent on its molecular structure and chemical composition. 
Instead, much of what we learn of our surroundings is dependant 
on empiricism, or knowledge derived from sensory experience. 
For this reason, much of my understanding of the material 
processes I’ve observed in a series of case studies, is backed 

by a combination of direct observation and controlled material 
simulations. 
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 SHROUDS 

A Shroud usually refers to an item, such as a cloth, that 
covers or protects another object. A famous example is the 

Shroud of Turin, a piece of cloth which is claimed to bear the 

negative image of a man who is allegedly Jesus of Nazareth. 
Shrouds in this body of work, refer to latex rubber 

pieces, bearing the physical traces of a continuously changing 

condition from the industrial ruin and function as a means to 
isolate the material transformations that have taken effect with 

a lack of anthropogenic interference. They serve as a diagram 

of forces that have acted on the surfaces of ruins to express 

their exposure to the elements and reveal a complexity in what 
is essentially a film. They are a registration of environmental 
forces at play, which serve not as a definite answer, but response 

to the question: 

How can we begin to talk about the immeasurably thin space 

at the surface on the exterior of a building and document or 
capture the interface? 

9 
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Fig. 4- Surface B1, Concrete and Steel, 3’ x 5’. 
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Fig 5. - Steel Column, 3’ x 5’ 
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Fig. 6- Surface A3, Corrugated Metal, 5’ x 8’. 
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 Fig. 7- Surface B2, Concrete, 5’ x 8’. 
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 Fig. 8- Concrete and Aluminum Pipe, 4’ x 6’, 
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Fig. 9- Surface A1, Corrugated Metal #2, 4’ x 6’. 
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Fig. 10- Surface C4, Structural Clay Tile, 5’ x 10’. 
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Fig. 11- Surface C3, CMU Block, 4’ x 8’. 
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SILO CITY
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Fig.12- Map of Silo City, Buffalo, New York referencing photographic catalog of various material surfaces. 
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SILO CITY 

Historical Background 

Situated at the confluence of the Great Lakes and the 

Erie Canal, Buffalo was the focus of grain trans-shipment 
from the western prairies to the eastern seaboard for over 
a century. When Anthony Trollope first visited Buffalo in the 

1858 it was already considered “the great gate of Ceres” and 

was soon to become the world’s largest grain port. The slow 

process of manual grain transfer between the great ships of 
the lakes and smaller canal vessels was transformed in 1842 

by local entrepreneur, Joseph Dart. His bucket elevator system 

scooped grain from boats into vertical bins using a steam 
driven belt, giving rise to a curious new building typology 

first made from timber, steel and ceramic tile, and eventually 

concrete. In 1931, Buffalo had thirty-eight elevators with a total 
capacity of more than 47 million bushels of grain. Together, 
Buffalo’s grain elevators formed an extraordinary landscape of 
sculptural verticality clustered along the waterfront, embodying 

the ingenuity and confidence of early 20th century commerce 
and engineering. 

Influence 

The impact of Buffalo’s silo skyline was also aesthetic. 
Photographs of American grain elevators were hugely influential 
among the European avant-garde when they were published 

by Walter Gropius in 1913. As Europeans looked to American 

culture as a means of renewing and regenerating their own, 
the derivation of form from functional and structural inevitability 
was celebrated as the vernacular for industrial times. Erich 

Mendelsohn visited Buffalo in 1924 specifically to photography 
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and draw the “stupendous verticals” of its “mountainous silos”. 
Reproducing Gropius’ photographs in Vers une 

Architecture, Le Corbusier heralded the grain elevators as “the 

magnificent fruits of the new age”. Images of grain elevators 

and daylight factories became staples of modern architectural 
doctrine, forging the dialectical confrontation between sculptural 
form and gridded space as hallmarks of the International Style. 

Decline 

Buffalo’s elevators were deserted gradually, accelerating 

in the nineteen-fifties, after the Welland Canal was deepened 

and the St. Lawrence Seaway reached completion, allowing 

shipping traffic to bypass the city. Grain transport also shifted 
to the south in the second half of the twentieth century, leading 

elevators to be abandoned even along the St. Lawrence. Several 
grain companies ceased operation in the late eighties. Only two 

sites remain in industrial use today. 
Although almost half of Buffalo’s original elevators have 

been demolished or destroyed, twenty elevators dating from 

1897 to 1954 have survived the collapse of the Great Lakes 

grain trade. Three are listed on the National Register of Historic 

Places. Concrete Central and Wollenberg Grain + Seed were 

both listed in 2003 while the American Grain Complex at Silo 

City was listed in 2012. 

Today 

Buffalo’s grain elevators comprise the most outstanding 

collection of extant elevators in the United States and collectively 

represent the variety of construction materials, building forms 
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and technological innovations that revolutionised the handling 
of grain across the world. Material evidence of a prosperous 

past, they are symbolic both of the city’s downturn and its re-
invention. However, with only a few sites remaining in use and 

many abandoned, Buffalo’s historic grain elevators are at risk 

(Watkins, 2018). 
With a lack of anthropogenic intervention, the structures 

that comprise Silo City have become increasingly vulnerable 
to weathering elements, exhibiting new material qualities over 
time. It is important to clarify that the study is not necessarily site 
specific in terms of the particular industrial zone I was granted 

permissions to work on, rather site specificity is acknowledged 

by the climatic conditions of the area and how material is 

degenerated through exposure to those conditions. The scope 

of A Millimeter of Space is no more specific than the context of 
the post industrial landscape of Buffalo as a whole. 
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PHOTOGRAPHIC CATALOG 

As an initial survey of the site, a series of photographs 

were taken as a sample set to reflect the degeneration of various 

material surfaces taking place at Silo City. The first series of 
surfaces, which will be referred to as the A series, is comprised 

of examples in which corrugated metal has been oxidized or 
spangled (Fig. 13-15) via atmospheric corrosion. Spangle, in 

galvanized coatings is a visible and aesthetic feature, produced 

by varying the number of particles added for heterogeneous 
nucleation and the rate of cooling in a hot-dip process. Spangle 
can be adjusted from an apparently uniform surface, producing 

crystallites too small to see with the naked eye, to grains 

several centimetres wide. Factors that affect spangle size are 

the chemistry of the Zinc used in the metal sheet, the cooling 

rate of the metal sheet, the smoothness of the substrate, the 

types and amount of impurities if present, and the elements 

used for alloying. Spangle sizes on galvanized steel sheets 
are classified as regular, minimized or zero spangle. Surfaces 

with spangles have lower corrosive and mechanical resistance 

properties as compared to the uniform zinc-iron alloy surface 
(Vourlias, 2004: 23-29). 

A glass fiber reinforced polymer (GFRP) corrugated 

panel surface is also included as a part of the series. GFRP is 
a composite material made from silica sand, sodium carbonate, 
calcium carbonate, in a polyester, epoxy, or acrylic resin 

installed prior to the 1993 shutdown of the Perot Elevator (Jim 

Watkins, personal communication, September 27, 2018) and 

did not exhibit any visible signs of aging (Fig. 16). 
The next collection of photographs, as a part of the B 

series, describes ruined surfaces which have chemically and 

physically altered the exterior expression of concrete followed 

by C series surfaces which include CMU block, and clay bricks. 
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 Fig. 13- Surface: A1, Location: East of American Annex, Orientation: South West facing, Material: Corrugated galvanized iron (CGI), 
Tranformation: Oxidation-reduction. 
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Fig. 14- Surface: A2, Location: Perot Malt House, Orientation: South West facing, Material: Painted metal corrugation, Tranformation: 
Oxidation-Reduction 
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 Fig. 15- Surface: A3, Location: Perot Malt House, Orientation: East south-east facing, Material: Painted metal corrugation, Tranformation: 
Oxidation Reduction. 
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 Fig, 16- Surface: A4, Location: Perot Elevator, Orientation: South south-west facing,  Material: Glass fibre reinforced polymer (GFRP), 
Tranformation: Neglible. 
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 Fig. 17- Surface: B1, Location: Perot Malt House, Orientation: West North-West, Material: Concrete, Tranformation: Disaggregation (by 

mosses), Spallation, effloresence, and staining due to oxidation-reduction. 
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 Fig. 18- Surface: B2, Location: Perot Malt House, Orientation: West Norht-West, Material: Concrete, Tranformation: Disaggregation (by 

lichens), effloresence, and staining due to oxidation-reduction. 
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Fig. 19- Surface: B3, Location: American Mill, Orientation: South West, Material: Concrete: Tranformation: Staining due Oxidation-Reduction. 
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Fig. 20- Surface: B4, Location: American Annex, Orientation: South-West, Material: Concrete, Tranformation: Spallation. 
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Fig. 21- Surface: B5, Location: The American Elevator, Orientation: North-East, Material: Concrete, Tranformation: Effloresence. 
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Fig. 22- Surface B6, Location: Marine ‘A’ Elevator, Orientation, Material, Tranformation: Effloresence. 
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Fig, 23- Surface: C1, Location: Perot Elevator, Orientation: South West, Material: Clay Brick, Tranformation: Spallation. 



34 

PHOTOGRAPHIC CATALOG

- ~ _: 
--~~ ~ - ,----,-

Fig, 24- Surface: C2, Location: Perot Elevator Annex, Orientation: North North-East, Material: Rendered clay brick, Tranformation: Spallation. 
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FIg. 25- Surface C3, Location: Perot Malt House, Orientation: West facing, Material: Painted CMU brick, Tranformation: Disaggreation. 
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Fig. 26- Surface: C4, Location” American Office, Orientation: South West, Material: Structural Clay Tile, Tranformation: Spallatiion. 
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PROCESS 

Each shroud was fabricated with a one inch duck canvas 

reinforced edge and casted in two layers. Depending on the 

texture and finish of the surface to be casted, liquid latex 

rubber was applied with the appropriate paint roller or brush. 
After curing for several days, weather permitting, the cast was 

peeled off the substrate by hand. Talc was applied to the shroud 

during the removal process to prevent the piece from adhering 
to itself so it could then be folded and transported off site. 
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Fig. 27- Latex shroud cast from surface A3, rusted corrugted sheet metal after removal, Zach Fields, 2018. 
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Fig. 28- Shroud removal (C1). 
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Fig. 29- Cured latex cast prior to removal (B2). 
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Fig. 30- Stop motion desccribing the casting process (B2). 
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Fig. 31- Stop motion desccribing the casting process (C4). 
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Fig. 32- Stop motion desccribing the casting process (C4). 
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Fig. 33- Stop motion desccribing the casting process (C4). 
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Fig. 34- Stop motion desccribing the casting process (C4). 
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Fig. 35- Stop motion desccribing the casting process (C4). 

50 



A MILLIMETER OF SPACE

51 



PROCESS

Fig. 36- Stop motion desccribing the casting process (C4). 
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Fig. 37- DIY latex mixture cured and subjected to environmenal exposure. 

Initial test swatches began by wheat pasting with various 

paper types including kraft paper, butcher paper, vellum, 
mulberry paper, to test how each would endure and register 
weather based on varying material properties. The wheat paste 

mixture itself which could be adjusted with different types of 
flour and additives was also explored at this time. A DIY latex 

mixture was eventually tested as well (Fig. 37). 
Wheatpaste is known to be just as strong as diluted white 

glue when used on paper or other porous materials such as 

concrete and wood. It is made by combining one parts flour to 
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four parts water and bringing the mixture to just below a boil. 
White flour is recommended over whole wheat flour, although 

whole wheat which contains all parts of the wheat: fiber, protein, 
and endosperm can also be used. White flour is processed to 

contain only the endosperm which is almost entirely starch and 

will result in a smoother, more workable consistency. 
Additives that can influence the properties of the wheat 

paste mixture are salt, sugar, cinnamon or peppermint extract, 
alum, vinegar, borax, powdered glue, and sawdust. 

Adding one spoonful or more of salt per quarter gallon 

can increase the shelf life of unused glue, and dismiss any 

chance of the glue rotting as it dries. It is also added to lower 
the pastes freezing point although it may increase how long it 
takes for the mixture to dry, especially in cool environments. 
It can be added to the wheatpaste mixture at any point of the 

process. 
Two spoonfuls or more of sugar per quarter gallon will 

make the glue “stickier” when wet, and could increase dry 

strength due to the crystalline structure of glucose. It should 
be added towards the end of heating the mixture in order to 

prevent caramelization. 
Five drops of cinnamon or peppermint extract per quarter 

gallon will increase the shelf life of the wheatpaste for several 
weeks and can be added to the mixture at any time. A spoonful 
of alum per quarter gallon of wheat paste mixture will also 

increase the mixtures shelf life and can serve as a thickening 

agent. It should be added near the end of heating. Vinegar will 
not only slow the rotting process of the glue but will also make 

a more durable mixture of wheatpaste once its dry. 
Borax can act as a odor neutralizer while the wheatpaste 

is wet and may also make for a more consistent mixture. 
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Adding powdered glue such as wallpaper paste may 

strengthen the glue, but also add to the cost. Wallpaper paste 

is sometimes know to be weaker than wheatpaste. If too much 

is added, the glue will be too thick and won’t soak into pores of 
the material and adhere to the surface properly. 

Sawdust can be useful in a wheat paste mixture in the 

case of mould making to make a stiffer glue that will hold its 

shape (Wilhelm, Griffith, 2008). 
Various types of paper were considered in the prototyping 

phase. Vellum which is made from plasticized rag cotton or 
fibers from interior tree bark, was selected for its translucency 

and hydrophobic properties (Fig. 38). It is typically used in 

applications where tracing is required, such as architectural 
plans. It is more dimensionally stable than a linen or paper 
sheet, which is critical in the development of large scaled 

drawings such as blueprints. Paper vellum is also used in 

hand or chemical reproduction technology for dissemination 
of plan copies. It can be produced thin enough to be virtually 
transparent in strong light, enabling a source drawing to be 

used directly in the reproduction of field-used drawings. It is 

also used to make positives in silkscreen. 
Mulberry Paper is handmade from the inner fiber of 

the mulberry to produce an exceptionally pure, translucent 
paper, used by paper and painting conservators in repair and 

lamination. It is very strong, despite its lightweight. In this case, 
I was interested in how the individual fibers, visible with the 

naked eye, would adhere to the surfaces in which it was applied. 
Kraft paper or paperboard is produced from chemical 

pulp produced in the kraft process. Pulp produced by the kraft 
process is stronger than that made by other pulping processes 
where acidic sulfite processes degrade cellulose, resulting in 



57 

A MILLIMETER OF SPACE

 
 
 
 
 

  
 
 
 
  
 
 
 

  
 
 
 
 

  
 
 
 
 
 
 
 
 
 

weaker fibers. Mechanical pulping processes leave most of the 

lignin with the fibers, whereas kraft pulping removes most of 
the lignin present originally in the wood. Low lignin is important 
to the resulting strength of the paper, as the hydrophobic nature 

of lignin interferes with the formation of the hydrogen bonds 

between cellulose and hemicellulose in the fibers. 
Butcher paper is a kraft paper that was originally sold to 

butchers for the purpose of wrapping meat and fish. It is now 

used for a wide variety of purposes because of its affordability 

and sturdiness. Butcher paper is usually white or reddish in 

colour and is made from kraft pulp. It come in varieties which 

have densities that range from 30 lb/3000 sq ft (45 g/m2) to 

50 lb/3000 sq ft (81 g/m2). This type of paper was tested for is 

absorbance and how that would help encourage the process of 
registration. 

After several tests were done with the selections of paper, 
I began running into issues of removal. Since the papers were 

not resistant to weather, they had a tendency to disintegrate 

after just one rain (Fig 40). To salvage the pulp leftovers, I 
started to laminate the paper with liquid rubber latex to capture 

its response to environmental exposure (Fig. 41). 
Latex is a stable dispersion of polymer microparticles in 

an aqueous medium. It is found in nature, but synthetic latexes 

can be made by polymerizing a monomer such as styrene that 
has been emulsified with surfactants. Latex as found in nature 

is a milky fluid found in 10% of all flowering plants (Agrawal, 
Konno, 2009: 311-331). It’s translucence, ease of the removal, 
ability to pick up what was at the surface of the material while 

itself remaining resilient to weather, made it the primary medium 

for the purpose of isolating transformed material surfaces. The 

issue of authenticity also influenced my decision in using a 
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standard liquid latex rubber directly on the surface. Since 

the goal was not to chemically alter the existing material 
transformations, an honest attempt was made to register the 

conditions that were there prior to intervention. 
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Fig. 38- Sequence showing vellum wheatpasted onto steel beam. 

Atmospheric Conditions: 

Temperature: 79 °F 

Weather: Passing clouds 

Wind: 13 mph 

Humidity: 58% 

Barometer: 29.91 "Hg 
Visibility: 10 mi 
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Fig. 39- A4 Copy paper wheatpasted to steel beam after a week of environmental exposure. 

Atmospheric Conditions: 

Temperature: 80 °F Humidity: 60% 

Weather: Broken clouds Barometer: 29.88 "Hg 
Wind: 12 mph Visibility: 10 mi 
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Fig. 40- Copy paper wheatpasted to concrete surface after a week of environmental exposure. 

Atmospheric Conditions: 

Temperature: 79 °F Humidity: 58% 

Weather: Partly Sunny Barometer: 29.91 "Hg 
Wind: 13 mph Visibility: 10 mi 
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Fig. 41- Sequence showing latex laminations onto corrugated metal, concrete, and brick respectively. 
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CONCLUSION 

Physical Photography as Methodology 

Through this investigation I was able to develop of a method 

of recording that enabled me to capture an entirely new set of 
qualities besides what could be achieved through exposure in digital 
photography alone. By removing physical material in the shroud, I 
was able to produce tactile recordings that went beyond what I 
could operating behind the lens of a camera. Each piece became 

an object of agency in itself, an unrolled or flattening of its host 
surface devoid of form. 

Associations with “The Ethics of Dust” 

An inevitable association was made with the work of Jorge 

Otero Pailos in his performance of preservation and use of latex. 
In his series The Ethics of Dust”, pollution that has gathered on 

historic monuments is transferred onto latex casts. The title of the 

series indicates a dialogue with John Ruskin, one of the founders 

of preservation, in what he referred to as “the golden stain of time” 
in The Seven Lamps of Architecture (Ruskin). The work was the 

result of a specific cleaning process in which latex was sprayed 

onto the interior walls of UNESCO world heritage site, then peeled 

off, gently lifting dirt from the surface. 
My own method is not revealing what once was, but isolating 

the chemical changes conditions that have taken place. There is 

a tactility to which the liquid latex is applied by hand onto various 

degrees of texture. Through enduring the wind, sun, and precipitation 

alongside the surfaces in the casting process, and encountering 

the organisms that dwell within the cracks which are populated with 

insects and vegetation, an intimacy was built with the interface of 
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to be more aggressive, accelerating the decay and making surfaces 

more vulnerable and exposed to elemental conditions, rather than 

trying to retain and keep-up it’s original appearances. Encouraging 

the deterioration of the exterior surfaces and embracing the aesthetic 

beauty of what’s at the surface and what’s to become beneath it. 

Projecting Onward 

If the research were to continue, one might track the decay of 
the latex rubber shrouds themselves as they degrade due to the 

catabolic capabilities of microorganisms. The captured material 
repercussions of original substrate within the shroud to potentially 

act as accelerators or inhibitors enzymatic reactions facilitated 
by bacteria and other microscopic life. Investigations regarding 
the microbial degradation of rubber since 1914 suggests there 
mechanisms at the protein and gene levels causing oxidative 

cleavage of the double bond of natural latex main constituent 
poly(cis-1,4-isoprene) (Rose, Steinbüchel, 2005: 2803-2812). 
Operating outside the issue of timescale, another way in which 

to take the research forward is by creating a series of recordings 

to capture the transformation of an exposed surface over specific 

increments of time. Building off the sample set of surfaces I captured 
at single instances, one can imagine a collection of shrouds marking 

a chronological timeline of continual transformation. 

Personal Reflection 

The exploration has largely been an attempt to understand my 

attraction to ruined spaces in the post industrial landscape of 
Buffalo. At the beginning of the research, I operated in an almost 
empirical way to try and justify this attraction. As I developed the 
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I 
method of making the shroud, it became less about the data 

was collecting and more about building an intimacy with the 

ruined conditions, the interface of the structures exterior. Through 

the shrouds, I’m hoping others will be able to engage with these 

conditions in a similar manner, as they are stand ins for the surfaces 

they originated from as they are oriented and hung specifically to 
reference the disposition in which they were initially cast. The pieces 

serve as a reminder to tune into our surroundings and highlight 
the world of complexity that is revealed when we zoom in on A 

Millimeter of Space. 
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Fig. 42- Icicile forming our of a grain hopper, The American Elevatorin Silo City, Buffalo, New York. 

Natural 

Built 
Post 

Designed Industrial 
Ruins 

Fig. 43- Graphic organization of different types of environments. 

An early phase of the research began by graphing the 
relationships between different processes found in nature and 

how they are carried through to different types of environments. 
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I began by separating environments into two categorizations; 
Natural and Built and two sub categorizations; Designed and 

Post Industrial Built and two sub categorizations; Designed and 

Post Industrial Ruins where Industrial Ruins fell at the junction 

between the built and natural environment (Fig.43). Then, 
categorizations were applied to an axis and graphed different 
types of materials and material transformations and processes 
on the other. This is the matrix that resulted to become familiar 
with the very specific conditions needed for complex processes 

to take place and understand the relationships between them. 
The recurring form of stalactites was investigated across 

different materials and environments. In nature, the simplest 
form of stalactites are ice stalactites or icicles. These forms 

occur in nature in temperate and cold environments. They grow 

from heat diffusion and rising warm air, when water dripping 

or falling from an object freezes. Impurities in the water can 

lead to ripples on the surface of the icicles. Also, the surface 

on which icicles form, whether smooth and straight or irregular, 
influences its shape. Another influence is the direction of flow 

of melting water, which might flow toward the icicle in a straight 
line or from several directions. Prevailing winds also play a 

role. 
Outside the natural environment, the phenomenon of ice 

spikes or ice stalagmites, can be found in domestic freezers. 
Ice spikes are ice formations, often in the shape of an inverted 

icicle, that project upwards from the surface of a body of frozen 

water (Fig. 44). A mechanism for their formation is explained 

by the Bally-Dorsey model. In the designed environment, 
Heinz Isler experimented with thin shell structures of ice (Fig. 
45) making a range of frozen forms using water and fabric 

(Billington, 2003: 153). 

Fig. 44- Ice Stalagmite Formation, Olga 
Kamenskaya, 2013 

Fig. 45- Ice shell, Heinz Isler. 
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Fig. 46- Grand Ise Shrine, Ise, Mie Prefecture, Japan. 

In limestone cave environments, the deposition of calcium 

carbonate rich water and carbon dioxide form stalactites. 
Brinciles, on the other hand, form when floating porous sea ice 

filters out water, by freezing it, and allowing concentrated brine 

through. An osmotic pressure difference leading to a continuing 
ingress of seawater in a siphon pump mechanism is sustained as 
long as the ice continues to freeze. Because the brine that is pumped 
out is denser than the seawater, it descends. 
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Lavacites form from the deposition of material on the 

ceilings of caves, Formation happens very quickly in only can 

happen in a matter of hours, days, or weeks dependent on the 

flow of lava. It grows by accreting layers as successive flows 

of lava rise and fall in the lava tube, coating and recoating the 

stalactite with more material. 
The Grand Ise Shrine, located in the city of Ise, Mie 

Prefecture of Japan, is a complex of structures meant to 

house kami, or spirits, in the religion of Shinto. The shrine 

and it’s joinery are constructed completely from solid Japanese 

cypress, or hinoki from the surrounding Sacred Forest of 
Ise Jingu. The structure undergoes a rebuilding ritual called 

Sengu every twenty years as a part of the Shinto belief in 

the transience of life, and the renewal that follows death. 
Since wood structures show signs of age quickly, it ensures a 

continuity through reproduction rather than conservation. This 

reflects the Japanese belief that all objects are transitory. They 

are admired for their beauty not because they exist infinitely 

but because their inevitable decay (Coulmas, 1994: 36). It also 

serves as a method of passing on ancient building techniques 

to subsequent generations. Overtime, the expression of age 

and decay is made apparent in the weathering of the structures 

wooden members and the growth of moss on the thatch of the 

shrines roof, reinforcing the concept of the impermanence of 
all things in the transitory and temporal nature of materials. 
The critical time frame of two decades in which the aging of the 

shrine is allowed to take place enables people to experience 

the passage of time first hand, at different stages within their 
lifetime. 

As can be witnessed in the example of the Ise Grand 

Shrine, wood, when it is subject to natural weathering processes, 

Fig. 46- Shou Sugi Ban, 2013. 

Fig. 47- Moss growth, Case Study II. 

Fig. 48- Japanese Moss Garden, Hai Vu, 
2013. 
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develops a patina over time. This layer of patina helps wood 

to become more resistant to weather as a waterproofing 

mechanism (Williams, 2005: 139-185). Shou Sugi Ban ‘Burnt 
Cedar Technique’ is a weatherproofing strategy originating in 

Japan during the 18th century. The treatment involves charring 

a wood surface to render it a deep charcoal-black (Kymäläinen, 
2017: 6111-6119). In this case the use of fire in the process of 
combustion as a preservative is used to speed up the weathering 

process that produces driftwood and improves durability. Shou 

Sugi Ban ‘Burnt Cedar Technique’ is a weatherproofing strategy 

originating in Japan during the 18th century (Fig. 46). The 

treatment involves charring a wood surface to render it a deep 

charcoal-black (Kymäläinen, 2017: 6111-6119). In this case the 

use of fire in the process of combustion as a preservative is used 
to speed up the weathering process that produces driftwood and 

improves durability. Shou Sugi Ban is a direct appropriation to 
achieve the aged qualities of wood in a controlled way. It is an 

example of how the desirable characteristics of aged wood can 

be achieved in a collapsed time scale and used purposefully 
towards design. 

In nature, mosses grow in dense green clumps or 
mats, in damp, shady locations. When a substrate possesses 

the proper conditions for moss to grow, such as water, acid 

and basic nutrients, it attaches by rhizoids, or tiny anchoring 

threads. Roof thatch is particularly susceptible to the growth of 
moss. Long wet periods of rain encourage the growth of moss 

as well as in dark areas shaded by trees (Fig. 47). 
In the example of the Ise Grand Shrine, we can see 

that the site in which the shrine is situated, in a shady area of 
extensive dense forest, has much to do with the expression of 
material in order to experience the transformation of a building 
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Fig. 49- The Flower Kiosk at Malmö Cemetary, Sigurd Lewerentz, 1969. 

over time. While mosses grow on buildings, by happenstance, 
they are also deliberately encouraged to grow under aesthetic 

principles exemplified by Japanese gardening (Fig. 48). In this 

case, moss is thought to add a sense of calm, age, and stillness 

to a garden scene. It’s also used in bonsai to cover the soil and 

enhance the impression of age (Iwatsuki, Kodama, 1961: 264-
269). 
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Fig. 51- Spiral Jetty, Robert Smithson, 1970. 

Fig. 50- Alveolar weathering or tafoni, 
Tafoni at Elgol, Isle of Skye, Martin 

Sharman, 2009. 

The Flower Kiosk by Sigurd Lewerentz is a project sited 

in The Malmö Eastern Cemetery in Sweden (Fig. 49). Made of 
concrete cast against plywood with chamfered edges, a grid 

of ridges runs across each of the facades. The roof, which is 

constructed from cooper, creates a steep slope from north to 

south, aligning flush with the north wall steep slope from north 

to south, aligning flush with the north wall of the structure, then 

creating a deep overhang protecting the south facade. With 

no gutters or downpipes, water is allowed to pour from the 

monopitch created a situation of enclosure between the south 

wall and the flow of water in a heavy rain (Hill, 2012: 267-268). 
Rainwater is also allowed to stain the surfaces of the 
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concrete that are exposed without roof protection, creating a 

reading of building as comprised of distinguished as comprised 
of distinguished planes rather than as a single volume. The 

phenomenon that occurs and is expressed on the surfaces of 
the concrete from exposure to rainwater is called efflorescence. 
Efflorescence, which means ‘to flower out’ in French, is the 

migration of a salt to the surface of a porous material, where it 
forms a coating. The essential process involves the dissolving 

of an internally held salt in water and transforms materials 

both in the natural and built environment (Vickers, Moukwa, 
1996: 80-83). The greenery surrounding the Flower Kiosk as 

part of the cemetery, is reflected in the mirror-like reflective 

sheets of glass that constitute the buildings windows. The 

contrast between the reflection of trees in the windows and 

the decaying surfaces of concrete reflect the qualities of an 

Abstract Expressionist painting and show a contrast between 

and celebration of life and death. 
An example of salt formation in nature is by salt 

crystallization that occurs with the evaporation of seawater. 
Known as alveolar weathering or tafoni, rock breakdown 

takes place through the growth of salt crystals in rock pores 

on coastal shores (Fig. 50). Salt formations also occur in the 

form of halite or rock salt in which vast beds of sedimentary 

evaporite minerals that result from the drying up of enclosed 
lakes, playas, and seas (Rodriguez-Navarro, Doehne, 1999: 
191-209). A controlled application of this is in Robert Smithson’s 

Spiral Jetty (Fig. 51), an earthwork sculpture constructed out of 
mud, precipitated salt crystals, and basalt rocks in a salt lake. 
The sculpture is sometimes visible and sometimes submerged, 
depending on the water level (Smithson, 2005). It is dependent 
on tidal ebbs and flows, time based phases in the movement 

Fig. 52- Pantheon, Paul Chesley, 2019 

Fig. 53- The Bonneville Crater on Mars, 
NASA, 2016. 

Fig. 54- RMS Titanic, Lori Johnston, 

2003. 
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Fig. 54- Case Study II, rusted pipes, Black Rock, Buffalo, New York. 

of water. Salt crystallization in architecture is used structurally 

such as is the case with roman concrete in the Pantheon in 

which the reaction of salt water with a mixture of volcanic 

ash and quicklime creates a crystal called tobermorite, which 

may resist fracturing (Fig. 52). More specifically, as salt water 
percolates within the cracks of the concrete, it reacts with the 

phillipsite found in the volcanic rock and creates aluminous 

tobermorite crystals (Vanorio, Kanitpanyacharoen, 2015: 617-

Fig. 55- H.H. Richardson and Frederick 

Law Olmstead, Richardson Olmstead 

621). This range of examples in both the natural, designed, and 

built environments suggests how an understanding of crystalline 
Complex, 1870. 

structures at a molecular level, can not only be utilized as a 
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surface articulation to enhance the experiential qualities of 
a space but can yield high structural capacities in building 
materials such as in the case of roman concrete. 

Another example of material transformation that occurs 

in natural, built, and designed environments is rusting or 
accumulation of iron oxide. This kind of chemical compound, 
comprised of both iron and oxygen develops over time when 

oxygen combines with metal at an atomic level, forming a new 

compound, oxide. Iron oxide is formed by the redox reaction 

of iron and oxygen in the presence of water or air moisture. 
This process is called oxidation reduction. Iron oxide, occurs 

Fig. 56- Sigurd Lewerentz, St. Peters at 
Klippen, 1963. 

Fig. 57- Herzog & de Meuron, Studio Rémy Zaugg, 1995. 
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Fig. 58- Graph showing the relationships between different materials and their tranformative processes. 

naturally, for example, on the surface of Mars (Fig. 53). 
An example of a redox reaction involving the crossing 

over of the natural and built environment, is in shipwrecks 

underwater. This introduction of manmade components in the 

underwater environment is the breeding grounds for microbial 
corrosion to take place in which bacteria and fungi consume 

the iron present in the shipwreck and produce the mineral 
compounds that form the rusticle (Fig. 54). Whereas the 

presence or iron oxide typically degrades iron surfaces in the 

built environment, another type of metal, copper, reacts with 

atmospheric oxygen to form copper carbonate, the green patina 

which protects the underlying metal from further corrosion. 
In architecture, copper has not only been used for its 

aesthetic qualities, but also for it’s resistance to microbial 
corrosion, durability, lightweight, and low thermal movement 
(Graedel, Nassau, Franey, 1987: 639-657). 

In the designed environment, Sigmund Lewerentz’s 

St. Peter’s Church at Klippen in southern Sweden utilizes 

a controlled, purposeful application of rusting with corten 

weathering steel as the central column of the space (Fig. 56). 
Corten steel, is a group of steel alloys developed to form a 
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protective layer on its surface under the influence of the weather, 
forming a stable rust-like appearance after several years 

and giving the material resistance to atmospheric corrosion 
(Schwitter, 1980: 15). This application is tied to Lewerentz 

overall direct use of materials in the project; bricks are uncut, 
joints are deep and textured, the mortar is a dry mix with 

ground slate roughened as spread across the bricks, welds are 

not polished (Hill, 2012: 264-266). These components put the 

process of construction on display, encapsulating the passage 

of time in space. 
Similarly, Herzog de Meuron takes into account the 

influence of the transformation of materials in reaction to 
atmospheric conditions with Studio Remy Zaugg (Fig. 57). By 

placing iron deposits at the edges of the concrete structure 
and letting it bleed down its walls, the facade is in constant flux 

with the weathering conditions of the site over time, continually 

changing with the passage of time (Herzog, de Mueron, 1995). 
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CASE STUDIES 

Fig. 59- Survey of Case Study I, Mlitary Road, South Tonawanda, NY. 
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CASE STUDY I [CS1] 

The first case study that was investigated over the course 

of this research was a 16’ x 16’ cube of brick I happened upon 

exploring industrial zones in South Tonawanda off of Military 

Road (Fig. 59). My initial interest and curiosity was very much 

aesthetically driven as I was drawn to how the space showcased 

the transformation of materials through their aging and decay 
which indicated to me as a very direct and tangible way to 

experience the passage of time. 
Ongoing transformative material processes have been 

allowed to take place at this location with the lack of human 

intervention. Some examples from the case study which Fig. 60- Vines overtaking structural volume in 
the winter. 

Fig. 61- Case study Military Road, South Tonawanda, New York, Winter 2018. 



85 

A MILLIMETER OF SPACE

 
 

  
 
 
 
 
 
 
 
 Fig. 62- Vines overtaking structural volume in 

the summer. 

demonstrate these transformative qualities of materials are 

further described. 
One of the first things I noticed in the case study with 

the changing of the seasons was not only the greenery that 
resulted from the vines growth which completely camouflage 

the space in the summer but the icicle formations the form on 
the underside of openings in the winter. Vines are guided by 

an initial built structural volume as it starts to influence the 
structure which is progressively overtaken by the growth. As 

glass shatters, icicles and vines take their place and over take 

the space (Fig. 63). This demonstrates that in every material 

Fig. 63- Case study Military Road, South Tonawanda, New York, Summer 2018. 
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transformation there is an addition-subtraction relationship 
between parts. In other words, a displacement of matter that 
takes place. Another example is in the breakdown of the tiling on 

the sill of this window which feeds new instances or conditions. 
In this case, the growth of grass. Plant roots have the ability to 

enter cracks in rocks and other materials and pry them apart; a 

form of mechanical weathering known as disaggregation. 

Concrete Degradation 

Taking a closer look at these spaces I started to notice a Fig. 64- Icicles forming on underside of 
masonry entry, Aleksader Marchuk, 2015. 

Fig. 65- Calthemite flowstone forming on the underside of a door frame. 
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 Fig. 66- Lattice structure of a calthemite straw, 

Garry K Smith, 2014. 

series of formations on the underside of the concrete and found 
they were calthemite flowstones, a secondary deposit, derived 

from concrete, which take on the form of stalactites outside the 

cave environment (Fig.65). 
Calthemite is a secondary deposit, derived from 

concrete, lime, mortar or other calcareous material and are the 

result of hyperalkaline solution seeping through a calcareous 

human-made structure until it comes into contact with the 

atmosphere on the underside of the structure, where carbon 

dioxide (CO2) from the surrounding air facilitates the reactions 

to deposit calcium carbonate. In other words, the separation of 

Fig. 67- Calthemite flowstone forming on the underside of a door frame.. 
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material makeup of concrete to form something new. What 
deposits directly beneath stalactite is a calthemite rimstone or 
gour that can form beneath concrete structures on a floor with 

a gradual sloping surface or on the side of rounded stalagmites 
(Fig. 67). When the leachate drip rate is more frequent than 

1 drop per minute, most of the calcium carbonate is carried 

by the leachate from the underside of the concrete structure 
to the ground, where stalagmites, flowstone and gours are 

created. Other trace elements such as iron oxide from the 

rusting of reinforcement within the concrete are transported by 

the leachate and deposited at the same time as the calcium 
carbonate (Fig. 70). 

Over time, any rainwater that penetrates cracks in set 
concrete will carry any free calcium hydroxide in solution to the 

edge of the concrete. Stalactites can form when the solution 

emerges on the underside of the concrete structure where it 
is suspended in the air, When the solution comes into contact 
with air on the underside of the concrete structure, the solution 

reacts with carbon dioxide in the air and precipitates calcium 

carbonate. 
Zooming in, to form some understanding at a microscopic 

level, this image shows the lattice structure of calcite rafts 

forming on slow dripping calthemite straw drop (Fig. 66). 
Calthemites are the result of hyperalkaline solution seeping 

through a calcareous man-made structure until it comes into 
contact with the atmosphere on the underside of the structure, 
where carbon dioxide (CO2) from the surrounding air facilitates 

the reactions to deposit calcium carbonate. 
Other trace elements such as iron from rusting reinforcing 

or copper oxide from pipework may be transported by the 

leachate and deposited at the same time as the CaCO3. This 

Fig. 68- Calcium-rich leachate seeping from 
the concrete structure. 

Fig. 69- Calthemite gour. 

Fig. 70- Calthemite flowestone in the presence 
of iron oxide. 
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Fig. 71- Calthemite gour in the presence of 
iron oxide. 

Fig. 72- Limescale build up in pipe, Alexander 
Y. Lebedev, 2010. 

Fig. 73- Limescale micrograph, field of view 
64 x 90 µm, Stefan Diller, 2007. 

may cause the calthemites to take on colours of the leached 

oxides. 
Carbonatation is a chemical reaction in which calcium 

hydroxide reacts with carbon dioxide and forms insoluble 

calcium carbonate (Smith, 2015: 93 -108): 

Ca(OH)2 + CO2 -> CaCO3 + H2O 

Calcium Carbonate 

In limestone cave environments, the deposition of calcium 

carbonate rich water and carbon dioxide form stalactites. The 

exoskeleton of an invertebrate is typically composed of calcium 

carbonate as well. Most shells that are found on beaches are 

the shells of marine mollusks and endure better than shells 

made of chitin. A combination of organic matter and calcium 
carbonate in the shells of marine organisms makes them 

protective and structural. 
Like the shell of a mollusk, a pearl is composed of calcium 

carbonate in minute crystalline form, which has been deposited 

in concentric layers. Typically, the build-up of a natural pearl 
consists of a brown central zone formed by columnar calcium 

carbonate and a yellowish to white outer zone consisting of 
nacre. The presence of columnar calcium carbonate rich in 

organic material indicates juvenile mantle tissue that formed 

during the early stage of pearl development. After a couple of 
years, a pearl forms. Calcium carbonate can also be found in 

egg shells in crystal form which is stabilized by a protein matrix 

providing its structure (Fig. 75). 
The type found deposited on the heating elements of 

water heaters as lime scale build up has a main component of 



90 

CASE STUDIES

 
 
 

  
 
 

 
 
 
 

Fig. 74- Pearl production in the shell of a marine organism, 2014. 

calcium carbonate. Hard water contains calcium bicarbonate 

or similar ions. Calcium salts, such as calcium bicarbonate and 

calcium carbonate are both more soluble in hot water than in cold 

water. Thus, heating water does not necessarily cause calcium 

carbonate to precipitate. However, there is an equilibrium 

between dissolved calcium bicarbonate and dissolved calcium 

carbonate. 
As new cold water with dissolved calcium carbonate/ 

bicarbonate is added and heated, CO2 gas is removed, 
carbonate concentration increases, and more calcium carbonate 

precipitates and causes limescale buildup (Weingärtner, 2006). 

Fig. 75. Egg shells. 
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CASE STUDY II (CSII) 

The second case study is located in Black Rock, Buffalo, 
NY and is a structure which was formerly Atlas Steel. Here, I 
was able to observe various forms of salt weathering Fig. 76). 

Spallation 

Spall is flakes of a material that are broken off a larger 
solid body and can be produced by a variety of mechanisms, 
including as a result of projectile impact, corrosion, weathering, 
cavitation, or excessive rolling pressure (as in a ball bearing). 
Spalling and spallation both describe the process of surface 

Fig. 76- Case Study II, formerly Atlas Steel, Black Rock, Buffalo, NY. 
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failure in which spall is shed. 

Cavitation 

Spalling can also occur as an effect of cavitation, where 

fluids are subjected to localized low pressures that cause 

vapor bubbles to form, Vesicles form when gas dissolved in a 

magma separates out under released pressure. If the magma 
cools quickly enough, the gas can’t escape, and it will make 

small openings. When such bubbles collapse, a localized high 

pressure can cause spalling on adjacent surfaces (Fig. 77). 

Fig. 77- Cavitation in Vesicular Pumice. 

Fig. 78- The spallation of mortar causes bricks to fall out of place and create new arrangement of bricks and also supports small plant growth. 
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Fig. 79- Salt spalling on a concrete surface. 

Salt Spallation 

Salt spalling is a specific type of weathering which 

occurs in porous building materials, such as brick, natural 
stone, tiles and concrete. Dissolved salt is carried through 

the material in water and crystallizes inside the material near 
the surface as the water evaporates. As the salt crystals 

expand this builds up shear stresses which break away spall 
from the surface (Fig. 79). 

Mechanical spalling occurs at high stress contact 
points, for example, in a ball bearing. Spalling occurs in 

Fig. 80- Freeze–thaw weathering in ashpalt. 
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preference to brinelling where the maximal shear stress 

occurs not at the surface, but just below, shearing the spall 
off. 

Unloading is a type of mechanical weathering in which 

the release of pressure due to the removal of an overburden. 
When the pressure is reduced rapidly, the rapid expansion of 
the rock causes high surface stress and spalling. 

One of the simplest forms of mechanical spalling 

is plate impact, in which two waves of compression are 

reflected on the free-surfaces of the plates and then interact 
to generate a region of high tensile stress inside one of the 
plates. 

Freeze–thaw weathering is caused by moisture freezing 

inside cracks in rock. Upon freezing its volume expands, 
causing large forces which cracks spall off the outer surface. 
As this cycle repeats the outer surface repeatedly undergoes 
spalling, resulting in weather-ing.Some stone and masonry 

surfaces used as building surfaces will absorb moisture at 
their surface. If exposed to severe freezing conditions the 

surface may flake off due to the expansion of the water (Liu, 
Zanqun, Li, Deng, De Schutter, Hou, 2016: 123). 

Salt 

Different types of salts yield different crystallization 
patterns. For example, sea salt is a type of salt that is 

produced from the evaporation of seawater, rather than by 

being extracted from sedimentary deposits. 
Fleur de sel (“flower of salt”) is a seas salt that forms 

as a thin, delicate crust on the surface of seawater as it 
evaporates (Fig. 83). The name comes from the flower-like 

Fig. 81- Salt spalling on the Berlin Wall exposing 
steel reinforcement. 

Fig. 82- Freeze thaw on an asphalt roadway. 

Fig. 83- Fleur de Sel, Ile de Re, 2005. 
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Fig. 84- Black lava salt, a type of volcanic halite, 
2009. 

Fig. 85- Alum salt, Michelle Shi, 2016. 

formation and collection results in salt crystals that are not 
uniform. The salt also has a much higher amount of moisture 

than common salt allowing the crystals to stick together 
in snowflake-like forms. It’s mineral composition contains 

sodium chloride, calcium, magnesium, potassium, and other 
insolubles. Black lava salt is a type of sea salt that is blended 

with activated charcoal. and shares a similar crystallization 

pattern. 
Table salt (NaCl) takes a few days to grow and has 

a cube-shaped structure whereas epsom salt (magnesium 

sulfate) grows into smaller, needle-like crystals, but grows 

more quickly than table salt. 
Potassium alum dodecahydrate occurs in nature as 

a sulfate mineral called alum-(K), typically as encrustations 

on rocks in areas of weathering and oxidation of sulfide 

minerals and potassium-bearing minerals. Alum grow 

quickly, sometimes making visible crystals within a few 

hours. Potassium alum crystallizes in regular octahedra with 

flattened corners and is very soluble in water.Potassium 

alum crystallizes in regular octahedra with flattened corners 

and is very soluble in water (Rodriguez-Navarro, Doehne, 
1999). 

Crystallography 

Crystallography is the experimental science of 
determining the arrangement of atoms in crystalline solids. 
A crystal is a solid that consists of the various atoms, or 
molecules being arranged in a uniform repeating pattern 
based on its unique shape. This results in the material having 

a specific shape and colour, and having other characteristic 
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properties. 
The atoms in a crystal occupy positions with definite 

geometrical relationships to each other. This structural 
arrangement of its atoms. is uniquely defined by the chemistry 

of the substance and determines the shape of the crystal. 
In crystallography, the shapes of crystals can be grouped 

into seven systems: Cubic ,Tetragonal, Hexagonal, Trigonal, 
Orthorhombic, Monoclinic, and Triclinic (Lavine, 2017: 355). 

When solute molecules in a saturated solution 

encounter a dust particle or a solid surface, like a string or a 

seed crystal, they will tend to adsorb and aggregate on the 

surface. The solid surface provides the nucleation site for 
the formation of crystals. A seed crystal is a starting surface 
for a growing crystal. 
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MATERIAL SIMULATIONS: Recipes for Material Effects 

As the conditions that exist in the case studies were 

observed and identified, a series of situations were set up in 

the studio environment to understand these processes further. 
The conduction of these experiments began a new phase of 
the research; forming recipes to tease out potential material 
effects. 

A control experiment in which water was filtered through 

a standard concrete block led to the observation of the cohesion 

between water droplets and adhesion of droplets and the surface 

of the concrete. Setting up this condition brought up the issue 
of how to accelerate the timescale of these processes to induce 

reactions between material ingredients. Two ways that were 

explored in order to address this were to change the viscosity 

of the water and to change the porosity of the concrete. The 

connection being made to previous phase of the research is 
that cracks in concrete were what allowed moisture to seep 

through to form concrete stalactites. 
In order to increase the viscosity of water, a recipe for 

formation aid, was developed. Formation aid is a product used 

in Japanese Paper Making to increase the viscosity of water 
in order to slow the drainage down during the sheet forming 

process. It is traditionally plant based and can be made with 

okra or aloe vera and is available synthetically as polyethylene 

oxide (PEO). Calling back to information gathered in the original 
phase of research dealing with the combination of organic matter 
and calcium carbonate in the shells of marine organisms, which 

makes them protective and structural an organic substance 

okra, was used. 
The method for creating formation aid from okra was as 

follows: 
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Fig. 86- Processing of formation aid production with okra. 

Fig. 87- Okra mucilage straining through a colinder. 
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1. cut okra pods into halves 

2. wrap the pods in a muslin or cheese cloth 

3. pound the contents with a hammer 
4. tie up the cloth and let it soak in water overnight 
5. strain the mucilage from the plant fibers with a colander

 This process breaks up the plant material to encourage 
the release of mucilage,  a viscous substance produced by 
nearly all plants and some microorganisms, into the water. 
The mucilage was then filtered through similarly to the control 
experiment with water. the viscosity of the solution has increased 
with the added okra mucus mixture. The setup involved plexi 
glass to retain the solution in an aquarium-like setting using 

1. mixing bucket 
2. hand drill 
3. concrete mix 

4. plastic beaker 
5. MDF mold 

6. plexiglass 

7. silicone caulking 

8. concrete block 

9. concrete brick 

10. photo developing tray 

2. 

1. 

4. 

3. 

5. 

6. 

7. 

9. 
8. 

10. 

Fig. 88- Fusion of concrete blocks with formation aid mixture. Fig. 89- Control set up ingredients. 
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Fig. 90- Water filitered through concrete block; cohesion between water droplets and adhesion of droplets and the surface of the concrete. 

Fig. 91- With formation aid, less movement across the surface and more concentrated dripping at points. 

Fig. 92- Okra mucilage straining through a colinder. 
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silicone caulking to seal the edges. With the formation aid, less 
movement occurred across the surface and the dripped was 
more concentrated at points (Fig 90-91).
 After two weeks of allowing the mixture to filter through 
the concrete block, deposits began to build up (Fig. 92). It was 
also discovered that the bricks, used to set up the experiment, 
and support the concrete block, began to fuse together and 
form a bond. Figure pictures a test to evaluate the strength of 
the bond between the concrete bricks by suspension.
 In order to test the structural integrity of the fused brick 
further, I began arranging the concrete bricks beneath the 

Fig. 93- Diagram showing varied porosities 
of concrete. 

Fig. 94- Varying mixtures of concrete fusing together with okra mucilage. 
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Fig. 95- Okra mucilage straining through a colinder. 
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the concrete block right at their tipping points. At the same time, 
I continued the build up of deposits from the prior experiment 
simulating the formation of concrete stalactites.
 Overtime, formation aid solution filtered through to form 
bonds between the bricks. Two levels of porosity of concrete 
mixture were poured in one brick to see how that would facilitate 
the adherence between the bricks. This was using different 
coarses of aggregate and different ratios of cement, water, and 
aggregate (Fig. 93-94).
 In order to identify the deposits, as I did this with many 
other identifiable results from in-studio set ups, I used the 
facilities in the biomedical research microscopy lab and ran 
samples of the deposit under a scanning electron microscope. 
The deposits were confirmed to be calcium carbonate with 
small trace amounts of silicon with use of the microscopy (Fig. 
95-96). 

Component Mole Conc. Units  
Conc. 

Ca 32.495 9 .612 w t.%  
O 4.129 2 .856 w t.%  OUTDOOR SET UP I
C 63.376 8 7.532 w t.%  
 100.000 100.000 w t.% Total 

Elt. Line Intensity Atomic Conc Units Error MDL  
(c/s) % 2-sig 3-sig 

22.211 Ca Ka 3 7.88 1 9.890 w t.% 1.065 1.271   
O 37.572 Ka 100.78 41.319 w t.% 1.165 0.734   
C Ka 4 2.91 2 .527 2 .856 w t.% 0.226 0 .195   
 100.000 100.000 w t.% Total  

 
kV  20.0 
Takeoff Angle  30.0° 
Elapsed Livetime 21.9 

Fig. 97- Diagram showing set up of concrete stalactite 
Fig. 96- Data from SEM analysis describing elemental components. simulation. 
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 Another series of setups in the studio setting were carried 
out to understand the effect of salts on building materials. In the 
first setup, salt crystals are grown over three different concrete 
mixtures with varying levels of porosity. This experiment was 
motivated by the addition-subtraction of a form of salt degradation 
known as alveolar weathering (Fig. 99). 

6. 
3. 

2.1. 
4. 5. 

Fig. 98- Salt setup ingredients: distilled water, alum, measuring instruments, water boiler, and an acid bath. 

1. distilled water 
2. alum 
3. measuring spoon 
4. water boiler 
5. MDF mold 

6. saline solution 
7. concrete brick 1:1 
8. concrete brick 2:1 
9. concrete brick 3:1 
10. acid bath 

9. 

8. 

7. 

10. 

Fig. 99-  Salt crystals grown over three porosities of concrete. 
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Halite/ Rock 
Halite/ Rock Salt as1A aggregate SCR aggregate salt as 
aggregate1A aggregate SCR aggregate aggregate 

Fig. 100- Rainwater staining setup on slightly modulated surfaces. 

Fig. 101- Salt growth on concrete brick submerged in a saline solution. 
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Fig. 102- Surface articulation of halite concrete mixture after exposure to a week of rain. 

Another test was carried out to investigate the effects of 
slightly modulated surfaces, also composed concrete mixtures of 
varying porosities and concentrations of halite which was mixed 

as a part of the aggregate (Fig. 100). 
The substitution of aggregate with halite in an set up 

similar to the concrete stalactite to track at what threshold the 

block would retain its structure as rainwater dissolved the salts 

embedded in the concrete (Fig. 102). 
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SEM ANALYSIS 

Use of the microscopy lab in the Biomedical Research 
Building with Dr. Peter Bush supplemented the research. 
Samples were gathered off site and identified with the scanning 

electron microscope to further understand how each case study 

was functionally deteriorating at a chemical level. The samples 

that were brought into the lab for analysis include samples 

obtained from the case studies, raw materials used for material 
simulations, and samples taken of the results of the material 
simulations. The analysis reports describe the spectral levels 

of the substances elemental components and include an image 
taken from the scanning electron microscope. 

Inferences from the analysis reports include the presence 
of trace elements, the ability to identify specific processes in 

a case study, and the correlation between a samples chemical 
makeup and its physical properties. For example, two samples 

of halite from the same bag of ice melt, were scanned to reveal 
that the trace elements calcium (Ca) and sulfur (S) while a pure 

composition of sodium chloride (NaCl) yielded a translucent 
white coloration (Fig. 122). 
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Fig. 103- Graph describing spectral levels of the substances elemental components and scanning electron microscopy image of calthemite sample (CSi). 
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 Component Mole Conc. Units �� 20.0 

Conc. �a�e��� ��gle 30.0� 

C 55.451 21.032 wt.% �lap�e� �i�etime 16.6 

Mg 1.259 0.966 wt.% 

S 0.961 0.973 wt.% 

K 0.758 0.936 wt.% 

CaO 22.017 38.991 wt.% 

SiO2 19.554 37.101 wt.% 

100.000 100.000 wt.% ��tal 

�lt. �ine �ntensit� �tomic Conc Units ���o�M�� 
�c�s� � ��si� ��si� 

C Ka 44.64 34.415 21.032 wt.% 2.472 2.951 

O Ka 85.68 37.936 30.883 wt.% 1.840 1.280 

Mg Ka 12.43 0.781 0.966 wt.% 0.197 0.220 

Si Ka 224.52 12.136 17.342 wt.% 0.596 0.276 

S Ka 15.39 0.597 0.973 wt.% 0.178 0.198 

K Ka 14.43 0.470 0.936 wt.% 0.183 0.210 

Ca Ka 343.89 13.665 27.866 wt.% 0.757 0.257 

100.000 100.000 wt.% ��tal 

Fig. 104- Calthemite flowstone, Military Road, South Tonawanda, New York (CS1). 
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Fig. 105- Graph describing spectral levels of the substances elemental components and scanning electron microscopy image of glass sample. 
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Com�onent Mole Conc. Units 20.0 

Conc. �a����� ����� 30.0�

C 54.577 26.865 wt.% a���� ����t�22.0 

Na 3.357 3.163 wt.% 

 1.123 1.118 wt.% 

 21.495 24.742 wt.% 

K 0.839 1.345 wt.% 

CaO 18.608 42.766 wt.% 

100.000 100.000 wt.% ta�

Elt. Line Intensity Atomic Conc Units Error MDL 
(c/s) % 2-sig 3-sig 

C Ka 41.01 46.014 26.865 wt.% 3.291 4.230 

O Ka 97.57 15.689 12.202 wt.% 0.616 0.489 

Na Ka 29.09 2.831 3.163 wt.% 0.322 0.310

 Ka 13.82 0.946 1.118 wt.% 0.211 0.257

 Ka 400.52 18.123 24.742 wt.% 0.545 0.215 

K Ka 18.52 0.708 1.345 wt.% 0.201 0.230 

Ca Ka 301.23 15.689 30.565 wt.% 0.779 0.323 

100.000 100.000 wt.% ta�

Fig. 106- Soda–lime–silica glass, Military Road, South Tonawanda, New York. 
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Fig. 107- Graph describing spectral levels of the substances elemental components and scanning electron microscopy image of rust sample. 
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 Component Mole Conc. Units �� 20.0 

Conc. �a�e��� ��g�e 30.0� 

C 27.720 7.347 wt.% ��a��e� �i�eti�e 14.0 

Mg 0.469 0.251 wt.% 

Fe 53.392 65.794 wt.% 

CaO 0.661 0.817 wt.% 

K2O 2.811 5.842 wt.% 

SiO2 11.827 15.681 wt.% 

Na2O 3.120 4.268 wt.% 

100.000 100.000 wt.% ��ta� 

�lt. �ine �ntensit� �tomic Conc Units ���o�M�� 
�c�s� � ��si� ��si� 

C Ka 13.11 20.356 7.347 wt.% 2.686 3.761 

O Ka 275.54 22.211 10.678 wt.% 0.360 0.165 

Na Ka 11.36 4.583 3.166 wt.% 0.772 0.898 

Mg Ka 1.75 0.344 0.251 wt.% 0.353 0.517 

Si Ka 42.05 8.685 7.330 wt.% 0.784 0.765 

K Ka 57.29 4.128 4.850 wt.% 0.423 0.380 

Ca Ka 5.82 0.485 0.584 wt.% 0.307 0.426 

Fe Ka 431.66 39.208 65.794 wt.% 1.721 0.489 

100.000 100.000 wt.% ��ta� 

Fig. 108- Oxidized metal, Military Road, South Tonawanda, New York. 
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Fig. 109- Graph describing spectral levels of the substances elemental components and scanning electron microscopy image of paint sample. 
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 �� 20.0Component Mole Conc. Units 
Ta�e��� ��g�e 30.0�Conc. 
��a��e� �i�eti�e 20.2 C 56.310 24.765 wt.% 

Mg 0.751 0.668 wt.% 

S 14.679 17.235 wt.% 

Ti 5.157 9.039 wt.% 

Fe 0.328 0.670 wt.% 

CaO 17.949 36.856 wt.% 

K2O 0.094 0.323 wt.% 

SiO2 4.261 9.373 wt.% 

�a2O 0.472 1.070 wt.% 

100.000 100.000 wt.% T�ta� 

�lt. �ine �ntensit� �tomic Conc Units ���o�M�� 
�c�s� � ��si� ��si� 

C Ka 36.31 44.130 24.765 wt.% 3.723 4.963 

O Ka 153.08 21.187 15.838 wt.% 0.647 0.470 

�a Ka 5.74 0.739 0.794 wt.% 0.322 0.438 

Mg Ka 8.77 0.588 0.668 wt.% 0.189 0.245 

Si Ka 42.41 3.339 4.381 wt.% 0.390 0.383 

S Ka 321.36 11.504 17.235 wt.% 0.450 0.210 

K Ka 3.55 0.147 0.268 wt.% 0.182 0.261 

Ca Ka 295.76 14.067 26.340 wt.% 0.710 0.300 

Ti Ka 88.07 4.042 9.039 wt.% 0.450 0.210 

Fe Ka 4.16 0.257 0.670 wt.% 0.241 0.293 

100.000 100.000 wt.% T�ta� 

Fig. 110- Paint coating, Military Road, South Tonawanda, New York. 
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Fig. 111- Graph describing spectral levels of the substances elemental components and scanning electron microscopy image of caulking. 
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Component Mole Conc. Units 
Conc. 

C 32.495 9 .612 w t.% 
Si 4 .129 2 .856 w t.% 
CaO 63.376 8 7.532 w t.% 

100.000 100.000 w t.% Total 

Elt. Line Intensity Atomic Conc Units Error MDL 
(c/s) % 2-sig 3-sig 

C Ka 3 7.88 1 9.890 9 .612 w t.% 1.065 1.271 
O Ka 100.78 38.792 2 4.973 w t.% 1.165 0.734 
Si K a 42.91 2.527 2 .856 w t.% 0.226 0 .195 
Ca K a 732.02 38.792 6 2.558 w t.% 1.006 0 .296 

100.000 100.000 w t.% Total 

kV 20.0 
Takeoff Angle 30.0° 
Elapsed Livetime 21.9 

Fig. 112- Caulking, Military Road, South Tonawanda, New York. 
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Fig. 113- Graph describing spectral levels of the substances elemental components and scanning electron microscopy image of ceramic sample. 
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Component Mole 
Conc. 

Conc. Units �� 20.0 

Ta�e��� A��le 30.0� 

C 54.253 20.972 wt.% �la��e� �i�eti�e 20.5 

Al 7.917 6.875 wt.% 

Fe 0.489 0.879 wt.% 

TiO2 0.611 1.570 wt.% 

CaO 13.943 25.164 wt.% 

K2O 0.435 1.320 wt.% 

SiO2 22.351 43.220 wt.% 

100.000 100.000 wt.% T�tal 

�lt. �ine �ntensit� �tomic Conc Units ���o�M�� 
�c�s� � ��si� ��si� 

C Ka 49.08 33.753 20.972 wt.% 2.089 2.474 

O Ka 166.38 37.516 31.050 wt.% 1.142 0.632 

Al Ka 152.78 4.926 6.875 wt.% 0.270 0.169 

Si Ka 324.70 13.905 20.202 wt.% 0.518 0.229 

K Ka 20.95 0.542 1.095 wt.% 0.151 0.166 

Ca Ka 299.88 8.674 17.985 wt.% 0.475 0.184 

Ti Ka 10.18 0.380 0.941 wt.% 0.185 0.202 

Fe Ka 7.56 0.304 0.879 wt.% 0.208 0.234 

100.000 100.000 wt.% T�tal 

Fig. 144- Cermanic tile, Military Road, South Tonawanda, New York. 
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Fig. 115- Graph describing spectral levels of the substances elemental components and scanning electron microscopy image mortar sample. 
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Elt. Line Intensity Atomic Conc Units Error MDL 
(c/s) % 2-sig 3-sig 

C Ka 0 .00 0.000 0 .000 w t.% 0.000 0 .000 
O Ka 184.74 71.367 5 3.833 w t.% 2.047 1 .275 
Al K a 177.58 6.515 8 .288 w t.% 0.324 0 .210 
Si K a 125.77 4.234 5 .607 w t.% 0.268 0 .194 
S Ka 149.90 4.026 6 .087 w t.% 0.260 0 .170 
Ca K a 545.75 13.858 2 6.185 w t.% 0.542 0 .182 

100.000 100.000 w t.% Total 

kV 20.0 
Takeoff Angle 30.0° 
Elapsed Livetime 17.9 

Fig. 116- Mortar, Military Road, South Tonawanda, New York. 
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Fig. 117- Graph describing spectral levels of the substances elemental components and scanning electron microscopy image of paint sample. 
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Elt. Line Intensity Atomic Conc Units Error MDL 
(c/s) % 2-sig 3-sig 

C Ka 8 1.03 3 3.273 2 1.755 w t.% 1.173 0.739 
O Ka 122.38 50.784 4 4.231 w t.% 1.848 0.821 
Al K a 11.06 0.343 0 .504 w t.% 0.123 0.157 
Si K a 26.47 0.674 1 .031 w t.% 0.128 0.141 
S Ka 251.25 5.135 8 .963 w t.% 0.267 0.141 
Ca K a 229.45 4.701 1 0.257 w t.% 0.316 0.154 
Ti K a 210.96 5.089 1 3.259 w t.% 0.418 0.164 

100.000 100.000 w t.% Total 

kV 20.0 
Takeoff Angle 30.0° 
Elapsed Livetime 20.4 

Fig. 118- Peeled paint, Military Road, South Tonawanda, New York. 
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Fig. 119- Graph describing spectral levels of the substances elemental components and scanning electron microscopy image of limestone sample. 



125 

A MILLIMETER OF SPACE

   

  

  



   



   

  



   

  

  
  

 





      

  

  

  



   



   

  

  



   

     

Com�onent Mole Conc. Units 20.0 

Conc. 
a




 

g

 30.0


C 42.351 17.035 wt.% a



 



t
 14.6 

Mg 6.937 5.646 wt.% 

 4.624 4.178 wt.% 

12.983 12.211 wt.% 

K 2.171 2.842 wt.% 

 1.066 1.994 wt.% 

CaO 29.868 56.093 wt.% 

100.000 100.000 wt.% ta
 

Elt. Line Intensity Atomic Conc Units Error MDL 
(c/s) % 2-sig 3-sig 

C Ka 29.90 32.611 17.035 wt.% 3.215 4.240 

O Ka 132.31 22.999 16.004 wt.% 0.807 0.532 

Mg Ka 59.02 5.341 5.646 wt.% 0.452 0.364 

 Ka 47.18 3.561 4.178 wt.% 0.406 0.387 

 Ka 152.29 9.997 12.211 wt.% 0.560 0.325 

K Ka 36.52 1.672 2.842 wt.% 0.314 0.299 

Ca Ka 362.10 22.999 40.089 wt.% 1.136 0.421 

 Ka 9.68 0.821 1.994 wt.% 0.435 0.423 

100.000 100.000 wt.% ta


Fig. 120- Limestone. 
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Fig. 121- Graph describing spectral levels of the substances elemental components and scanning electron microscopy image of halite sample. 
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Elt. Line Intensity Atomic Conc Units Error MDL 
(c/s) % 2-sig 3-sig 

O Ka 103.72 50.401 3 4.053 w t.% 1.753 1 .431 
Na K a 233.43 16.799 1 6.310 w t.% 0.506 0 .272 
S Ka 400.93 11.000 1 4.896 w t.% 0.352 0 .187 
Cl K a 364.14 11.029 1 6.512 w t.% 0.410 0 .223 
Ca K a 347.71 10.770 1 8.229 w t.% 0.447 0 .165 

100.000 100.000 w t.% Total 

kV 20.0 
Takeoff Angle 30.0° 
Elapsed Livetime 20.3 

Fig. 122- Halite. 
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Fig. 123- Graph describing spectral levels of the substances elemental components and scanning electron microscopy image of alum sample. 
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Elt. Line Intensity Atomic Conc Units Error MDL 
(c/s) % 2-sig 3-sig 

O Ka 193.71 80.793 6 9.180 w t.% 2.132 0 .777 
Al K a 89.43 7.876 1 1.374 w t.% 0.519 0 .208 
S Ka 175.19 11.331 1 9.446 w t.% 0.633 0 .244 

100.000 100.000 w t.% Total 

kV 20.0 
Takeoff Angle 30.0° 
Elapsed Livetime 23.0 

Fig. 124- Alumnite. 
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Fig. 125- Graph describing spectral levels of the substances elemental components and scanning electron microscopy image of salt sample. 
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Elt. Line Intensity Atomic Conc Units Error MDL 
(c/s) % 2-sig 3-sig 

Na K a 387.08 40.322 3 0.332 w t.% 0.681 0 .238 
Cl K a 1,050.36 56.764 6 5.848 w t.% 0.889 0 .244 
Ca K a 39.64 2.913 3 .821 w t.% 0.301 0 .228 

100.000 100.000 w t.% Total 

kV 20.0 
Takeoff Angle 30.0° 
Elapsed Livetime 21.6 

Fig. 126- Salt crystals accumulated on mixing shovel. 
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Fig. 127- Graph describing spectral levels of the substances elemental components and scanning electron microscopy image of salt sample. 
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Elt. Line Intensity Atomic Conc Units Error MDL 
(c/s) % 2-sig 3-sig 

O Ka 492.13 71.651 5 9.185 w t.% 1.219 0 .472 
Mg K a 441.60 15.268 1 9.159 w t.% 0.414 0 .143 
S Ka 628.65 13.081 2 1.657 w t.% 0.394 0 .145 

100.000 100.000 w t.% Total 

kV 20.0 
Takeoff Angle 30.0° 
Elapsed Livetime 20.5 

Fig. 128- Salt crystals formed beneath acid bath salt experiment. 
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Fig. 129- Graph describing spectral levels of the substances elemental components and scanning electron microscopy image of paper substance. 
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Atomic 
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Conc Units 

2.627 w t.% 
7.373 w t.% 

100.000 w t.% 

Error 
2-sig 
0.704 0 
0.927 0 

MDL 
3-sig 
.198 
.272 

Total 

kV 20.0 
Takeoff Angle 30.0° 
Elapsed Livetime 18.1 

Fig. 130- Papery substance produced from excess formation aid and salts.. 
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Fig. 131- Graph describing spectral levels of the substances elemental components and scanning electron microscopy image of fused okra block sample. 
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kV 20.0 Component Mole Conc. Units 
Conc. Takeoff Angle 30.0° 

Elapsed Livetime 15.7 C 23.786 15.641 wt.% 

O 61.691 54.039 wt.% 

Mg 1.373 1.827 wt.% 

Si 0.552 0.849 wt.% 

Ca 12.598 27.643 wt.% 

100.000 100.000 wt.% Total 

�lt. �ine �ntensit� �tomic Conc Units ���o�M�� 
�c�s� � ��si� ��si� 

C �a 104.69 23.786 15.641 wt.% 1.117 1.235 

O �a 152.35 61.691 54.039 wt.% 2.466 1.666 

Mg �a 29.28 1.373 1.827 wt.% 0.230 0.235 

Si �a 19.40 0.552 0.849 wt.% 0.156 0.186 

Ca �a 573.41 12.598 27.643 wt.% 0.597 0.198 

100.000 100.000 wt.% Total 

Fig. 132- Concrete block fused together with okra mucilage. 
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Fig. 133- Graph describing spectral levels of the substances elemental components and scanning electron microscopy image okra sample showing 
stomata. 



139 

A MILLIMETER OF SPACE

   

   
   

  
 

 
      

        
   
   

     
 

 
 

Component Mole Conc. Units 
Conc. 

C 55.960 4 8.340 wt.% 
O 43.473 5 0.024 wt.% 
Ca 0 .568 1 .636 w t.% 

100.000 100.000 w t.% Total 

Elt. Line Intensity Atomic Conc Units Error MDL 
(c/s) % 2-sig 3-sig 

C Ka 419.85 55.960 48.340 wt.% 1.303 0.445 
O Ka 158.30 43.473 5 0.024 w t.% 2.219 0 .897 
Ca K a 31.04 0.568 1 .636 w t.% 0.188 0 .156 

100.000 100.000 w t.% Total 

kV 20.0 
Takeoff Angle 30.0° 
Elapsed Livetime 13.8 

Fig. 134- Scanning electron miscrocopy analysis and image of dried okra stripped of mucilage. 
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Fig. 135- Graph describing spectral levels of the substances elemental components and scanning electron microscopy image of salt sample. 
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Elt. Line Intensity Atomic Conc Units Error MDL 
(c/s) % 2-sig 3-sig 

O Ka 576.63 83.315 7 2.543 w t.% 1.372 0 .511 
Al K a 218.17 7.080 1 0.395 w t.% 0.330 0 .173 
S Ka 383.07 8.920 1 5.567 w t.% 0.361 0 .134 
Ca K a 29.49 0.685 1 .495 w t.% 0.142 0 .112 

100.000 100.000 w t.% Total 

kV 20.0 
Takeoff Angle 30.0° 
Elapsed Livetime 20.6 

Fig.136- Salt formations emerged around concrete seed cyrstals. 



142 

INTRODUCTION

Fig. 137- Stereomiscrocopic image of spalled clay brick. 
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Fig. 138- Stereomiscrocopy analysis of metal oxide. 



Fig. 139- Corrosion of metal door frame by oxidation-reduction, Case Study I. 
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