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Abstract

Nowadays, almost all architects, designers, and city builders seek more sustainable 

building options. With stronger compute power, the computational can help people 

assemble materials in new ways. This trend of automating in everyday life is slowly 

converting traditional machines into robots. With a new understanding of material and 

technology, architecture is transforming itself to incorporate new concepts.  I believe the 

“A robot for living” era is emerging from the century of “A machine for living.” 

 

A building used to be considered a very luxurious move with mass investment in 

land, labor, material, time, and cost. The cost requires architecture to perform in a 

conservative way to avoid the cost of trying new things. However, I think research in 

Ecological material and digital fabrication/construction can extend architecture’s future 

imagination. These increasing sophisticated technologies create less greenhouse gases 

while constructing buildings. Also, they reduce energy consumption during a long 

period of building operation time. 

  

Studies on new material options, traditional fabrication methods, in-field practice, 

and sustainable real estate development are necessary for a practical approach to 

material ecology and digital fabrication research.  My journey at Cornell gave me an 

excellent opportunity to explore the potential interdisciplinary responses to the urgent 



sustainability crisis. Cornell provides me a valuable period to work with mentors, utilize 

school resources, and learn from peers. 

 

This final degree book is intended to demonstrate my investigation in Architecture 

Ecology, especially in using digital fabrication technologies to construct sustainable 

and spatial environments. It includes elective coursework I took through different 

departments, a design-build project I worked for Professor Sabin, and a design studio 

focused on a vertical factory led by Pablo Sequero Barrera, Frank Barkow, and Regine 

Leibinger.
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1. Introduction

The world has increased ambition in combatting climate change. Most countries are 

making their plan toward carbon neutrality under the United Nations guideline. The 

world is shifting its goal from making less greenhouse gas to a total balanced carbon 

footprint or so-called net-zero. 

 

Narrowing down to the Architecture industry, buildings are one of the largest 

contributors to greenhouse gas emissions. AIA is introducing the 2030 commitment 

program for its members to design a carbon-neutral building typology by 2030. It is 

important for Architects to re-imagine and re-engineer what the future life will look 

like. Architects can make a more sustainable living environment by thinking about what 

we are building and how we build it. Recycling, re-use, re-adaptation, will soon become 

necessary moves rather than optional choice. The move could be interpreted from small 

to very large scale, from building material recycling to urban renewal development.  

 

Achieving the goal of carbon-neutral requires the collaboration of architects, real estate 

developers, construction engineers, and many professionals from other realms—the 

study at MS.AAD program provides me with great opportunities to approach ecology 

from different perspectives. 
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2. Recycle Material Selection

 

What types of material could be stay buildable materials as re-use? Some common 

characteristics could be price, durability, re-modify capability, and easy accessibility. 

In this session, two different projects covered the idea of waste material selection and 

architecture application from a small pavilion to a residential tower. Also, a wood joint 

research focused on converting traditional handmade joints into a modern joint that can 

be easily assembled/disassembled. 

 

2.1 Plastic Pavilion

 

Plastic Pavilion is a three-week-long intense design workshop led by Professor Caroline 

O’Donnell and Dillon Prange. Students need to investigate a “problematic” material 

object and deploy the material into a pavilion material. This project is collaborative 

between Jaeha Kim (MS.AAD 21’), Aleksandr Dmitrashchuk(B.ARCH 20’, MS.AAD 

21’), and me. 

 

2.1.1 Thinking about Waste 

The waste recycling system 

transports enormous amounts 

of material from place to 

Landfill
75.4%

Incineration
15.5%

Recycling Export
6.6%

Recycling Domestic
2.5%

2015 2017 2019

78.3% 82.2%

14.4% 13.8%

2.4%
4.4%

2.2%
1.8%

Post-Consumer Plastic DistributionPost-Consumer Plastic Distribution
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place, but not all reusable materials are recycled as planned.  In the plastic category, one 

type of material draws our attention, Type 5 Plastic. It is a packing material in our daily 

life, such as plastic water bottles and yogurt cups. However, the plastic needs to clean 

before getting into the recycle loop. It would be an easy cleaning job for a water bottle, 

but not for a cup. 

 

China, where most recycled material exported to, 

Stopped importing unclean recycle material from 

the US in 2019. In the year 2020, the amount of 

US exported recycled plastic reduced to 1.5 billion 

pounds. It is one-third amount of what it used to be. 

 

Even those plastic wastes have a proper recycling 

method; most used yogurt cups are misplaced into landfill 

waste rather than recycled waste. Looking in detailed at the 

US yogurt industry, Chobani yogurt is one of the most popular 

brands. It produced more than 50% of products in the overall 

yogurt market. To deploy further investigation, our team 

decided to choose the Chobani yogurt cup as the “problematic” material.  

Recycling Plastic Exports, billion pounds

2016 2017 2018 2019 2020

1b

2b

3b

4b

5b 4.52
4.19

3.68
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1.52

Chobani
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1,245 Million cups

2019
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2.1.2 Material Tectonic 

The process of reusing material contains two steps, deconstruct and reconstruct. In this 

case, the cap and warping of the Chobani yogurt cup are removed. Only the plastic part 

stays for the next step assembly. The innovative step is creating new tectonic connecting 

logic. With the profile of the yogurt cup, two connection ideas could be appropriate for 

the pavilion. One is a top lid to top lid connection way, and another is an end-to-end 

connection way. The assembly process only requires a utility knife to cut the joining slot 

without any glue job.

 

 

 

 

Lid to Lid Joint

End to End Joint
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After developing the element-to-element connection, some prototypes are tested to 

focus on grouping methods. The pavilion enclosure system could be many slanted 

yogurt cup columns interweaving together. At the same time, our team explored how 

columns meet at the top and bottom. Three footing ideas are shown in the diagram.

Joint Units

Footing Detail
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2.1.3 Form Finding

With the understanding of reuse material and tectonic logic, the 

pavilion attempts several design iterations. The idea of the design 

is to use yogurt cup column walls creating an urban pavilion at one 

side of Roosevelt Island in New York City. An installation with a 

dramatic shape is made with geometry studies. It is a temporary 

community hub to improve the awareness of waste recycling in the 

urban living environment. 

ColumnIteration #5 

Iteration #2 

Iteration #4 

Iteration #1 Iterations 

Iteration #3 
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Form Finding
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View Under the Pavilion
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Site Axon View
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Street View With Context
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1:10 Study Model for Mock Up
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2.2 Bamboo Tower

 

Bamboo Tower is a design research competition with a focus on Biophilic Design. 

It challenged designers to imagine a building type that provides a place deeply 

connecting people with nature in a holistic way. In dense urban contexts, such as Hong 

Kong, people suffer overwhelmingly from the mechanical living environment. As the 

international style building spreads worldwide, glass high-rise building is becoming the 

dominant voice in the city. However, those buildings are rarely connected to nature. 

The perfect sealed building isolates the interior space, as well as living behavior.  

As a designer, we are trying to conceive a new high-rise paradigm. It could be efficient 

as a living machine and share the local character from outside to inside the building. 

This project is collaborative between Hansen Sentosa (MS.AAD 20’), Hao Wang (GSD, 

MLA 21’), and me. 

 

2.2.1 Thinking about Waste Again 

Bamboo is a unique material for 

the Asian construction industry. It 

is fast growing plant with a strong 

performance in bending and creating 

nesting profile. Since bamboo is a 

Building Material Waste per sqr meters 2020

Wood 11 kg/m2

Plastic 30 kg/m2

Ceramic 30 kg/m2

Concrete 1730 kg/m2

Glass 2 kg/m2

Cooper 1 kg/m2

Steel 980 kg/m2

Building Mater Waste Per Sq.meter 2020
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grass rather than a type of wood, it can not be used as a permanent building material in 

most countries. In Hong Kong, rather than use expensive and heavy steel scaffolds, they 

use bamboo to build a scaffold for high-rise construction. It reduces the cost to purchase 

and transport the metal material since bamboo is a locally produced material.  

 

The traditional building has a linear life cycle, and it follows the “take-make-waste” 

model. In this building mode, the raw building material is only used once and becomes 

waste. Many constructions in Hong Kong use bamboo only once for scaffold since the 

cost of storage and transportation of bamboo scaffold is higher than just setting up a 

new set. This new project attempts to reuse the bamboo scaffold with the idea of circular 

construction. It has the potential to reduce waste significantly. These natural materials 

open up new possibilities to alter the current “closed-loop system” into an “open-loop 

system.”
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2.2.2 Building Iterations

Bamboo sticks are different from lumber and steel building members. They could not 

only transfer tension and compression but also bend to become form-active structure 

material. Most existing bamboo projects are relatively small, with excellent access to 

neighbors and nature. This high-rise project introduced this tropical neighbor feeling 

into the residential tower design. The following drawing and diagrams show the idea 

of bamboo tectonic assembly logic. This building attempts to apply twisting logic on 

extruding high-rise building profiles on the building scale. 

New Hong Kong City Water System
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4. Twist

2. Lift

3. Extrude

1. Offset
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2.2.3 Water Reuse System

Primary daily use water in Hong Kong is from Guang Dong, China. With collaboration 

between two governments, Dong Jiang water becomes the primary clean/freshwater 

source while filtered seawater becomes the primary source for greywater. This new 

project extends building sustainability from building energy into users’ daily lives. 

It images a future that collected rainwater as a resource to water landscape and car-

washing. We designed a living unit module called Cross Neighbouring System (CNS), 

which connects adjacent units with a shared greywater treatment and garden. 

Landscape 
Watering

Landscape 
Watering

Vehicle 
Washing

Toilet

City

Rain

Purified
Water

Wasted 
Water

Grey
Water

Rain 
Water

Shower 
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Sink

Garden
Fountain

New Hong Kong City Water System
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Street View of Tower
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Site Plan
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2.3 Mass Timber Tectonics

 

Timber Taxonomies is an Architecture elective course taught by Katharina Kral. It 

focused on the timber joint-system-form relationships research with the current trend 

of timber construction resurgence. I spent most of my time analyzing and systematizing 

a traditional Chinese joint called Dougong. It is a hybrid joint typer between half-

lap joints and mortise-tenon joints. Fo Guang Temple is used as the case study to 

understand the joint and structure system.  

 

2.3.1 Thinking about Wood Joint 

In Architecture construction, every design material selection has a clear character. 

Architecture won’t reach the same level of intelligence and integrity by any other 

replacment material. Architecture form not only follows function but also follows 

material. The left tree diagram demonstrates the joint-system-form relationships. 

Developing timber material as the root to building system and joint category. This 

classification system shows the similarity across different joint types and how joints 

influence the overall design. 
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2.3.2 Dougong Joint Study 

Fo Guang Temple’s major part was built in 857AD during the Tang Dynasty. It is one of 

the earliest timber construction in China. The temple originally build as three level, 32 

meter pavilion. With the changes of religion in China, Fo Guang Temple has undergone 

several revisions. Untill 1930, Fo Guang Temple has been formally defined as relic of 

the Tang Dynasty and as one of the most important ancient Chinese buildings.

 

 

Fo Guang Temple



26

Roof girder round timber

Wood Beam

Dou Gong Joint

Column



27

2.3.2 Dougong Joint Study 

Even after several reconstructions, the major structure detail, Dougong, still serves 

as the main structural member of the building. It is a woode joint type with brackets 

interlocking with each other. The general Temple structure is the wooden framework 

using beams and columns. Dougong is the transition element linking column and 

exterior roof without requring a shear wall to bear the load. It transfers the weight from 

the upper part to the lower part. The dougong structure system could repeat this process 

many times. It allows cantilever and increases the elasticity of the overall structure.

 

 

Fo Guang Temple
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Dou Joint

Gong Joint
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2.3.3 Glulam Systematic Manipulation

Glulam is structural glued laminated timber material. It bonds wood laminations 

together with durable adhesives. A large piece of glulam can be made from many 

small pieces of timber with finger joints. A single wood knot can significantly reduce 

the system strength on a small scale, while for a large piece of glulam, the overall 

strength can ignore the impact of random knots location. This phase explores traditional 

Dougong Joint’s systematic adjustment with new timber material.

 

 

Lumber Resource Saw Lumber

Finger Joint

Lumber Drying

Glue Application

Stress Pressing

Pressing

Glulam workflow
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Two way of Dougong
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2.3.4 New Dougong

The drawing on the left 

demonstrates the new way 

to construct Fo Guang 

Temple with glulam panels. 

It requires engineered wood 

panels with digital CNC 

fabrication to make the new 

types of Dougong joint. 

 

Glulam Joint New Joint Assembly
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New System Assembly
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3. Digital Design and Fabrication

 

Material influences the method of fabrication. As I discussed before, each material has 

its unique character when constructed. The digital fabrication method has an intimate 

connection with the material ecology. It requires less human force to fabricate the work, 

and also, the pre-fab process reduced the amount of time to work on-site. In this section, 

two digital design projects explore how we realized the research into real-life work.

 

3.1 Wood Knot Installation (Cornell Council for the Arts)

 

Wood Knot is a design research project taught by Sasa Zivkovic at Robot Routine class. 

The class challenges students to develop research ideas about Timber fabrication with 

ABB Robotic Arm. Beyond Mass Timber Tectonic, required me to test and prototype 

the unit on a real-life scale. With close collaboration between shop and robot arm 

specialist Tyler C. Williams, we explored embracing the current fabrication work flow 

with the robotic arm. This project is a collaboration between Jaeha Kim (MS.AAD 21’), 

Maya Kamaeva (B.ARCH 21’), Mingyu Yang (B.ARCH 21’), and me. 
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CNC Cut Joint
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3.1.1 Non-orthogonal Angle in Wood Connection 

Traditional wood joints usually connect in an orthogonal way. For digital fabrication 

tools, CNC, and robots, the angle of the moving path does not mean anything. It can 

provide great freedom in wood cutting.  

The first prototype is made with a sponge and hand-cut the shape out. The second 

prototype is handmade with one-by-one wood sticks. CNC makes the third prototype 

with one-by-one wood sticks. This three-step research provides the base understanding 

of making the wood joint.

Handmade Sponge Model
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Handmade Wood Model _ 1

Tablesaw Wood Model _ 2

CNC Wood Model _ 3

CNC Wood Model _ 4
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3.1.2 Larger Scale Test 

Moving from one-inch by one-inch wood stick, the joint design increases its resolution 

when made by four by four timber. Different types of curve shapes are introduced based 

on the behavior of the CNC machine. CNC joints prefer round/curved shapes and gentle 

steps for slanted surfaces, unlike all sharp handmade angles.
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CNC Cut Joint
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3.1.3 ABB Robot Arm Cutting 

ABB Arm executed the last round of shape 

cutting. The six-axis arm gave much more 

freedom for the router to cut in any direction 

than CNC. The cost of freedom is less 

rigidity in fixing the cutting piece. We need 

to simultaneously design the holding plate 

with the moving path to reach the fine cut 

result. The image on the left demonstrates 

the process of cutting.

Final Joint Shape
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Jig Table with Cutting piece
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3.1.4 Mass Production 

After the class, this project got funding from the Cornell Council for the Arts. We are 

working on simplifying the joint shape to save the cutting and simulation time. I also 

considered different types of jigs to hold the cutting piece. Since the installation shape 

requires more than one joint at one piece, we should also let the arm cut in the middle of 

the piece. The final installation date is still waiting for confirmation with the Bibliowicz 

Floor. This research and installation work will continue for Spring 2022.

Mass Production 
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Installation On Site
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3.2  Convergence (Jenny Sabin Studio)

 

Aside from school coursework, I also worked for Professor Sabin at her practice. The 

Convergence is the digital fabrication installation work for the University of Nebraska 

Medical Center. It emphasizes the cooperation between digital and robotic fabrication 

and the contextually sensitive material, the dichroic film. the lighting design phase and 

final fabrication assembly are the two sections I am most involved in.

Principal and Lead Architectural Designer: Jenny E. Sabin

Project manager: Dillon Pranger

Design & Production: Michael Paraszczak, John Hilla, Hancheng Zhang, Alexander 

Kyaw
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3.2.1 Site Context 

The work is at the front of the medical school. The work aims to create a central 

gathering space for students and school faculty.
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Lighting Simulation
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Supplier Selection
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Assembly Process
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4. Architecture Response

 

Architecture is a combination of building technology and material. All the sustainable 

research I explored above want to combine in future design work. The process of 

imaginig ecological architecture also involves thinking about the research ideas’ 

mundane usages. The ecological design mindset would also embrace the future 

architecture design thinking, like the current LEED rating system merging into every 

aspect of the building industry.  

 

4.1 Vertical Urban Factory in Montana

 

The final design project led by Frank Barkow, Regine 

Leibinger, and Pablo Sequero has focused on using 

structural engineering as a primary design tool. 

It emphasizes the physical, dynamic, and athletic 

capabilities of structure. My project used a structural 

system that reacts to sustainable building material. 

The case study used was a high-rise in Zhengzhou by 

Christian Kerez. He imaged a 30 level high-rise tower 

supported all by slanted columns.

 

Physical Model by Christian Kerez 
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Construction Analysis Drawing
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Abstract Drawing for Form Active Structure
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Abstract Structure Study Model
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4.1.1 Site Analysis 

The site of the Vertical Factory is located at Bozeman, Montana. The landscape of 

Montana represents a typical American citiy typology: infinity grid, wild landscape, and 

low-density city development. The focus of the analysis is to understand what Vertical 

means to the context and how architecture reads with the landscape background. 

 

 

Montana Poster Card Study
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Story Mill Study
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4.1.2 Timber in Montana 

Montana has a great history in the lumber business. The image below shows the Trestle 

Bridge in 1950 for Lumber Transportation and Filedhouse at Montana State University.

The idea of using local materials to build local projects is always the most efficient 

construction method.
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4.1.3 Timber Factory Showroom 

After researching the structure, material, 

and site current condition, I believe the 

story mill has an opportunity to become a 

future mass timber factory to convert local 

timber into sustainable building material. 

A showroom is needed to demonstrate 

the function and typical character of the 

product made from this factory. 
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4.1.4 Design in high resolution 

The following drawings and models tested 

the mass timber structure idea at higher 

resolution. It thought about the connection 

between the looping ramp and the 

continued circulation from the ground floor 

to the new building and into the existing 

mill.  
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4.1.4 Structral Model 

A 1:100 model is made to test the 

construction logic with form-active 

structure. The big scale model tested 

construction feasibility, such as the 

material behavior ,and assembly sequence. 

The lightness and the stiffness of this 

structure provide great ground for future 

development.  
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