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Figure 1:Incremental Housing in the Global South (by Maja Sorabjee) 
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Figure 2  : Diagram of Building Layers and Their Lifespans (adapted from Stewart Brand, “How Buildings Learn”)
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Figure 3 :Quinta Monroy Housing Project and Expansion Principle (designed by Alejandro Aravena, image 

sources: project photo and expansion diagram
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Figure 4 :Incremental Housing Strategy in India: structural frames and growth stages. Source: Filipe Balestra & 

Sara Göransson, Pune, India (ArchDaily)
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Figure 5: Incremental Housing Cluster Development: Site Plan, Axonometric Views, and Unit 

Layouts (adapted from design diagrams by Alejandro Aravena and Elemental)
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Figure 6: Six-Module Cluster Configuration: Open Spaces, Shared Facilities, and Studio Units (by the author)
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Figure 7 :Spatial Zoning of Individual Unit (by the author)
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Figure 8 :Axonometric Views of Modular Unit Variations: Spatial Layouts and Privacy Patterns (by the author) 
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Figure 9  : Modular Shared Units: Roof and Circulation Options (by the author) 

 

Figure 10  :Houtkern Modular Timber Structure: Flexibility and Expandability in Construction (photos by Noordereeng Group, 

2024  
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Figure 11 :Modular Frame System: Single- and Multi-Story Configurations for Vertical Expansion (by the author) 
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Figure 12 :Vertical Expansion Sequence: Detachable Roof and Modular Frame Addition (by the author)

Building System Components 
 

6.1    Floor System 

 

6.1.1   Structure 
 

6.1.2   Insulation 
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6.1.3   Floor Finish 
 

6.2    Wall System 

 

6.2.1   Panel Construction 
 

6.2.1   Wall Assembly Layers (exterior to interior): 
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6.3    Detachable Roof System 

 

6.3.1   Structure 

6.3.2   Roof Assembly Layers (exterior to interior): 
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Figure 13  :Section of Timber Roof and wall Assembly: Layered Construction from Exterior to Interior (by the author) 

6.3.3   Water Management 
 

6.3.4   Connections and Detachment System 
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7.   Representative Floor Plans and Renders 
 

This section presents representative floor plans and renders that illustrate the spatial organization, layout, and 

design intent of the project. The floor plan shown provides a detailed overview of the functional zones, 

circulation paths, and connections between interior and exterior spaces. These visual materials serve as key 

references for understanding the architectural concept and guiding further development of the design 

Figure 14. Three distinct residential layouts, each connected to a central shared space, illustrating the integration of private and 
communal zones within the compound (by the author). 
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Figure 15. Aggregated floor plan showing the spatial relationship and direct connections between the three unique units and 
the middle-shared area (by the author). 

Figure 16. Linear arrangement of the three layouts, emphasizing the continuity of the central communal space across the 
compound (by the author). 

Figure 17. Axonometric render of the compound, highlighting the interplay between individual units and the central shared 

courtyard (by the author). 
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Figure 18. Top-down render of the assembled micro-neighborhood, showcasing the overall organization and the integration of 
private and communal outdoor environments (by the author). 

 

8.   Digital Configurator Design 
 

8.1      Configurator Overview and Purpose 

 

8.1.1   Technical Development and Tools 
 

8.2    User Journey and Interface Flow 

 

8.2.1   Step 1: System Introduction 
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8.2.2   Step 2: Ground Floor Configuration 
 

           Figure 19. Ground floor layout selection interface in the Incremental House Configurator (by the author).  
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8.2.3   Step 3: Upper Floor (First and Second Floor) Configuration 
 

Figure 20. Ground floor unit layout options displayed in the configurator interface (by the author). 

8.2.4   Step 4: Vertical Expansion Options 
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8.2.5   Step 5: Facade Customization 

Figure 21. Facade customization options displayed in the configurator, showing various exterior treatments and window 
patterns (by the author). 

8.3      Real-Time Visualization and Feedback 

 

Figure 22. Real-time 3D visualization of user-selected spatial configurations in the Incremental House Configurator (by the 
author). 
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9.   Discussion 
 

This research set out to explore how incremental, modular housing can be made more accessible and adaptable 

through a user-driven digital configurator and a practical timber structural system. The project combined 

precedent research, design development, digital prototyping, and the creation of a physical scale model. 

 

9.1      Key Findings and Interpretation 

 

The modular system, utilizing standard timber and steel connectors, proved workable for the intended scale 

and flexibility. The decision to avoid engineered wood (like glulam) was driven by cost and local material 

availability, in line with the goal of making incremental housing more broadly applicable. This choice, however, 

limited the maximum span and some spatial possibilities—a trade-off that future projects may address 

differently depending on priorities and resources. 

The digital configurator, developed in Grasshopper with Human UI and Python, enabled users to explore 

modular expansion and customization in a clear, step-by-step workflow. Real-time visualization of design 

choices, and the ability to experiment with layouts, partitions, window patterns, and facades, were well 

received. Even though the configurator required Rhino and Grasshopper, users familiar with these tools found 

the process intuitive and the visual feedback helpful. 

 

9.2    Limitations 

 

Several limitations were identified. The configurator’s dependence on Rhino and Grasshopper restricts 

accessibility for a broader audience. Human UI’s visualization capabilities are limited, especially regarding 

realistic material rendering and interior perspectives. Time constraints meant that some features were 

simplified or only worked in specific scenarios, indicating a need for further refinement. Cost estimation was 

not included, as reliable, region-specific data was difficult to collect within the project timeframe. The physical 

model, while valuable for spatial understanding, was not built at full scale, so structural and assembly details 

remain theoretical. Regulatory issues and real-world construction were beyond the scope of this study. 

 

9.3    Implications 

 

This study demonstrates that a user-centered, incremental approach to modular housing is feasible and that 

digital tools can empower users to make meaningful design decisions. The importance of balancing design 

freedom with technical constraints, and providing clear visual feedback, was underscored throughout the 

process. 
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9.4   Future Developments 

 

- Building on these findings, several avenues for future work are recommended: 

 

- Web-Based and AI-Enhanced Tools: Transitioning the configurator to a web-based platform, 

potentially using Rhino Compute, would make it more accessible. Integrating AI-driven prompts could 

allow users to describe their needs in natural language and receive customized design suggestions. 

 

- Enhanced Visualization: Adding real-time interior views and perspective navigation would help users 

better understand spatial qualities and the living experience. Virtual viewpoints inside the building could 

further improve engagement. 

 

- Greater Flexibility and Robustness: Expanding the configurator’s logic to handle a wider range of 

scenarios and removing current limitations would enhance its practical value. 

 

- Integrated Cost Estimation: Incorporating cost estimation features, based on reliable and region-

specific data, would make the tool more practical for real-world decision-making. 

 

- Physical Prototyping and Regulatory Integration: Future research should include full-scale 

prototyping and address regulatory requirements to validate the system’s constructability and 

compliance. 

 

 

10. Conclusion 
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1.   Design Process Documentation 
 

 

1.1 Comparative Analysis of Expandable Timber Structural 

Systems 

1.1.1   

- 

- 

- 

- 
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- 

- 

 

Figure 1 :Mass Timber Column-to-Floor and Column-to-Foundation Connection (: Simpson Strong-Tie, MCB™ Mass Timber 

Column Base)

- 

- 

- 

- 

- 
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- 

- 

- 

- 

- 

Figure 2 :Modular Steel Connector System for Timber Structures (images from The Knot by Blue Engineering, 

bluetrailengineering.com, and designboom.com)



 8  MID 

 
Figure 3 :Houtkern Modular System: Timber Columns & Steel Nodes (ABT, 2024, Floriade Expo 2022)

Table 1  :Comparative Structural Systems Table: Timber and Modular Frame Methods (table by the author) 
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1.2   Design Development Process 
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Figure 4 :Concept Design 1: Micro-Neighbourhood with Expandable Houses and Shared Green Spaces (by the author)
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Figure 5  : Concept Design 2: Modular Multi-Story Units with Shared Roof Gardens (by the author)
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Figure 6 :Concept Design 3: Shared Stair Core and Expandable Row Housing (diagrams by the author)



 13  MID 

Table 2 :Design Options Comparison Table (by the author) 
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Figure 7 :Six-Module Cluster Configuration: Open Spaces, Shared Facilities, and Studio Units (by the author)
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Digital Configurator Design 

 

                                                Figure 8 :Spatial Zoning of Individual Unit (by the author)
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Figure 9 :Axonometric Views of Modular Unit Variations: Spatial Layouts and Privacy Patterns (by the author)
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Figure 10 :Modular Shared Units (by the author)

 

 

 

 

2.   Digital Configurator Backend 
 

 

 

- 

- 

- 

- 
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Figure 11 :Digital Configurator Workflow: User Input to Visualization (by the author) 

 

 

2.1         Base Geometry Generation and Material Organization 
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Figure 12  : Base Geometry and Material Organization Workflow (by the author)

 

2.2 Grouping, Orientation, and Data Management 
 

 
 

Figure 13 :Grouping and Data Management Workflow in Grasshopper (by the author)

2.3    Option Mapping and User Selection Logic 
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Figure 14  : Dropdown Menu for Floor Space Options in Configurator (by the author) 

2.4     Filtering and Stream Selection 
 

 

 
 

Figure 15 :Filtering and Stream Selection Workflow in Grasshopper (by the author)
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2.5       Visualizing filtered geometry and material assignment in Grasshopper 

 

 

 
 

Figure 16: Material Assignment and Visualization Workflow in Grasshopper (by the author) 

 

2.6      User Interface Backend Structure and Section Division 
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Figure 17: User Interface Backend Structure and Tab Management in Configurator (by the author) 
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Figure 18: UI Elements in Grasshopper: Image Integration, Sliders, Toggles, and Data Flow (by the author)

 

2.7       Radio Button Selection Logic for Floor Plan Options 
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Figure 20: Radio Button Floor Plan Selection: Visual Options and Preview Images (UI by the author) 

Figure 19: Radio Button Logic for Floor Plan Selection in Configurator (by the author)  
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3.  Digital Configurator - User Manual 
 

This user manual guides you through the Incremental Modular House Configurator, a tool designed to help you 

plan and visualize a modular home that adapts to your changing needs. The manual provides an overview of 

the system’s philosophy, key features, and step-by-step instructions for using the configurator—from initial 

planning to customizing your home’s layout. Use this guide to understand how to select modules, explore 

design options, and make informed decisions about your project’s growth and flexibility. 

 
 

Figure 21: User Manual: Digital Configurator Workflow Overview (by the author)
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3.1   System Overview 
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3.2     Getting Started with the Configurator 
 

3.2.1      General Overview 
 

3.2.2     Ground Floor Configuration 
 

           Module Selection 

 
 

Figure 22: Base Layout Options: Ground Floor Types A, B, and C (by the author)
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Partition Control 
 

 

 

Large Window Control 
 

 
 

Figure 24: Adjustable Openings for Light and Ventilation (by the author)    

Figure 23:Partition Control: Customizing Interior Layouts with Sliders (diagram and UI screenshot by the author)
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Shading Control 

 
 

   Figure 25: Adjustable Panel Types and Slider-Based Positioning (by the author)

 
Figure 26: Adjustable Panel Types and Slider-Based Positioning (by the author) 
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Growth Decision, Expand or Finish 
 

3.2.3   First Floor Addition 

 
 
Figure 27: First Floor Addition: Configurator Layout and Section Options(Back Part) (by the author)
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Figure 28: First Floor Addition: Configurator Layout and Section Options (Middle Part) (by the author) 
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Figure 29: First Floor Addition: Configurator Layout and Section Options (Front Part) (by the author) 

3.2.4   Second Floor Addition (Optional) 
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    Figure 30: Second Floor Layout Options: Modular Room Selection and Arrangement (by the author)
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Figure 31: Second Floor Layout Options: Modular Room Selection and Arrangement (by the author) 

      

3.2.5   Roof Selection 
 

Figure 32: Roof Selection: Configurator Interface (by the author)
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3.2.6   Facade Customization 
 

  Dynamic Options 
 

  Customization 
 

Figure 34: Roof Selection: Configurator Interface and 3D Preview (by the author)

Figure 33: Roof Selection: 3D Preview (by the author)
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                                        Figure 35: Facade Customization: Shading and Window Options (by the author)

3.2.7   Real-Time Visualization 

 
 

Figure 36: Real-Time Visualization: Instant Feedback in Rhino Viewport (by the author) 

 

3.2.8   Finish 
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4.  Construction User Manual 
 

This manual provides a step-by-step overview of the construction process for your Incremental building system. 

It highlights the main stages, important considerations, and best practices to ensure a smooth and efficient 

project. Use this guide as a reference for the overall process, from initial planning and material selection to on-

site assembly and final installation. For detailed technical instructions or specific requirements, consult your 

project’s engineering documents or seek professional advice as needed. 

 

 

 

              Figure 37: Incremental Construction Workflow: From Digital Design to Reuse and Recycling (by the author) 

 

 

 

4.1 Design, Planning, and Preparation 
 

Before any construction, use the digital configurator to finalize your house design. Choose your ground floor 

layout, plan for future expansion, and select room, facade, and roof options. 
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Preparation:  

 
- Engage with local professionals for any required site surveys or utility connections. 

 

 

4.2 Material Selection and Factory Prefabrication 
 

Timber Selection:  
- High-quality, sustainably sourced timber (Douglas fir, larch, or ash) is chosen for structure and panels. 

 

CNC Fabrication:  
- In a controlled factory, posts, beams, CLT floor panels, and wall/roof panels are cut and drilled to precise 

dimensions using CNC technology. 

 

Panel Assembly:  
- Wall and roof panels are filled with insulation, fitted with durable cladding, and labeled for easy on-site 

identification. 

 

Steel Connectors:  
- Corner plates and brackets from recycled material are manufactured for bolted connections, supporting 

both quick assembly and future disassembly. 

 

Quality Control:  
- Each component is inspected, and any issues are corrected before shipping. 

 

 

 
 
                                            Figure 38: Material Selection and Factory Prefabrication Workflow 

      

 

 

4.2.3 Site Preparation 
 

Foundation 
 

- Install screw pile foundations at the planned locations. Make sure all screw piles are set to the correct 

depth, aligned, and level to provide a stable base for the modules. Screw piles are quick to install, 

environmentally friendly, and allow for easy removal or relocation of the building in the future. 
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-  
-  

Figure 39: Screw Pile Foundations: Modular Timber Base Installation (www. building-diy.com) 

-            

 

Utility Preparation:  
- Install or prepare connections for water, electricity, and sewage. 

 

Access and Storage:  
- Clear space for delivery vehicles and designate a weather-protected area for temporary storage of panels 

and modules. 

 

4.2.4 Delivery and Inspection 
 

Transport:  
- Prefabricated modules and panels are delivered to your site, typically by truck. 

 

Inspection:  
- Upon arrival, check all components for damage or missing parts. 

 

Organization:  
- Lay out modules and panels close to the assembly area, following the sequence in your assembly manual. 

Store panels flat, off the ground, and covered if possible. 

 

 

4.2.5 Frame and Floor Assembly 
 

Frame Erection: 
 

- Position the modular timber post-and-beam frames on the foundation. 

 

- Bolt frames together using labeled steel corner plates and brackets. 

 

- Use a level and measuring tape to ensure frames are plumb, square, and properly spaced. 

 

- Anchor the frames to the foundation as per the engineering drawings. 
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        Figure 40: Frame and Floor Assembly: Modular Timber Post-and-Beam Erection Sequence by the author) 

 

CLT Floor Installation: 

 

- Place CLT floor panels onto the frames, ensuring a snug fit. 

 

- Secure panels as specified and integrate insulation beneath as needed. 

 

- Double-check alignment and levelness before proceeding. 

 

 
                                     Figure 41: CLT Floor Installation: Panel Placement and Alignment (by the author) 
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4.2.6  Wall Panel Installation 
 

Panel Mounting: 
 

- Attach prefabricated, non-load-bearing wall panels to the frames using bolts or screws. 

 

- Panels are designed for manual handling or light lifting equipment; follow the labeling for placement. 

 

Openings: 
 

- Install windows and doors as indicated in your plan. 

 

- Adjust partitions and interior walls as needed for your chosen layout. 

 

Sealing: 
 

- Seal all joints and corners with weatherproof tape or sealant to ensure airtightness and water resistance. 

 

 

 

 

4.2.7 Roof Installation 
 

Panel Placement: 
 

- Prefabricated roof panels are lifted into place and secured. 

 

- For single-story homes, this may be done with light equipment; for multi-story or large roof panels, a 

crane may be required. 

 

Weatherproofing: 

Figure 42: Wall Panel Installation: Prefabricated Panel Mounting, Openings, and Sealing Steps (by the author)  
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- Overlap membranes, install metal flashing, and check all joints for water resistance. 

 

- Install gutters or drainage systems as designed. 

 

Final Fixing: 
 

- Secure the roof panels with bolts or proprietary connectors, ensuring they can be detached later for 

vertical expansion. 

 
Figure 43: Roof Panel Installation: Lifting, Securing, and Weatherproofing Steps in Modular Timber Construction (by the author) 

 

 

4.2.8 Interior Finishing and Services 
 

Interior Walls and Finishes: 
 

- Complete interior partitions, flooring, and wall finishes (paint, plaster, wood panels, etc.). 

 

Utilities: 
 

- Connect plumbing, electrical, and HVAC systems according to your plan. 

 

- Test all systems for leaks and functionality. 

 

Fixtures and Fittings: 
 

- Install kitchen, bathroom, and other built-in elements as desired. 
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4.2.9 Incremental Expansion  
 

Roof Removal: 
 

- When expanding vertically, detach the existing roof using modular connectors and lifting points (a crane 

may be needed). 

 

Additional Module: 
 

- Stack new post-and-beam frames on top of the existing structure. 

 

- Install new floor and wall panels, then reattach the roof at the new top level. 

 

Integration: 
 

- Seamlessly connect new modules to the existing structure and services. 

 

- Update insulation, weatherproofing, and finishes as needed. 

 

 

 
Figure 44: Incremental Expansion: Detachable Roof and Vertical Module Addition (by the author) 

 

 



 44  MID 

4.2.10 Disassembly and Reuse (Optional) 
 

Panel and Module Removal: 
 

- Reverse the assembly process: unbolt steel connectors, remove panels and modules in the recommended 

sequence. 

 

Reuse: 
- All modules and panels are designed for repeated assembly, supporting circular construction and 

minimizing waste. 

 

- Store or transport components for future use or reconfiguration. 

 

 
 

Figure 45: Disassembly and Reuse: Modular Timber System Exploded View (by the author) 
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4.2.11   Maintenance and Adaptation 
 

Regular Inspection: 
 

- Check timber, joints, and finishes periodically for wear or damage. 

 

Upgrades: 
 

- Replace or upgrade panels, insulation, or finishes as needed. 

 

Reconfiguration: 
 

- Move or replace non-load-bearing walls and adapt facade elements or shading devices to suit changing 

needs. 

 

4.2.12   Practical Tips and Notes 
 
- Most ground floor and wall panel assembly can be managed manually; cranes are only required for 

large/heavy elements or vertical expansion. 

 

- Always follow safety guidelines and consult professionals for structural or service connections. 

 

- Keep assembly documentation and labeling for easier future expansion or disassembly. 

 

- The modular system supports both owner-led and contractor-led assembly, and is designed for user-

friendly, step-by-step construction. 
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5.  Architectural Design Documentation 
 

This section showcases the architectural design of the project through a series of drawings and visualizations. 

Included are detailed floor plans, building elevations, and 3D renderings that illustrate the spatial organization, 

exterior appearance, and overall design intent. These materials provide a comprehensive understanding of the 

project’s architectural concept and layout, serving as a visual reference for both the design team and 

stakeholders. Review the following pages to explore the key features and qualities of the proposed 

architecture. 

 

Figure 44. Three distinct residential layouts, each connected to a central shared space, illustrating the integration of private and 
communal zones within the compound (by the author). 
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Figure 45. Aggregated floor plan showing the spatial relationship and direct connections between the three unique units and 
the middle-shared area (by the author). 

    

    
 

Figures 46-49. Axonometric, elevation, and top views of the micro-neighborhood, showing three connected units arranged 
around a central shared space (by the author). 
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Figure 50. Top view of the micro-neighborhood, showing the arrangement of modular units and shared green spaces (by the 

author). 

 

 
 

Figure 51. Street-facing elevation illustrating the stepped massing and façade articulation of the interconnected units (by the 

author). 

 
 

Garden-facing elevation highlighting the integration of greenery and private outdoor areas within the modular complex (by the 
author). 
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Figure 53. Axonometric views of the modular neighborhood, illustrating the overall organization and clustering of timber 
housing units around shared spaces (by the author). 

 
 

Figure 54. Street-facing elevation highlighting the stepped massing and façade articulation of the modular housing complex (by 
the author). 

 
 

Figure 55. Street-facing elevation from a different perspective, showing the variation in unit heights and integration of terraces 
(by the author). 
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Figure 56. Upper-level communal terrace, illustrating the connection between private units and shared outdoor spaces (by the 
author). 

 

 
 

Figure 57. View within the upper terraces, highlighting semi-private outdoor spaces adjacent to the living units (by the author). 
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Figures 58,59,60: Different interior configurations of the modular unit showcasing spatial flexibility—ranging from an open-plan 
living area to a more enclosed setup with a sliding partition for privacy and adaptability. 
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