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Decoding lvy-Induced
Feedback Loops:

Modeling Cumulative Biological Im-
pacts and Morphological Adaptati-

Oon

Research

vy plants exnibit a distinctive growth pattern that merges biological adaptation
with structural interaction. Beginning their life cycle in soil, they climb vertically
when encountering suitable surfaces such as walls or trees, forming an evolving
and dynamic relationship with architectural elements. This study introduces a
computational model that investigates ivy's growth behavior and water absorption
dynamics, aiming to understand their implications on material performance.

Methodology

Utilizing Python scripting in Rhino, the research develops digital simulations that
replicate ivy's exploratory movement and interaction with porous building compo-
nents. Curves and volumetric forms visualize the organic expansion of the plant,
while the model shifts its focus from representation toward performance-oriented
analysis of material transformation over time.

AS the ivy establishes contact with porous substrates like mortar, moisture is gra-
dually extracted, disrupting the internal equilibrium of the material. This leads to a
drying process, the emergence of micro-fractures, and a reduction in structural
cohesion. Simultaneously, the redistribution of water within the structure genera-
tes spatial hydrological gradients. These gradients influence the direction and
density of biological colonization, with the architectural surface becoming an
active participant in regulating flows of matter and energy.

Findings

Rather than functioning solely as an inert host, the architectural surface evolves
INto a responsive mediator shaped by living processes. Over time, the accumulati-
on of micro-damage triggers adaptive responses inspired by regenerative biology.
The model speculates how material systems might develop self-regulating or he-
aling capacities in response 1o stress.

Through feedback-driven behaviors, architectural components begin to mirror the
regenerative logic observed in living tissues—enabling local restoration and per-
formance recovery. These intertwined mechanisms of biological interaction, hydro-
logical redistribution, and material adaptation offer new insights into resilient
design strategies. Rather than resisting change, materials are envisioned as dyna-
mically evolving systems, continuously shaped by their environment.

The research process is still ongoing, and future phases will integrate high-resolu-
tion datasets and physical testing to validate the computational predictions and
explore practical applications of bio-integrated material systems.

Model

@ circular
strategies

growth_length

Controls the incremental distance of vy
growth; larger values model faster outward
expansion, while smaller values simulate
slower, denser colonization.

num_steps

Determines the temporal persistence of each
growth trajectory; more steps produce longer,
continuous paths, whereas fewer steps
emphasize local accumulation.

branch_interval

Specifies the interval at which new branches
emerge; shorter intervals generate denser
branching networks, longer ones vield
elongated primary stems.

max_growth_Steps

Defines the total allowable growth per path;
high limits replicate extensive coverage, low
limits restrict spread to localized regions.

Growth Intensity

Represents the pace of ivy's exploratory

extension; greater values simulate rapid

colonization, while smaller ones highlight
dense, localized growth.

Temporal Persistence of Growth

Defines the duration of growth continuity; more
steps depict long-lived trajectories, while fewer
steps emphasize short, fragmented
development.

Root Diversification

Indicates how often ivy produces new
branches; short intervals create dense
ramification, whereas long intervals fayor
dominant stems.

Spatial Expansion Kimit

Determines the maximum extent of growth;
higher limits model extensive surface coverage,
while lower limits constrain ivy to local zones.

Moisture Capture
Water is absorbed into the mortar's micro-cavi-
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max_branches

Caps the number of branching events; higher
thresholds ingrease morphological complexity,
lower ones preserve simpler geometries.
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Semtrols the resolution of curve sampling; more
divisions create smoother, continuous profiles,
fewer divisions result in coarser, segmented

geometry.

Structural Complexity Potential

Sets the cefling for branching events; larger
values yield complex morphologies, whereas
smaller oneg| preserve simpler configurations.
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i-’- tion of Material Interaction

ontrols how finely ivy's interaction with the
substrate is represented; more divisions yield
smoother bio-material transitions, fewer

divisions produce coarser responses.

lvy’s Growth Dynamics Flow Pathways
vy explores its environment through adaptive Extracted water redistributes along hydrological

ties, creating local reservoirs that initiate materi-  climbing behavior, weaving organic trajectories gradients, guiding the direction and density of

al transformation.

across architectural surfaces. further colonization.
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Large-scale redistribution of moisture generates

Hydrolo

Responsive Mediator Toward Regenerative Systems
Instead of remaining passive, the architectural Accumulated stress and micro-damage trigger

environmental flows that regulate biological surface evolves into an active interface, shaping adaptive, tissue-like responses, envisioning

L

activity across surfaces.

Building
Construction

exchanges of matter and energy. materials as self-regulating, resilient systems.




