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Formwork for concrete construction remains one of the most resource-intensive, polluting, and
constraining components of the construction sector, relying on prefabricated molds that demand
extensive material, labor, and on-site preparation. We introduce a self-deploying formwork system
based on multistable tubes that transform from a compact configuration to a full-scale structural mold
with integrated steel reinforcement. We demonstrate this concept by deploying a steel-reinforced 2.36
m high structure within 14 seconds. We further observed that the polymer shell of the multistable tubes
increases the structural strength by a factor of three, significantly enhancing their load-bearing
capacity. The demonstrated concept paves the way for the creation of concrete castings with minimal
on-site intervention, enabling a scalable pathway toward rapid, low-carbon construction methods.

The reduction of global greenhouse gas (GHG) emissions is one of the most
challenging and pressing missions humanity faces today. The construction
industry alone accounts for 37% of total GHG emissions', with nearly one-
third of these emissions coming from the Cross-Laminated Timber (CLT)
used in formwork for casting concrete columns, beams, and floors™™.
Additionally, up to 75% of building construction time is devoted to
formwork’, and the associated material and labor costs may comprise
35-60% of total building expenses®. Therefore, finding alternative con-
struction solutions that do not rely on CLT formwork could significantly
reduce global GHG emissions and shorten construction times and costs,
making these solutions more environmentally friendly and cost-effective.
Concrete construction is typically performed using either cast-in-place
methods, which rely on on-site formwor > or precast methods, where
elements are manufactured off-site and assembled on-site”*. While precast
construction reduces on-site time, it introduces transportation and lifting
constraints, whereas cast-in-place construction remains highly dependent
on formwork.

Several formwork methods have been developed as alternatives to CLT
formwork, including metal formwork’", which can be also composed of
corrugated metallic plates wrapped in helical patterns that enhance shear
and axial resistance'”", fabric formwork’”’, CNC-milled styrofoam
formwork*"?, 3D-printed plastic formwork®**, mesh mold formwork*>,
sand formwork™™, ice formwork™™, and climbing formwork systems
designed to improve construction efficiency in repetitive vertical
structures”™ . The selection of the specific formwork type depends on
factors including expected lifespan, geometric complexity, and construction
conditions (e.g., weather)"’. The implementation of such systems in modern
architecture often necessitates strategic adaptations, including pre-defined
concrete pour points to prevent high-drop casting and mitigate

segregation™ ™, or designing formwork to be reused across floors and even

between buildings* . These strategies help streamline on-site preparation
and reduce the amount of cross-laminated timber (CLT) required in each
project. However, conventional formwork systems face significant limita-
tions, as they are inherently time consuming for standard geometries, and
become particularly inefficient when applied to complex configurations. In
such cases, they require highly customized designs that are difficult to
implement, further increasing construction time and cost.

More recently, construction techniques that do not rely on any
formwork have emerged. One of the most recognized methods is the 3D
printing of small houses”™, for which reinforcement solutions have also
been proposed™ ™. Another approach involves the use of pneumatic
actuation to inflate the entire reinforced concrete shell of a structure, fol-
lowed by concrete spraying after inflation®™ . Additional methods have
been developed for creating complex structures without concrete, using
deployable systems that can be inflated with fluids”™, deployed
manually”*, or supported by polyurethane foam®*, which solidifies upon
drying and provides structural stability. These structures are typically based
on inflatable structures such as origami-based structures™ " or thin-walled
corrugated tubes™”’. In spite of the aforementioned advances, the existing
approaches rely on external actuation, lack integration between formwork
and structural function, or are limited in scalability and structural perfor-
mance, making it imperative for a method that can deploy rapidly and
maintain structural integrity while maintaining geometric flexibility.

In this study, we present a self-deploying formwork concept for rein-
forced concrete structures. Specifically, we investigate whether shape-
morphing interconnected multistable tubes can (i) rapidly deploy into
predefined structural configurations, (ii) maintain sufficient structural
performance after concrete casting and curing, and (iii) provide practical
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Fig. 1 | An illustration of the proposed concept.
A A three-stage process for constructing a perma-
nent reinforced concrete structure. First, the closed
and compact structure, which was assembled in a
factory, is delivered and installed at the desired
location. Second, the structure is rapidly deployed by
direct pumping of the concrete. In this procedure,
concrete is poured by a concrete truck into a con-
crete pump, which then pours it into the structure
that is automatically self-deployed due to gravity.
Finally, after the structure is fully deployed and
hardened, the temporary stand is removed, and the
obtained skeleton is covered with isolated panels,
windows, and a door. B Similar procedure can be
employed also for constructing a multistory build-
ing, each floor constructed according to (A), to
achieve the skeleton of the building. At the last stage
the building may be covered as needed.
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advantages over conventional formwork approaches in terms of construc-
tion efficiency and sustainability. This method relies on shape-morphing
interconnected multistable tubes, guided either by director field theory™ to
achieve complex geometries, or by a constrained ceiling, where columns
expand due to gravity to form more conventional 3D shapes. We experi-
mentally demonstrate the deployment of such structures in the meter scale
in less than a minute. Such rapid deployment does not only accelerate the
construction process, but also minimizes concrete segregation, which sim-
plifies the casting procedure. To ensure structural integrity, we incorporate
flexible steel cables to accommodate elastic deformation during deployment
and use helical tube designs, that improve shear and axial resistance. We also
derive a theoretical model for the final configuration based on the amount of
concrete and the initial conditions. In addition, experimental measurements
showed that the polymer shell surrounding the multistable tubes increases
the structural strength of the final reinforced concrete element by a factor of
three, substantially enhancing its load-bearing capacity without adding
significant weight.

Results

As illustrated in Fig. 1, our approach consists of the following stages.
First, a compact, closed structure is assembled in a factory with integrated
steel reinforcement, according to a predefined requirements, which refer
to the desired final geometry of the structure. Specifically, based on the
target geometry, the arrangement of the multistable tubes and the pla-
cement of the connectors are determined to ensure that the structure
deploys into the intended configuration. The steel cables are incorporated
as part of the reinforcement system, providing the necessary tensile
strength for the cured concrete. The structure is then delivered and
installed at the construction location. Next, concrete is poured by a
concrete pump, which then pours it into the structure that is auto-
matically self-deployed due to gravity. Note that although in the present
study, we used a water-cement mixture, the proposed method is fully
compatible with self-compacting concrete. Finally, after the structure is
fully deployed and cured the obtained skeleton is covered with isolated
panels, windows, etc. See Fig. 1A.

Harnessing multistability for deployable formwork design

In this section, we show our experimental results for rapid formwork
deployment of various geometries and sizes, where in all cases the multi-
stable tubes are reinforced by two steel cables. Note that, in centimeter-scale
cases, we use an external pressure to achieve the deployment, since at smaller
scales, gravity is not sufficiently dominant. However, in the meter-scale
experiment, the gravity is very dominant and the structure has the ability to
self-deploy without the need for any external forces.

In Fig. 2, we show an illustration of the deployment process for a
multistory building composed of two rectangular box-shaped floors, a cone
shape, and a sphere shape. In all three cases, we first present the top view of
the initial compact configuration (see panels (A1), (B1), and (C1)). Then, we
show the isometric view of the initial (marked by transparent blue) and final
shape of all configurations (see panels (A2), (B2), and (C2)), thus visualizing
the deployment process (for the deployment dynamics, see Movie S1). Note
that the connectors between the straws in panels (B) and (C) were placed
according to the model in ref. 60. Note that the primary role of the con-
nectors in our system is geometric, rather than structural. The connectors
guide and constrain the multistable tubes during deployment, ensuring that
the structure reaches the desired final geometry and maintains the pre-
scribed spatial arrangement between neighboring elements. Importantly,
the connectors are not intended to contribute to the mechanical strength of
the final structure. After the concrete is cast and cured, the load-bearing
capacity is governed by the reinforced concrete itself, and the connectors can
be removed without affecting the structural performance. In panel (A3), we
show an illustration of the attachment of two floors in order to construct a
multistory building. Moreover, an example of the height-adjustment
property is illustrated by the black stair in panels (B3) and (C3), which
highlight the self-leveling nature of the structure at various terrains.

In Fig. 3, we demonstrate the resistance and strength of the proposed
structures. In particular, Fig. 3A illustrates the load stability of the
centimeter-scale spherical structure by showing in (A1) its ability to support
a 95 kg man standing and jumping on top of it. In panels (A2)-(A4), we
demonstrate the jumping test, where the maximum jumping height in (A3)
was 15 cm (for the jumping test, see Movie S1). Figure 3B presents the
experimental setup for both compression and buckling tests under axial
loading. The graphs in Fig. 3C1-C3 show the applied axial load versus the
displacement of the tested columns in various cases, including buckling and
compression for helical folding tubes (HFTs) and conical frusta tubes
(CFTs) (sheathed and bare), each measurement repeated 3 times. The
options “sheathed” and “bare” refer to the tested columns in which the thin
plastic shell was left as is and removed after concrete solidification,
respectively. To minimize imperfections in the tested columns and to ensure
loading conditions that approximate pure compression and buckling, we
selected slenderness ratios of I/d = 1 and I/d = 12, respectively, where |
denotes the column length and d is the outer diameter of the tested columns.
All measurements were performed four weeks after the concrete casting.
The tests were conducted under displacement-controlled conditions, with a
loading rate of 3 mm/min. For the bare specimens, the tests were continued
until failure. For the sheathed specimens, the tests were terminated upon
reaching a plateau in the load-deformation response. At this stage, the
internal concrete was already significantly crushed and confined by the
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Fig. 2 | A demonstration of centimeter-scale
reinforced concrete structures. A An illustration of
the deployment process for a multistory building
composed of two rectangular box-shaped floors. A1
Top view of the initial compact configuration with
an inset that illustrates the steel cables position
within the tubes, where the black dots represent
fixed ends. A2 Isometric view of the initial (marked
by transparent blue) and final configurations of a
rectangular box-shaped floor. A3 An illustration of
the attachment of the second floor to the first one
(both deployed as shown in (A2)), visualizing the
concept of the modularity. B-C An illustration of
the deployment process for a cone and a sphere
shape, respectively. B1, C1 Top view of the initial
compact configuration, where connectors between
the straws were placed according to the model in
ref. 60. B2, C2 Isometric view of the initial (marked
by transparent blue) and final configurations of a
cone and a sphere shape, respectively. B3, C3
Demonstration of the self-leveling nature of the
structure, where the black stair indicates the ability
to adjust the height during deployment. The inset in
(B1) is an increased view of the center part of (B1),
which visualizes the steel cables placement. The scale
bar corresponds to 10 cm.
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polymer shell, such that the measured response no longer reflected the true
load-bearing capacity of the structural element. The solid curves in
Fig. 3C1-C3 represent the mean result over 3 experiments and the shaded
areas correspond to the regions between minimum and maximum of these
measurements. It is possible to see that the sheathed samples are approxi-
mately three times stronger than the bare samples and that the HFT samples
are approximately twice as strong as the CFT samples, suggesting that
sheathed HFT's provide the best performance for reinforced concrete col-
umns. The observed increase in load-bearing capacity of sheathed samples
can be qualitatively attributed to a confinement effect. In the unconfined
case, the concrete fails once a critical displacement is reached, associated
with crack initiation and localized deformation. When enclosed by the
polymer shell, lateral deformation is constrained, limiting the displacement
modes that lead to failure. This confinement delays crack development and
failure, allowing the structure to sustain higher loads. Thus, the polymer
shell does not increase the intrinsic material strength, but rather delays the
failure mechanism, resulting in an enhanced load-bearing capacity. More-
over, note that in all cases the results indicate that the columns meet the
strength requirements of the ASTM C39 standard.

In Fig. 4(A1), (A2), and (A3), we show a sequence of frames from a
video (see Movie S1) of the self-deployment of the meter-scale structure at
times ¢ =0, 6,and 14 seconds, respectively. In Fig. 4B, we show a sequence of
frames from a simulation showing a good agreement between the experi-
ment and the numerical simulation of the deployment, which was per-
formed according to the model described in SI. Our model is designed to
allow a prediction of the final shape of the deployed structure and its stability
as a function of the initial configuration and various physical parameters,
such as the multi-stable tubes’ stiffness, the concrete flow-rate, etc. Note,
however, that the rheological behavior of fresh concrete, including its vis-
cous and non-Newtonian characteristics, is not incorporated into the
modeling framework. This limitation will be addressed in future work. In
Fig. 4C, we show the final result of the meter-scale experiment (shown in
panel (A)), where the dimensions of the final structure are 2.4 m base
diameter and 2.36 m height. Moreover, the structure adapts to uneven

terrain with a height variation of 13 cm, without the need for external
adjustment. In order to visualize the dimensions of the cone shape structure,
two people are standing inside of it. Note that after the concrete had cured,
all eight tubes were anchored with four steel rods per tube (40 cm deep) and
cast with small individual concrete footings.

Discussion

First, let us compare the proposed deployment method with the construc-
tion methods mentioned in the Introduction. Specifically, the proposed
method differs from the existing approaches such as 3D printed construc-
tion, pneumatic membrane based systems, and advanced formwork tech-
niques used in the construction sector. While these methods rely on external
processes such as layer-by-layer deposition, air pressure, or rigid molds to
define the geometry, the present approach achieves shape morphing
through the deployment of a multistable structure during casting. This
enables rapid transformation from a compact configuration to the final
geometry while maintaining control over the structure throughout the
process. Moreover, in the current study, the structure is deployed onto a
temporary support system that can be easily removed after curing. In future
work, the system can be designed such that the multistability of the tubes,
together with the connection design, provides sufficient stability to maintain
the structural configuration throughout the curing process. This would
eliminate the need for external support by a suspension system such as a
temporary stand or a crane after the deployment is complete.

Note that several additional aspects will be investigated in future work,
as discussed below. A more detailed analysis of the achievable tolerances, as
well as the design of connections and joints will be performed. These studies
will define the acceptable ranges that must be maintained and will ultimately
determine the required tolerances for a manufacturing process. Once these
tolerances and design constraints are established, it will be necessary to
ensure that the activation threshold of the multistable tubes remains sig-
nificantly lower than the forces applied by the concrete during casting. This
will ensure reliable deployment of the structure, even in the presence of
variability between different tubes. Moreover, in order to meet the fire safety
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Fig. 3 | Compressive strength tests of concrete
columns under axial loading. A Demonstration of
the load stability of the proposed structures. A1 A
spherical shape structure made of 40 mm diameter
sheathed CFTs supports a 95 kg man standing and
jumping on top of it. A2-A4 Three frames of the
jumping test, where the maximum jumping height
in (A3) was 15 cm. B Illustration of experimental
setup for axial loading measurements for compres-
sion and buckling in (B1) and (B2), respectively.

C Experimental measurements of axial load (in kN)
versus column displacement (in mm), where the
solid curves represent the mean result over 3
experiments and the shaded areas, which corre-
spond to the regions between minimum and max-
imum of these measurements are denoted by [min-
max]. For (C1) and (C2), we used sheathed and bare
80 mm diameter HFT's under buckling and com-
pression, respectively. For (C3), we employed
sheathed and bare 40 mm diameter HFTs and CFTs,
as well as a standard circular 40 mm diameter col-
umn under compression. The scale bars in (A) and
(B) correspond to 30 ¢cm, 15 ¢cm, and 5 cm.
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requirement, in future implementations, we will replace the flammable
polymer tubes with metallic multistable tubes, which could also serve as an
additional structural reinforcement component. Furthermore, this repla-
cement to metallic multistable tubes will allow to maintain load-bearing
capacity for larger diameters.

Next, let us discuss the expected environmental and economic
advantages of the proposed system. As cited in the Introduction, conven-
tional formwork typically accounts for approximately 35-60% of total
construction cost and up to 75% of construction time, while also con-
tributing significantly to material waste and carbon emissions due to the
extensive use of temporary molds. Contrary, the proposed system eliminates
the need for external formwork by integrating the formwork function into
the deployable structure itself. This leads to several key advantages: a sub-
stantial reduction in material (mainly CLT molds) usage, a significant
decrease in labor and assembly time due to rapid deployment (seconds to
minutes instead of hours to days), and reduced environmental impact
associated with formwork production, transportation, decreasing the need
for trees harvesting, and disposal.

The reported cost and CO, emission values in Table 1 represent first-
order estimates based solely on material consumption and production.
Costs associated with transportation, installation, labor, maintenance, reuse,
and end-of-life processing were not considered. Based on material costs
alone, the proposed PP-based formwork used for concrete is estimated to
cost approximately 11 USD/m’, compared with approximately 193 USD/m’
for conventional CLT formwork used for concrete. Furthermore, conven-
tional formwork systems typically require additional supplies and sub-
stantial on-site labor for assembly, installation, and removal. In the reference
study of conventional formwork used for concrete’, the total formwork cost,
including supplies and labor, reached approximately 1710 USD/m’. By
contrast, the proposed self-deploying formwork requires minimal on-site
formwork operations, suggesting additional potential cost savings beyond
the material costs considered here. For the construction-time estimate, the
conventional formwork value was normalized from a reported 43.3 h
formwork-installation task performed by four workers for 13.6m® of
concrete’, corresponding to approximately 12.7 labor-h/m’ for concrete.
The corresponding value of the proposed PP method was obtained from the
deployment of a 0.113 m” structure in 14 s.

Finally, let us discuss possible failure scenarios during the deployment
process. Specifically, asymmetric filling may lead to uneven deployment of
different tubes. This failure can be mitigated by maintaining a controlled
and continuous inflow, which promotes a stable propagation of the filling
front. The geometric constraints of the structure further help to guide the
deployment properly. Local blockage failure may lead to air pocket regions
which can affect the overall structural strength. The occurrence of this
failure may be significantly reduced by using sufficiently large tube dia-
meters and appropriate concrete mixtures with high workability. The cur-
rent deployment model does not explicitly account for the rheological
behavior of fresh concrete, including viscosity and yield-stress effects.
Nevertheless, the deployment process occurs on a timescale of seconds,
whereas concrete setting and significant rheological evolution typically
occur over substantially longer timescales. A premature setting of the
concrete failure is not expected to occur at all. This is because the deploy-
ment process timescale is much shorter than the typical setting time of the
concrete. In our meter-scale experiments, the structure fully deploys within
seconds, while concrete setting occurs over much longer timescales.
Therefore, the system reaches its final configuration well before any sig-
nificant stiffening takes place.

Conclusions
In this study, we demonstrated that shape-morphing interconnected mul-
tistable tubes can serve as self-deploying formwork for reinforced concrete
structures. We showed that such structures can rapidly deploy into pre-
defined configurations, maintain structural performance after casting and
curing, and provide practical advantages over conventional formwork
approaches. We further demonstrated the feasibility of deploying both
traditional structural configurations, such as rectangular box-shaped
structures, and more complex nontraditional geometries, including con-
ical and spherical configurations. The proposed design enables rapid
deployment of reinforced concrete structures through a single inlet, while its
self-leveling nature enhances robustness and adaptability to various terrains.
Here, we presented experimental demonstration for the deployment of
up to meter-scale structures of various shapes, where all experiments lasted
less than a minute.
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Fig. 4 | Meter-scale experiment. A A sequence of
frames from a video (see Movie S1) of the self-
deployment of the meter-scale structure at times
t=0, 6, and 14 seconds. B A sequence of frames
from a simulation showing a good agreement of the
deployment between the experiment and the model.
C A demonstration of the final configuration
(resulting from the experiment shown in (A)) of the
meter-scale self-deployed reinforced concrete cone
shape with a man standing inside of it, serving as a
reference to the deployed structure. The scale bars
correspond to 1 m.

Table 1 | A comparison between conventional formwork systems and the proposed self-deploying formwork concept

Metric Conventional formwork

Proposed method

Environmental impact
concrete in a 17 mm thick CLT mold™.

Estimated material-production emissions are ~ 32 kg CO»e/m? for

Estimated material-production emissions are ~ 14 kg CO»e/m? for
concrete in a 0.2 mm thick PP tube’.

Material cost
CLT formwork®.

Estimated material cost is ~ 193 USD/m® for concrete in conventional

Estimated material cost is ~ 11 USD/m?® for concrete in the proposed
PP formwork®.

Construction time Formwork installation for concrete is ~ 3.2 h/m®.

Self-deployment for concrete is ~ 0.034 h/m?®.

Concrete casting Multiple pour points may be required®*=*°

Single-inlet casting demonstrated

Furthermore, our self-deploying formwork method minimizes
segregation effects due to the expansion of the multistable tubes during
deployment, thus simplifying the design of the concrete pouring proce-
dure relative to the traditional formwork methods. Moreover, in order to
ensure structural strength, we employed the following two strategies.
First, we installed flexible steel cables, which allow complex elastic dis-
tortions during the deployment of the structure, thus providing addi-
tional reinforcement beyond the outer reinforcement of the multistable
tubes. Second, we used helical multistable tubes, which, according to
refs. 14-16, provide a better shear and axial resistance of the reinforced
concrete columns. Furthermore, we discovered that a thin plastic shell of
the multistable tubes increases the structural strength of the structure by
a factor of three, substantially enhancing its load-bearing capacity
without adding significant weight. In addition, we proposed a theoretical
model and compared the simulation and experimental results, which
yielded a good agreement. Thus, our concept is accompanied by a vali-
dated theoretical tool, which should be capable of predicting stability and
final configuration as a function of the initial setup.

The structures demonstrated here are still relatively small compared
to typical buildings. Additional research will be needed to establish the
viability of this approach to structures tens of meters height. Similarly,
additional research is needed to understand the durability of the pro-
posed method under dynamic loading, as well as alternative sheathing
and reinforcement materials. Note that since the concrete that will be
used in real building systems is the same as used in standard construction
techniques, our methodology is expected to sustain at least the same
load-bearing capacity as the traditional buildings. The present study does
not address the response of meter-scale constructions under lateral loads,
and investigating such behavior remains an important direction for
future work. The applicability of the proposed methodology to multi-
story buildings has not been established in the present study and remains

conceptual at this stage. Future work should investigate the effects of
structural height on stiffness characteristics, potential buckling limits,
and overall structural stability in multi-story configurations. An addi-
tional limitation of the current implementation is the use of single-use
polymer tubes, whose environmental impact has not yet been fully
assessed. A comprehensive life cycle assessment will be required in future
work to evaluate the overall sustainability of the proposed approach and
to explore alternative materials or reusable configurations. Moreover,
future work will address inter-floor connections, reinforcement con-
tinuity, and overall structural stability. Similarly, constraints related to
architectural features, such as windows and doors, will be addressed
through careful design of the structural layout.

Beyond technical advances, our work has the potential to redefine the
construction methodology of reinforced concrete structures, particularly
in situations requiring rapid and scalable assembly, such as large-scale
infrastructure projects. Overall, our approach offers a more adaptable,
sustainable, and cost-effective model for future architecture compared to 3D
printed construction, pneumatic membrane based systems, and advanced
formwork techniques used in the construction sector.

Methods

In this study, we propose a self-deploying formwork method for the rapid
deployment of reinforced concrete structures. Our approach is based on a
structure, which consists of multiple multistable tubes. One end of all tubes
is attached to a 3D-printed circular part, so that the whole configuration is
axisymmetric. The other end of the tubes is partially sealed by a 3D-printed
component, so it allows excess water to drain from the system. Inside all of
the multistable tubes there are two (overlapping) regions with two steel
cables in each region, so that when the tube deploys there exist at least two
cables along its length. The diameter of these cables is equal to 10% of the
tube’s radius. This configuration ensures reinforcement along the entire
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length of the tube in the deployed state. Each steel cable consists of flexible
multi-strand steel cables (twisted wire ropes), made of several thin steel wires
helically wound together. The cables were used without any special surface
treatment. Note that the interaction between the cementitious material and
the steel cables is mainly based on friction and mechanical interlocking due
to the multi-strand geometry of the cables.

Modeling details

Our approach is based on the assumption that a bandy straw can be modeled
as a sequence of nodes which are connected by elastic springs. Each node in
this chain is responsible for holding the mass of the fluid (or concrete) within
the straw in its vicinity, where masses m; of all nodes along the straw sum up
to the mass of the straw. Each node whose location is x; = (x;, y;, z;) moves
according to the Newton’s second law, d*x;/dt* = Fi_,/m;, where the total
force F | accounts for gravity and elastic forces of the springs connected to
the node. The springs connecting the nodes along the straw are assumed to
be elastic, with stiffness k,. Similarly to the experiment, the straws are
assumed to be connected with the connectors (whose masses are negligible
relative to the masses of the straws), which are also modeled as elastic springs
with stiffness k;, so that k;, > k,. Note that although we assume that all joints
between the straws and the connectors always contain nodes, to increase the
accuracy of the model, there might exist nodes along the straws also between
the joints, but not only on the joints themselves. For more details, see SL

Fabrication and experimental setups

All 3D-printed components were fabricated using SLA 3D printer (Form
3BL). The zip ties and connectors were made of stainless steel. The concrete
used in all experiments consisted of a 50:50 mixture of water and standard
Portland cement. The fluid reservoir was constructed from two 3D-printed
parts and a Perspex tube with inner and outer diameters of 190 mm and 200
mm, respectively. The connectors were made from M6 threaded rods.

Centimeter-scale experiments were constructed using 40 mm poly-
propylene either conical or helical multistable tubes connected to the fluid
reservoir, which was connected to a pressure controller (ELVEFLOW OB1
MK3+) and, in turn, to a compressor (CompAir L07).

The meter-scale experiment was constructed using 80 mm poly-
propylene helical multistable tubes connected to the fluid reservoir, which
was connected to a pump (Afec LBV 40A 400W 7m) submerged ina 240 L
container. The closed structure was placed on a stand with a height of 2.36 m
and a base of 2.4 m, made from pine wood rods. Note that the multistable
tubes with various diameters up to 16 cm are commercially available.
However, there are no technical limitations for producing such tubes at
larger diameters, according to demand.

The axial loading experiment was conducted using MTS machine
retrofitted with Instron 250 kN system. Each type of column was tested three
times and all measurements were performed 28 days after the concrete
casting. The samples consisted of sheathed and bare HFT's and CFTs with
outer diameters of 40 mm and 80 mm, as well as a standard bare circular
column.

The photos in Figs. 2 and 3, and the frames of the experimental setup
shown in Figs. 2 and 4 were extracted from videos, all of which were cap-
tured using iPhone 15 Pro Max camera in 4K resolution at 60 fps.

Data availability
Source data underlying the figures presented in this study are publicly
available via Figshare at: https://doi.org/10.6084/m9.figshare.32597784.

Code availability

The deployment simulations were implemented using a custom MATLAB
script based on the model described in the SI. The code is available via
Figshare at: https://doi.org/10.6084/m9.figshare.32597784.
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