LB337 TRANSFORM Reinforcement

From Orthogonal Grids to Tallored
Reinforcement Layouts

Innovation in Reinforcing Concrete
Concrete as the world’s most widely used construction
material has a significant carbon footprint. Although
alternatives can replace it in some cases, It often
remains essential. Still, more efficient use of materials
can significantly reduce greenhouse gas emissions.
With steel reinforcement, large concrete covers are
often required for durability, even when they are not
structurally necessary. This Increases material use,
adds non-load-bearing dead weight, and raises the
structure’s global warming potential (GWP).

Fig. 1. Basalt filaments and textile grid reinforcement

Composite reinforcements, especially textile reinforce-
ments for concrete structures offer a promising
alternative, providing high tensile strength and
corrosion resistance, enabling thinner, more resource-
efficient structures [1]. Our focus IS on composite
reinforcements made of basalt filaments. Basalt Is
widely available and filaments can be produced
through a relatively simple process. As a result, they
can achieve a GWP relative to their tensile

performance much lower than other reinforcement -
materials [2]. Fig. 2: textile- vs steel reinforced concrete member thickness

Automated Manufacturing Method for

Tailored Reinforcement Layouts
New reinforcement materials enable automated
manufacturing techniques and support the digital
; transformation of the construction industry. While
,4~ \\\\\\\\\\\\\\\\\\\ — = orthogonal textile reinforcement grids are already
established, they often fail to fully exploit the superior
material properties of composite reinforcements.
Tallored Fibre Placement (TFP), originally developed

»”~

—

< - ‘. " /
Yy, 5 & I 9 e '/ [
"'"v,' » s Ceaaniaag,, - /
) " 5 J Y FW A g “ y
) i 4 il 3 " /4 J
“ ! & b : / /
& & % /
Q-
5 Sta, /
o d & W &
“ererre® S ) r
% p: )
& $ 4 /
2 Va & : 4 ~
%, 3 g B
S AT !
LI /

Fig. 3: Tailored reinforcement layouts using TFP process

for composite manufacturing In mechanical and
aerospace engineering, allows filaments to be placed
along predefined paths and thus tailor the
reinforcement properties. Dissolvable embroidery sub-
strates enable open grid structures, allowing concrete
to penetrate around the reinforcement. In a final step,
the basalt filaments are impregnated with resin t0 WARR = SisdPoomiseiis.. N .-ee.
ensure efficient load transfer and improve durabllity. Fig. 4: Filament placement on dissolvable substrate
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LB337 TRANSFORM Reinforcement

Applications and Concepts

Ref. Sample A Sample B Foldable Reinforcement

Thin textile reinforced concrete (TRC) plates have

limited bending stiffness because of their low moment

2 SaRre s of inertia. Folded structures offer an effective way to

achieve larger spans while maintaining structural

integrity [3]. However, conventional orthogonal

reinforcement grids become stiff after epoxy

=elEs © =ampleb Selidyas impregnation, which limits foldability.

Our Innovative concept uses TFP to modify the local

W textil_e flexibility by vary_ing the fi_Iament crossing gngles

m relative to the fold lines. This creates a stiffness

reduction where folding Is required. Preliminary tests
showed significantly improved foldability with only

Fig. 5: Investigated reinforcement layouts from [4]

minimal damage to the filaments compared with . S ———
conventional grids [4]. In the next step, these tailored . IRV BN .
reinforcement layouts will be scaled up to full-size
folded structures and evaluated with respect to folding
accuracy and structural performance embedded In
concrete. This approach combines the environmental -
benefits of thin TRC with Iimproved geometric o\ il N - .
adaptability enabled by intelligent structural design. Fig. 6: Orthogonal vs tailored layout during folding te
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Orthogona Reinforcement Aligned with Principal

o Stress Directions

— Another Innovative application Is the placement of
reinforcement along the principal stress directions
(PS) of a structural element. This approach can
significantly increase load-bearing capacity or reduce
« the required amount of reinforcement [5]. While
conventional reinforced concrete design favours
Graded-Stress-Aligned simple layouts for economic reasons, automated TFP-
based placement enables more efficient reinforcement
strategies. To validate this concept, three slab-type
elements with a round opening and a single point load
/ placed on top of three supports will be tested: an
: orthogonal grid, a PS-aligned layout, and a PS-alighed
oo layout graded according to the local stress level. The

reinforcement quantity will be kept constant to ensure
Fig. 7. Reinforcement layouts to be tested experimentally a direct comparison.
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Innovative Reinforcement to Transform Structural Concrete

Novel reinforcement technologies such as TFP support the transformation of concrete structures and thus the
construction sector towards a more environmentally friendly, digital, and automated industry. The two
approaches shown represent innovative ideas for sustainable reinforcement alternatives that improve structural

performance and may reduce concrete mass.

References

[3] van der Woerd J D et al. (2013) Oricrete. Beton- und Stahlbetonbau
[4] Authors redacted (2026) This reference has been redacted to comply with the competition’s anonymity policy. It will be cited in full upon subsequent publication.
[5] Dorrie R et al. (2023) Automated force-flow-oriented reinforcement integration for Shotcrete 3D Printing. Automation in Construction Page 2/2




