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Abstract. Sustainability in construction is increasingly critical due to the need to
reduce environmental impact while maintaining structural performance. Hollow-
Core Slabs (HCSs), as widely used prefabricated components, offer significant
potential for sustainable reuse. This study investigates the feasibility of repurpos-
ing HCSs instead of demolition, highlighting their role in reducing construction
waste and supporting a circular economy. A mixed-method approach integrating
literature review, case study analysis, and environmental impact assessment was
used to evaluate both theoretical and practical aspects. The research also presents
structured guidelines for pre-disassembly evaluation, disassembly procedures,
and testing procedures to optimize reuse. Findings confirm that reusing HCSs
can meaningfully lower the environmental footprint of construction, promoting
more sustainable and resource-efficient building practices.
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1 Introduction

Concrete is the most consumed construction material worldwide after water [1]. It is a
major source of CO. emissions, accounting for roughly 37% of construction-related
outputs [2]. Although prefabrication methods such as Hollow-Core Slabs (HCSs) re-
duce material waste during production, current end-of-life practices remain largely lin-
ear demolition leads to significant resource loss and environmental impact.

Circular economy principles offer an alternative. Defined by the European Union
(EU) as a system that promotes reuse, refurbishment, and recycling, this model aims to
extend the lifecycle of materials while minimizing waste [3]. In construction, this in-
volves shifting from a “take-make-waste” approach to one that narrows, slows, and
closes re-source loops. Prefabricated HCSs are well-suited for this, yet their reuse re-
mains rare due to unclear regulations, lack of guidelines, and technical barriers.

While concepts like Design for Disassembly (DfD) and Cradle-to-Cradle (CtC) are
gaining attention, they are seldom applied in practice. Most existing research focuses
on recycling concrete or improving mix compositions, with little emphasis on reusing
structural elements [4-6]. Pilot projects in Norway, such as KA13 and Oslo Storby
Legevakt, have demonstrated the environmental benefits of reused HCSs, but also re-
vealed economic and logistical challenges, including increased costs and insufficient
documentation [7,8].



2 Methodology

This study employs a mixed-method research design, combining theoretical inquiry,
case-based structural assessment, and quantitative environmental analysis to evaluate
the feasibility and sustainability of reusing prefabricated HCSs in concrete construc-
tion.

2.1  Research Design

The research integrates both qualitative and quantitative methodologies to address the
multifaceted nature of circular construction. The qualitative component comprises a
systematic literature review guided by the TONE framework (Trustworthiness, Objec-
tivity, Novelty, and Evidence), which ensures critical evaluation of academic publica-
tions, industry reports, and relevant standards [9]. A pre-case study from Hong Kong
was done to understand the waste reduction methods in the industry.

The quantitative dimension involves a case study-based structural assessment and a
comparative life cycle analysis (LCA), focusing on environmental indicators such as
Global Warming Potential (GWP) and Water Depletion Potential (WDP). Both Cradle
to Grave (CtG) and CtC perspectives were applied to capture the full environmental
implications of reuse versus traditional demolition.

2.2  Case Study and Structural Evaluation

The SIS-Velferdsbygg (SVB) building, constructed by Veidekke Prefab, was selected
as a representative donor structure. Structural drawings, element documentation, and
floor plans were examined to assess the reusability of installed HCSs. Particular atten-
tion was given to the analysis of connection types, accessibility, structural independ-
ence, and the feasibility of removal without compromising element integrity.

A reuse scenario was developed by digitally repurposing selected HCSs from SVB
into a hypothetical recipient structure. Parameters such as load-bearing capacity, fire
resistance, sound insulation, and geometrical compatibility were considered in accord-
ance with TEK17 and EN 1992-1-1 standards. Lessons from previously documented
pilot projects- such as KA13, OSBL, and laboratory studies in Poland were integrated
to inform testing expectations and performance thresholds [7,8,10].

2.3 Analytical Tools and Standards

This study applied a combination of digital tools and technical standards to support the
structural evaluation, environmental analysis, and development of reuse guidelines.



Software tools

Table 1 shows the main programs that were used. These tools helped assess both the
technical and environmental aspects of HCS reuse and supported the development of

clear, step by step processes.

Table 1- Software tools used for the study

Software name

Purpose

Solibri

AutoCAD

Microsoft Excel

Draw.io

Employed for building information modeling
(BIM), load path analysis, and disassembly
scenario simulation.

Used for detailed planning of reuse layouts,
crane positioning, and disassembly logistics.
Applied to perform LCA calculations, focus-
ing on environmental metrics sourced from
Environmental Product Declarations (EPDs)
provided by Veidekke Prefab.

Used to construct workflow diagrams and
visualize decision-making frameworks for re-
use evaluation.

Standards and guidelines

A focused document review was carried out to support the development of reuse guide-
lines and ensure consistency with established standards and regulations (Table 2). The
review concentrated on technical, regulatory, and environmental documents relevant to
the reuse of HCSs, providing a foundation for addressing structural safety, and sustain-

ability requirements.

Table 2- Standards and Guidelines used for the study

Name of standard / guideline

Purpose

NS 3682

1SO 20887

TEK17

DOK- Regulations on Documentation of
Construction Products

EPD (Environmental Product Declaration)

Norwegian guidelines for the reuse of concrete el-
ements.

International standards to design for adaptability
and disassembly

Used to define the functional and safety require-
ments that reused elements must meet in new con-
struction scenarios.

Provided a clear framework for how reused ele-
ments must be documented in terms of quality,
traceability, and compliance with safety standards.
Provided by Veidekke Prefab to calculate GWP,
material and water savings for the case study of
SVB.




2.4  Data Collection and Evaluation Strategy

Data for this study were collected from both primary and secondary sources. Primary
data included structural drawings, floor plans, and EPDs from Veidekke Prefab, which
provided lifecycle data for HCSs. This data was essential for assessing both reuse fea-
sibility and environmental performance. Secondary sources consisted of academic lit-
erature, national standards, industry reports, and survey findings on reuse practices in
Norway. Insights from pilot projects such as KA13 and Oslo Storby Legevakt also in-
formed the practical aspects of reuse. To evaluate environmental impact, a CtG versus
CtC analysis was conducted using EPD data. This comparison demonstrated the reduc-
tion in carbon emissions and water use achieved through HCS reuse.

The reuse evaluation followed three phases:

1. Pre-disassembly assessment analyzing element accessibility, independence, and
connection types.

2. Disassembly planning and execution focusing on logistics, sequencing, and safe
removal.

3. Post-disassembly testing checking structural performance, visual quality, and
compliance with reuse standards.

This structured approach ensured that both technical and environmental aspects were
thoroughly addressed in the development of reuse guidelines.

3 Reuse and Circular Economy

The reuse of prefabricated structural elements, particularly HCSs, plays a critical role
in supporting the transition toward a circular economy in the construction industry. As
opposed to the linear “take-make-waste” model, the circular economy emphasizes re-
source efficiency by extending the useful life of materials through reuse, refurbishment,
and recycling. According to the EU, circularity involves keeping products and materials
in use for as long as possible, thereby reducing waste and resource extraction [3].

In Norway, data from Statistics Norway (SSB) highlights that a significant share of
530473 tonnes of concrete waste arises from the demolition of buildings [11]. This
accumulation of construction waste underscores the urgent need to rethink end-of-ser-
vice-life (EoSL) strategies. Recycling concrete at this stage often leads to downcycling,
where material quality and structural properties are diminished [4-6, 12]. By contrast,
reuse preserves the original form and performance of the element, enabling a more ef-
ficient and sustainable use of resources. As recognized in 1SO 20887, reusability refers
to the ability of a component to be reused in its original form while maintaining its
functional qualities for the same or a different purpose [13].

The CtC model shown in Fig. 1 offers a clear framework for circular construction.
Unlike the traditional CtG model shown in Fig. 2, CtC promotes a closed-loop system
in which components are intentionally designed for future reuse. Incorporating DfD is
essential in this context, allowing elements like HCSs to be safely detached and reused
without significant damage or loss of integrity.



Reuse is also prioritized in the waste hierarchy, ranking above recycling as a pre-
ferred strategy for waste reduction [14]. It aligns with the International Energy Agen-
cy's (IEA) recommendation to focus research efforts not just on recycling but on the
recovery and direct reuse of building elements especially those with high embodied
carbon such as concrete.

Pilot projects such as KA13 and Oslo Storby Legevakt have demonstrated the tech-
nical feasibility and environmental benefits of reusing HCSs. For example, reused slabs
from Regjeringsbygg R4 in KA13 resulted in 89% lower CO: emissions compared to
newly produced equivalents. However, these projects also revealed barriers such as
high disassembly costs, design adjustments, and lack of clear regulatory guidance.

When full reuse is not feasible due to damage or outdated specifications, remanufac-
turing provides an intermediate strategy. This involves restoring or upgrading compo-
nents through cleaning, reinforcement, or slight redesign so they can meet current safety
and performance requirements. While more resource-intensive than direct reuse, re-
manufacturing still preserves embodied energy and reduces the need for new materials
[15,16].

Despite growing interest, regulatory and industry standards continue to focus pri-
marily on new construction, offering limited guidance for the certification, documenta-
tion, or performance assessment of reused elements. Broader adoption of reuse prac-
tices will require clearer regulatory frameworks, better documentation processes, and
technical guidance aligned with real-world construction scenarios.

E1:

Disassembly E2: E3:

Project building Transportation Additional work

New Building
F1: F2:

Transportation to new project Assembly

Fig. 1. CtG system limits for reuse
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4 Case Study on SIS- Velferdsbygg (SVB)

This study incorporates a real-world case to evaluate the feasibility of reusing prefab-
ricated HCSs in a new construction context. The considered building, SVB, located at
the University of Stavanger and built by Veidekke Prefab, served as the source struc-
ture. The focus was placed on the third floor of the building, where a large number of
HD265 and HD320 slabs were installed.

The SVB complex consists of four floors and was part of a larger development that
also included a sports hall and connecting structures. In total, approximately 4920 m?
of HD265 slabs (560 units) and 327 m2 of HD320 slabs (48 units) were used in the
project, amounting to over 1,898 tonnes of prefabricated concrete. These slabs were
designed for a service life of 50 years, with classification parameters including Conse-
quence Class CC2, Reliability Class RC2, Seismic Class I, and Fire Resistance REI90,
as per NS-EN 1990:2002+NA:2016 requirements.

4.1 Load Assessment and Structural Role

A critical aspect of evaluating HCS reuse is understanding the previous load conditions
they were subjected to. In SVB, these included self-weight, dead loads from superim-
posed elements, and imposed loads related to occupancy and facade components. Load



values were documented based on project data from the responsible structural engineer-
ing firm (RIB). The evaluation also included localized line loads from facades and point
loads from roof structures, which influenced slab selection for reuse.

The reuse feasibility assessment prioritized slabs with simpler load histories and
minimal structural alteration. This was essential to reduce uncertainties in residual ca-
pacity and avoid the need for extensive remanufacturing. Preference was given to slabs
with clear access and minimal composite topping or structural interdependence, in line
with documented best practices from earlier case studies.

4.2 Structural System and Connections

The structural framework of SVB featured a combination of precast columns, beams,
and load-bearing walls, with stabilization achieved through stairwells and elevator
shafts. The HCSs in SVB were integrated using a variety of connection types, including
slab-to-wall and slab-to-beam joints. These connection methods were closely studied,
as their reversibility and disassembly complexity significantly affect reuse potential.

The project also explored how element identification, logistics for crane placement,
and dismantling strategy can influence the practicality of salvaging slabs for reuse.
Structural drawings and BIM models (see Fig. 3) were used to trace the specific posi-
tioning and conditions of individual slabs selected for the reuse scenario.
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Fig. 3. BIM-Model of SiS Velferdsbygg

4.3  Reuse Case Implementation

To evaluate the practical potential of HCS reuse, a detailed reuse case was developed
based on structural elements salvaged from the third and second floors of SVB. The



goal was to design a new student housing facility using the repurposed slabs, thereby
maximizing material efficiency while ensuring compliance with structural and func-
tional standards.

Selection Criteria and Planning

The reuse case prioritized HD265 slabs with a length of 8.4 meters and width of 1.2
meters, originally used in SVB. All reused elements were cut or trimmed to uniform
lengths where required. Elements with excessive topping, embedded fixtures, or com-
plex structural integration were excluded due to disassembly challenges and potential
damage during extraction. The elements selected were evaluated for compatibility in
dimensions, material integrity, and expected structural performance.

Floor Plan and Structural Integration

A proposed floor plan (see Fig. 4 and Fig. 5) of approximately 68.45 m by 18.5 m was
created, incorporating 1,098.37 m2 of reused HCSs, corresponding to the HCS-IDs doc-
umented from SVB. Each slab’s previous load history, position, and condition informed
its placement in the new design. The reuse layout included student rooms, each 20 m?2
in size, as well as shared facilities like bathrooms, a laundry room, and a communal
area.

Support for the reused slabs was provided through newly manufactured L-shaped
and Inverted Tee Beams, with connection points carefully aligned to existing voids in
the HCSs. These allowed reuse of prior anchorage patterns or simple steel rod connec-
tions, minimizing the need for drilling or adhesive bonding.

Load Adjustments and Compliance

The reuse structure was classified as a Category A building under NS-EN 1991-1-1,
suitable for residential/domestic use. Imposed loads were reduced compared to the orig-
inal office design of SVB, aligning better with the residual capacity of the slabs. While
dead loads from the slabs remained unchanged, additional floor finishing layers and
acoustic insulation were factored into the new design, especially given the stricter com-
fort requirements for residential buildings.

Sound and Fire Regulations
Adapting the reused HCSs for student housing required reassessment of sound and fire
performance to comply with NS 8175 and TEK17 standards.

For sound insulation, the reused structure must achieve Sound Class C, with a min-
imum R’w of 45 dB. The original 265 mm HCSs meet this with a measured R’w of 56
dB, but their impact sound level (L’n,w) of 76 dB exceeds acceptable limits. Two floor
design options were evaluated. While Option 1 (Fig. 6) is more cost-effective, it does
not fully meet impact sound requirements. Option 2 (Fig. 7) offers better performance
and is more suitable for regulatory compliance.

In terms of fire resistance, student housing is classified under Risk Class 4, requiring
a minimum rating of REI60. The HCSs from SVB were originally rated REI90, exceed-
ing this requirement. No additional fire protection measures are needed for reuse.
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Cast-on for levelin Linoleum flooring

CS

Fig. 6. Flooring Option 1

7 mm laminate.
w/2-3 mm expanded PE

Cast on 50 mm //Fiber board (fiberduk)

Acoustic underlayment
(50mm) mineral wool

HCS

Fig. 7. Flooring Option 2

5 Proposed Framework

To enable the practical reuse of HCSs in existing buildings, this study introduces a set
of tailored steps in a framework that bridge the gaps left by existing standards. While
ISO 20887 provides general principles for DfD and NS 3682 offers procedures for post-
disassembly testing, neither fully addresses the challenges involved in reusing elements
from buildings that were not originally designed for reuse. These guidelines adapt and
expand on those standards, specifically for real-world conditions where HCSs must be
recovered, evaluated, and reintegrated. The proposed framework consists of pre-disas-
sembly evaluation, disassembly procedure, testing and evaluation and documentary
strategy.

5.1 Pre-Disassembly Evaluation

This framework establishes a systematic method for assessing the feasibility of disas-
sembling HCSs before any physical work begins. It evaluates critical factors such as
the accessibility of the elements, their independence from other structural components,
surface conditions, and the type of connections used. By identifying potential barriers
early, this phase ensures that only slabs suitable for reuse proceed to the disassembly
and testing stages. This proactive approach reduces time, costs, and unnecessary dam-
age during the process. A summary has been given in Fig. 8.
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5.2  Disassembly Procedure

The disassembly framework addresses the lack of practical detail in existing standards
by outlining a step-by-step approach for safely dismantling HCSs. It includes guidance
on crane positioning, lifting techniques, element sequencing, and handling protocols to
preserve the structural integrity of the slabs. This structured procedure ensures that the
disassembly process is both safe and efficient, enabling successful extraction even from
complex or tightly integrated structures.

5.3  Testing and Evaluation

Once disassembled, HCSs must be evaluated to verify their structural performance,
functional suitability, and regulatory compliance. This testing guideline (See Fig. 9)
condenses the broader scope of NS 3682 into a focused checklist of essential tests cov-
ering load-bearing capacity, visual inspections, cracking, deflection limits, and material
degradation. By streamlining the testing process into a more accessible format, it be-
comes more practical for industry adoption without compromising safety or perfor-
mance standards.

5.4  Documentation Strategy

A dedicated documentation guideline complements the technical process by specifying
the necessary records and traceability measures for reused HCSs. This includes original
element data, removal procedures, test results, and reuse conditions. Clear documenta-
tion is essential for regulatory approval, lifecycle tracking, and integration into digital
systems like material passports or BIM models The flow of information and a stand-
ardized method of documentation are important for ensuring effective communication
and coordination among various actors across the value chain. While some of the data
may primarily serve specific stages of the production or life cycle, the comprehensive
collection of details ensures the availability of all necessary documentation for the ele-
ment. The documentation approach considers both NS 3682 and the material passport
discussed by BAMB [17].

Technical Functional Aesthetical
performance performance performance

Chemical degradation Compatibility
assessment
Load-bearing
capacity tests
Deflection check
Pre-tensioned wires/ Sound insulation
RF

Fig. 9. Key points for each category of the testing guideline

Visual control

Damage

Fire resistance
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Pre-tensioned wires/
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5.5

Connection Design in Reuse Applications
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The design and implementation of connections are vital to the success of structural
reuse projects, especially with prefabricated HCSs. While disassembly and testing con-
firm the slabs’ structural capacity, proper connection systems are critical for their rein-
tegration. This section reviews key connection types explored in this study. Reversibil-
ity is essential in circular construction; however, as Durmisevic notes, irreversible con-
nections often damage elements during disassembly. In this context, known connection
methods were adapted for reused HCSs, with attention to future reusability and struc-

tural integrity (see Table 2).

Table 2. Connection Design in Reuse Applications

Connections possibilities

Adapted connection methods

Advantages and Limitations

HCS to Wall — Drilled Bar
with Bond Beam

HCS to Wall — L-Profile
with Void Anchoring

HCS to Inverted Tee
Beam

HCS to L-Shaped Beam

Longitudinal Connections
between Adjacent Slabs

drilling a bar through the slab into a
bond beam atop a newly constructed
wall.

using the slab’s internal voids for an-
choring, with L-shaped steel profiles
bolted to the wall

a traditional and time-efficient con-
nection widely used in prefabrication

aligning slab voids with pre-installed
anchors in a newly cast L-beam. Plas-
tic cups and grout ensure controlled
filling of voids, while neoprene bear-
ings prevent damage.

involves precision cutting into the
slab core to create a direct joint for
grouting and bar placement, which is
effective but irreversible. The second
uses external steel plates anchored
with mechanical fasteners, offering
improved adaptability and partial re-
versibility

a practical and relatively quick
solution.

it is not reversible and thus lim-
its future reuse.

improves design flexibility and
allows for easier installation at
varying heights

method is more reversible than
the drilled bar approach

easy to execute and structurally
sound,

not suitable for reuse beyond
the second application and lacks
compatibility with DfD princi-
ples.

the most reliable options for re-
use projects due to its familiar-
ity and efficient execution.
However, like the inverted tee
beam, it is not designed for re-
versibility and limits future dis-
assembly

visually appealing and more la-
bor-intensive, the plate solution
better aligns with circular de-
sign principles and allows for
potential future disassembly
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All four guidelines are integrated into a reuse flowchart Fig. 10, which provides a
visual overview of the entire process from initial assessment to final testing. This
flowchart acts as both a reference tool and an implementation roadmap, ensuring usa-
bility across various project contexts and simplifying the reuse of HCSs for contractors,

engineers, and developers.

Pre-disassembly
evaluation shows
positive resuits

Evaluate reuse
possibility and assess
benefit for climate

v

Plan integration into
new project

v

Reevaluate or
consider alternatives
methods for recycling

Necessary documents
are available according
t0 5.1-5.3 in NS 3682

isible damage’

h 4

Consult an engineer <

on HCS?

Assess structural

YES

A 4

NO

Y

Do necessary design

h 4

Perform necessary tests
according to testing
guideline

oes it comply with
current regulations and

NO

changes

Consider recycling or
other disposal
methods

A

standards?

HCS is reusable

Perform necessary

Fig. 4- Flowchart summarizing guidelines
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6 Environmental analysis

The environmental benefits of using and reusing HCSs in the SVB project were as-
sessed through a comparative LCA. This analysis focused on three primary metrics:
material savings, GWP reduction, and water usage optimization. The calculations were
based on detailed structural data from SVB and life cycle metrics provided in EPDs
from Veidekke Prefab. The procedure involved comparing actual data from the imple-
mented HCS system to a theoretical cast-in-situ solid slab alternative, representing con-
ventional construction practice.

6.1  Material Savings

To quantify material savings, the total volume of concrete used in HCSs was compared
to that which would have been required for solid cast-in-situ slabs of equivalent struc-
tural capacity. The calculation included the number, length, width, and thickness of
HCSs used on each floor and assumed solid slab dimensions based on typical Norwe-
gian construction practices. This comparison revealed that the use of HCSs reduced the
required concrete volume significantly (43% in average for each floor). The results
demonstrate consistent efficiency gains due to the voided cross-section of HCSs, lead-
ing to substantial material conservation without compromising structural performance.

6.2 GWP Reduction

To calculate GWP reduction, the difference in concrete mass saved through the use of
HCSs was used as input. This mass was then multiplied by the GWP factor from
Veidekke’s EPD, which quantifies the CO2-equivalent emissions per unit of concrete
produced (measured in kg CO2-eq per m2 or per tonne of concrete). The results shown
in Table 3 illustrate the climate benefits of using prefabricated HCSs by avoiding the
emissions associated with producing, transporting, and casting large volumes of con-
crete.

6.3  Water Usage Optimization

Water consumption was evaluated by comparing the water input required for the man-
ufacturing and on-site casting of solid slabs to that required for the production of pre-
fabricated HCSs. Water usage data were also drawn from EPDs, with consumption ex-
pressed in kg per m? of concrete.

For each floor, the mass of concrete saved by using HCSs was multiplied by the
water use factor from the EPD to calculate the total water saved. The findings showed
that HCSs significantly reduced construction-phase water demand. This represents an
average reduction of approximately 56,5% in water usage per floor, contributing mean-
ingfully to resource conservation and aligning with sustainability targets in water-
stressed regions.
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Table 3. Environmental benefit of HCS VS Solid slab

Avg. Amount of material saved com- GWP value of Water usage saved
pared to solid slab saved mass by using HCS
Floor Unit : % Unit: kgCO2-eq Unit: kg
HK 42,20 % 37702,67 56,31 %
H1 40,68 % 47287,80 56,44 %
H2 39,48 % 25352,74 57,00 %
H3 40,53 % 38207,15 56,39 %

7 Results and Discussion

7.1  Structural Feasibility of Reuse

The structural evaluation confirmed that selected HCSs from SVB could be feasibly
reused in a newly designed student housing project. Slabs were chosen based on span
length, absence of topping, and accessibility for disassembly. These parameters ensured
minimal damage during removal and compatibility with the new layout. The new build-
ing design incorporated these slabs without exceeding their original loading capacities.
The imposed loads in the reuse scenario were lower than in the original office use,
which allowed for safe integration without additional reinforcement. Importantly, the
existing fire classification of REI90, applied during the SVB construction, exceeded
the TEK17 requirement of REI60 for Risk Class 4 buildings, confirming that no addi-
tional fire protection measures were necessary.

7.2  Acoustic and Fire Performance

While the airborne sound insulation of the 265 mm HCSs met regulatory requirements,
with a measured R’w of 56 dB satisfying NS 8175 Sound Class C, the impact sound
insulation (L n,w) was inadequate for residential use, with values reaching 76 dB. Two
floor design options were evaluated to improve performance. Option 1 involved mini-
mal insulation and was more cost-effective but failed to fully meet impact sound thresh-
olds. Option 2 included enhanced insulation layers and achieved full compliance with
acoustic regulations. Despite its higher cost, Option 2 proved to be the more robust
solution, especially for residential settings where acoustic comfort is a priority. On the
fire safety side, no additional interventions were required due to the original REI90
classification of the HCSs, comfortably exceeding the REI60 threshold for student
housing.
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7.3 Environmental Impact

The environmental analysis revealed substantial benefits from using HCSs instead of
cast-in-situ solid slabs. In terms of material savings, concrete volume was reduced by
an average of 39.5% to 42.2% per floor. This reduction was achieved through the
voided geometry of the HCSs, which maintained load-bearing capacity with less mate-
rial. Using data from Veidekke Prefab’s EPDs, a CtG assessment showed that the GWP
was reduced by 25,353 kg to 47,288 kg CO:-equivalent per floor, depending on the
volume of concrete saved. Similarly, water usage was significantly optimized. Com-
pared to traditional solid slabs, HCSs consumed 43% to 45% less water during manu-
facturing and installation. These reductions in emissions and water consumption under-
score the sustainability potential of integrating HCSs into reuse-focused construction
projects.

7.4  Connection Design in Reuse Applications

The reuse of HCSs is strongly influenced by the type and adaptability of the connection
systems used. While the structural assessment confirmed the viability of the slabs them-
selves, connecting them in a new configuration posed limitations due to the irreversible
nature of most traditional methods.

Wall connections using drilled bars into bond beams were simple but not reusable.
In contrast, using L-shaped profiles anchored into slab voids offered better adaptability
and partial reversibility, though requiring more complex preparation. Similarly, stand-
ard support methods involving inverted tee and L-shaped beams provided structural
stability but did not support future disassembly.

For connections between slabs, traditional grouted joints were impractical, leading
to the use of externally mounted steel plates with mechanical anchors. This approach
was more labor-intensive but better suited to circular design goals.

Overall, the study found that most current connection practices are not optimized for
reuse beyond a second application. Advancing the reuse of HCSs will require a shift
toward modular, reversible connection systems that enable both structural performance
and long-term circularity.

7.5  Comparison with Existing Research and Projects

The findings of this study are consistent with the outcomes of previous pilot projects
such as KA13 and Oslo Storby Legevakt. In both cases, reused HCSs were successfully
implemented but faced notable challenges related to logistics, documentation, and ad-
ditional testing requirements. Like those projects, this case study confirmed that while
structural performance and environmental outcomes are favorable, reuse implementa-
tion is hindered by practical and regulatory barriers. The reuse of slabs from SVB also
reinforces theoretical models such as CtC and DfD, both of which advocate for pre-
serving material value across building life cycles.
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However, unlike new buildings designed with disassembly in mind, SVB was not
originally intended for reuse, which complicated removal and highlighted the im-
portance of incorporating DfD principles from the outset in future projects.

8 Conclusion

This research set out to explore the potential for structural reuse in the concrete indus-
try, with a specific focus on prefabricated HCSs. In an era marked by growing environ-
mental concerns and resource scarcity, the construction sector must look beyond tradi-
tional linear practices and adopt more circular, low-impact strategies. Reuse, particu-
larly of high-carbon materials like concrete, represents a key opportunity in this transi-
tion.

The study aimed to bridge a critical gap in both literature and practice by developing
a comprehensive approach to the reuse of HCSs from existing buildings. While inter-
national standards such as 1SO 20887 and national frameworks like NS 3682 provide a
foundation, they fall short in addressing the unique challenges of disassembling and
repurposing elements that were not originally designed with reuse in mind. This paper
responded to that challenge by proposing a structured framework for assessing reuse
potential, planning disassembly, and conducting performance testing supported by a
real-world case study and lifecycle-based environmental analysis.

In doing so, the work contributes to the growing body of knowledge promoting sus-
tainable and circular construction. It emphasizes the importance of early-stage plan-
ning, regulatory adaptation, and practical tools that enable engineers, designers, and
contractors to navigate the complexities of reuse. More broadly, it highlights the urgent
need to reframe how materials are valued within the built environment not as disposa-
ble, but as long-term assets capable of serving multiple lifecycles.

The reuse of structural elements like HCSs is not just a technical possibility, it is a
necessary step toward a more resilient and climate-responsible construction industry.
With continued innovation, policy support, and industry commitment, structural reuse
can move from niche application to standard practice.
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