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As concrete product manufacturers across Europe continue 
investing in more efficient and sustainable production 
technologies, the curing process is becoming an increas-
ingly important focus area. In concrete roof tile production 
especially, curing consistency directly influences product 
strength, dimensional stability, colour uniformity, surface 
quality, and long-term durability. For Russell Roof Tiles, 
one of the United Kingdom’s leading concrete roof tile 
manufacturers, modernising the curing process formed 
a major component of the company’s wider investment 
strategy at its Burton on Trent manufacturing facility. As 
part of an £18.5 million expansion project, the company 
commissioned a new state-of-the-art curing system from 
Kraft Curing Systems GmbH, Germany, centred around the 
Quadrix® Ultra single-atmosphere curing chamber technol-
ogy. The installation represents one of the most advanced 
controlled-environmentel roof tile curing systems currently 
operating within the UK concrete roofing sector. 

Russell Roof Tiles has spent more than a decade investing 
in operational efficiency improvements and sustainability 
initiatives across its manufacturing operations. In 2022, the 
company formally announced its NetZero roadmap, out-
lining long-term objectives focused on reducing fossil fuel 
consumption, improving energy efficiency, increasing renew-
able energy usage, and lowering overall emissions across its 
production facilities. The Burton upon Trent expansion pro-
ject was developed to support both increased production 
capacity and modernised manufacturing processes. A cen-
tral element of the investment was the construction of a new  
1,600 m² production building housing a highly advanced cur-
ing chamber system specifically engineered for concrete roof 
tile production. 

For Kraft Curing Systems, the project represented another 
major roof tile curing installation utilising the company’s 
controlled-environment curing philosophy developed over 
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A central element of the investment was the construction of a new 1,600 m² production building housing a highly advanced 
curing chamber system
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decades of experience within the global concrete products 
industry.

Why Roof Tile Curing Requires Precision  
Climate Control

Concrete roof tile curing presents unique technical chal-
lenges compared to many other concrete products. Roof 
tiles combine relatively thin cross-sections with high aesthetic 
requirements, making them particularly sensitive to environ-
mental variations during early hydration. Inconsistent curing 
temperatures, rapid moisture evaporation, uneven airflow, or 
uncontrolled humidity can negatively affect surface quality, 
colour consistency, edge strength, dimensional stability, hy-
dration uniformity, and long-term durability.

Traditional curing systems often experience temperature 
stratification, uneven humidity distribution, condensation 
formation, and inconsistent airflow patterns throughout the 
chamber. Variations between rack positions or between the 
upper and lower portions of curing chambers can lead to 
product inconsistency and operational inefficiencies. Kraft 
Curing Systems designed the Quadrix Ultra curing technol-
ogy specifically to address these challenges through tightly 
controlled climate management and highly engineered air-
flow distribution.

Quadrix Ultra Single-Atmosphere Curing Technology

The curing system supplied to Russell Roof Tiles consists of 
a large insulated curing enclosure containing one main cur-
ing chamber together with two independently operated pre-
cure chambers. The entire curing process is based on Kraft’s 
single-atmosphere curing philosophy, which utilises high air 
volumes circulated at very low air velocities to create a highly 
stable and uniform curing environment throughout the cham-
ber. 

Freshly produced roof tiles first enter the pre-cure chambers, 
where the curing climate is gradually increased in carefully 
controlled stages before the products enter the main curing 
chamber. This staged curing process allows the concrete 
temperature and humidity conditions to increase slowly and 
evenly, preventing thermal shock and uncontrolled surface 
drying.

According to the project design parameters, the pre-cure 
chambers operate at humidity levels between 90% and 95%, 
while the main curing chamber maintains curing tempera-
tures between 45 °C and 50 °C with relative humidity levels 
between 80% and 95%. The gradual transition between cur-
ing zones allows the concrete hydration process to develop 
under highly controlled environmental conditions. 

High-Volume, Low-Velocity Airflow Engineering

At the core of the Quadrix Ultra system is Kraft’s highly en-
gineered air circulation and distribution technology. Unlike 
conventional curing systems that often rely on higher air ve-

locities, the Quadrix Ultra system circulates large volumes of 
conditioned air at very low flow rates. This approach ensures 
that heat and humidity are distributed evenly throughout 
the curing chamber while avoiding excessive airflow directly 
across the fresh concrete surfaces.

The curing chamber installed at Russell Roof Tiles incor-
porates a sophisticated arrangement of supply ducts, re-
turn ducts, transfer ducts, adjustable air outlets, automated 
dampers, and controlled exhaust systems. The main curing 
chamber includes more than 200 individually adjustable air 
outlets engineered specifically to optimise airflow distribu-
tion throughout the entire curing environment. Air is supplied 
primarily from floor level and circulated upward through the 
roof tile racks in a carefully balanced pattern designed to pre-
vent temperature and humidity stratification.
 
According to the project specification, the system maintains 
temperature consistency within approximately ±1 °C from 
top to bottom of the curing chamber while operating with air 
velocities below 0.5 m/s over the product surfaces. For roof 
tile production, maintaining low air velocities is particularly 
important because excessive airflow can accelerate evapora-

At the core of the Quadrix Ultra system is Kraft’s highly  
engineered air circulation and distribution technology.
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tion from the concrete surface and negatively affect hydration 
consistency. 

The carefully controlled airflow concept allows the tiles to 
cure under stable environmental conditions while maintain-
ing a gentle and consistent climate throughout the entire 
curing chamber.

Managing Humidity Without Condensation

One of the major operational challenges in high-humidity 
curing systems is condensation control. In many conventional 
curing chambers, moisture condenses on ceilings, walls, 
ducting, and structural steelwork, creating corrosion risks 
and maintenance issues over time. Kraft designed the Quad-

The curing chamber installed at Russell Roof Tiles incorporates a sophisticated arrangement of supply ducts, return ducts, 
transfer ducts, adjustable air outlets, automated dampers, and controlled exhaust systems.
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Fig. 1: 3D printing of permanent formwork with SHCC 
for the construction of 4.2 m columns [4].

3D concrete printing offers high geometric freedom, allow-
ing the creation of structures with curved shapes, as well as 
the creation of topologically optimized thin-walled struc-
tures. However, the use of conventional steel rebars, which 
are not flexible and require a relatively thick concrete 
cover, makes it nearly impossible to utilize these advan-
tages of the new technology. Additionally, the rigidity of 
steel rods significantly complicates the process of their au-
tomated integration. For these reasons, fiber reinforcement, 
which is devoid of these disadvantages, is a more suitable 
alternative. Furthermore, non-metallic fibers are resistant to 
corrosion, and in the case of continuous fibers, a specially 
developed mineral impregnation allows them to remain 
flexible for several hours, making it much easier to auto-
mate the reinforcement integration during 3D concrete 
printing. This publication presents various approaches to 
the integration of short and сontinuous fibers as developed 
at TU Dresden and discusses the suitable applications for 
these types of reinforcement. 
 
3D concrete printing by layer-by-layer extrusion (hereinaf-
ter referred to as 3DCP) has become widespread in recent 
years, but the issue of reinforcement integration remains not 
fully resolved [1]. Conventional steel rebars, although often 
used in 3DCP projects due to their availability and extensive 
application experience, are not always suitable for combin-
ing with this technology. They are not flexible enough, thus 
limiting the geometrical freedom that 3DCP offers. In addi-
tion, their low flexibility makes it difficult to automate their 
installation, so they are usually placed manually, reducing 
the overall level of automation of the technology. In addition, 
steel reinforcement is prone to corrosion, so it requires a fairly 
thick concrete cover, not allowing for thin-walled structures. 
Highly flexible and non-corrosive fibers do not have these 
disadvantages and can therefore be a worthy alternative. 
They are lighter than steel, have higher tensile strength, and 
their integration during 3DCP can be fully automated. For re-
inforcement, both short and continuous fibers can be used. 
The following sections describe the various existing methods 
of integrating these types of reinforcement as well as their 
possible applications.

Short fibers

Short fibers made from a variety of materials can be used for 
3D printing, including polyethylene, polyvinyl alcohol, poly-
propylene, carbon, glass, and basalt. For their integration, 
no extra equipment is usually required as they can be pre-
mixed into the dry mortar or added during concrete mixing. 
The addition of short fibers at these stages, however, can re-
sult in reduced pumpability and extrudability of the material, 
which may eventually lead to blockages. This problem can 
be overcome by adjusting the rheology of the concrete ma-
trix and printing procedure or by using more sophisticated 
printheads, in which fibers are mixed into the concrete just 
prior to extrusion [2].

The addition of short fibers has a number of positive effects. 
Fibers can significantly improve the mechanical performance 
of the printed material and prevent the opening of cracks 
caused by shrinkage [1]. The latter is especially important 
for 3DCP as printed structures are particularly susceptible to 
shrinkage deformations. Their surface is not protected from 
evaporation, and typically 3D printing materials have a high 
binder content and do not contain coarse aggregate.

3DCP provides an opportunity for rational material utilization 
by producing thin-walled structures that can be designed 
based on topological optimization. However, since concrete 
is a brittle material, thin printed structures are susceptible to 
damage in the event of high localized or dynamic loads. The 
problem of concrete brittleness in 3DCP can be addressed 
by using Strain Hardening Cementitious Composites (SHCC) 
[3]. This type of material, reinforced with short fibers added 
typically 1-2% by volume, exhibits high ductility and energy 
absorption. In addition, it possesses high durability since the 
fibers prevent the opening of cracks and protect the concrete 
from penetration of water and aggressive agents.

SHCC is well suited for 3D printing of permanent formwork, 
which was demonstrated by Shimizu Corporation in the con-
struction of 4.2 m columns with unique geometry [4], see Fig. 
1. The material used for printing was based on the develop-

Reinforcement with short and continuous 
fibers in 3D concrete printing 

Reinforcement in 3D concrete printing
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ments carried out at TU Dresden [5]. During construction, the 
stay-in-place formwork made of SHCC proved to be strong 
enough to withstand the hydrostatic pressure of the fresh 
concrete poured inside. Once the columns are created, the 
outer layer of SHCC acts as a protective barrier, increasing the 
durability and resistance of the columns to possible impacts.
 
Another application of SHCC is the printing of prefabricated 
modules. During transportation and assembly of modules 
local dynamic loads are almost inevitable, and this material 
type allows to protect them from cracking and spalling. An 
example of such an application is the “Adaptive Concrete Di-
amond Construction (ACDC)” project being developed at TU 
Dresden. In this project, SHCC is used to print the contours of 
modules for concrete shell assembly [6], see Fig. 2.  
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rix Ultra system at Russell Roof Tiles to maintain high humidity 
levels while minimising condensation formation throughout 
the chamber.

The highly insulated curing enclosure, controlled airflow pat-
terns, and automated exhaust management system work to-
gether to maintain a stable curing climate without excessive 
moisture accumulation on chamber surfaces. To regulate hu-
midity precisely, Kraft integrated its AutoFog® moisture addi-
tion system into the curing chamber. The system introduces 
finely atomised moisture into the circulated airflow, maintain-
ing humidity levels without the dripping, standing water, or 
nozzle clogging often associated with conventional misting 
systems. 
 
Maintaining stable humidity conditions without condensation 
helps improve both curing consistency and long-term cham-
ber durability.

AutoCure Intelligent Climate Control

The entire curing operation is controlled and monitored 
through Kraft’s AutoCure® intelligent curing control platform. 
The AutoCure system continuously measures and regulates 
curing temperature, humidity, airflow, exhaust operation, and 
moisture addition throughout all curing zones. Multiple sen-
sors distributed throughout the chambers provide real-time 

environmental data to the control system, allowing automatic 
adjustment of operating parameters as production condi-
tions change. 

Operators can monitor all curing parameters through an inte-
grated touchscreen interface displaying curing temperatures, 
humidity levels, airflow status, trend curves, historical curing 
data, and system operating conditions in real time. The sys-
tem also supports data logging and process tracking, allow-
ing curing performance to be monitored and optimised over 
time.

By automating the curing process, AutoCure reduces oper-
ator dependency while improving repeatability and consist-
ency throughout production.

Supporting Energy Efficiency and Sustainability

Energy efficiency formed a major consideration in the overall 
system design. The insulated curing enclosure reduces ther-
mal losses while the recirculated airflow concept minimises 
unnecessary heating demand. Automated exhaust manage-
ment helps retain heat and humidity whenever possible, im-
proving overall system efficiency. The controlled curing envi-
ronment also contributes to more consistent hydration and 
strength development, reducing variability and improving 
operational efficiency throughout production.

To regulate humidity precisely, Kraft integrated its AutoFog 
moisture addition system into the curing chamber.

The controlled curing environment also contributes to more 
consistent hydration and strength development.
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For Russell Roof Tiles, the investment supports the company’s 
wider sustainability and NetZero objectives while modernis-
ing one of the most critical stages of roof tile manufacturing. 

Kraft Curing Systems Continues Expansion  
in Roof Tile Curing Technology

Kraft Curing Systems has specialised in accelerated concrete 
curing technologies since the early 1990s, supplying curing 
systems throughout the precast, drycast, pipe, paver, block, 
and roof tile industries worldwide. The company’s Quadrix 
technology has become increasingly recognised within archi-
tectural and high-quality concrete applications where curing 
consistency and environmental control are critical.

The Russell Roof Tiles project demonstrates the growing im-
portance of precision-controlled curing environments within 
modern concrete roof tile manufacturing. By combining 
advanced airflow engineering, automated climate control, 
humidity management, and highly insulated chamber con-
struction, the Quadrix Ultra system provides manufacturers 
with a curing solution focused on consistency, efficiency, and 
long-term operational reliability.

With the Burton upon Trent facility now in full production, the 
installation represents another significant reference project 
for Kraft Curing Systems within the European concrete roof 
tile industry.� n
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