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1 Introduction

The Selective Paste Intrusion (SPI) is an additive
manufacturing method where concrete elements
were produced by layering aggregates and bond-
ing them with cement paste. This allows to create
freeform and complex structures without form-
work. The structure is cured in a particle bed and
excavated after [1, 2]. However, in practice usually
reinforced concrete is used that can also bear ten-
sile loads. In order to additively produce reinforced
concrete elements with complex shapes, Wire and
Arc Additive Manufacturing (WAAM) can be com-
bined with the SPI process. The WAAM-process
is a welding process that uses molten steel wire to
produce reinforcing bars [3]. However, the high
temperatures that arise during welding may ad-
versely affect the early cement hydration in the
particle bed and thus reduce the concrete quality
[3, 4].

Investigations were carried out to examine the im-
pact of temperature loads on concrete in the fresh
state, on the residual concrete compressive and
flexural strength as a measure of concrete quality.

2 Methods

The aim of the investigations was to indirectly
demonstrate the process-related introduction of a
temperature load by WAAM into the SPI concrete
and its effect on hardened concrete properties.

For this, a concrete was prepared corresponding
to the concrete in the SPI process (Ordinary Port-
land Cement, w/c ratio of 0.35, ratio between Ce-
ment Paste and quartz sand (1.0 to 2.2 mm) of
42% to 58%). Prisms according to DIN 196-1 were
produced with this concrete mixture using conven-
tional casting methods.

After filling the concrete in the formwork, a tem-
perature sensor was placed in the center of one of
the prisms and the filled formwork was subjected
to a preheated oven at 250°C. The temperature
loads tested ranged from 30°C to 100°C in incre-
ments of 10°C, and also 150°C and 200°C. The

temperature was monitored until the target tem-
perature in the center of the prism was reached.

After that, the prisms cooled down in a controlled
environment at 20°C and 65% RH for 24h, cov-
ered with a damp burlap cloth. The formwork was
removed after 24h and the prisms were kept in the
controlled environment until testing. For each tem-
perature load, three prisms (without temperature
sensor) were used.

Compressive and flexural strength tests were per-
formed at a concrete age of 28 days. A reference
specimen was also prepared, which was not ex-
posed to any temperature load, and stored in the
laboratory environment at 20°C and 65% RH.

3 Results and Discussion

The results of the compressive strength tests
showed that the strength between 30°C and 80°C
is increased compared to the reference. However,
the overall level is comparable, with the exception
of the specimens at 30°C, which showed a com-
pressive strength of around 60 MPa. The speci-
mens at 20°C and 40°C to 80°C fluctuated be-
tween 50 and 55 MPa. At temperatures above
80°C, the strength decreased (=42 MPa). Above
100°C, the strength values further dropped to be-
low 15 MPa.
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Fig. 1: Compressive Strength as a Function of External Tem-
perature Load
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An almost similar trend was observed for the flex-
ural strength development. The flexural strengths
between 30°C and 70°C (7.0 to 7.8 MPa) were
slightly increased compared to the reference (6.9
MPa). Above 80°C, the strength was below the
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reference value at 20°C (5.9 MPa). This trend con-
tinued for further increasing temperature loads.
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Fig. 2: Flexural Strength as a Function of External Tempera-
ture Load
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Itis generally assumed that strength values in fully
cured concrete decrease under temperature loads
[5-8]. However, large variations and increasing
strengths at temperature loads between different
series of tests by different authors could also be
observed [5].

Temperature loads in the fresh state lead to an ac-
celerated hydration process. This effect is used
e.g. as a hardening accelerator and heat treat-
ment, but lower final strengths were generally ob-
served [6, 7].

According to literature, the effect of temperature
not only changes the speed of hydration reactions
and strength progression but also results in
changes in the microstructure. With increasing
temperature (up to 60°C), the C-S-H density in-
creases while the amount of bound water de-
creases [6, 8]. As a result, capillary porosity in-
creases, and thus strength and durability de-
crease [8].

However, the present results show an increase in
28d strength between 30°C and 70°C with in-
creasing temperature loads.

Further investigations regarding the strength de-
velopment of the concrete used for SPI have thus
to be performed in order to assure our finding
against those found in literature. Additionally, fur-
ther testing ages (e.g. after 2 days and 7 days)
should to be carried out to determine the strength
development over time in a more precise manner.
Furthermore, analysis on the hydration processes,
the related changes in chemical composition as
well as the linked development of the physical
properties of the concrete as a function of time and
temperature load should be performed. This ena-
bles to better categorize the divergent results be-
tween literature and our present results.

4 References

[11  Weger, D. 2020. Additive Fertigung von
Betonstrukturen mit der Selective Paste In-
trusion — SPI / Additive manufacturing of

(2]

(3]

(4]

(3]

6]

(7]

8]

concrete structures by Selective Paste In-
trusion - SPI. Dissertation, Munich.
Weger, D., Gehlen, C., Lowke, D. Additive
Fertigung von Betonbauteilen durch selek-
tive Zementleim-Intrusion. Proceedings of
Ibausil 2018.

Weger, D., Baier, D., Stralder, A., Prottung,
S., Krankel, T., Bachmann, A., Gehlen, C.,
and Zah, M. Reinforced Particle-Bed Print-
ing by Combination of the Selective Paste
Intrusion Method with Wire and Arc Addi-
tive Manufacturing — A First Feasibility
Study 28, 978-987. DOI=10.1007/978-3-
030-49916-7_95.

Straller, A., Weger, D., Matthaus, C.,
Krankel, T., and Gehlen, C. 2022. Combin-
ing Wire and Arc Additive Manufacturing
and Selective Paste Intrusion for Additively
Manufactured Structural Concrete. Open
Conf Proc 1 (2022), 61-72.
DOI=10.52825/ocp.v1i.75.

Acosta Urrea, F. 2018. Influence of ele-
vated temperatures up to 100 °C on the
mechanical properties of concrete. KIT
Scientific Publishing, Karlsruhe.
Lothenbach, B., Winnefeld, F., Alder, C.,
Wieland, E., and Lunk, P. 2007. Effect of
temperature on the pore solution, micro-
structure and hydration products of Port-
land cement pastes. Cement and Concrete
Research 37, 4, 483-491.
DOI=10.1016/j.cemconres.2006.11.016.
Yousuf, S., Shafigh, P., Ibrahim, Z.,
Hashim, H., and Panjehpour, M. 2019.
Crossover Effect in Cement-Based Materi-
als: A Review. Applied Sciences 9, 14
(2019), 2776. DOI=10.3390/app9142776.
Gallucci, E., Zhang, X., and Scrivener, K.
L. 2013. Effect of temperature on the mi-
crostructure of calcium silicate hydrate (C-
S-H). Cement and Concrete Research 53,
185-195. DOI=10.1016/j.cemcon-
res.2013.06.008.



	1 Introduction
	2 Methods
	The aim of the investigations was to indirectly demonstrate the process-related introduction of a temperature load by WAAM into the SPI concrete and its effect on hardened concrete properties.
	For this, a concrete was prepared corresponding to the concrete in the SPI process  (Ordinary Portland Cement, w/c ratio of 0.35, ratio between Cement Paste and quartz sand (1.0 to 2.2 mm) of 42% to 58%). Prisms according to DIN 196-1 were produced wi...
	After filling the concrete in the formwork, a temperature sensor was placed in the center of one of the prisms and the filled formwork was subjected to a preheated oven at 250 C. The temperature loads tested ranged from 30 C to 100 C in increments of ...
	After that, the prisms cooled down in a controlled environment at 20 C and 65% RH for 24h, covered with a damp burlap cloth. The formwork was removed after 24h and the prisms were kept in the controlled environment until testing. For each temperature ...
	Compressive and flexural strength tests were performed at a concrete age of 28 days. A reference specimen was also prepared, which was not exposed to any temperature load, and stored in the laboratory environment at 20 C and 65% RH.
	3 Results and Discussion
	4 References

