
Integrated Additive Manufacturing Processes for Reinforced 
Shotcrete 3D Printing (SC3DP) Elements with Precise Surface 
Quality
 

Within this project, basic research on various SC3DP strategies, materials, tools 
and methods will be conducted with regard to enhanced material and process 
control, reinforcement integration, surface quality and automation. To that end, 
different reinforcement materials in combination with suitable reinforcement ma-
nufacturing and integration concepts will be investigated based on force-flow opti-

mised reinforcement alignment. Besides, design strategies as well as material and 
process control will be investigated in detail. Furthermore, tools and strategies for 
precise control of the surface quality and geometric resolution of SC3DP elements 
are subject of research. Finally, strategies, materials and tools elaborated within 
the project will be synergistically combined and validated at large scale.
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Objectives 
• Material efficiency by force optimised design
• Integration of reinforcement
• Precise geometry and high surface quality
• Material and process control
• Cooperative fabrication
• Process automation 

Final Demonstrator

Reinforcement

Double curved wall with different 
surface patterns

• Develope tools for post- 
processing the surface

• Adhesion and rheology 
control of the material

• Investigate processing and 
design strategies

• Control of geometrical 
precision

• Investigate different design 
options

Surface Quality

Methods
• Creating a digital model of the printing process
• Investigating force-flow-compliant reinforcement systems
• Developing material and process control algorithms 
• Inventing suitable tools and end effectors
• Monitoring of process and material parameters
• Investigating & modeling rheological material properties as a 

function of shear history

Preliminary Work

Double curved wall, 2.85 m high, reinforced, smoothed
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Gradual Transition 3D Shotcrete Printing 
In 2016 the Institute for Structural Design (ITE) at Braunschweig University of 
Technology inaugurated the large scale Digital Building Fabrication Laboratory 
(DBFL) and developed SC3DP, a novel Shotcrete 3D Printing technology (Neudecker 
et al. 2016). Compared to other 3D Concrete Printing techniques as for example 
Fused Deposition Modeling (FDM), SC3DP displays several distinct advantages: 
Firstly, the high velocity of the concrete projection eliminates the issue of weak 
interlayer connection - the so called “cold joints”; secondly the concrete can 
be sprayed around conventional reinforcement; and thirdly, due to the good 
layer bonding, printing gradual transitions from the vertical to the horizontal 
plane become possible. The latter eradicates the limitations of 2.5D extrusions, 
which currently restrict 3D Printing with concrete. This poster presents the first 
experiments of ongoing research, investigating the possibility to gradually alter the 
printing plane, allowing a continuous transition from the vertical to the horizontal 
plane and hence make a new set of geometries accessible to 3D Printing with 
concrete. 

Method
The initial experiment was based on a funnel-like geometry with a height of 1.2 
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Link to Video:

Future Work
In the upcoming experiments the technical issues of cable routing will be eliminated 
and the limits of gradual transitions from the vertical to the horizontal plane will be 
further explored. Moreover, initial concepts of simultaneously reinforcing structure 
while printing will be implemented. This additional reinforcement is expected to 
substantially improve the -already promising- cantilevering capacities of this initial 
experiment. 

Notes
A similar approach, the so-called Tangential Continuity Method (TCM) was con-
ceptually proposed for FDM concrete printing by (Gosselin et al. 2016). However, 
due to weak inter-layer bonding of FDM printing technique, the applicability of this 
method for FDM printing seems limited.  

m, a radius of 40 cm on the baseplate and an upper radius of 1.8 m. Following an 
initially cylindrical extrusion up to a height of 50 cm, the geometry then gradually 
opens by altering the projection angle by one degree per revolution1. In order to 
maintain the required nozzle orientation, large movements of the robotic arm 
becomes necessary. For this, the 6 axes kinematic of the robotic arm and the 3 axes 
kinematic of the portal need to be activated in a continuous, simultaneous motion 
(see Fig. 1).  

Results
Within merely 15 min, the structure was printed up to a height of 1 m, reaching 
a nozzle orientation of 60 degree measured from the vertical axis and resulting in 
a horizontal cantilever of 0.4 m (see Fig. 2 and Fig. 3).  At this point two parts of 
the structure detached from the outer rim and the experiment was stopped (See 
QR Code for Video).  The observation was made, that in the area of collapse, the 
hose for the pressurized air, which is responsible for the concrete projection, was 
pinched, resulting in noticeably reduced concrete projection velocity. Consequently, 
in those two areas the material did not compact well, and the inter layer bonding 
was reduced.  
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Figure 1: Gradual transition printing 
(top) compared to stacked layer printing 
(bottom). 

Figure 2: Printing path and movement of 
the 9 axes robotic setup.

Figure 4: Printing process: following an initial straight section, the printing plane gradually changes by 2 degrees per revolution. Printing took 15 minutes. 

Figure 3: Printed prototype; a height of 100 cm, a printing angle of 60 degrees and a 
horizontal cantilever of 40 cm was reached. 
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Gradual Transition Printing

Stacked Layer Printing
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Gradual transitional 3D printing of a funnel

• Control of material behaviour & rheological properties
• Printing strategies to create complex structures 
  (overhangs and openings)
• Initial concepts for path planning
• Develope a form-adaptive nozzle
• Sensor data acquisition for process qualification

ሶ𝑉𝑉Concrete : Volumetric flow concrete
ሶ𝑉𝑉𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴. : Volumetric flow accelerator
ሶ𝑉𝑉𝐴𝐴𝐴𝐴𝐴𝐴 : Volumetric flow air τ0 : Yield stress

ND : Nozzle distance
NF : Nozzle feedrate

LH : Layer height
LW : Layer width
𝛼𝛼 : Spraying angle

Geometrical Complexity


