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ABSTRACT

This paper evaluates the relationship between static yield stress and buildability in
3D concrete printing by linking rheology-based estimation with printing trials. In a prior
study, static yield stress was estimated using rotational test and an oscillatory
amplitude sweep test with a Building Material Cell (BMC). Based on the established
relationship between static yield stress and yield point shear stress, printing behavior
was examined according to the estimated static yield stress. The results were classified
into low, optimal, and high static yield stress regimes in terms of shape retention, layer
stability, slumping, extrusion continuity, and filament discontinuity. The findings indicate
that intermediate static yield stress enables stable layer-by-layer deposition, while low
and high static yield stress lead to deformation and extrusion instability, respectively.

1. INTRODUCTION

Construction-scale additive manufacturing (3D concrete printing) requires
cementitious materials that can be continuously extruded while retaining geometric
stability after deposition. Among fresh-state properties, static yield stress is commonly
regarded as a governing parameter for resistance against deformation under self-
weight and interlayer loading. In a previous study, we developed a practical route to
estimate static yield stress from rheological measurements by combining a rotational
concentric-cylinder procedure with an oscillatory amplitude sweep. The experiments
demonstrated a reproducible relationship between static yield stress and yield point
shear stress, which enabled a data-driven estimation strategy using rheological
descriptors. However, the remaining critical step is to verify whether the estimated
static yield stress can explain buildability during actual printing. Therefore, the present
work focuses on establishing an experimental plan for printing validation and on
formulating quantitative buildability metrics to examine how buildability is expected to
vary with the estimated static yield stress.
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2. PREVIOUS STUDY

In the previous study, a multi-factorial experimental dataset was established by
combining 30 levels of water-to-cement ratio (W/C) and admixture dosage conditions,
including a viscosity-agent (VA) and a high-range water-reducing admixture (HRWRA),
which are commonly used in 3D concrete printing. Static yield stress was measured
using a CC27 concentric-cylinder rotational test. After a pre-shear at 100 s™ for 60 s,

Table 1. Mixing variables
Wi/C VA2 (%) HRWRA® (%)

0.30, 0.35, 0.40, 0.45, 0.50 0,0.1,0.2 0, 0.1

a: Viscosity agent
b: High-range water reduce agent

2
9

—=—0.001

/ —=—0.003
0.005

—=—0.008
—=—0.010
0.020

Yield stress (Pa)
- u -?,&1-,.‘\ T
Shear stress (Pa)

L L
0 20 40 60 80

Time (sec) Time (sec)

(a) (b)
Fig. 1. Rotation test result (a) Mix proportion of W/C = 0.30, (b) Mix proportion of W/C =
0.50, VA=0.10
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Fig. 2. Oscillation test result (a) Shear strain — Storage modulus curve, (b) Shear strain
— Shear stress curve
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stress evolution was observed under very low shear-rate steps ranging from 0.001 to
0.02 s™. In parallel, an oscillatory amplitude sweep (shear strain 0.001%—-100%) was
performed using a Building Material Cell (BMC) to identify the yield point at the end of
the linear viscoelastic (LVE) region and to obtain the corresponding peak shear stress.
Using machine learning to analyze the correlation between the two values, a strong
relationship was confirmed between the static yield stress (Y) and the yield point shear
stress (X), and a predictive equation. Y = 0.216X + 9.837, was proposed.
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Fig. 3. Prediction result of static yield stress (a) linear regression analysis, (b) machine
learning

3. 3D CONCRETE PRINTING

3.1 Printing program and observation method

Based on the rheological outcomes from the previous study, 3D concrete printing
tests were conducted for all mixtures to examine whether the rheology-based static
yield stress assessment is reflected in as-printed behavior. Consistent with Section 2,
baseline printing experiments were performed for the 30 combinations of viscosity
agent(VA) and high-range water-reducing admixture(HRWRA) dosages. During printing,
the deposited filaments and stacked layers were documented with a focus on bead
continuity, shape retention, and the onset of deformation as the layer count increased.

3.2 Printing behavior according to estimated static yield stress

Overall, the observed printing behavior followed the trends suggested by the
rheological characterization. Mixtures associated with relatively low static yield stress
tended to show insufficient shape retention, resulting in slumping and lateral spreading
after deposition. Mixtures in an optimal static yield stress range generally maintained
the intended geometry more stably, enabling continuous filament formation and
comparatively uniform stacking. In contrast, mixtures linked to relatively high static yield
stress typically preserved the printed shape well after deposition, but extrusion-related
defects became more frequent, including intermittent discharge and filament
discontinuity. These observations indicate qualitative agreement between the rheology-
based evaluation and the printing outcomes across the tested mixture set.
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Fig. 4. Changes in printed geometry as a function of static yield stress: (a) low static
yield stress, (b) optimal static yield stress, (c) high static yield stress.

3.3 Classification of print outcomes and representative examples

The printing outcomes were classified into three regimes according to the
dominant instability mode: (a) low static yield stress regime, characterized by slumping
and lateral spreading; (b) optimal static yield stress regime, where continuous extrusion
and stable stacking were achieved with limited deformation; and (c) high static yield
stress regime, where shape retention was improved but extrusion continuity was
reduced. Representative printed geometries were used to illustrate the qualitative
relationship between the estimated static yield stress and buildability.

4. CONCLUSIONS

The 3D concrete printing trials showed trends consistent with the prior rheological
assessment. Mixtures with low static yield stress exhibited poor shape retention, while
those with intermediate static yield stress maintained stable layer-by-layer deposition.
In contrast, mixtures with high static yield stress showed improved post-deposition
stability but were more likely to cause intermittent discharge and filament discontinuity.
These results indicate that rheology-based static yield stress estimation can provide a
useful basis for anticipating printing behavior in 3D concrete printing.
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