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ABSTRACT: 3D printing of cementitious material/concrete is getting more and more attention 
from both industry and academic in recent years. Unlike traditional construction, fresh 
cementitious material pumpability and buildability is crucial in 3D printing process. Only with 
appropriate pumpability and buildability, cementitious material can be transported in the delivery 
system smoothly then be deposited layer by layer firmly. The pumpability and buildability have 
closely relationship with fresh rheological properties of the cementitious material. In this paper, 
the fresh rheological properties of three kinds of materials were measure via the large gap 
viscometer. Two different models (Bingham model, modified Bingham model) were applied to 
derive the yield stress and plastic viscosity of each cementitious material. Experimental results 
show that the predicted yield stress and plastic viscosity varies a lot even for the same material and 
the deviation of plastic viscosity is much larger than that of the yield stress. 
 
KEYWORDS: 3D printing of cementitious material, Non-Newtonian fluid model, Fresh 
rheological properties 
 
1. INTRODUCTION 
  
Manufacturing (AM), known as 3D printing, has been developed fast in various fields due to its 
advantages: high efficiency, cost effective, labor saving and high freedom of designing (Chua & 
Leong, 2014), the building and construction area is no exception. In the building and construction 
area, most of the structures is unique, 3D printing of cementitious material (3DCMP) can make the 
personalisation of components available. Apart from that, 3DCMP makes it possible to build the 
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structure without the formwork or mold making, which can save the budget significantly. Hence, 
Contour Crafting (Khoshnevis, Hwang, Yao, & Yeh, 2006), D-Shape (Lim et al., 2012), Concrete 
printing (Lim et al., 2009) which are classified as 3DCMP, have been conducted over the last few 
decades.  
 
Pumpability and buildability of the fresh cementitious material is crucial for 3DCMP process. 
Only with appropriate pumpability and buildability, cementitious material can be transported in the 
delivery system smoothly and then be deposited layer by layer steadily (Perrot, Rangeard, & Pierre, 
2016). There is a dilemma in that good pumpability needs lower yield stress to maintain a 
consistent flow rate while buildability requires higher yield stress. Hence, the two key properties 
of pumpability and buildability are underpinned by knowledge of material rheology.  
 
The rheological properties of the cementitious material vary a lot with the composition (Feys, 
Wallevik, Yahia, Khayat, & Wallevik, 2013; Güllü, 2016; Nguyen, Remond, & Gallias, 2011), 
hence, some non-Newtonian fluid models, such as the Bingham model (Tattersall & Banfill, 1983) 
and the modified Bingham model (Feys et al., 2013) have been proposed to predict the material 
yield stress and the plastic viscosity. If the cementitious material rheological behavior is linear, 
Bingham model can be used to predict theological properties. However, in some cases, the yield 
stress derived by the Bingham model cannot be acceptable, as the yield stress is negative, which 
means that it is impossible from the prospect of physical meaning (Feys et al., 2013). Hence the 
modified Bingham model has been proposed to describe the nonlinear rheological behavior of the 
cementitious material (Feys et al., 2013). As reported by Yahia (Yahia & Khayat, 2001), as long as 
the cementitious material is not so highly shear-thickening, modified Bingham model can describe 
the non-linear behavior well. Generally, both Bingham model and modified Bingham model can 
predict the yield stress and plastic viscosity. However, it is difficult to determine which one is 
more suitable for predicting the rheological properties. Hence, in this paper, Bingham model and 
modified Bingham model were applied to predict the fresh properties of the cementitious material. 
Then the predicted properties were compared with each other. 
 
2. MATERIAL AND EXPERIMENTAL METHODS 
 
Material used in this study is the same as that in Weng’s experiments (Weng, Li, Tan, & Qian, 
2018). The total volume is 3L in each experiment and the mix proportion (in volume fraction) is 
listed in table 1. 6g superplasticizer was added into the material to reduce the water consuming 
during experiment. 
 
Table 1. Volume fraction of individual components of the test material 

Material Cement Sand Fly ash Silica fume Water 
M1 0.120 0.260 0.250 0.350 0.020 
M2 0.160 0.210 0.260 0.330 0.040 
M3 0.120 0.260 0.250 0.330 0.040 

 
The Viskomat XL200 was applied in this experiment. According to (Wallevik, 2005), the vanes 
blades and the inner vanes can be regarded as a rigid cylinder when measuring the viscoplastic 
material. The testing procedure is as follows: the material was pre-sheared for 3 minutes with the 
rotational speed increases from 0 rpm to 80 rpm gradually (the pre-sheared stage is essential 
according to Heirman et. al (Feys et al., 2013; Heirman, Vandewalle, Van Gemert, & Wallevik, 
2008)), followed by a ramp decrease from 80 rpm to 10 rpm (8 steps, each step 30 s) and the 
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where T (N·m) is measured average torque and N (rpm) is the rotational speed of outer cylinder. 
The yield stress and plastic viscosity can be calculated based on Eq. (5) and Eq. (6) respectively 
for both the Bingham model and modified Bingham model.  
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The correlation between rotational speed and torque were shown in Fig. 2-4 for three various 
cementitious materials. The predicted yield stress, plastic viscosity and deviation for Bingham 
model, modified Bingham model are listed in Table 2. It can be seen from the table 2, the 
predicted yield stress and plastic viscosity can be quite different even for the same material. The 
yield stress deviation can be as large as approximately 30% and the largest deviation of plastic 
viscosity can be 110.6%. For M1, the predicted plastic viscosity was -2.6 Pa s, which means it is 
impossible from the prospect of physical meaning. Hence, the modified Bingham model cannot be 
used to predict the rheological properties of M1. For M2, the deviation of the yield stress is larger 
while the deviation of plastic viscosity is smaller compared with M1 and M3.  
 
 

 
Figure 2. Torque vs rotational speed for M1 
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Figure 3. Torque vs rotational speed for M2 

 

 
Figure 4. Torque vs rotational speed for M3 

 
Table 2. Comparision of the predicted yield stress, plastic viscosity and deviation 
Materials BH yield 

stress (Pa) 
MBH yield 

stress 
(Pa) 

BH plastic 
viscosity 

(Pa s) 

MBH plastic 
viscosity 

(Pa s) 

Yield stress 
deviation 

Plastic 
viscosity 
deviation 

M1 269.8 325.7 24.4 -2.60 20.7% 110.6% 
M2 248.1 321.0 54.0 16.6 29.4% 69.2% 
M3 208.4 242.1 24.4 6.6 16.2% 72.9% 

BH: Bingham model; MBH: modified Bingham model 
 
 
4. CONCLUSION 
 
The Bingham model and modified Bingham model can be used to predict the rheological 
properties of the fresh cementitious material for most of the cases, except for the condition that the 
predicted yield stress or predicted plastic viscosity is negative. Compared with plastic viscosity 
deviation, yield stress deviation is much larger. The largest deviation of the predicted plastic 
viscosity is as large as 110.6%, while the largest deviation of the predicted yield stress is 
approximately 30% only. 
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