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Abstract: Textile reinforced cements (TRC), combining a cementitious matrix with fibre textiles, are 
a well-researched subject in literature. The material offers several advantages such as the design of 
low-weight, slender structures. However, one of the main drawbacks of this composite material is 
the time consuming manufacturing process using two dimensional fibre textiles. Three dimensional 
fibre textile architectures offer a solution to this problem, while retaining the TRC advantages. Most 
3D fibre textiles use distance holders to bridge two, or more textile layers at a certain distance from 
each other. The influence of this distance holder on the mechanical properties of the whole TRC 
remains relatively unstudied in literature and will be the research topic of this paper. This research 
will present the results of three point bending experiments, performed on short TRC beams with a 
length to thickness ratio of approximately 4 to 1. A comparison is drawn between 3D TRC with fully 
operational 3D fibre textiles and 2D TRC with the same textile geometry and orientation, but 
without distance holders. A positive influence on the flexural response is witnessed for the 3D fibre 
textile, with an increased flexural stiffness up to 35%. 
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1. Introduction 

The ideology behind any composite material is to build one material with desired mechanical 
properties from a set of different constituent materials with sub-optimal mechanical properties. In 
the case of Textile Reinforced Cements (TRCs), the constituent materials are a cementitious matrix 
and fibre textiles. The cementitious matrix on its own possesses an adequate compressive resistance 
and structural integrity but does not offer the required tensile resistance and ductility desired in most 
structural applications. The fibre textiles on the other hand offer a decent tensile strength but lack 
any compressive resistance or structural stability. By combining these two materials as one, a 
composite is achieved with the ability to withstand compressive loading conditions and furthermore 
offer a ductile, tensile mechanical response [1–3]. Another point of interest of these materials is their 
ability to achieve relatively slender building systems compared to other, more conventional building 
materials [1,4–7]. 

More traditional TRCs are manufactured by combining, usually two dimensional, fibre textile 
layers with a cementitious matrix. The TRCs researched in this paper however contain three 
dimensional fibre textiles. 3D fibre textiles are textiles with a three dimensional geometry, which is 
often achieved by keeping two different fibre textile clusters apart from one another by means of 
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distance holders. These distance holders can be made of the same material as the fibre textiles but 
they don’t necessarily have to, since their main purpose is not mechanical resistance but geometrical 
spacing of the fibre textiles. An example of a 3D fibre textile and a 2D fibre textile is given in Figure 
1a,b respectively. Several advantages for the use of 3D fibre textiles in TRC are summarized in [8]. 
For structural applications more specifically, 3D TRC’s lend themselves to a manufacturing process 
by pouring, rather than for example hand layup, which is in line with the currently used 
manufacturing processes in construction. A detailed overview of the manufacturing process of these 
TRCs will be discussed in Section 2.3. 

  

(a) (b) 

Figure 1. Image of three dimensional (a) and two dimensional (b) fibre textiles. 

The interest in 3D fibre textile reinforced TRC’s has grown in the last couple of years due to their 
numerous advantages [9–11], however several aspects still need to be researched. This paper will 
discuss the influence of the distance holder on the flexural mechanical properties of short beams with 
a length to thickness ratio of approximately 4 to 1. This comparison will be conducted by testing TRCs 
with four different fibre textile geometries; two with fully operational 3D fibre textiles but a different 
fibre volume fraction (Vf) and two with the exact same two fibre textile geometries as the 3D ones, 
but where the distance holders have been cut through. Six specimens for each fibre textile geometry 
are considered, leading to 24 specimens in total. All displacements are measured by means of Digital 
Image Correlation (DIC) ([12]), while the reaction force is obtained directly from the test bench. 

2. Materials and Methods 

2.1. Material Selection 

This paragraph will discuss the used materials for the research presented in this paper. As 
previously discussed the manufacturing process of these 3D TRCs is by means of pouring the 
cementitious matrix over the fibre textile geometry. Pourability before hardening is therefore one of 
the most important selection criteria for the matrix material. A commercially available matrix 
material with maximal grain size of 1.6 mm is chosen, its characteristics are summarized in Table 1, 
according to [13]. 

Table 1. Properties of the commercial matrix material. 

Aggregate Size 
(mm) 

Compressive Strength (28d) MPa Modulus of Rupture (28d) MPa Young’s Modulus 
(GPa) 

0–1.6 55 12 9 

For the fibre textiles, the original AR-glass textiles shown in Figure 1a,b are combined to form 
the desired 3D and cut through fibre textile layups. These layups will be discussed in the following 
paragraph. The main properties of the original fibre textiles are given in Table 2. 
  

Distance holders 
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Table 2. Properties of the original fibre textiles. 

Fibre Textile Material Mesh Size 
(mm × mm) 

Coated Density 
(g/m²) 

Uncoated Density 
(g/m²) 

3D AR-Glass 22.5 × 22.5 616 536 
2D AR-Glass 17.5 × 17.5 653 568 

2.2. Considered Fibre Textile Layups 

This paragraph will discuss how the original 3D and 2D fibre textiles shown in Figure 1a,b are 
combined in order to form the two TRC layups considered in this research. There should be noted 
that for the two considered layups, both a 3D and a cut through alternative have been considered, as 
previously discussed. The first layup combines one original 3D fibre textile of Figure 1 with two 2D 
fibre textiles, one on the top and one on the bottom over a total specimen thickness of 22 mm. The 
two textile clusters, with each a thickness of 2.5 mm, are kept at 8.5 mm from one another in both the 
connected 3D layup and the cut through layup. The second considered TRC layup is similar to the 
first one, except that two 2D fibre textiles are added both at the top and at the bottom, resulting in 
two textile clusters of 3.75 mm thick and a specimen thickness of 25 mm. Figure 2 gives a schematic 
representation of the two cut through TRC layup alternatives, but both the connected and the cut 
through alternatives have been tested. 

The reason to opt for a combination of 3D and 2D fibre textiles is that the original 3D textile does 
not offer the required minimal fibre volume fraction to achieve composite action of the material, the 
amount of glass fibres inside the TRC cross-section is therefore increased by adding the 2D fibre 
textiles. Layups 1 and 2 result therefore in a fibre volume fraction of respectively 1.49% and 2.2% in 
the longitudinal direction of the specimen. 

 

 
Figure 2. Schematic representation of the TRC cross-sections for the cut through alternatives. 

2.3. Specimen Manufacturing Process 

The manufacturing of the specimens is achieved by first pre-binding the fibre textiles in the 
desired layup. This means that independently of the considered layup (connected or cut through, one 
or two extra 2D textiles on top and bottom) the textiles are bound together by means of nylon wires 
and the 8.5 mm spacing is achieved by the distance holders for the connected alternative or by 
manually inserted additional spacers for the cut through one. These additional spacers are cut off 
afterwards in order not to influence the mechanical response of the material, but ensure a correct 
textile placement inside the mould. The pre-bound fibre textiles are then placed inside a 450 mm × 
500 mm mould, distance holders are again used to ensure the bottom cover thickness of 4.25 mm or 
4.5 mm, depending on the desired layup. The next step consists in pouring the pre-mixed mortar over 
the fibre textiles while holding the mould on a vibrating table to maximize penetration of the matrix 
inside the fibre textiles. The excess of mortar is then removed by means of a flattening ruler after 
which the mould is sealed off. The plates are left to harden for 28 days after which the specimens are 
cut in the desired dimensions of 150 mm × 60 mm × 22 or 25 mm (length × width × thickness) by 
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means of a diamond saw. The last step consists in applying a speckle pattern for the DIC analysis on 
the side of the specimen. 

2.4. Three-Point Bending Test Setup 

The three point bending test setup used for the experimental campaign is shown in Figure 3 
together with the DIC monitoring system. The span is 100 mm and the loading pin is applied 
centrically in between the supports. The flexural test is performed at a rate of 2 mm/min on an Instron 
5885 test bench. The DIC monitoring system, seen in the back of the image, offers a full-field 
monitoring of the displacement of the back face of the specimen, where a speckle pattern is applied. 
The cameras follow the relative displacements of the dots of the speckle pattern, offering a measure 
for the displacement and a visualisation of the cracks present on the surface. More information about 
this technique can be found in [12]. 

 
Figure 3. Three point bending test setup. 

3. Results and Discussion 

Figure 4 gives an overview of the results obtained from the experimental campaign for the two 
different layups, both for the connected 3D and the cut through alternative. All experimental curves 
are plotted as dashed lines and an experimental linearized averaged curve is plotted as a bold black 
line. The averaged curve is obtained by connecting the averaged value of several representative 
points of each of the experimental curves, this is thoroughly explained in [10]. The first point is the 
point of zero force and displacement. The second point is the force and displacement at the end of 
the linear elastic zone, called fc and dc. The last point is the force and displacement at failure, ff and 
df. 
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(c) (d) 

Figure 4. Experimental Force (N)—Displacement (mm) results from three-point bending experiments 
for four considered TRC alternatives; (a): Layup 1, connected TRC; (b): Layup 1, cut through TRC; (c): 
Layup 2, connected TRC; (d): Layup 2, cut through TRC. 

All previously discussed representative points are summarized in Table 3 together with the 
derived post cracking flexural stiffness (here defined as the force increment divided by the 
displacement increment) for each one of the considered layups. A clear difference in post cracking 
stiffness can be witnessed between the different layups. When mutually comparing Layup 1 and 
Layup 2 a difference in post cracking stiffness related to the volume fraction is witnessed, as is to be 
expected. However, a more important result is found when comparing the connected and the cut 
through alternatives, both for Layup 1 and Layup 2. In the case of Layup 1, the ratio between the 
connected and the cut through alternative is 1.33. A ratio of 1.37 is found in the case of Layup 2, 
meaning that for both layups the presence of distance holders connecting both fibre textile clusters 
has a positive influence on the flexural mechanical response of the whole short beam TRC of around 
35%. This means that without increasing the fibre volume fraction, the TRC’s flexural stiffness is 
improved in the post cracking stage. 

This improvement in stiffness becomes even more clear when comparing the flexural post 
cracking stiffness of the connected Layup 1 (3800.60 N/mm, Vf = 1.49%) with the cut through post 
cracking stiffness of Layup 2 (3854.48 N/mm, Vf = 2.2%). The stiffness values are almost identical, 
while their fibre volume fraction is not. 

Table 3. Representative points from experimental curves and flexural stiffness for each combination. 

Parameter/Layup Layup 1, 
Connected 

Layup 1, Cut 
Through 

Layup 2, 
Connected 

Layup 2, Cut 
Through 

fc (N) 1317.9 1219.8 1578.0 1195.0 
dc (mm) 0.18 0.18 0.18 0.12 

ff (N) 4510.4 4525.5 6580.0 6013.1 
df (mm) 1.02 1.34 1.13 1.37 

Epost_cracking (N/mm) 3800.60 2849.74 5265.26 3854.48 

4. Conclusions 

This paper proposes an experimental campaign performed on two different 3D TRC layups, 
with each a connected and a cut through alternative. The experimental campaign consists of three-
point bending experiments on short beams where six specimens per layup have been tested. The 
results are obtained from DIC analysis and an Instron test bench. Firstly, an influence of the fibre 
volume fraction is witnessed on the flexural mechanical response of the material, as can be seen when 
comparing Layup 1 with Layup 2. Secondly, a clear influence of the distance holder on the flexural 
stiffness is witnessed when comparing the connected to the cut through layup alternatives. This 
additional mechanical stiffness is notable to the extent that a TRC with a connected layup of lower 
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fibre volume fraction (1.49%) exhibits a mechanical behaviour similar to that of a TRC with a cut 
through layup but higher fibre volume fraction (2.2%). Upcoming work will further investigate the 
influence of these three dimensional distance holders on the mechanical influence of TRCs as well as 
the possible modelling of these composite materials. 
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