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Polymethylmethacrylate (PMMA) optical fibers with two types of diameters were uniformly arranged in
sulfoaluminate mortar by different methods. Light transmitting sulfoaluminate cement-based materials
(LTSCM) were prepared. Optical and mechanical properties of LTSCM were studied. The compressive
strength decreased linearly with increasing volume fraction of optical fiber in LTSCM. Compressive
strength of specimen after 80 �C water bath was larger than that of specimen under standard curing con-
ditions. According to CCD technology, brightness of optical fiber in different positions of LTSCM can be
exhibited clearly. Light transmitting performance of LTSCM was tested by optical power method.
Transmittance of specimen decreased with increasing spacing between the detector and specimen.
Optical power increased with increasing number of fiber and with increasing diameter of fiber.
Transmittance of fiber was weakened due to water bath at high temperature. Voids existed between
the fiber and matrix.

� 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Light transmitting cement-based material (LTCM) is a new type
of light transmitting material [1,2]. Its light transmitting properties
depend on a large number of optical fibers, which transmit light
through the cement-based product. It can greatly enhance the
lighting effect of buildings, reduce the energy consumption of
architectural lighting, and promote building energy saving.
Nowadays, LTCM is usually used as building envelope, such as
exterior walls of museum and opera house. In the World Expo
Shanghai 2010, light transmitting cement-based materials were
used as exterior walls of Italian Pavilion. In addition, LTCM also
has artistic value, and can be used as decorations in exhibition hall
and museum [1].

A few studies concerning components, preparation and proper-
ties of LTCM have been reported. (1) From the standpoint of mate-
rial components, the matrix materials of LTCM are primarily
Portland cement or mortar [3–8]; the types of optical fiber are
mainly glassy fiber [3–6] and organic fiber [7,9,10]. (2) From the
standpoint of preparation, literature [6] reported that parallel opti-
cal fibers were arranged in matrix; literatures [7,9,10] reported the
application of optical fabric technology in preparation of LTCM.
However, the studies described above have not solved the problem
– the irregular arrangement of fibers in matrix. Literatures [11–13]
introduced that molds were used to prepare LTCM, while the
embedment of optical fiber was difficult, and the workload was
heavy. (3) The properties of LTCM, including physical, mechanical,
and light transmitting properties were studied. In the previous
work of the authors [3–5], LTCM was composed of Portland cement
mortar and glassy fibers. Parallel fibers were arranged in mortar
uniformly. Compressive strength was tested, light transmitting
properties were measured by spectrophotometer, and the
microstructure of LTCM was observed by SEM. The results showed
that completed LTCM had high light transmittance. In the range of
520–630 nm wavelength, the light transmittance of LTCM reached,
or even exceeded that of 70g A4 printing paper. With increasing
volume fraction of optical fiber, its light transmittance gradually
increased, while its compressive strength decreased. The compres-
sive strength at 28 days was less than 25 MPa.

Previous studies demonstrated that main performance of LTCM
depends on the characteristics of matrix materials, type of optical
fiber, and its arrangement. In existing papers, matrix materials are
all made from Portland cement. Sulfoaluminate cement has many
advantages, such as high early strength, high ultimate strength,
and low alkalinity, compared with Portland cement. In addition,
the representation form of light transmittance in previous work
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was relatively simple, and different test methods need to be devel-
oped. Thus, the main object of this paper is to study the prepara-
tion of LTSCM, including the components of raw materials,
arrangement method of optical fiber, molding process and curing.
Moreover, the physical, mechanical and optical properties of
LTSCM are discussed, and its microstructure is analyzed. This study
aims to promote research and engineering application of this type
of material. The matrix is composed of sulfoaluminate cement, two
methods are designed to produce the spatial form of optical fibers.
Strength performance of LTCM is studied, and two test methods,
which provide the references for design and preparation of the
materials, are used to evaluate its transmitting properties.
2. Materials and methods

2.1. Raw materials

Cement: The high early strength sulfoaluminate cement used in
this work was from BJX CO., LTD, Tangshan, China. Its
physical properties and chemical composition were given in
Tables 1 and 2, respectively.

Aggregate: The sand used in this study was ISO standard sand
based on Standard ISO 679:1989 (ISO Standard Sand CO., LTD.,
Xiamen, China). The particle size distribution of sand was continu-
ous grading of 0.06–0.6 mm.

Optical fiber: The optical fibers used in this study were PMMA
fibers (JT, Nanjing, China) with diameters of 1.0 mm and 0.5 mm,
respectively. The tensile strength of the fiber with diameter of
1.0 mm was 65.73 MPa, and its elongation capacity was 10%. The
tensile strength of 0.5 mm fiber was 78.47 MPa, and its elongation
capacity was 20%. The coating of the fiber was fluororesin. The loss
rate of fiber at 650 nm wavelength was less than 350 dB/km. Its
bending diameter was eight times greater than the diameter of
the optical fiber. The operating temperature was from�20 to 70 �C.
Table 1
Physical properties of cement.

Density
(g/cm3)

Blaine
surface
(g/cm3)

Water requirement
for standard
consistency (%)

Compressive
strength
(MPa)

Flexural
strength
(MPa)

1d 3d 1d 3d

2.87 427 24.4 49.0 52.9 8.8 9.4

Table 2
Chemical composition of cement.

Loss (%) CaO (%) SiO2 (%) Al2O3 (%) Fe2O3 (%)

6.82 37.18 16.40 25.83 1.09

Fig. 1. Fastening method and
Coupling agent: A-151 silane coupling agent, and its component
is vinyltriethoxysilane.

Water reducer: F0X-8H polycarboxylic acid powder with water
reducing rate of 30%.

Antifoaming agent: P764 antifoaming agent powder. The admix-
tures were from China Building Materials Academy.

2.2. Testing methods

2.2.1. Test method for strength and micro-properties
Compressive and flexural strength tests for hardened pure

cement mortar and LTSCM were carried out in accordance with
China national standard GB175-2007 (title: Common Portland
Cement). The consistency of high flowing cement mortar was car-
ried out in accordance with China national standard
GB/T2419-2005 (title: Test method for fluidity of cement mortar).
In compressive strength test, the orientation of optical fibers paral-
lels to the length of specimen, and is perpendicular to compression.
In flexural strength test, the optical fibers parallel to the load.

The pore structure of specimen was tested by full-automatic
mercury penetration porosimetry (Quantachrome PoreMaster
60GT). Sample under standard curing conditions for 28 days was
shaped into 2.5–5.0 mm particles by using a sharp knife. The par-
ticles were classified into two sets. Sample A was a particle without
fiber; Sample B was a particle that had one fiber. The microstruc-
tures of Sample A and B under standard-curing conditions for
28 days were observed by SEM (QUANTA-FEC250 scanning elec-
tron microscope).

2.2.2. Preparation of LTSCM
2.2.2.1. Preparation of sulfoaluminate cement mortar. Based on lots
of trials, the mix proportion of sulfoaluminate cement mortars
with high consistency, high strength, and high compactness was
determined. The water–cement ratio was 0.35. The dosage of water
reducer and antifoaming agent was 0.7% and 0.2% of cement con-
tent by mass, respectively. And the mass ratio of sand to cement
was 0.8. The consistency of mortar was 150 mm, and its compres-
sive strengths at 3 days and 28 days were 54.2 MPa and 69.8 MPa,
respectively.

2.2.2.2. Embedment of optical fibers and casting. Optical fibers were
immersed in silane coupling agent solution with volume concen-
tration (volume ratio of solid to water) of 20%. After 2 min, they
were air-dried. Then, two methods can be used to fasten optical
MgO (%) SO3 (%) R2O (%) Na2O (%) K2O (%)

1.82 9.22 0.59 0.16 0.31

casting mold (Method 1).



Fig. 2. Fastening method and casting mold (Method 2).

Fig. 3. Diced LTSCM specimen.
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fibers. Method 1 (Fig. 1): fibers were cut into the same length.
2 mm-thick tapes were used to fasten the two ends of parallel opti-
cal monofilaments. The centroid distance of fibers was 4 mm. Then,
the parallel fiber sets were overlaid by other sets to form a
3 cm-height piece. The pieces were put into a mold separately,
and were cast by sulfoaluminate slurry. Method 2 (Fig. 2): optical
fibers were wrapped around the rotating steel cylinder with
notches, and two steel rods were used to fasten the two ends of
each parallel optical fiber set on the die. Finally, the die was put
into the mold, and the bulk was cast with slurry.
2.2.2.3. Curing and slicing. The cement mortars containing optical
fibers under standard curing conditions (temperature 20 ± 2 �C,
RH 95 ± 5%) for 28 days were sliced into two types of specimens,
as shown in Fig. 3. Bulks with dimensions of 4 cm � 4 cm � 16 cm
were used to test compressive strength; and slices with size of
4 cm � 8 cm � 1 cm were polished and used to measure optical
properties. In addition, some of these two types of specimens
White light source                 LT

Fig. 4. Optical pat
would be immersed in 80 �C water for 3 days, then mechanical
and optical properties were tested. The objective of the test was
to check the appearance of aging of optical fiber by accelerated
test.

2.2.3. Testing method for light transmitting properties
2.2.3.1. CCD test. CCD (Charge-coupled Device) is a type of semi-
conductor device, it can transfer optical image to digital signal.
CCD lattice, namely the set of planar image through X and Y direc-
tions, is usually used in digital camera. In this test, CCD images of
optical fibers in LTSCM were obtained from DCU224M – CCD cam-
era. The actual testing facilities were shown in Fig. 4, and simulated
optical path was given in Fig. 5. LTSCM was irradiated by parallel
white light source at wavelength of 390–780 nm. The transmitted
light was gathered via the convex lens. Then images were formed
in the CCD camera, and they were directly shown as photographs
in computer.

2.2.3.2. Testing method for optical power. The light transmitting
properties of LTSCM were measured by optical power meter, which
was used to measure the optical power of optical energy passing
along optical fibers, to measure absolute optical power, and to
evaluate the transmission quality of optical fibers. The equipment
includes a stable light source, a detector and a display. The diame-
ter of the effective surface of the detector is 1 cm. In this study, the
optical power meter was used to measure the optical power of
LTCM in various distances between LTCM and the light source.
Simulated and actual tests optical path were shown in
Figs. 6 and 7, respectively. The light source was white light.
3. Results and discussion

3.1. Results and analysis of strength

The fastening methods of optical fiber and mix proportion of
mortar, as described in Section 2.2.2, were used to prepare
LTSCM. The number of optical fibers in unit area of section was
SCM      Convex lens   CCD Detector

h of CCD test.



Fig. 5. Simulated optical path of CCD test.

Table 3
Strengths of specimens containing optical fibers with different diameters.

Code Diameter
of
fiber
(mm)

Volume
fractions
of optical
fibers (%)

Compressive
strength
at 28d (MPa)

Flexural
strength
at 28d
(MPa)

Curing
condition

1 0 0 69.07 11.8 Standard
curing

2 0.5 1.23 65.22 11.6 Standard
curing

3 0.5 1.23 67.83 11.8 Aging
4 1 4.91 62.56 9.3 Standard

curing
5 1 4.91 65.21 9.7 Aging

Aging: 80 �C water bath for 3 days.
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uniform. There were about 625 fibers in a 10 cm � 10 cm section.
The strengths of the specimen and volume fractions of fibers were
illustrated in Table 3.

From Table 3, it can be seen that: (1) Whether the fibers were
introduced or not, the strengths of LTSCM were relatively high.
The compressive strengths were larger than 60 MPa, and the flex-
ural strengths were greater than 9 MPa. These were much higher
than the values of the study about Portland cement-based light
transmitting materials with parallel glassy fibers [3–5]. (2) For
standard curing specimens, the compressive strength of LTSCM
was lower than that of the specimen in absence of optical fiber.
Compressive strength of the specimen decreased linearly with
increasing volume fraction of optical fibers. For instance, the com-
pressive strength of specimens containing 1.23% fiber and 4.91%
fiber decreased by 5.6% and 9.4%, respectively. The decrease in flex-
ural strength of specimen containing 1.23% fiber was very small.
While, the flexural strength of the specimen containing 4.91% fiber
decreased by 21.2%. This is because that optical fiber is made of
soft plastic with low elastic modulus. For compressive strength
test, the fibers could be regarded as defects, such as pores, in
cement mortar. The greater addition of fibers leads to a larger
Fig. 7. Actual o

Fig. 6. Simulated
decrease in strength. For flexural tests, the adhesive performance
of the interface between the matrix and fiber of 1.0 mm diameter
was worse than that of interface between matrix and 0.5 mm fiber.
The large volume fraction of fiber and its parallel arrangement lead
to the great decrease in flexural strength. (3) In terms of aging test,
compressive and flexural strengths of specimen after 80 �C water
bath were larger than those of specimen under standard curing
conditions. The main reason is that, water bath at high tempera-
ture accelerates the hydration of sulfoaluminate cement, and
improves the development of matrix strength.
3.2. Results and analysis of light transmitting properties

In previous studies [3–5], UV–visible spectrophotometer was
used to measure the light transmitting ratio of LTCM, however this
method is more suitable for testing light transmittance of liquid,
and is not suitable for measuring that of fiber. LTCM should be
cut into a thin slice with thickness of 5 mm. In order to measure
the light transmittance, the cross section of the slices should be
polished. The deviation of thickness of specimen and the toughness
degree of the surface could greatly affect the results. Moreover, this
ptical path.

optical path.



Y. Li et al. / Materials & Design 83 (2015) 185–192 189
method cannot test the light transmittance of single fiber. The
problem can be solved by CCD method. Furthermore, optical power
meter was used to measure the absolute optical power and relative
loss of optical power in fiber. In optical fiber system, the applica-
tion of optical power meter is very basic, and is similar to that of
multimeter in electronics. Thus, the combination between CCD
method and optical power meter is able to fully represent the opti-
cal properties of LTSCM.
3.2.1. Results and analysis of CCD tests
Fig. 8(a)–(c) shows CCD photographs of Sample 2–4 in Table 3.
Fig. 8 illustrates that the numbers of optical fibers in CCD

photographs were all about 20. Although the numbers of fibers
(a) Sample 2 

(c) Sample 4

Fig. 9. Gray level simulation o

(a) Sample 2 (b) Samp

Fig. 8. CCD testing results of LTSCM conta
were mostly the same, different fibers presented various lumi-
nances. With regard to standard curing Sample 2 and 4, the
number of bright optical fibers was approximately half of the
total numbers of fibers in the testing region. Because the vol-
ume fraction of fiber (4.91%) in Sample 4 was higher than that
of Sample 2 (1.23%), the brightness of the testing region in
Sample 4 was much stronger than that of Sample 2. Sample 3
was a photograph of a specimen with fiber volume of 1.23%
after aging. Compared with Sample 2, the number of bright
fibers was obviously less, and its light transmitting performance
of entire region was lower, which illustrates that water bath at
high temperature leads to a great decrease in light transmit-
tance of optical fibers.
(b) Sample 3

f CCD images from Fig. 8.

le 3 (c) Sample 4

ining fibers with different diameters.
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The continuous gray values (black–gray–white) were classified
into 256 gray levels, and the range was 0–255 (from black to
white). Gray level of each optical fiber in CCD images from Fig. 8
can be analyzed by MATLAB software, as shown in Fig. 9. From
Fig. 9, the lightest one, Sample 4, had more fibers and higher gray
value; while the darkest one, Sample 3, had fewer fiber and lower
gray value.

3.2.2. Results and analysis of light intensity
The light transmitting properties of the specimens in Table 3

were tested by optical power meter. In the test, make sure that
the effective surface of the detector can detect 1–3 fibers. The
results were shown in Figs. 10 and 11.

Fig. 10 represents optical powers of Sample 4 in Table 3, it pre-
sents the results at different distances between the specimen and
detector. It can be seen that, with increasing distance between
the detector and specimen, the optical power decreases gradually.
It can be attributed to the diffraction of the light of each optical
fiber with an increasing spacing, which leads to a larger light spot
and a subsequent decrease in incoming optical power on effective
surface of the detector (its diameter is 1 cm). For the same dis-
tance, the optical power increases gradually with increasing num-
ber of detected optical fibers in the detector. This is due to
superposition of light intensity of multiple light.

Fig. 11 presents the optical power of specimens with different
types of fibers, which are at a distance of 300 mm from the detec-
tor. It can be seen that, for specimens with the same number of
optical fibers, the optical power of specimen with 1 mm fiber is lar-
ger than that of specimen with 0.5 mm fiber. The reason for this is
that the transmitting area of the specimen with optical fiber of lar-
ger diameter is larger. In respect of the specimens containing fibers
with diameters of 0.5 mm, the optical power decreases signifi-
cantly after water bath. This is mainly because the highest working
temperature of PMMA optical fiber is 70 �C, during water bath at
different types of fibers
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Fig. 11. Optical powers of specimens at the same distance.
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Fig. 10. Optical powers of sample 4.
80 �C for 3 days, thermal chemical aging occurs, it leads PMMA to
oxidative degradation, which significantly increases absorption
loss in electron transfer of short wavelength, finally loss in short
wavelength of PMMA rises sharply [14–15]. Thus, light transmit-
ting properties of optical fiber are affected.

Based on study of LTCM regarding the mechanical and optical
properties, the following aspects should be assured, so that its
wide application can come true. (1) The matrix of LTSCM should
be made of high strength, and high consistency cement mortar.
The arrangement of optical fibers could be parallel or special
designed. In order to achieve good light performance, the volume
fraction of fiber should be larger than 4%. (2) The idea application
of this type of materials includes products of landscape and archi-
tecture, such as decorative plates and blocks, and curved plates, so
that the creativity and imagination and be achieved. It should be
noticed that, if PMMA fibers were used, the highest working tem-
perature of the LTCM should not be higher than 70 �C. Otherwise it
could result in the aging of the fiber, and weakness of optical
properties.
3.3. Microstructure analysis of LTSCM

A large number of studies demonstrate that porosity, pore
diameter, pore distribution, pore size, and orientation of pores
have important effects on strength of mortar and concrete [16–
23]. The pore structure of hardened cement determines its com-
pactness, porosity, permeability and mechanical properties [24–
26]. The pores can be classified into four major types: harmless
pore (diameter < 20 nm), less harmful pore (diameter, 20–
100 nm), harmful pore (diameter, 100–200 nm), and much harmful
pore (diameter > 200 nm) [27].

The pore structures of Sample A (without fiber) and Sample B
(with a fiber) were tested by mercury intrusion technique. Pore
distribution curves of Sample A and B were given in Fig. 12. And
their characteristic parameters of pore structure were shown in
Table 4.

Table 4 illustrates that the most probable pore diameter of
Sample B was 2.47 nm larger than that of Sample A, the porosity
of Sample B was 0.99% larger than that of Sample A, and Sample
B had more harmful pores, the diameter of which is larger than
100 nm. The addition of the single fiber increased the volume frac-
tion of the harmful pores by 1.23%. In addition, considering that the
porosity of optical fiber was approximately zero, while the porosity
of matrix of Sample A was 14.31%, it can be inferred that a large
number of gaps formed around the fiber–matrix interface. The
increase in porosity and the number of harmful pores affected
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Fig. 12. Pore distribution curve.



Fig. 13. SEM images of matrix of Sample A.

matrix

fiber 

fiber
fiber 

Fig. 14. SEM images of interface between optical fiber and mortar (Sample B).

Table 4
Characteristic parameters of pore structure of LTSCM.

Code Median pore diameter
(nm) (by volume method)

Most probable pore
diameter (nm)

Porosity (%) Pore distribution%

200–200,000 (nm) 100–200 (nm) 20–100 (nm) 0–20 (nm)

A 58.14 70.47 14.31 11.40 10.80 57.28 20.52
B 59.94 72.94 15.30 11.84 11.59 54.26 22.31
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the properties of LTSCM, such as compressive strength. Table 3
illustrates the compressive strength of sulfoaluminate cement
mortar decreased by 9.43%, after the introduction of
1 mm-diameter fibers.

SEM analyses of Sample A and B were shown in Figs. 13 and 14,
respectively. Fig. 13 illustrates that the matrix of LTSCM was com-
pact, its porosity was relatively small, and calcium sulfoaluminate
hydrates occurred. Fig. 14 shows that PMMA fiber was composed
of fluororesin coating, which is much thinner than the coating of
glassy fiber [3–5] and PMMA core. The fracture section of the fiber
is rough although it looks very smooth by the naked eye, which
means the surfaces of the entire fibers actually are rough. Since
the surface of optical fiber was dealt with silane coupling agent,
there was coupling material on the surface. The molecule of silane
coupling agent has two types of groups with different chemical
properties. The general formula for a silane coupling agent typi-
cally is YSiX3. Y is a non-hydrolyzable group, and X is a hydrolyz-
able group [28]. The groups of the molecule can react with
organic and inorganic materials [29]. Therefore, Silane coupling
agents have the ability to form a durable bond between organic
and inorganic materials [30–32]. However, in this work obvious
gaps can be detected in a well-marked interface between fiber
and matrix, which means that coupling agent cannot work very
well on PMMA-fiber–matrix interface. Thus the modified coupling
agent, which can deal with interface between PMMA-fiber and
cement matrix, needs to be developed.
4. Conclusions

(1) Taking into account both optical and mechanical proper-
ties, the optimal composition of the LTSCM is described
below: The matrix material is composed of calcium sul-
foaluminate cement mortar. The water–cement ratio is
0.35. The dosages of water reducer and antifoaming agent
are 0.7% and 0.2% of cement content by mass, respec-
tively. And the mass ratio of sand to cement is 0.8.
Optical fibers with diameter of 1 mm are used, and its
volume fraction should be larger than 4%.

(2) Compressive strength of specimens containing optical fibers
is smaller than that of specimens without optical fibers.
Compressive strength of specimen mainly decreased linearly
with increasing volume fraction of optical fibers.
Compressive strength of specimen after 80 �C water bath
was larger than that of specimen under standard curing
conditions.
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(3) According to CCD technology, brightness of optical fiber in
different positions of LTSCM can be exhibited well. The
Gray level of each optical fiber in CCD images can be plotted
by MATLAB software. Thus, light transmitting performance
of different optical fibers can be shown.

(4) Entire light transmitting performance of LTSCM can be
tested by optical power method. Light transmittance of
specimens decreases with an increasing distance between
the detector and specimen. For the same distance, optical
power increases with increasing number of fibers. With
regard to the same number of optical fibers, optical
power of specimen with fibers of large diameter is larger
than that of the specimen with fibers of smaller
diameter.

(5) Light transmittance of fiber is significantly reduced due to
water bath at 80 �C.

(6) Pore structure tests show that the introduction of optical
fiber results in lots of gaps on fiber–matrix interface. SEM
analysis also demonstrates the result described above.
After dealing with a coupling agent, coupling material
was covered on the surfaces of fibers, but coupling agent
could not work very well on PMMA-fiber–matrix
interface.
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[7] Andreas Roye, Marijan Barlé, Steffen Janetzko, Thomas Gries, Faser-und
textilbasierte Lichtleitung in Betonbauteilen – Lichtleitender Beton, Beton-
Stahlbetonbau 104 (2) (2009) 121–126, http://dx.doi.org/10.1002/
best.200808235 (in German).
[8] Àron Losonczi, Building block comprising light transmitting fibres and a
method for producing the same. Pub. No.: WO/2003/097954, Publication Date:
27.11.2003, International Application No.: PCT/SE2003/000798, International
Filing Date: 16.05.2003.

[9] Y. Li, Z.Y. Xu, Z.G. Li, et al., Preparation method of light transmitting concrete
using optical fiber fabrics, ZL201110022019.2, 2012 (China Patent).

[10] Y. Li, Z.Y. Xu, H. Guo, Preparation method of light transmitting concrete with
designed light transmitting type, ZL201210258969.x, 2014 (China Patent).

[11] Yanliang Yin, Light transmitting concrete producing module and the rapid
production method, CN 101234510A, 2008 (China Patent).

[12] Wen Yang, Jun Wang, Rixu Zhao, et al., A method and apparatus for preparing
the light transmitting concrete block, CN102601845A, 2012 (China Patent).

[13] Xijun Liu, Lingxiang Liu, A light transmitting concrete component and its
manufacturing process, CN101906836A, 2010 (China Patent).

[14] Jiu-rong Chu, Li-sheng Zhong, Chuan-xiang Xu, Influence of heat aging on
attenuation of PMMA polymer optical fiber, China Plast. Ind. 33 (s) (2005)
190–195 (in Chinese).

[15] Y. Takezawa, S. Tanno, N. Taketani, S. Ohara, H. Asano, Analysis of thermal
degradation for plastic optical fibers, J. Appl. Polym. Sci. 42 (1991) 2811–2817.

[16] Zhongwei Wu, Huizhen Lian, High Performance Concrete, China Railway Press,
Beijing, 1999, pp. 22–24 (in Chinese).

[17] Marta García-Maté et al., Rheological and hydration characterization of
calcium sulfoaluminate cement pastes, Cement Concr. Compos. 34 (5) (2012)
684–691.

[18] M. García-Maté et al., Hydration studies of calcium sulfoaluminate cements
blended with fly ash, Cem. Concr. Res. 54 (2013) 12–20.

[19] I. Navarro-Blasco et al., Solidification/stabilization of toxic metals in calcium
aluminate cement matrices, J. Hazard. Mater. 260 (2013) 89–103.

[20] Socrates Ioannou et al., Properties of a ternary calcium sulfoaluminate–
calcium sulfate–fly ash cement, Cem. Concr. Res. 56 (2014) 75–83.

[21] Xudong Chen, Shengxing Wu, Jikai Zhou, Influence of porosity on compressive
and tensile strength of cement mortar, Constr. Build. Mater. 40 (2013) 869–
874.

[22] Elie Kamseu et al., Design of inorganic polymer cements: effects of matrix
strengthening on microstructure, Constr. Build. Mater. 38 (2013) 1135–1145.

[23] M.A. Megat Johari et al., Influence of supplementary cementitious materials on
engineering properties of high strength concrete, Constr. Build. Mater. 25 (5)
(2011) 2639–2648.

[24] Meral Oltulu, Remzi S�ahin, Pore structure analysis of hardened cement
mortars containing silica fume and different nano-powders, Constr. Build.
Mater. 53 (2014) 658–664.

[25] Ehsan Ghafari et al., The effect of nanosilica addition on flowability, strength
and transport properties of ultra high performance concrete, Mater. Des. 59
(2014) 1–9.

[26] Sang-Soon Park et al., Modeling of water permeability in early aged concrete
with cracks based on micro pore structure, Constr. Build. Mater. 27 (1) (2012)
597–604.

[27] Povindar Kumar Mehta, Paulo J.M. Monteiro, Concrete: Microstructure
Properties and Materials, vol. 3, McGraw-Hill, New York, 2006.

[28] Christie Ying Kei Lung, Jukka Pekka Matinlinna, Aspects of silane coupling
agents and surface conditioning in dentistry: an overview, Dent. Mater. 28 (5)
(2012) 467–477.

[29] Hongyu Cui, Michael R. Kessler, Pultruded glass fiber/bio-based polymer:
interface tailoring with silane coupling agent, Compos. A Appl. Sci. Manuf. 65
(2014) 83–90.

[30] Liu Yang, J.L. Thomason, Effect of silane coupling agent on mechanical
performance of glass fibre, J. Mater. Sci. 48 (5) (2013) 1947–1954.

[31] Yue Li, Min Wang, Zhanguo Li, Physical and mechanical properties of Crumb
Rubber Mortar (CRM) with interfacial modifiers, J. Wuhan Univ. Technol. –
Mater. Sci. Ed. 25 (5) (2010) 845–848.

[32] Weicai Luo et al., Interface enhancement of glass fiber/unsaturated polyester
resin composites with nano-silica treated using silane coupling agent, Wuhan
Univ. J. Nat. Sci. 19 (1) (2014) 34–40.

http://www.litracon.hu/
http://forgemind.net
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0015
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0015
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0015
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0020
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0020
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0025
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0025
http://dx.doi.org/10.1002/best.200808235
http://dx.doi.org/10.1002/best.200808235
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0070
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0070
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0070
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0075
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0075
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0085
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0085
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0085
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0090
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0090
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0095
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0095
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0100
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0100
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0105
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0105
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0105
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0110
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0110
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0115
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0115
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0115
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0120
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0120
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0120
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0120
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0125
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0125
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0125
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0130
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0130
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0130
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0135
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0135
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0135
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0140
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0140
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0140
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0145
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0145
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0145
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0150
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0150
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0155
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0155
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0155
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0160
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0160
http://refhub.elsevier.com/S0264-1275(15)00371-8/h0160

	Preparation and study of light transmitting properties of sulfoaluminate cement-based materials
	1 Introduction
	2 Materials and methods
	2.1 Raw materials
	2.2 Testing methods
	2.2.1 Test method for strength and micro-properties
	2.2.2 Preparation of LTSCM
	2.2.2.1 Preparation of sulfoaluminate cement mortar
	2.2.2.2 Embedment of optical fibers and casting
	2.2.2.3 Curing and slicing

	2.2.3 Testing method for light transmitting properties
	2.2.3.1 CCD test
	2.2.3.2 Testing method for optical power



	3 Results and discussion
	3.1 Results and analysis of strength
	3.2 Results and analysis of light transmitting properties
	3.2.1 Results and analysis of CCD tests
	3.2.2 Results and analysis of light intensity

	3.3 Microstructure analysis of LTSCM

	4 Conclusions
	Acknowledgements
	References


