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Summary 

Glass fibers possess the ability of transmitting light through the core of the fiber. Different attempts 

have already been done to combine translucency in a cementitious matrix. However the used 

techniques are time- and cost-inefficient. This limits the implementation and growth of translucent 

applications. Furthermore, fibers have the capacity to increase the tensile strength of the otherwise 

brittle cementitious matrix and to limit the crack width upon bending. The latter is critical to take 

advantage of the autogenous healing capacity of the matrix. Another important criterion for the 

development autogenous healing is the presence of moisture or fluids in order to form calcium 

carbonate or calcium silicate hydrates. This autogenous healing can be stimulated by means of 

superabsorbent polymers (SAP’s). Therefore, in this dissertation the possible combination of 

translucency with self-healing properties using glass fibers was assessed. The optimal ratios of glass 

fibers, PVA fibers and SAP’s were assessed based on a SH-SHCC (Self-healing Strain- hardening 

Cementitious Composite) mixture. The aforementioned properties were combined using a direct-

mixing technique. 

Keywords: Translucent concrete, self-healing, fiber reinforced cementitious composite, strain-

hardening cementitious composites, multiple-cracking, superabsorbent polymer, glass fiber, durability 
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Abstract: Glass fibers possess the ability of transmitting light 

through the core of the fiber. Different attempts have already 

been done to combine translucency in a cementitious matrix. 

However the used techniques are time- and cost-inefficient. This 

limits the implementation and growth of translucent 

applications. Furthermore, fibers have the capacity to increase 

the tensile strength of the otherwise brittle cementitious matrix 

and to limit the crack width upon bending. The latter is critical 

to take advantage of the autogenous healing capacity of the 

matrix. Another important criterion for the development 

autogenous healing is the presence of moisture or fluids in order 

to form calcium carbonate or calcium silicate hydrates. This 

autogenous healing can be stimulated by means of 

superabsorbent polymers (SAPs). Therefore, in this dissertation 

the possible combination of translucency with self-healing 

properties using glass fibers was assessed. The optimal ratios of 

glass fibers, PVA fibers and SAPs were assessed based on a SH-

SHCC (Self-healing Strain- hardening Cementitious Composite) 

mixture. The aforementioned properties were combined using a 

direct-mixing technique.  

Keywords: Translucent concrete, self-healing, fiber reinforced 

cementitious composite, strain-hardening cementitious 

composites, multiple cracking, superabsorbent polymer, glass 

fiber, durability 

 

I. INTRODUCTION 

Concrete is known for its high structural performance, 

however some flaws still remain such as the limited tensile 

strength. This defect eventually results in cracking of the 

material during its lifespan. The presence of cracks 

endangers the durability as they generate a pathway for 

harmful particles dissolved in fluids and gases. Consequently 

corroding the reinforcement. Repairing these cracks 

afterwards is mostly a retarded measure and the structure is 

already largely deteriorated. On top of that significant costs 

will be accounted for the repair measures. However, concrete 

has a passive healing capacity of its own, also called 

autogenous healing. This healing mechanism is mainly based 

on the hydration of cement particles which always remain in 

the cementitious matrix and the precipitation of calcium 

carbonate. In order to promote these mechanisms, and thus 

autogenous healing the following criteria are favorable 

[1][2][3][4][5]: 

1. Small crack widths ( <30-50 µm); 

2. The presence of specific chemical ions (e.g. Ca
2+

, 

CO2, unhydrated cement particles);  
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3. Exposure to humid environmental conditions (e.g. 

wet/dry cycles, submersion in water). 

The first criterion can be realised by implementing specific 

fibres into the cementitious matrix. Multiple cracks with 

limited crack widths have already been achieved using 

synthetic fibres such as polyvinyl alcohol (PVA)- and 

polypropylene (PP)-fibres. The second criterion is mainly 

affected by the composition of the cementitious matrix. The 

third criterion can be further promoted with the addition of 

superabsorbent polymer. These polymers are able to swell up 

to 500 times their initial dry volume in contact with water. 

Improved autogenous healing has already been observed due 

to the additional available water which is retained by the 

SAPs [1][2][3]. Furthermore, additional multiple cracking 

has been observed. The SAPs create macropores within the 

matrix which act as crack initiators [2].  

From aesthetical and functional point of view creating 

translucency in the cementitious matrix could further extend 

the application horizon of SH-SHCC. Nowadays concrete is 

being used in several load bearing and non-load bearing 

applications. Utilities such as artificial lighting and data 

transfer cables are most often installed after construction 

works. Developing a translucent cementitious matrix using 

glass fibers could be a first step towards the integration of 

different functionalities and applications through one single 

composite. One of the main criterion is the need of an 

efficient mixing procedure succumbing the labor intensity 

during molding.  

This implies that besides engineering a mixture which 

enables self-healing properties, creating translucency can 

play a key-factor towards the development of a more 

durable, sustainable and integrated society. 

The aim of this research is to investigate the possible 

strain-hardening behavior using glass fibers to promote 

autogenous healing combined with translucency through the 

glass fibers. Improved healing capacity is assessed by adding 

SAPs to the mixture.  

II. MATERIALS AND METHODS 

A. Fibers and SAP’s 

Two different type of Alkali Resistant (AR) –glass fibers 

were assessed; micro- (2.68 g/cm³; 12 mm cutting length; 

filament diameter 14 µm; 1700 MPa tensile strength; Beton 

FiberTech, Belgium) and macro- (2.68 g/cm
3
; 36 mm cutting 

length; filament diameter 19 µm; 1700 MPa tensile strength; 

Beton FiberTech, Belgium) fibers. Two types of SAP from 

BASF were used; SAP A being a copolymer of acrylamide 

and sodium acrylate (particle size 100.0 ± 21.5 μm), and 

SAP B, a cross-linked potassium salt polyacrylate (476.6 ± 
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52.9 μm). The reference mortar mixtures contains CEM I 

52.5 N (Holcim, Belgium), Class F fly ash (OBBC, 

Belgium), silica sand M34 (D50 170 μm; Sibelco, Belgium), 

water, polycarboxylate superplasticizer (Glenium 51, 

concentration 35%; BASF, Germany) and PVA fibres (2 v%; 

1.5 10-6 kg/m (15 dtex); 8 mm cutting length; 1.2 GPa (12 

cN/dtex) tenacity; Kuraray, Japan). The composition of the 

cementitious mixture is given in Table 1. 

Table 1 Composition of the cementitious matrix 

Cement 

(kg/m³) 

Fly ash 

(kg/m³) 

Sand 

(kg/m³) 

Water 

(kg/m³) 

Super- 

plasticizer 

(kg/m³) 

608 608 426 365 5.5 

 

The mixing procedure of the mortar was based on the 

Standard NBN EN 196-1 (2005) and was performed as 

follows [1]. First, the cement, fly ash, and possibly SAPs 

(depending on the mixture composition) were equally 

distributed with a mortar mixer. Then, water and 

superplasticizer were added and mixed for 30 s at 140 

revolutions per minute (rpm). The fine silica sand was added 

during the next 30 s at 140 rpm. To ensure a homogeneous 

dispersion of all components, the speed was increased for the 

following 30 s to 285 rpm. The edges of the bowl were 

scraped during 30 s and the mixture was then resting for a 

period of 60 s. Subsequently, at a speed of 140 rpm, 

microfibers (depending on the mixture composition) were 

slowly added during 30 s. The final step was mixing for 60 s 

at 285 rpm. 

B. Self-healing 

In order to check healing two types of tests were 

conducted. The first one was by subjecting the specimen to a 

four point bending test from which the regain in mechanical 

properties could be verified. Secondly, after bending, the 

specimens were microscopically studied. The measurements 

were done before and after the specimen was subjected to 

wet/dry cycles for 28 days. The wet and dry cycles alternated 

each 12 hours. The wet cycle equals fully saturation in water, 

during the dry cycle the specimens were subjected to a RH of 

60%. A schematic overview of the methodology is given in 

Figure 1. 

 

Figure 1 Schematic overview of the healing analysis procedure. 

C. Translucency 

The amount of translucency was determined based on the 

fibers which were exposed at the specimen surface. Pictures 

of the translucent specimen were taken using a black box 

principle set-up. Afterwards the histogram of these pictures 

was transformed into a white pixel ratio. A schematic 

overview of the used set-up is given in Figure 2. 

  

Figure 2 Schematic overview of the used set-up to verify 

translucency((1) plywood frame; (2) lamps to light up fibers; (3) 

specimen holder; (4) black-box). 

III. RESULTS AND DISCUSSION 

A. Strain-hardening 

It was found that strain-hardening was only achievable 

with the macro glass fibers. However improved strain-

hardening was needed to acquire an increased multiple 

cracking behavior. This was achieved by combining 

respectively 2 and 3 v% glass fibers with 2 v% PVA fibers. 

Furthermore, a remarkable increase in multiple cracking was 

observed in specimen containing 3 v% macro fibers, 2 v% 

PVA fibers and 1 m% of SAP type B (see Figure 3). Strain 

rates exceeding 6.5% strain were observed in this series. 

 

Figure 3 Stress-strain curves for specimens containing 3 v% macro 

fibers, 2 v% PVA fibers and 1 m% of SAP type B. 

B. Self-healing 

Autogenous self-healing was observed in both the 

specimen with and without SAPs. The specimen containing 

SAPs did show improved healing properties indicated by the 

increased crack width closure (Figure 5). However, the 

regain in first-cracking strength was found to be smaller for 

these specimens. A possible explanation might be due to the 

fact that during curing more cement particles were hydrated, 

resulting in an increased initial first-cracking strength. 

Consequently a relatively smaller regain in first cracking 

strength was observed at reloading compared to the specimen 

without SAPs. Despite the ambiguous behavior of the regain 

in first-cracking strength the multiple cracking strain at 

reloading doubled compared to the specimen without SAP’s. 

This implies that overall the specimen containing 1 m% of 

SAP type B showed the most optimal improved autogenous 

healing results which is indicated by Figure 4 and Figure 5.  
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Figure 4: Example of a completely and partially healed side branch 

and main branch of a crack of specimen containing 1m% SAP type 

B. 

 

Figure 5 Crack width closure of specimen containing SAP's, 2v% 

macro glass fiber and 2v% PVA fiber. 

C. Translucency 

Creating translucency of specimen was initially done by 

inserting the fibers manually. This was shown to be very 

labor intensive but is still the method which is used in other 

translucent innovations. To counteract this flaw, a direct-

mixing method was established by adding the fibers during 

mixture and exposing them by sawing the cured samples 

afterwards. Figure 6 gives an example of the translucent 

specimen.  

This method has one important side-effect; the translucent 

effect was limited to the thickness of the sample and thus the 

length of the used fiber. This could possibly be resolved by 

increasing the cutting length of the macro glass fibers.  

It was found that the fibers perpendicular to the specimen 

increased the white pixel ratio (WPR) significantly. This was 

due to the light-intensity of the used lamps.  

 

Figure 6 Exposed glass fibers using the direct-mixing technique 

Furthermore, some calcium carbonate was observed at the 

circumference of the exposed glass fibers. Also cracks 

running through the center of the cross-section of the 

exposed glass fibers were observed. This might indicate that 

these fibers serve as crack initiator due to the discontinuities 

in the cementitious matrix caused by the exposed glass 

fibers. Consequently this influence the multiple cracking 

behavior. A crack running through the center of an exposed 

glass fiber is shown in Figure 7.  

Also, crack conversion or diversion was observed. This 

implies that at one side of the exposed glass fiber two or 

more cracks were observed and at the other side only one 

single crack and vice versa. However it remains unclear 

whether the exposed glass fibers act as a so-called crack 

diverter or converter. 

 

 

Figure 7 Exposed macro glass fiber and a crack running 

approximately through the center of the cross-section of the 

exposed fiber. 

IV. CONCLUSION 

Combining the two different properties i.e. self-healing and 

translucency was achieved using glass fibers. Furthermore, 

ductile strain-hardening behavior was observed which 

promotes self-healing.  

A. Strain-hardening 

Strain-hardening using only macro-glass fibers is possible. 

However, further interface tailoring is needed to improve the 

corresponding multiple cracking and strain capacity. Adding 

small amounts of PVA-fibers increases overall strain-

hardening extensively. Strain-hardening forms the fundament 

towards promoted autogenous healing by means of SAPs and 

ductile composite. 

B. Self-healing 

Autogenous healing and improved autogenous healing by 

adding SAPs combined with translucency via the glass fibers 

has been observed. The exposed macro glass fibers, 

perpendicular to the specimen, tend to promote some 

nucleation of calcium carbonate at the circumference of the 

fiber bundle. Furthermore, they contribute to multiple 

cracking acting as a crack initiator, similar to the principle of 

the SAP’s.  

C. Translucency 

The translucency effect in the cementitious matrix is 

proportional to the volume percentage of macro glass fibers 

which are added to the mixture. The fiber ratio is limited due 

to the workability constraint. Within the scope of SH-SHCC 

the limit of the used macro glass fibers in combination with 

PVA fibers is 3 v%. 
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Chapter 1: Introduction 

People have tried to combine structural and aesthetical components through history. Clear examples 

are the many medieval churches and cathedrals which can still be found all over the world. One of the 

most famous examples is the cathedral Notre-Dame in Paris. In order to create such a prominent 

construction a lot of work, time and money were invested. The bigger the cathedral the more wealth 

and power it presented. To build these, mostly high-rise cathedrals, big columns and spans were 

needed made out of stone from the closest nearby stone quarry. To improve the structural components’ 

aesthetics they were often decorated with all kind of different ornaments. Furthermore these big 

structural components out of stone could make the interior very dark. In Christianity, however, light 

played a central role.  

Nowadays, light still plays an important role in our day-to-day architecture. Combining structural 

components and natural light is however still a difficult task. Due to the development of new 

construction processes and the discovery of new building materials, slender and modern concrete 

structures are possible. However, to some, concrete is still a greyish and dull material. In response, a 

new concept starts to find the way into the concrete society, translucency of cementitious material i.e. 

how can cementitious material become more transparent by inducing or conveying light within its 

matrix? 

Within the field of Strain-Hardening Cementitious Composites (SHCC) a solution to this problem 

could be provided. SHCC has already proven that the combination of different materials and their 

properties can lead to exquisite composites which have exceptional characteristics. A growing 

subcategory in these SHCC’s is self-healing. Self-healing SHCC (SH-SHCC) emphasizes the 

functionality and recovery of mechanical properties after experiencing damage. Different types of SH-

SHCC already exist but one that seems to be a possible candidate for see-through cement is glass fibre 

SH-SHCC. Within the scope of SHCC glass fibres can induce see-through within the grey 

cementitious matrix. This could possibly add an extra feature on top of the self-healing aspect. In order 

to push the limits of SHCC the possibility of combining translucency and self-healing should be 

studied together with the improved technological insight and understanding of the behaviour of the 

cementitious matrix and glass fibres. In what follows the features of see-through and self-healing of 

cementitious materials are investigated to see what is currently possible and feasible.  
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Chapter 2: Literature review 

1. Autogenous healing 

1.1 Definition self-healing 

Due to the low tensile strength of cementitious materials they are vulnerable to crack formation. 

However, cementitious materials have the property to heal the cracks autogenously. The term 

autogenous healing, in the context of SHCC, refers to the ability of cement to heal cracks in fractured 

concrete or a cementitious material. This healing process is common in concrete water-retaining 

structures, culverts and pipes. This phenomenon was detected by the French Academy of Science in 

1836. (Hearn, 1998) In order to use this feature to its full potential, the understanding of the working 

principle and the associated boundary conditions are of paramount importance. 

The concrete society states the following definition for autogenous healing. 

“Autogenous healing is the natural process of crack repair that can occur in concrete in the 

presence of moisture, and the absence of tensile stress. The repair is by a combination of 

mechanical blocking by particles carried into the crack with the water and the deposition of 

calcium carbonate from the cementitious material.” – The concrete society, Autogenous 

healing: Self-healing of fine cracks. (Roberts, 1996) 

This definition is quite broad because it oversees one important aspect i.e. the limitation in crack 

width. Autogenous healing will only occur for a small range of crack widths. The upper limit for 

complete healing is 50 µm of crack width. For larger values, up to 150 µm, the mentioned phenomena 

can also occur but won’t necessarily lead to full healing. (Yang et al., 2009) The term “crack repair” is 

in this context also quite broad. This can refer to crack sealing which differs from crack healing by 

lacking the property of regain in mechanical strength.  

Furthermore, other mechanisms than the mechanical blocking by particles and formation of calcium 

carbonate occur to enhance self-healing. A first mechanism is the hydration of unhydrated cement 

particles, which are embedded in the hardened cement composite, forming new calcium silicate 

hydrates (C-S-H). Another mechanism is the possibility of expansion of the C-S-H at the crack faces. 

The crack mouth can also be blocked by local impurities and the pozzolanic activity of secondary 

cementitious materials. These mechanisms are discussed more in depth in section 1.2. The boundary 

conditions which enable autogenous healing are summarised below. The first condition is based on the 

effectiveness of the self-healing. The smaller the crack width, the better the development of the 

healing process will be. The second condition is related to some of the mechanisms which induce 
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autogenous healing by chemical reactions. The presence of moisture is also important because it 

harnesses the development of the autogenous healing mechanisms. (Snoeck & Belie, 2015) 

1. Small crack widths (<30-50 µm); 

2. The presence of specific chemical ions (e.g. 𝐶𝑎2+, 𝐶𝑂2, unhydrated cement particles);  

3. Exposure to humid environmental conditions (e.g. wet/dry cycles, submersion in water). 

1.2 Working principle 

The physics behind autogenous healing of cracks in cementitious material can be subdivided into four 

blocking mechanisms. (Edvardsen, 1999; ter Heide, 2005) 

1. Dissolved carbon dioxide in water may react with 𝐶𝑎2+ ions present in the concrete matrix to 

form calcium carbonate (𝐶𝑎𝐶𝑂3) crystals. Distinction between two crystallisation reactions is 

made based on pH value of the water 

pH > 8 

𝐶𝑂2 + 2𝑂𝐻− → 𝐶𝑂3
2− + 𝐻2𝑂 

𝐶𝑎2+ + 𝐶𝑂3
2− → 𝐶𝑎𝐶𝑂3 

𝐶𝑎2+ + 𝐶𝑂2 + 2𝑂𝐻− → 𝐶𝑎𝐶𝑂3 + 𝐻2𝑂 

(1)  

7 < pH < 8 𝐶𝑎2+ + 𝐻𝐶𝑂3
− → 𝐶𝑎𝐶𝑂3 + 𝐻+ (2)  

 

𝐶𝑎2+ ions in the matrix react with carbon dioxide (𝐶𝑂2) or hydrogen carbonate (𝐻𝐶𝑂3
−) 

dissolved in water to form 𝐶𝑎𝐶𝑂3. The crystallisation rate within the crack is dependent on the 

crack width and the water pressure but independent of the concrete composition and the type 

of water; (Edvardsen, 1999) 

2. Unhydrated cement grains present in the matrix and on the crack surfaces may further hydrate 

forming new calcium silicate hydrate (C-S-H). Also, supplementary cementitious materials 

such as fly ash or slag can further react through pozzolanic or latent-hydraulic activity;  

3. Expansion due to swelling of calcium silicate hydrates at the face cracks (C-S-H); 

4. Loose particles or impurities may block the crack.  

The first two blocking mechanisms occur due to chemical reactions within the cementitious matrix. 

These blocking phenomena are a result of precipitation of “new material”. The precipitation of new 

material can be seen as the formation of a new internal matrix within the crack due to the 

crystallisation of 𝐶𝑎𝐶𝑂3 and the deposition of new C-S-H particles. The third and the fourth 

mechanism have a more physical interpretation. In this case no “new material” is formed but the 

blocking is based on the material that is already present or has already been formed. This implies that 

these mechanisms tend more to the definition of crack sealing. However, they aid in the development 

of autogenous healing due to the combined effect with the blocking mechanisms by the chemical 
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reactions. During the development of the crack healing, the potentially present loose particles or 

impurities are entrapped by the deposition of the new material. The expansion of the C-S-H particles 

at the crack face ensures an enclosure of the matrix within the crack. (Snoeck & Belie, 2015) 

 

 

Figure 1: Graphic overview of the different blocking mechanisms (ter Heide, 2005) 

Despite the combined effect of the different blocking mechanisms, crystallization of CaCO3 has the 

biggest contribution to the development of autogenous healing. (Edvardsen, 1999) The deposition of 

CaCO3 in the early healing stages is surface-controlled, but as Ca
2+

 is exhausted in time, the 

precipitation becomes diffusion-controlled. The ions then need to migrate through the cementitious 

matrix. Although crystallisation of CaCO3 plays an important role in the healing process the formation 

of the C-S-H cannot be overlooked. The C-S-H crystals have a higher stiffness than the 𝐶𝑎𝐶𝑂3 

crystals. The C–S–H is therefore wanted as it will highly contribute to the regain in mechanical 

properties. However there is also a time dependency which is more critical than for the CaCO3 

crystals. As the cement further hydrates in time, the healing material formed at early ages is a 

combination of CaCO3, C–S–H and Ca(OH)2. At later ages, the healing material is mainly CaCO3. 

(Snoeck & Belie, 2015) 

2. Improved autogenous healing 

2.1 Definition 

By understanding the working principle and boundary conditions that lead to autogenous healing one 

can aim for improving the circumstances for autogenous healing. This implies that based on this 

knowledge certain additives could be added into the mixture which exploits the effects of autogenous 

healing. When additives are used the definition of autogenous healing is still valid but the conditions 

for healing are improved, implying that the definition could be replaced by the term improved 

autogenous healing. Two important additives which improve healing results are discussed below i.e. 

fibres and Super Absorbent Polymers. 
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2.2 Fibres 

2.2.1 What are fibres? 

Fibres can be made from all types of materials, ranging from natural resources which don’t require a 

lot of manipulations such as cotton, hemp, jute, flax, wood fibres, animal fibres, etc., to man-made, 

synthetic fibres which require more manipulation such as metallic fibres, carbon fibres, glass fibres, 

mineral fibres, polymer fibres, etc. Typically, synthetic fibres are of the order of millimetres in length, 

tens of microns in diameter, and may have surface coating on the nanometre scale. 

In the context of SHCC there has already been done a numerous amount of testing with synthetic 

(micro)fibres (mainly polyvinyl alcohol (PVA), polypropylene (PP) and polyethylene (PE) fibres). 

The main advantage of these fibres is the reduced risk of alkaline attack from the cementitious matrix, 

compared to other types of fibres, such as glass fibres. This so-called attack is due to the alkaline pore 

fluid which has a pH-value around 13 and can lead to degradation of the fibres, subsequently leading 

to a decrease in strength of the composite material. In comparison with glass fibres and natural fibres 

these, synthetic fibres have little to no reaction to the alkaline environment. Nevertheless fibres can be 

surface-treated to make them less vulnerable towards alkaline reactions. Several successful attempts 

have been made to overcome this problem for both natural and glass fibres. (Snoeck & Belie, 2015) 

The advantage of fibres in SHCC is that they can possibly lead to strain-hardening which is visualised 

by multiple cracks with a smaller crack width. This cracking phenomenon is beneficial for autogenous 

healing and is preferred over a traditional single crack with a larger crack width. This principle does 

not depend on a particular fibre. However fibres with certain properties may meet the criteria for 

tensile strain-hardening at a lower volume fraction. Decisions on what fibres to use will depend on 

their natural characteristics, including mechanical, diameter ranges, and surface characteristics, on 

resulting SHCC mechanical, durability and sustainability performances and on economics. (Li, 2008)  

Within the scope of this dissertation the discussion of the different types of fibres is restricted to glass 

fibres and is more thoroughly discussed under 3.3. 

2.2.2 Working principle 

2.2.2.1 Multiple microcracks  

The limitation in crack width is crucial in the development of autogenous healing. A reinforcement-

technique that is well-known for smaller yet multiple cracks is the use of fibre-reinforced concrete. 

Therefore, the technique of fibre-reinforced concrete is favourable. (Di Prisco et al., 2009; Snoeck & 

Belie, 2015) 
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The working principle of traditional reinforcement is common practice. The working principle of fibre 

reinforcement on the other hand is less straight forward and belongs to the field of micro mechanics. 

Micromechanics are a branch of mechanics applied at the material constituent level, and captures the 

mechanical interactions between the fibre, mortar matrix and fibre/matrix interface. (Li, 2008) The 

fibres are evenly distributed within the cementitious matrix leading to multiple cracks with smaller 

widths. Also the position of the cracks will be more evenly spaced in comparison to traditional 

reinforcements due to the more gradual behaviour of the fibre reinforcement. This results in an overall 

increase in ductile behaviour of the composite.  

At the level of a fibre there are three main factors regulating the bond with the cement matrix: 

1. Friction; 

2. Anchorage due to deformation; 

3. Physical and chemical adhesion. 

In case a fibre is pulled out from the cementitious matrix two different phenomena can occur i.e. strain 

softening or strain-hardening. The latter can be linked to the blockage effect that develops in the fibre 

tunnel. As the fibre is pulled out, the friction at the interface between fibre and cementitious matrix 

increases. 

An important parameter that determines the retaining force of the fibre is the embedded length of the 

fibre in the matrix. This is the length of a fibre at a side of a crack which is surrounded by plain 

material. A minimum embedded length is needed in order to develop the strain-hardening phenomena. 

When the maximum tensile stress of the cement matrix is exceeded, microcracks will initiate. These 

cracks follow the less resistive path which depends on the distribution of fibres. Because the fibres are 

uniformly distributed the initiated crack will pass several fibres. During cracking the maximum tensile 

stress of the cement matrix is reached and diverted onto the fibres. Diverting the tensile forces is 

accompanied with some deformation or pull out of the fibre, possibly changing the bond between fibre 

and the cement matrix. In the best case scenario the crack is bridged by the fibre without debonding. In 

the worst-case scenario the crack is not bridged, and the fibre is simply pulled out from the 

cementitious matrix. In the intermediate scenario the forces are diverted by bridging of the crack but 

are partially debonded from the cementitious matrix. Due to this bridging effect crack propagation is 

limited and the tensile forces are relocated. This procedure repeats itself which eventually causes 

multiple microcracks instead of one major big crack.  

Keeping these stress diverting phenomena in mind the propagation of cracks can be subdivided into 

different stages. 

Stage 1: Uncracked material; 

Stage 2: Formation of microcracks, tensile capacity of cementitious matrix is reached; 
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Stage 3: Crack stabilization, the fibres along the crack are partially pulled out; 

Stage 4: Crack bridging, the microfibres are able to take up the load;  

Stage 5: New crack formation at less resistive location. The tensile capacity of the microfibres 

exceeds the tensile capacity of the cementitious matrix; 

Stage 6: repetition of stages 2 to 5 until the tensile stress bearing capacity is completely shifted 

towards the fibres; 

Stage 7: Rupture, the bond is broken with the cementitious matrix. The tensile stress exceeds 

the tensile stress bearing capacity of the fibres. No new cracks are formed but instead the 

fibres are pulled out completely (= worst-case scenario). 

Rounding up, (micro)fibres have the capability to control crack behaviour due to redistribution of 

tensile forces. This takes place due to the bridging effect of the fibres within the cementitious matrix. 

This consequently translates in a more ductile, strain-hardening behaviour of the concrete. This 

becomes physically visible via multiple cracks with a smaller crack width. On top of the restricted 

crack width, microscopic investigations by Homma et al. (2009). have shown that the precipitation of 

CaCO3 is facilitated by the microfibres as they act as a nucleation site at the crack surface. The fibres 

which are exposed will act as a guidance rail where the CaCO3 crystals can attach to. This implies that 

proper crack propagation will eventually lead to better conditions for the development of autogenous 

healing.  

2.2.2.2 Strain-hardening 

Strain-hardening is typical for High Performance Fibre Reinforced Cementitious Composites 

(HPFRCC). The multiple microcracks are due to the strain-hardening behaviour due to the bridging 

action of the fibres. The strain-hardening path starts after the first fracture in the cementitious matrix 

emerges and ends when the fibres fail (see Figure 2). This behaviour can be seen as an intermediate 

phase during which fibre action adds a quantity of residual strength to the composite. The steepness 

and the length of the path is a measure for the ductility of the composite. The steeper the path, the 

more residual stress is present. The longer this path, the more the composite is possible to elongate. A 

secondary advantage, which comes hand in hand with the ductile behaviour, is the more gradual; a 

smoother and more ductile failure action. This is preferred over the brittle behaviour. Furthermore 

strain-hardening also benefits healing due to ductility. During unloading, before failure is reached, 

cracks will partially re-close due to the elasticity of the fibres. This results in smaller crack widths 

which improves healing conditions. (Di Prisco et al., 2009; Li et al., 2002a; Snoeck & Belie, 2015; 

Wang & Li, 2003) 
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Figure 2: (a) Stress-strain curves of different failure modes and (b) stress-strain curve with the indication of the type 

of material behaviour (Snoeck & Belie, 2015) 

The phenomenon of strain-hardening is not a common fibre-matrix property. Interface-tailoring has an 

important role in achieving an optimal stress-strain relation. In case the fibres have a strong bond with 

the cementitious matrix fibres tend to rupture instead of being pulled out. The bond strength is 

established through the chemical bond of the fibres with the cement hydrates and the slip-hardening 

response during pull-out. Therefore the bond can be lowered by treating the fibres with oiling agent. Li 

et al showed that surface treatments can be very effective in modifying the composite behaviour 

increasing the strain-capacity. In case of PVA fibres an optimal coating ratio of 1.2% and a volume 

percentage of 2 v% increased the strain-capacity from 1% to a minimum of 4% (Figure 3). (Li, 2003; 

Li et al., 2002a; Snoeck & Belie, 2015; Wang & Li, 2003) 

 

Figure 3: Increase of the strain-hardening capacity when the PVA-fibres are oil coated 

2.2.2.3 Fibre distribution 

In order to create a synergetic interaction between the microfibres, the cementitious matrix and their 

interface some regards with respect to the fibre distribution have to be considered. The goal is to 

maximize the tensile ductility by development of closely spaced multiple microcracks while 

minimising the fibre content. Generally 2 v% (volume percent) or less results in adequate results. (Li, 

2008) The fibre distribution within the cementitious matrix is often random. The fibres are added to 

the cementitious matrix during the mixing procedure. Consequently, the location of the fibres cannot 

be predetermined. As long as the individual dimensions of the fibres is small enough in comparison to 
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the dimensions of the specimen, the distribution of the fibres remains uniform. Hence uniform fibre 

action can be expected. On the other hand, if the dimensions of the fibre and the specimen are 

converging to the same range, the distribution of the fibres within the matrix can be disrupted. 

2.2.2.4 Condition 

In order for the bridging effect and its derived effects such as strain-hardening and multiple 

microcracks to occur two conditions are stated by Li in the manual for Engineered Cementitious 

Composites. The first condition is related to the capacity of the fibres to resist the additional stress 

after the cementitious matrix reaches its maximum tensile strength. This criterion prevents rupture of 

the microfibres and ensures microcracks in the cementitious matrix before the tensile load exceeds the 

maximum fibre bridging capacity. The second condition is associated with the type of crack which 

will form. There are two types of crack formation possible. The first type is the Griffith crack type 

which is defined as an unstable crack and is unwanted for the development of the bridging effect. This 

crack has at the micron level a more oval geometry implying that the width of the crack varies along 

the length of the crack. Especially at the midpoint the width varies most, which is unfavourable for 

rupture and/or pull out of the fibres. The second type of crack is the more steady-state crack which has 

a more constant width over the crack length. Subsequently this type of crack will result in a more 

advantageous situation for fibre bridging. (Li, 2008) 

 

Figure 4: Graphical representation of the crack types using a spring analogy for fibre to interpret the bridging 

concept, after (Li, 2008)  
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2.3 Super Absorbent Polymers (SAP) 

2.3.1 What are SAP’s? 

A superabsorbent polymer is a natural or synthetic water-insoluble three-dimensional network of 

polymeric chains cross-linked by chemical or physical bonding (Figure 6). The SAP’s have the ability 

to absorb a significant amount of liquid from the surrounding environment. They are able to take up to 

500 times their own weight of fluids from the environment dispersed throughout the structure. The 

absorbed liquid is retained within their structure without dissolving. (Snoeck & De Belie, 2015) If this 

fluid is water, they are also often called hydrogels. Nowadays hydrogels are used in a variety of 

different applications such as in contact lenses, scaffolds in tissue engineering, in human health care 

products, in soil and water conservation… An example of the swelling capacity of a SAP is shown in 

Figure 5. (Buchholz & Graham, 1998; Cao et al., 2017; De Jong et al., 2002; Kargar et al., 2017; 

Snoeck, 2015; Snoeck et al., 2014b; Zohuriaan-Mehr et al., 2010) 

 

Figure 5: Different phases during swelling of the SAP particles 

On a molecular level, water in a hydrogel is either bonding to hydrophilic groups (bond water) or is 

filling the space between the network chains, pores or voids (free water) (Figure 6). What also may 

occur is a rearrangement of water around either hydrophobic or hydrophilic groups or a hydrophobic 

association of the hydrophobic groups. The physical law governing the swelling is the osmotic 

pressure exerted by the electrically charged polymeric groups. Hydrogel cross-linking, which is the 

density of junctions joining the chains into a permanent form, can be chemical (covalent bonds) or 

physical (hydrophobic/ electrostatic interaction or hydrogen bridges). Controlled cross-linking of the 

hydrogel structure is used to both retard the hydrogels degradation and improve their mechanical 
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properties. High degrees of cross-linking also decrease the swelling capabilities due to a decrease in 

mobility. (Snoeck, 2015; Snoeck et al., 2014b) 

 

Figure 6: Representation of the swelling ability due to osmotic pressure (Snoeck, 2015) 

2.3.2 Working principle 

SAP’s in cementitious material have already proven their use in several applications such as 

decreasing autogenous shrinkage (Jensen & Hansen, 2001, 2002; Mechtcherine & Reinhardt, 2012; 

Snoeck et al., 2015b), densification of the cementitious matrix around a SAP particle and changing the 

rheology (Mechtcherine et al., 2014), self-sealing (Lee et al., 2010; Snoeck et al., 2012a) and most 

important promoted autogenous healing (Snoeck et al., 2015b). In the latter, by absorbing fluids from 

the surroundings, water becomes available in the cementitious matrix. This is crucial in the 

development of two of the most important autogenous healing mechanisms, i.e. further hydration of 

unhydrated cement particles and the crystallisation of calcium carbonate.  

In first instance the SAP’s show an improved sealing of cracks due to their remarkable swelling 

capacity. They are able to reduce the water flow significantly. Levels of permeability were regained up 

to nearly the permeability level of that of un-fractured specimens. (Snoeck et al., 2014a) Secondly, 

SAP’s show improved healing results due to the increased water exposure upon crack formation. The 

regain in mechanical strength is promoted by crystallisation of calcium carbonate and further 

hydration of unhydrated cement particles. These crystals are deposited along the crack path resulting 

in an improved mechanical strength and closing of the crack face. (Snoeck et al., 2014b) 

The uptake of water by the SAP’s can even be further exploited if they are exposed to humid 

environments. The cracks within the specimen form channels which provide water flow resulting in 

extensive swelling of the SAP’s. This increased uptake of water becomes also accessible for the 

cementitious matrix, contributing to an increased autogenous healing. (Snoeck et al., 2014b) 
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A schematic overview of the working principle due to the advantageous properties of SAP’s with 

respect to autogenous healing is given in Figure 7. 

 

Figure 7: Use of superabsorbent polymers in cementitious materials to simulate autogenous (Snoeck, 2015) 

In order to quantify the healing capacity of autogenous healing using fibres and the improved 

autogenous healing by the addition of SAP-particles mechanical properties such as the first-cracking 

strength, the modulus of elasticity and the multiple-cracking are important parameters. 

Tests done by Snoeck and De Belie (2015) and Yang (2008) show that the regain in first-cracking 

strength, for SHCC mixtures, can reach up to 46% in specimen without SAP’s. These healed specimen 

were subjected to wet-dry cycles for a period of 28 days. However, adding SAP’s further improved the 

healing capacity. Regain in first-cracking strength of 75% after the first healing cycle was observed. 

On top of that, regain after a second healing cycle was 66%. Which is significant compared to the 

autogenous specimen which reached a regain in first-cracking strength of 28% after a second cycle. 

The same trend was noticeable for the regain in modulus of elasticity. 

Furthermore, due to the use of SAP’s, the amount of multiple-cracking increases. Incorporating SAP 

particles as pre-existing flaws can improve tensile strain-capacity and flexural deflection of SHCC 

specimens. The macropores, reduce the active cross section, resulting in a lower first-cracking 

strength. Adversely, the macropores formed after emptying the water-filled SAP inclusions may also 

promote the formation of additional cracks because they serve as crack initiators. Thus, in turn 

reducing the crack width of the specimens which benefits the healing conditions. A higher amount of 

SAP’s leads to a higher amount of multiple-cracking. This statement is only valid because the strength 

is not significantly impaired. The SAP particles adversely affect strength properties of SHCC 

mixtures, such as tensile strength and compressive strength. Their effect is thus dual: they will assist in 

multiple crack formation, but at the same time decrease the strength. (Yao et al., 2012)   
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Another major advantage of the addition of SAP’s to the mixture is the closure of wider crack widths. 

Desorption of the SAP’s triggers healing in the vicinity of crack faces. Cracks smaller than 30 µm 

exposed to wet/dry cycles are able to heal completely both with and without SAP’s. Cracks between 

50 and 150 µm heal partly in samples without SAP’s. Cracks in specimens containing SAP are able to 

close up crack widths of 120 μm in wet-dry cycles. (Snoeck & De Belie, 2015; Snoeck et al., 2012b) 

Visual inspection has already demonstrated that the cracks completely close at the crack surface, 

consequently the question rises whether this healing is also present in the interior of the crack. X-ray 

computed microtomography analysis done by Snoeck et al. (2016) showed that the extent of 

autogenous healing in a cementitious material depends on the crack depth. Only near the crack mouth 

(0 till 800-1000 µm) the crack is closed by calcium carbonate formation in case of wet/dry cycles. In 

combination with superabsorbent polymers, the extent of healing increased. For mixtures containing 

superabsorbent polymers there was even partial healing in the interior of the crack observed when 

stored at a relative humidity of 60% or more than 90%. (Snoeck et al., 2016) 

2.3.3 SAP-coated fibre 

Fibres which are coated with SAP combine the two types of material into one composite. SAP-

particles are incorporated into coating formulations which can be applied on different types of fibres. 

The main advantage of this technology is the water-blocking coat which is created after the SAP’s are 

swollen. This technology is widely used in application in the tele-communication (data transfer 

cables), agriculture and medical sector. (Cherukupalli et al., 1999; Norris et al., 2006) 

Due to recent development in SAP-technologies a coating is engineered where the entire coating is 

water absorbing in itself. This technology further improves the water-blocking and water-absorbing 

properties A schematic comparison of this new technology with the technology of incorporating the 

SAP’s in the coating is given in Figure 8. (Chemstream, 2015) 

This fibre composite is interesting within the scope of improved autogenous healing in cementitious 

materials because it combines the two main components which contribute to favourable healing 

conditions (i.e. the fibre as crack width limiter and the SAP retaining additional moisture). 

 

Figure 8: Comparison of the existing technology (left) and the new technology (right) (Chemstream, 2015)  
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3. Translucent cementitious materials 

Starting from the point of view of self-healing cementitious materials; could it be possible to add an 

extra feature being transparency, translucency or see-through to this concept? Due to the growing 

demand and popularity of concrete used as a finishing material, there has already various 

experimenting been done to make cementitious materials more translucent. This resulted in a whole 

range of different ways to create a more translucent cementitious material. Due to the fact that healing 

is strongly dependent on limitation in crack width, and thus the fibres, glass fibres could be a possible 

material that might be able to combine these two features. These individual fibres have the property of 

being translucent and could also perform as fibre reinforcement to enhance autogenous healing. 

Although this is a possible candidate for combining see-through and self-healing several aspects and 

complications need to be taken into consideration. One particular phenomenon that plays an important 

role at the interface between the glass fibres and the cementitious matrix is the possible degradation of 

the glass fibre due to the high silica content. (Ylmaz et al., 1991) In what follows the properties of 

glass-fibres are analysed, an overview is given of innovations of making concrete translucent or more 

transparent and some possible applications are discussed. 

3.1 Innovations 

In order to have an idea of how to create translucency within a cementitious matrix three interesting 

innovations are discussed. The focus of these innovations lies on establishing light transmission 

through a transparent material which coexists with a cementitious matrix. Afterwards some general 

and common features are summarised. 

3.1.1 Glass fibre mats 

The firm Litracon (Light Transmitting Concrete) produces structural blocks of translucent concrete by 

using glass fibre mats. The light-transmitting property of the concrete is achieved by layering glass 

fibre mats within the longitudinal direction of the concrete mould. The total volume of glass fibre mats 

can amount up to 5 v%. By alternating a glass fibre mat with a fine grade concrete layer of 2 to 3 mm 

the mould is casted. Once cured, the concrete element is sawed in blocks perpendicular to longitudinal 

direction of the fibre mats. By doing so, the mats protrude the concrete block on both sides assuring 

light transmission. Afterwards, the blocks are polished in order to enhance the visibility of the fibre 

mats (thus the light transmission), in order to get rid of impurities which might cover some of the 

fibres and in order to obtain an overall smoother contact surface. The maximum dimension of a block 

is 600 mm in width and 300 mm in height. The thickness of the block can range from 25 mm up to 

500 mm.  
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This innovation uses the same basic material which transmits light through the cementitious matrix i.e. 

glass fibres. However the fibres are woven into a mat which makes it somewhat more complicated. 

For instance during mixing the mats need to be placed manually one layer at the time which is labour 

intensive and consequently will lead to significant labour costs. In comparison to mixing the 

individual fibres directly into the mixture, a more efficient mixing operation could be achieved.  

An important advantage of the fibre mats is the dimensions of the final cementitious element. Fibre 

mats have overall bigger dimensions which makes it possible to make bigger elements. Depending on 

the manufacturing process the mats are woven or non-woven. Non-woven mats will result in more 

light refraction and reflection, which decreases the translucency. Individual glass fibres have a limited 

length which will limit the thickness of the final element.  

The fibre mats can be considered as the conductors of light and are crucial in the establishment of light 

transmission. Obstruction of these light channels can limit the light transmission. By using this method 

of layering the light transmitting property is only pronounced in one specific direction i.e. 

perpendicular to the plain of the element. This gives a limitation of light transmission because light 

transmission in other directions is filtered out (see Figure 9b). Thus in this case the analogy can be 

made with polarising filters. 

 

(a) 

 

(b) 

Figure 9: Close up of Litracon Classic panel (a) and limitation of light transmission due to the filtering effect (b) 

©Litracon Ltd 

Lastly, the small cross sectional area of the fibre mats through which light is conducted influences the 

amount of fibre mats needed to obtain a certain degree of translucency. The smaller the cross section 

the more fibre mats will be needed. Implying a proportional correlation between the amount of glass 

fibre mats and the light intensity. 

Nonetheless the aesthetic possibilities of these specific type of translucent elements manufacturing (at 

the moment of writing) is still done manually. Each mat has to placed and covered by 2-3 mm cement 

mixture manually. This is very labour-intensive and leads to extensive production costs. 
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3.1.2 Acrylic glass 

Another type of translucent cementitious composites are realised by embedding resin elements into the 

cementitious matrix. The core of these elements consists of acrylic glass. The resin insertions are 

realized in polymethylmethacrylate (PMMA) because of its chemical compatibility and resistance to 

alkali contained in the cement matrix. Because of its transparency of at least 92% (visible) and its 

good resistance to UV radiation PMMA is sometimes used as a glass substitute in curtain wall façades 

and windows. (Mainini et al., 2012) 

Two products which are already on the market are I.light and Licrete (see Figure 10a and Figure 10b ). 

The dimensions and weight of average standard panels are 1000 mm long and 500 mm wide with a 40 

mm thickness and a weight of 40 kg. 

The acrylic glass protrudes the cementitious element in order to establish light transmission. In this 

case the elements are made separately and directly poured to the correct dimension without any 

sawing action. First an acrylic glass grid is placed into a mould, similar to placing reinforcement bars 

before pouring the concrete. The only difference is that the acrylic glass structure can rest on the 

bottom of the mould to ensure light transmission. Afterwards, the mould is filled with a cementitious 

mixture. 

The acrylic glass is relatively easy to modify, which enables to make all types of structures that can be 

attached to each other. By doing so a grid of acryl glass crosses or horizontal and vertical slots can be 

achieved (see Figure 10b). The resin insertion texture can be different in resin gap spacing to vary 

transparency. Changing the colour of the resin will also affect transparency. The principle of 

assembling this type of grid is shown in Figure 11.  

 

(a) 
 

(b) 

Figure 10: (a) I.light external wall panels of the Italian pavilion built for the 2010 world expo in Shanghai 

©Italcementi (Italcementi, 2013) (b) Close up of a Licrete panel ©Licrete 
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Figure 11: Demonstration of acrylic glass grid assembly 

Due to the fact that the acrylic glass has a bigger cross sectional area the transparency of the elements 

increases substantially. The downfall to the increase in transparency is the decrease of the load bearing 

capacity. Consequently these elements are non-load bearing and are mainly used as cladding or 

decorative material. Nevertheless, the architectural possibilities of these elements are promising and 

can lead to beautiful light effects. 

The cement is C CLASS 52.5 R, Type I to provide rapid hardening and a high strength. The mix 

design is obtained with a selected siliceous-calcareous sand/gravel with an appropriate granulometry 

to obtain a compact granular skeleton. Stainless steel fibres are added to the mix design to provide a 

high toughness and ductility. Polypropylene fibres are also added to minimize the crack risk at the 

early stages of production. There is also a suitable mix of admixtures to improve the rheology at fresh 

state and to reduce the stiffness of cementitious matrix. (Mainini et al., 2012) 

In comparison with mixing fibres directly into the cement mixture preparing a mould containing a grid 

is labour intensive. Accurate production and placement of the grid within the mould is needed. The 

assembly of the grid seems time consuming if done manually. This is an additional cost which has to 

be taken into consideration on top of the material costs of the acrylic grid.  

The grid makes pouring of the mixture into the mould difficult. Note that there are also fibres present 

in the mixture which decreases workability. Consequently careful mould preparation and good 

compaction during casting will be necessary.  

Due to the large surface area of the acrylic grid the cementitious matrix loses a substantial volume 

relative to the entire element. Furthermore the grid partitions the matrix in smaller elements which in 

turn increases brittle failure. (Figure 10b) 

Compared to randomly dispersed fibres which are already mixed into the cementitious mixture and 

can be poured directly into the mould, using glass fibres to create translucency seems advantageous. 

 

3.1.3 Plastic Optical fibre 

Some case-studies have been done using Plastic Optical Fibres (POF). Research done by Altlomate et 

al shows that light transmission through the cementitious matrix was made possible via the fibres. 
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Furthermore an increase in the compression strength and translucency of the cubic specimen was 

observed with increasing volume percentage POF. However this correlation was limited to a certain 

threshold value of volume percentage of POF due to workability and achieving a coherent, composite 

cementitious matrix. Different types of POF with varying diameter were tested. Figure 12 gives an 

overview of the attachment of the fibres within the mould showing the limitation of the v% on the 

workability. Furthermore it shows the downside of this moulding technique i.e. the manual insertion of 

the fibres into the mould which is labour intensive and time consuming. (Altlomate et al., 2016) 

In general (P)OF have three layers; the core, cladding and buffer coating. The core allows for light 

transmission, the cladding layer ensures reflection within the core and the buffer coating serves as an 

external protection coating. Some scratches and damage to the latter was observed for the different 

type of fibres but these did not exceed the layer thickness. Due to the limited test results (< 28 days) 

this might be a first indication of certain degradation phenomenon, however further research is needed. 

(Altlomate et al., 2016) 

 

Figure 12: Insertion of the optical fibres in the cubic moulds 100 x 100 x 100 mm³ (Altlomate et al., 2016) 
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3.1.4 Summary 

At the moment no real definition of translucent cementitious materials exists. Only some common 

basic properties based upon different types of innovations are available. From the above-mentioned 

innovations the following conclusions can be made. 

Light transmission is realised by embedding optical elements within the cementitious matrix. These 

elements can vary but mainly optical transparent materials are used such as polymeric resins and 

optical fibres. The latter can either consist of a polymeric or glass material. In order for these elements 

to conduct light through the cementitious matrix, the elements have to pierce the whole object, 

independent of the geometry of the object. Subsequently, a certain light pattern is established based on 

the location and direction of the fibres within the matrix.  

The coarse aggregate used in the cementitious matrix has to be of a minor grade to avoid damage to 

the optical elements and to avoid inadequate bonding between fibre and matrix.  

Another aspect that has to be taken into consideration is the subtlety of the translucent elements. Due 

to the dependency of the light intensity, light transmission can be quite hard to measure or to 

differentiate. To overcome these problems, research has been done using external light sources to 

increase light intensity. Implying that the translucent properties only become visible in high contrast 

light-darkness environments. An example of this phenomenon is shown in Figure 13. 

 

(a) 

 

(b) 

Figure 13: Translucent Litracon elements in (a) high contrast light environment and (b) low light contrast 

environment. ©Litracon 

Lastly, in each type of translucency innovation it was noticed that insertion of the light transmitting 

elements and mould preparation are the most time consuming factor during production. Consequently 

this will lead to ample production costs which are unfavourable in order to be economically 

competitive. This is one of the main reasons making translucency in cementitious materials somewhat 

unpractical.  
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3.3 Glass fibres 

3.3.1 Properties 

Glass fibres have a whole range of properties which may contribute to the engineering aspect of 

cementitious composites. The main intrinsic advantageous properties are the high tensile strength and 

the relative high modulus of elasticity in comparison to synthetic fibres (see Table 1, modified values 

in italic). (AGY, 2006; Barros & Sena-Cruz, 2001; Callens et al., 2012; Ghugal & Deshmukh, 2006) 

The tensile strength offers great potential especially in combination with a cementitious matrix where 

tensile strength is lacking. (Fu et al., 2000) Within the scope of self-healing, there has already various 

experimenting been done using synthetic fibres. These synthetic fibres are often preferred over glass 

fibres due to their lower risk for degradation in a high alkaline cementitious matrix and their high 

strain-capacity. (Snoeck & Belie, 2015) Positive results concerning multiple crack formation have 

been achieved with polypropylene fibre and polyvinyl alcohol fibre (PVA). Furthermore, several 

attempts have been made to increase the modulus of elasticity and tensile strength of these synthetic 

fibres. (Snoeck & Belie, 2015)  

Nowadays glass fibres have been made alkali-resistant which encounters the possible chemical attack 

of the alkaline pore fluid. Other advantages of glass fibres are the weight reduction and the increased 

resistance to heat, softening point of glass fibre is 860°C (Corning, 2014), in comparison to the steel 

fibres. The main advantage of the glass fibres in comparison to the synthetic fibres is the increased 

modulus of elasticity after curing. Consequently glass fibres may contribute to the reinforcing effect of 

the cementitious matrix. Synthetic fibres only contribute in elastic modulus in the first curing phases 

which then acts as plastic shrinkage reinforcement. The cost comparison of the fibre types is 

sometimes dubious due to the difference in density. Overall the synthetic fibres are most economic. 

Glass fibres tend towards the more expensive cost category of the steel fibres. (Bekaert, 2009) 

Despite the limited strain-capacity and the more brittle behaviour of glass fibres the question is what 

the limits of these glass fibres are w.r.t. to self-healing and translucency. 
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Table 1: Comparison of the fibre properties of glass fibres, steel fibres and synthetic fibres 

Type of fibre 

material 

Diameter 

[µm] 

Density 

[kg/m³] 

Tensile 

strength 

[MPa] 

Modulus of 

elasticity [GPa] 

Strain at 

failure [%] 

Glass 14-550 2700 1700-1956 72 - 79 2.4 – 3.5 

Steel 5-550 7800 500-1100 210 3-18 

Synthetic 

PP 20-400 900 100-928 1-11 8-25 

PVA 10-650 900 1200 -1600 20-40 5.7 

3.4 Cement-fibre interaction 

3.4.1 Types of fibres and their relation to glass fibres 

3.4.1.1 Steel Fibres 

The most common fibre based cementitious material is steel fibre reinforced concrete. This has 

already been used in several applications and is becoming more and more popular in the concrete 

society. Applications focus on slabs and become increasingly important when structures have to 

withstand large impact loading. Other applications are foundation slabs of multi-storey buildings, clad 

rack buildings, structural floors, fluid tight floors and many more slab types subject to high structural 

and serviceability requirements. (Philipp, 2013) 

Strain-hardening has been observed but only under high volume percentages. According to Wang et al 

strain-hardening was noticeable from 6 v% onwards and became increasingly noticeable with 

increasing volume percentage. Specimens with fibre contents up to 12 v% were tested resulting in a 

strain of 2%, which is an increase of 15-20 times in comparison to the plain cementitious matrix. 

Figure 14 shows the strain-capacity that can be achieved by adding steel fibres (note that the strain-

softening curve has been removed). This implies that steel fibres offer a certain extent of ductility but 

upon the first-fracture the specimen will fail resulting in a typical strain softening curve. (Tjiptobroto 

& Hansen, 1991; Wang et al., 2008) 
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Figure 14: Increasing strain rate with increasing amount of fibres (Wang et al., 2008) 

Despite the typical strain-softening curve for steel fibres, special fibres have been developed which 

allow strain-hardening. The geometry of the fibres has been modified which increases the pull-out 

strength (see Figure 15). Values of pull-out strength up to 2300 N/mm² with Dramix 5D steel fibre 

have been observed. (Bekaert, 2012) The steel fibres have a typical length of 3 to 4 cm and volume 

percentages range from 0.8 to 1.7 v%. (Philipp, 2013)  

 

(a) 
 

(b) 

Figure 15: (a) Altered geometry of the steel fibre and (b) strain-hardening behaviour of the Dramix 5D fibre in 

comparison to the strain softening behaviour of the Dramix 4D and 3D fibre types (Philipp, 2013) 
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3.4.1.2 Poly Vinyl Alcohol Fibres 

Within the category of polymeric fibres being used, polyvinyl alcohol is of great interest due to its 

small diameter, high strength, high modulus of elasticity and relatively low cost. In comparison to 

steel fibres, higher strain-capacity be achieved. Which results in a more ductile behaviour, and the 

strain-hardening behaviour with multiple micro cracks as a result. Furthermore the fibre content can be 

lowered, typically 2 v% is sufficient to achieve strain-hardening. 

In the past PVA fibres tended to rupture instead of pull-out in a cementitious matrix due to the strong 

chemical bonding with cement hydrates and the slip-hardening response during pull-out. In order to 

achieve strain-hardening behaviour, micromechanical models suggest that the bond should be lowered. 

Therefore the interface between matrix and fibre was engineered in such a way that an oil coating was 

applied to the fibre surface to reduce the bonding force. Doing so, PVA fibre-reinforced SHCC with 

tensile strain-capacity exceeding 4% and with multiple-cracking are possible (Li et al., 2002a; Wang 

& Li, 2003)  

Based on the self-healing concept through limitation of the crack-width using fibres some current 

applications already exist. The first implementation of fibres into a cementitious mixture were used to 

control shrinkage cracks in concrete floors, slabs, containers and pavements in order to avoid leakage 

or to reduce the repair time interval. Typically these applications concern constructions with a large 

surface area with movement constraints resulting in a high cracking potential. The use of fibres instead 

of traditional reinforcement contributes in several advantages such as a better corrosion resistance, 

labour savings, more flexible geometries, elimination or a reduction in the number of cut-joints, etc. 

Also concerning concrete repair works, fibre reinforced concrete (FRC) has a large potential due to the 

high compatibility of the FRC and the concrete substrate. Another advantage which might be very cost 

effective is the possible weight reduction and consequently the reduction in thickness of concrete 

elements. Since the fibres cannot rust like steel; there is no need for a protective concrete cover 

thickness to prevent rusting. For example a reduction in the weight can lead to savings in the buildings 

foundation cost, hoisting machinery, transportation costs, etc. (Ali & Khan, 2016; Li, 2002)  

Structural application 

The structural durability of reinforced concrete flexural members can be improved by applying a layer 

of SHCC which surrounds the main flexural reinforcement. This will lead to a finer crack pattern 

establishment when subjected to bending. This improved cracking pattern will reduce the corrosion 

rate of the reinforcement due to the smaller crack width. Both beams were subjected to a four-point 

bending test. At peak loading the measured crack width was 1.52 mm and 0.19 mm respectively. (Li, 

2003) 
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Figure 16: Crack pattern. (a) Reference reinforced concrete beam; (b) reinforced concrete beam with SHCC layer (Li, 

2002) 

Another advantage is the improved energy absorption capacity. This property can be advantageous in 

situations where high impact loads are to be feared for example for design of buildings in earthquake- 

prone regions or when blast-loads need to be taken into consideration. Due to the higher energy 

absorption capacity spalling during overload conditions can be reduced or even nullified. (Kim et al., 

2004)  

In general following advantages are coupled with SHCC: 

 Reduction or elimination of shear reinforcement; 

 Sustaining large imposed deformation; 

 Compatible deformation between SHCC and reinforcement; 

 High damage tolerance and reduction; 

 Tight crack width control. 

3.4.1.3 Alkali-resistant Glass Fibres 

The alkali resistance of glass fibres is mainly enhanced by a high percentage of zirconium (ZrO2 > 15 

v%) content in the glass. (Kamiya et al., 1980; Loewenstein, 1973) Figure 17 shows the relation 

between the amount of zirconium and weight loss for a degradation test done by the company Fibre 

Technologies International. The weight loss was observed for glass fibres with varying zirconium 

content. The fibres were placed in a cement solution with a pH value of 12.9 during 200 hours. The 

graph shows a deflection in the curve at a zirconium content of ± 13.5 wt%. Implying that weight loss, 

and thus degradation of the fibres can be reduced considerably starting from this value. The company 

states that they offer AR-glass fibres with a minimum zirconia content of 19%. (Fibretech, 2012)  
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Figure 17: Alkali resistance of glass fibres in function of the ZrO2 content (Fibretech, 2012) 

 

However there has been a concern that the tensile strength and the impact strength of glass-fibre-

reinforced cement products decrease with age due to possible corrosive reactions between the fibre 

surface and the matrix, even though the fibres are alkali resistant. (Majumdar & Nurse, 1974) There 

are indications that different surface corrosion mechanisms exist which are associated with surface 

sizing and in turn strongly affect both fibre surface and bulk mechanical properties. (Gao et al., 2007) 

The multifunctional sizing’s on the glass fibre surface play an important role in the manufacture and 

performance of the fibres such as surface protection, abrasion resistance, strength maintenance and 

interphase formation of their composites. (Gao et al., 2003) 

A sizing is a mixture of various chemicals diluted in water which is used to coat the fibres. In many 

instances the sizing differentiates the fibres offered by one producer from another. All producers 

develop their own sizing know-how and apply it to the fibre to best suit the needs of the targeted 

application. (McMican, 2012) 

The thin sizing mixture, which is typically a few tens of nanometers in average thickness, basically 

consists of components of an organo-silane coupling agent, a polymer film former, and a lubricant, 

leading to variable properties and great difficulty in both process control and in situ characterization. 

Surface sizing technology has made significant progress recently related to fibre wetting, adhesion, 

and aging. To improve the long-term performance of glass-fibre-reinforced cement products, it is thus 

a crucial point to examine how the sizings modify the AR- glass fibre surface properties and protect 

the fibre from environmental influences such as alkali, moisture, and temperature. Furthermore, how 

the sizings interact with the surrounding matrix affects for the performance of the composites. (Mason, 

2006)  
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Production process 

In order to produce the AR- glass fibres the standard production processes can be used i.e. the 

continuous filament process or the staple-fibre process. However, due to the improved focus on the 

sizing application, the manufacturing process of the continuous filament process tends to be more 

favourable for the application of the sizing. Afterwards the fibres are chopped to length. A general 

overview of the glass fibre manufacturing process is given in Figure 18. (Sheppard) 

 

Figure 18: Schematic overview of the glass fibre manufacturing process (Periyasamy, 2012) 

As glass fibres come down from the hot bushings (Figure 19), they are cooled with air and water 

sprays. Immediately thereafter, the fibres are coated using a cylindrical graphite kiss roller that is 

covered with sizing. The graphite roller sits on the tray that holds the sizing. As the roller rotates, it 

gets uniformly covered with a thin coat of sizing. Control of the sizing solids content, roller speed, and 

sizing viscosity, is necessary in order for the roller to deliver the right amount of sizing. From that 

point on, the coated fibres are either wound wet or chopped while wet and then dried via hot air ovens 

or radio frequency electromagnetic radiation. The process is relatively fast and continuous. (McMican, 

2012) 

 

Figure 19: Application of sizing (Mason, 2006; McMican, 2012) 
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3.4.2 Degradation phenomena 

Despite the different advantages of glass fibres within the scope of SHCC, long-term durability is a 

crucial point of interest. Degradation of siliceous fibres is a well-known problem and the possible 

causes of degradation have been researched extensively over time. Due to degradation, the fibres can 

lose their properties over time and thus the mechanical properties of the composites will also degrade. 

Aside from the problematic outcome and durability problems, the exact cause and procedure of 

degradation of glass fibres is not known. (Nouredine, A, 2011) 

Nevertheless, chemical and physical factors are described which contribute to the loss of resistance 

and ductility of the composite. Disregarding the cementitious matrix and assuming the core material of 

the glass fibres, the siliceous network is discussed. This implies that glass corrosion at the chemical 

level is the first aspect which is considered with respect to degradation. 

The chemical components will start dissolving in humid environments due to breakage of the terminal 

ends of the glass network. This end is associated with the Na
+
 ion of the glass network, and triggers 

further dissolution. Initial dissolution also known as ‘leaching’ occurs according to following reaction. 

 

The oxygen-sodium bond near the interface is broken by the removal of Na
+
 ion and the remaining 

oxygen captures the hydrogen ion H
+
. This causes additional stress on the glass surface because the H

+
 

ion is larger than the Na
+
 ion, consequently causing fractures in the network. These fractures are even 

more likely to occur when tensile forces are present in the specimen. Crack propagation can eventually 

lead to complete failure of the specimen. A free hydroxyl ion is formed which enables a second 

reaction. 

 

The SiO- ion can dissociate another water molecule and eventually SiOH is formed which is expressed 

in following reaction. 

 

SiOH forms a gel on the surface of the glass specimen and slows down further dissolution. As can be 

seen from the mentioned reactions the excess of hydroxyl ions will increase the pH value of the 

solution. In water glass will dissolve according to following reaction. (Charles, 1958) 
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Note that yet again the hydroxyl ions attack the fibre surface which results in flaws at the surface 

network. This implies degradation in strength which can result in premature fracture and failure. 

(Gonenc, 2003) These two types of reactions leading to the formation of SiOH can initiate failure. 

However, due to the specific geometry of siliceous elements which includes many terminal ends, the 

first type of reactions is more likely. (Nourredine, 2011) 

The second aspect of glass fibre degradation takes into account the physical factor due to calcium 

hydroxide, Ca(OH)2 deposition and growth. Note that for this degradation phenomenon the interaction 

between the glass fibre and cementitious matrix is included. An ordinary Portland cement (OCP) will 

react with water forming calcium silicate hydrate (CSH) and calcium hydroxide Ca(OH)2. The 

hydration process is given in following reaction. 

𝑂𝑃𝐶 +  𝐻2𝑂 → 𝐶𝑆𝐻 + 𝐶𝑎(𝑂𝐻)2 

The latter is extremely reactive and will damage the structure of the fibre due to filling of the spaces 

between and around the glass fibre filaments. This implies that an additional layer is formed around 

the fibres which tightens the bond between the fibres and cement matrix. This reduces the flexibility of 

the fibres and cause excessive bonding. During loading high stress concentration may occur at the 

surface of the fibres resulting in a more brittle behaviour of the composite. (Purnell et al., 2003; 

Purnell et al., 2001; Purnell et al., 2000) 

Based on the chemical and physical factors, the glass fibre is damaged. The combined effect, however, 

is not clear. Chemical attack will result in a gel like material at the surface of the material, leaving a 

concentric shell of cement-fibre reaction product which still gives a useful measure of reinforcement. 

Taking into consideration the physical degradation process i.e. arising from local impingement of 

CaOH2 crystals, will result in a gel and semi-crystalline material. Both changes to the fibre are also 

referred to as a hollow cylinder reinforcement system. (Larner et al., 1976; Yilmaz, 1992; Ylmaz et al., 

1991) 

3.4.3 Protection 

In order to overcome these degradation phenomena several attempts have been made to increase the 

resistance of the glass fibres. Several protection techniques have already been investigated. These 

protection techniques of the glass fibres are dual and can be subdivided into two categories i.e. explicit 

protection of the glass fibre itself and implicit protection measures concerning the cementitious matrix. 
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3.4.3.1 Explicit protection measures 

The main protection measure is the increase in zirconium ZrO2 content of the glass fibre mixture. The 

chemical durability of the fibres toward alkaline solution increases with ZrO2 content. (Kamiya et al., 

1980; Loewenstein, 1973) Glass fibres are considered as alkali-resistant starting from 15 -16 wt% 

ZrO2. The zirconium content varies depending on the manufacturer but in general ranges between 17 

and 20 wt%.  

3.4.3.2 Implicit protection measures 

Other implicit measures to improve the resistance to alkaline deterioration are listed below. 

 Low alkalinity cement (lowering the pH value) (Cuypers et al., 2006; Kruger et al., 2003; 

Marikunte et al., 1997; Péra & Ambroise, 2004; Purnell et al., 2000); 

 Densifying the interface between fibres and matrix. This prevents the ingress of calcium 

hydroxide, CaOH2 into the fibres. Densification is done by means of polymers (PVA, AC or 

VAC). (Li et al., 2002b); 

 Limiting the alkali silica reactions by reducing the amount of calcium hydroxide, Ca(OH)2 

into the matrix under pozzolanic effect. For example, fly-ash, silica fumes or granulated blast 

furnace slag could be added to the mixture of the composite substituting a part of the cement. 

(Gudmundsson & Olafsson, 1999; Payá et al., 2007; Shehata & Thomas, 2000); 

 The nature of the cement has a large influence on the protection of the fibres: the Portland 

CEM II is less damaging than the CEM I. The substitutions of a part of cement by silica fume 

gave no substantial improvements to the mechanical strength of the glass fibre reinforced 

cement (GFRC). However, the observed microstructures in the samples show that the 

degradation is weakened with the addition of silica fumes. (Nourredine, 2011).  
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4. Possible applications 

In the following an overview is given of the different possible applications of the self-healing glass-

fibre-reinforced cementitious material. 

Glass fibres are the core material which can possibly combine the effect of translucent and self-healing 

applications. Therefore, the main applications and advantages of fibre reinforced cementitious 

materials are examined.  

At first, fibres were introduced to control shrinkage cracks, thus limiting the crack width. This feature 

became advantageous in case of extensive surface areas with movement restricted boundary conditions 

which have a high cracking potential e.g. slabs, pavements, containers, linings… The controlled 

cracking in case of concrete containers becomes important in order to reduce the risk of contamination 

of the soil. Another advantage is the reduced risk of spalling. Fibre reinforced concrete columns 

without stir ups have shown reduced spalling of the concrete upon loading. (Li, 2002) 

The mechanical compression strength of fibre reinforced concrete increases compared to the plain 

concrete matrix. The increase in compressive strength depends on the type of fibre used and the 

volume percentage. (Chandramouli et al., 2010; Kene et al., 2012) 

Despite the advantages of fibre reinforced cementitious materials there are some complications 

concerning the mixing and casting operation. When the fibres are directly added during mixing, a high 

amount of fibres might block the machinery (pipes, ducts, etc.) used during pouring and spraying 

operations. An option could be to mix in fibres afterwards, but this would be tedious and will lead to 

extensive labour costs, especially when volume of mixture increases e.g. slabs and when the 

dimensions of the fibres decrease. By limiting the amount of fibres, this can be overcome. (Dufour et 

al., 2006; Kim et al., 2004; Li, 2003; Li & Kanda, 1998)  

 

4.1 Cost 

Another aspect that needs to be taken into consideration is the cost-benefit ratio. While the initial raw 

material cost of SHCC is higher than normal concrete, the long term benefits are sufficient to 

potentially drive this technology into the commercialization stage. Nonetheless, materials optimization 

for cost reduction of SHCC remains important. (Li, 2003)  

The cost calculation of a typical SHCC mixture with SAP’s and glass fibres is given below. 

 Dosage of AR-glass fibre: 2% of volume = 26 kg/m³; 

 Cost of AR-glass fibres: 0.7 - 1.5 €/kg; 

 Dosage of SAP’s sodium polyacrylate BASF: 1% of cement; 

 Cost of SAP’s sodium polyacrylate BASF: 3 €/kg; 
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 Additional cost of the higher required amount of cement: 

571 instead of 300 kg/m³ at an  average cost of 100 €/ton = €27.1; 

 Total: 26 kg/m³ · 1.5 €/kg + 571 kg/m³ · 3 €/kg · 1% + €27.1 = 83.23 €/m³ 

The cost of the PVA-fibres is somewhat cheaper but lies within the same range at 1 €/kg.  

Without including the production costs of the materials, the application of the strain-hardening 

cementitious material proves to be acceptable considering the cost. The increase in costs in the 

application with microfibres and superabsorbent polymers is due to the higher amount of cement, the 

use of the glass fibres and the superabsorbent polymer. But, these costs do not outweigh the savings 

made by excluding maintenance and repair costs.  

The biggest advantage of self-healing applications in civil infrastructure is the possible increase in 

service life and reduced maintenance cost. Due to the extended service life some secondary cost can 

be reduced due to the reduction of the amount of waste, the savings of scarce raw materials and the 

savings of energy by reducing building activities for new-built. (van Breugel, 2007; Wu et al., 2012) A 

comparison between the maintenance cost for a structure using traditional reinforced concrete and 

using self-healing cement based material is given in Figure 20. Curve A describes how after some time 

detoriation occurs until a first repair is urgently needed, together with the repair measures the total cost 

will increase. The proces of deterioration, repair and cost-increase will continue over the service-life 

of the structure. Curve B shows a postponement of the first repair works due to a higher initial 

investment, assuming a higher quality of the infrastructure. The optimal balance between increasing 

initial costs and the costs for maintenance and repair is difficult to forecast and is unique for each 

project (Quality of life, assesment tools…).Theoretically speaking self-healing structures could remain 

maintenance- and repair-free including no extra costs during it’s lifespan. When small cracks occur or 

the start of any physical or chemical degradation process occurs, the material will gradually repair 

itself regaining the original level of performance or a level close to that. The initial costs will be higher 

but due to the absence of maintenance and repair costs over time this could eventually result into a 

financialy more appealing sitiuation. 
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Figure 20: Comparison of the performance and cost between traditional reinforced concrete and self-healing cement 

based material during the service-life (van Breugel, 2007) 

Note that this is a theoretic representation of the possibility of self-healing of civil structures. An 

immediate and complete shift towards this performance is not realistic. Nevertheless, by implementing 

incremental improvements of the self-healing capacity of the material and the increased focus on 

design, build and, most importantly, maintenance contracts the sector will in the long run benefit from 

this approach. 

To make this approach more clear a case study has been conducted by Li et al. (2010) comparing the 

life-cycle cost and service life of a reinforced concrete bridge deck based on a software simulation 

package i.e. Life-365. The results showed an increase in service-life up to 50 years taking into account 

the propagation of the cracks, whilst decreased life cycle costs are observed. The reinforced concrete 

outnumbered the total life cycle cost due to the higher repair costs despite the higher construction cost 

of the RSHCC (Reinforced Self-Healing Cementitious Composites).  

  

Figure 21: Comparison of the service-life and the life cycle cost (Li et al., 2010)  

The higher initial cost is mainly due to the use of fibres and higher cement content. Therefore 

optimisation/reduction of the composite’s fibre content is important. In comparison to steel fibres used 

in many FRC’s, polymer fibre such as PVA may be more expensive on a unit weight basis. However, 

the density of the polymer fibres is six to seven times lower than that of steel and it is the volume 

content of fibres and not the weight content which governs the performance of the cementitious 
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composite. (Li, 2003) Furthermore cement can be partly replaced with industrial by-products such as 

fly ash in order to reduce the cost. This will lead to a change in interface and matrix properties and 

should be examined carefully.  

Another aspect that is becoming increasingly important with the different emergent self-healing 

strategies is the robustness of each strategy. This implies that based on six different robustness criteria 

the advantages and limits of the healing aspect which offer the biggest potential for sustainable 

infrastructure are verified. These criteria are: 

o Long shelf life: The time span for healing to has to be the same as the time span of the 

structure, and has to be able to occur at any given moment in time; 

o Pervasive: Crack formation, orientation and location is difficult to forecast thus 

healing has to be possible in each part of the structure;  

o Quality: Full recovery of the transport and mechanical properties; 

o Reliable: Consistency in tests for testing of transport and mechanical properties; 

o Versatile: Self-healing needs to be possible when subjected to a range of different 

environmental conditions (dry, wet, wet-dry, chlorides…); 

o Repeatable: The self-healing mechanism has to be able to occur more than once, even 

at the same location. 

The intrinsic healing capacity with self-controlled tight crack width approach shows promise of 

meeting all six criteria.  

The last criterion - the ability of repeatable self-healing - has already been investigated by Snoeck & 

De Belie. In ideal circumstances the curves of van Breugel (2007) indicated in Figure 20 assume that 

self-healing can be repeated several times without loss of performance. The main idea behind this 

research paper is graphically presented in Figure 22. 

 

Figure 22: Questioning the possible repeated healing in function of the performance (Snoeck & De Belie, 2015) 

A fibre-reinforced, strain-hardening cementitious matrix with and without SAP’s was analysed. 

Specimens were subjected to two cycles of loading under a four-point-bending test and the mechanical 

properties before and after were compared. The results showed that the SAP particles promote self-

healing and that repeated healing was most prominent when the specimen were stored at wet-dry cycle 
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conditions. Compared to specimen without SAP’s, the regain in first-cracking strength increased at 

first healing stage from 46 to 75% and at second healing stage from 28 to 66% (in wet-dry cycles). 

Despite the higher initial cost, which is substantially higher (two to three times) compared to 

traditional reinforced concrete, this initial cost could be offset by the lower life-cycle maintenance 

cost. Implying that the self-healing approach could be favourable in the long run. Additionally, the 

tight crack width and tensile ductility of SHCC offers other advantages such as the increased the 

durability and the resilience (earthquakes, spalling concrete…).  

However, the limitation of the crack width is still the most important and also the most difficult aspect 

in achieving self-healing. Controlling the crack width in concrete structures remains difficult, but with 

(micro)-fibres, the first steps are being made.  

4.2 Possibilities 

Within the scope of SHCC-mixtures (containing SAP’s) glass fibres offer the benefit of adding 

additional features and characteristics to the composite based on the translucent properties.  

SHCC is often a dense mixture implying that it is difficult to spot flaws and imperfections in the cured 

matrix afterwards. At locations where the cementitious matrix lacks sufficient densification clusters of 

glass fibres might occur. These flaws could be revealed using a light source which light up the fibre 

and indicates the clusters. 

With the economic growth and technical developments in civil engineering, more and more large-scale 

structures such as tall buildings, underground buildings and landmark buildings and so on are built 

around the world. Those buildings are isolated environments based on artificial light. At the same 

time, most of the big buildings are built close to each other like sky scrapers. When many buildings 

are stacked close to each other, they will block natural light. Embedding glass fibres into concrete 

load-bearing concrete elements could overcome this problem, enriching the different types of 

constructions with more natural light.  

Another concept which might offer advantages in durability and sustainability is the cooperation of 

glass fibre within the concrete slab of roads and highways. Glass fibres could possibly combine three 

different elements of road management being road signalisation, street lighting and road marking. The 

glass fibre roads could be coupled with a programmable light source which enables enlightenment of 

different patterns and geometries of groups of glass fibres (like the principle of a LED-panel). This 

would eliminate the installation cost of large structures along the considerable length of the highway- 

and road-network such as structures for signalisation purposes and lampposts. Maintenance cost of 

road marking could also be dramatically reduced. Furthermore, dynamic adjustment of the system 

could be done with real-time signalisation of traffic.   
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5. Research objectives 

The emergent topic of self-healing cementitious material has led to new insights and findings to enable 

favourable conditions for this phenomenon to occur. Limitation of crack width forms the fundament 

towards a more durable cementitious material with intrinsic healing properties. The integration of 

specifically engineered fibres within the cementitious matrix makes it possible to bridge micro-cracks 

and increase the strain-capacity upon bending. This results in the strain-hardening behaviour with the 

accompanying multiple micro-cracks.  

Various fibre types have already been tested with each type having its unique advantages and 

disadvantages. However, limited knowledge is available w.r.t. strain-hardening behaviour using glass 

fibres. In the past these fibres were notorious because of the degradation phenomena towards the 

alkaline environment of the cementitious matrix. Nowadays glass fibres have been made alkali-

resistant using an increased amount of zirconium oxide and are omnipresent on the fibre-market.  

Another emergent topic is creating translucency in the often grey, dark and dull material which is 

concrete/cement. Several applications and innovations have already been elaborated but remain scarce. 

Creating translucency with cementitious material, together with the increased interest for cementitious 

material as an aesthetical asset, becomes more and more - and will continue to grow as - a point of 

interest within the concrete society.  

Thus, the material that seems destined to combine both features is glass fibre. The tensile strength, 

modulus of elasticity and strain-capacity are promising in order to establish a strain-hardening 

behaviour. Apart from the mechanical properties instituted by the glass fibres, they also offer the 

physical property of transmitting light through its core. Consequently, this research will focus on the 

ability and limits of combining both concepts. 

Main objective:  

Combining the micro-mechanical possibilities of SHCC, resulting in autogenous and improved self-

healing by the limitation of crack widths due to the addition of glass fibres and SAP’s, and the 

aesthetic translucent properties using glass fibres.  

OBJECTIVES of research: 

1. Verification of the combination of autogenous self-healing and translucency properties 

through glass fibres; 

2. Verification of improved autogenous self-healing by adding SAP’s; 

3. Assessment of possible degradation of AR-glass fibres; 

4. Verification of improved autogenous self-healing using SAP coated fibre.  
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Chapter 3: Materials and methods 

In the following chapter the materials and methods will be discussed which were used during the 

research project. In general the different methods can be summarised according to the following 

procedure (Figure 23). In each step several methodologies are applied. Furthermore some additional 

points of interest were analysed such as the degradation phenomena of the glass fibres, the possibility 

of improved autogenous healing due to the addition of SAP particles, the possible healing features of a 

para-aramide thread coated with hydrogel. Lastsly, a proof of concept was elaborated to demonstrate 

the translucent concrete effect. 

 

  

 

Figure 23: General overview of the procedure of the conducted tests and the different points of interests 
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1 Materials 

1.1 Fibres 

To assess the strain-hardening capacity of glass fibres within a cementitious matrix two types of glass 

fibres were analysed: micro fibres and macro fibres (Figure 24b and Figure 24c). The strain-hardening 

capacity of the specimen containing glass fibres were compared to a reference mortar mixture based 

on synthetic fibres i.e. Poly Vinyl Alcohol (PVA) fibres (Figure 24a). An overview of the physical and 

mechanical properties is given in Table 2. The glass fibres are alkali resistant using a high zirconia 

content (min 19%) in compliance with ASTM C1666/ C 1666/M-07 and EN 15422 and under the 

recommendations of the Precast/Prestressed Concrete Institute and the Glass Fibre Reinforced 

Concrete Association. 

 

(a) 

 

(b) 

 

(c) 

Figure 24: (a) PVA-fibre (b) micro glass fibre (c) macro glass fibre 

Table 2: Mechanical and physical properties of different fibre types 

Fibre 

type 

Density 

[g/cm³] 

Cutting length 

[mm] 

Diameter 

filament 

[µm] 

Tensile 

strength [MPa] 

Modulus of 

elasticity 

[GPa] 

PVA 1.30 8 39 1200 20 

Micro 2.68 9-12 14 1700 72 

Macro 2.68 36 540 

 

1700 72 
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1.2 Cementitious material 

The reference mortar mixtures contains CEM I 52.5 N (Holcim, Belgium), Class F fly ash (OBBC, 

Belgium), silica sand M34 (D50 170 μm; Sibelco, Belgium), water, polycarboxylate superplasticizer 

(Glenium 51, concentration 35%; BASF, Germany) and PVA fibres (2 v%; 1.5 10
-6

 kg/m (15 dtex); 8 

mm cutting length; 1.2 GPa (12 cN/dtex) tenacity; Kuraray, Japan). The mixture composition is based 

on the one found by Snoeck and De Belie (2015) is given in Table 3. 

Table 3: Reference mixture composition 

Sample 

code 

Cement Fly ash Sand Water Superplasticizer Fibres 

(kg/m³) (kg/m³) (kg/m³) (kg/m³) (kg/m³) (kg/m³) 

2PVA 608 608 426 365 5.5 26 

 

Different volume percentages of micro AR glass fibres (2.68 g/cm³; 12 mm cutting length; filament 

diameter 14 µm; 1700 MPa tensile strength; Beton FiberTech, Belgium) and macro AR glass fibres 

(2.68 g/cm
3
; 36 mm cutting length; filament diameter 19 µm; 1700 MPa tensile strength; Beton 

FiberTech, Belgium) were assessed. The macro fibre consists of a bundle of multiple filaments with an 

equivalent diameter of approximately 540 µm (Table 2). A microscopic image of the two types of 

glass fibres are given in Figure 25. 

 

(a) (b) 

Figure 25: Microscopic image of (a) a macro glass fibre and (b) a micro glass fibre (magnification x80) 

The composition of the reference cementitious matrix remained the same for all tested specimen 

series. However, the volume percentage of fibres and the type of fibres varied. An overview of the 

different types of mixtures that were assessed in function of the fibre content and –type is given in 
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Table 4. Note that for the combination of macro and PVA fibre the total fibre content is indicated and 

that the fibre content of the PVA-fibre was kept constant at 2 v%. 

For each specimen type a minimum batch size of six samples (160 × 40 × 10 mm
3
 samples) was 

mixed.  

Table 4: Overview of the type of fibre and the corresponding assessed fibre content 

 1 v% 2 v% 3 v% 4 v% 5 v% 

PVA  X    

Macro X X X X  

Micro X X X X  

Macro-PVA (2 v%)    X X 
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1.3 Super Absorbent Polymers 

In addition to the strain-hardening capacity of the fibre reinforced specimen, improved autogenous 

healing was analysed using Super Absorbent Polymers (SAP). A varying amount of SAP expressed as 

mass percentage (m%) of cement weight was added to a reference mixture containing 2 v% PVA 

fibres and 2 v% macro fibres. Two types of SAP from BASF were used; SAP A being a copolymer of 

acrylamide and sodium acrylate (particle size 100.0 ± 21.5 μm), and SAP B, a cross-linked potassium 

salt polyacrylate (476.6 ± 52.9 μm) (Figure 26). Both SAP’s were produced through bulk 

polymerization and consisted of irregularly shaped particles. Figure 27 gives an overview of the 

swelling behaviour of SAP type B. The mixture composition was altered due to the additional water 

uptake of each type of SAP and can be found in Table 5 (Snoeck et al., 2014a).  

 

 

Figure 26: Type A and B SAP-particles (figure 400 µm wide, 600x magnification) (Snoeck, 2015) 
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Figure 27: Expansion of SAP type A particles before and after the addition of water 

Table 5: SAP mixture composition 

Sample 

code 

m% 

SAP 

(%) 

SAP 

type 

Cement 

(kg/m³) 

Fly ash 

(kg/m³) 

Sand 

(kg/m³) 

Water 

(kg/m³) 

Super 

plasticizer 

(kg/m³) 

SAP 

(kg/m³) 

0.5A 0.5 A 554 554 338 417 5.5 2.77 

0.5B 0.5 B 590 590 413 380 5.5 2.95 

1B 1 B 572 572 400 394 5.5 5.72 

 

1.4 SAP-coated Fibre 

In order to assess the possibility of strain-hardening using fibres coated with SAP’s the new 

technology of SAP coating was tested. The fibres consist of synthetic aramid (para-aramide) 

continuous fibre. The SAP-coating is based on SVS-NaAMPS which is cross linked with MBA 

(methylenebisacrylamide). The absorption capacity is 160 g of demineralised water per gram of SAP. 

The hydrogel is coated onto the fibre and cross-linked via UV-curing (BlockDrop technology, 

Chemstream, Belgium). A demonstration of the swelling capacity of the SAP-coated fibre is given in 

Figure 28. A microscopic image of the SAP-coated fibre in dry conditions is given in Figure 29. 

(Chemstream, 2015) 
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Figure 28: Absorption capacity of the SAP-coated fibre 

  

Figure 29: Microscopic image of the SAP-thread (1x and 2.5x magnification) 
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2 Methodology 

2.1 Sample coding 

In order to efficiently indicate the different assessed mixtures with varying fibre and SAP content a 

sample-code was introduced. For example the sample-code 1B-3M-2PVA indicates a mixture 

containing 1 m% of SAP type B, 3 v% of macro (M) fibres and 2 v% PVA fibres. Micro fibres are 

abbreviated with a lower case (m).  

2.2 Mixing operation 

The mixing procedure of the mortar was based on the Standard NBN EN 196-1 (2005) and was 

performed as follows. First, the cement, fly ash, and possibly SAP’s (depending on the mixture 

composition) were equally distributed with a mortar mixer. Then, water and superplasticizer were 

added and mixed for 30 s at 140 revolutions per minute (rpm). The fine silica sand was added during 

the next 30 s at 140 rpm. To ensure a homogeneous dispersion of all components, the speed was 

increased for the following 30 s to 285 rpm. The edges of the bowl were scraped during 30 s and the 

mixture was then resting for a period of 60 s. Subsequently, at a speed of 140 rpm, microfibers 

(depending on the mixture composition) were slowly added during 30 s. The final step was mixing for 

60 s at 285 rpm. (Snoeck & De Belie, 2015) 

Consequently the moulds were filled and the samples were compacted by jolting 60 times. The 

samples were demoulded after 24 hours and were stored at a relative humidity of 95 ± 5% and a 

temperature of 20 ± 2°C until the age of 28 days. Different mould types were used and tested to enable 

translucency and to achieve a more coherent mixing and moulding procedure. At first, mould type A 

was used to assess the strain-hardening behaviour. This type of mould allowed to cast the samples 

directly to the needed dimensions (160 × 40 × 10 mm
3
 samples). Later on, mould type B was used to 

assess the possibility of translucent specimen. Samples of 160 × 40 × 40 mm
3
 and 160 × 90 × 40 mm

3
 

were cast and were sawed to the required dimension (160 × 40 × 10 mm
3
 samples) after seven days, 

allowing sufficient bonding capacity between the cementitious matrix and the fibres to establish. 

Sawing the samples to the correct dimensions enabled to expose the glass fibres. The samples were 

dry-cut to ensure that there was less influence on the building blocks present in the cementitious 

matrix for (improved) autogenous healing. 



 

44 

 

  

Figure 30: (a) Mould type A and (b) mould type B 
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Figure 31: (a) Indication of the saw cuts in the case of a 160 × 90 × 40 mm3 sample and (b) picture of the final 

specimen 

2.3 Translucency verification 

After demoulding the specimen were checked for translucent behaviour. The test set-up presented in 

Figure 32 was used. The test set-up consisted of a frame out of plywood (1) to position the specimen 

(160 × 40 × 10 mm
3
 samples). Underneath the frame two lamps (40 Watt) (2) were positioned. The 

specimen itself was placed into a rubber foam mould (3) which enabled a tight fit. This ensured that 

light transmission was only possible through the exposed glass fibres. A black box (4) out of card 

board was placed on top to elevate the contrast of light through the glass fibres and to eliminate the 

light pollution of other surrounding light sources. Observation of translucency of the specimen was 

done through a small opening in the black box (See Figure 32b). The light was calibrated to receive 

the same light intensity and colour. A picture of the actual test set-up is given in Figure 33. 

 

 

(a) 

 

(b) 

Figure 32: Schematic overview of the test set-up to verify translucency of the specimen 
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Figure 33: The actual test set-up 

A commonly used lux meter was not able to record the light intensity in detail. Therefore 

quantification of the light transmittance was done based on the colour distribution of the translucent 

specimen. The histograms of the colour distribution were obtained through the software ImageJ®  and 

transformed into a white pixel ratio. These ratios were compared for all tested series before and after 

autogenous healing.
 

2.4 Four-point bending test 

Fibre-reinforced composites exhibit multiple-cracking behaviour, and this was examined using a four-

point-bending test. Cracks were created in the specimens at the age of 28 days. The cracking occurred 

under standard laboratory conditions at a relative humidity of 60%. A servohydraulic testing system 

(Walter+Bai DB 250/15) ensured a displacement-controlled test (0.0015 mm/s to imitate a quasi-static 

load). The lower span was 140 mm and the upper loading span was 50 mm (see Figure 34). The 

displacement was increased until the maximum multiple-cracking capacity was reached. The vertical 

displacement u was altered with this loading speed and the force-displacement curves were recorded. 

The unloading speed was 5 N/s. Force-displacement curves obtained through the software Proteus® 

10.1 were transformed into stress-strain curves by relating the vertical displacement to the strain in the 

curved lower surface of the prisms during bending by means of trigonometry. (Snoeck & De Belie, 

2015) 



 

47 

 

 

Figure 34: Schematic and as-tested overview of the specimen four-point-bending (Snoeck, 2015) 

2.5 Crack width measurements 

After the four-point-bending-test and healing, the crack widths of each specimen were measured. 

Microscopic analysis was used to measure the cracks. The stereomicroscope used was a Leica S8 APO 

mounted with a DFC 295 camera. 

In order to maintain a consistent measuring operation a longitudinal centreline was drawn on the 

sample (Figure 35). Consequently, following the line going from left to right, each observed crack was 

photographed. For consistency reasons photographs were made just below the centre line. Afterwards 

an estimate of the average crack width of each individual crack could be made through the software 

LAS X®. The crack width was monitored in time and the place of measurement was always the same. 

 

Figure 35: Example of fractured specimen and indication of the centre line 

 

2.6 Wet-dry cycli 

After cracking, the samples were stored in containers at 20±2°C at different humidity levels by 

applying wet-dry cycles during a period of 28 days. An automatic wet/dry cycle (Figure 36) was used 

to mimic environmental conditions. The cycles consisted of alternating 12 h in demineralised water 

(100%RH) and 12 h in standard laboratory conditions (60 ± 5% RH) and a temperature of 20 ± 1°C. A 

pre-set timer ensured the activation of a pump. Consequently water was steadily pumped from one 

basin to the next. The cracked faces were put upwards draining the water out of the crack. If the 

specimens would be put on their sides, an irregular healing pattern would be achieved. If the specimen 

would be put with the crack face downwards, capillary action would retain the water in the crack and 
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the healing products would preferentially form at the crack surface. This could lead to a 

misinterpretation of the occurring amount of healing. As the crack surface is microscopically studied, 

the actual healing should be studied with the crack surface facing upwards. (Snoeck, 2015) 

 

Figure 36: Schematic overview the wet-dry cycle set up (Snoeck, 2015) 

  



 

49 

 

2.7 Healing verification 

When the specimens have been subjected to the wet-dry cycles for 28 days they were checked for 

healing. This was verified using two different approaches. In the first approach the crack widths 

decrease and/or enclosure due to the healing precipitation was measured. Therefore the same 

methodology as in section 2.5 was used. In the second approach the healed specimen were again 

subjected to the four point bending test to verify the regain in mechanical strength. In this case the 

same methodology as in section 2.4 was used. Based on the stress-strain relationship between the first 

and second loading cycle the mechanical properties were compared. These properties are the first-

cracking strength, the modulus of elasticity, the amount of multiple-cracking, the regain in first-

cracking strength and the residual amount of multiple-cracking. The first-cracking strength was 

defined just before the first drop in stress due to an unstable extension in the matrix fibre tunnel. The 

regain in first-cracking strength after reloading was calculated according to equation (1). 

 𝑅𝐹𝐶𝑆 =
𝜎 𝑟𝑒𝑙𝑜𝑎𝑑

𝜎 𝑝𝑟𝑒𝑙𝑜𝑎𝑑
 (1) 

The modulus of elasticity is defined as the slope of the stress-strain curve before actual first cracking. 

The amount of multiple-cracking was defined as the strain at the bottom of the specimen starting from 

the strain related to the first-cracking strength until the point of reloading or strain softening (where 

there is no longer strain-hardening, but a decrease in strength in time due to failure of the fibre 

bridging action). (Snoeck & De Belie, 2015) 

 

 

Figure 37: Stress-strain relation of a reference specimen subjected to a four-point-bending test with the indication of  

the investigated mechanical parameters. (Snoeck, 2015) 

In addition, the influence of the healing precipitation on the translucency of the specimen was also 

checked using the same methodology as in section 2.3 from chapter 3. 
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2.8 Degradation of fibres 

The possible physical deterioration of the surface of the glass fibres due to degradation was assessed 

by means of microscopic analysis. The stereomicroscope used was a Leica S8 APO mounted with a 

DFC 295 camera. Micro and macro glass fibres were placed in a cement filtrate solution. The fibres 

were analysed at different time intervals i.e. after 56, 112 and 168 days and compared to the reference 

samples. 

The cement filtrate solution was produced as follows. A cement slurry with a water cement ratio of 10 

was mixed during 24 hours using a velocity mixer at a constant velocity of 240 rpm. The slurry 

consisted of an ordinary portland cement (CEM I 52.5 N, Holcim, Belgium) and demineralised water. 

After mixing the slurry was filtered with filter paper with a particle retention of 12 -15 µm. The micro- 

and macro glass fibres were placed into the filtrate solution.  

2.9 SAP-thread 

In order to assess the possibility of strain-hardening of cementitious matrix combined with SAP-fibre 

reinforcement different specimen were subjected to a four-point bending test. Samples with 

dimensions 160 × 40 × 10 mm
3 

were made. Three different types of specimen were cast containing 

respectively two, three and four cables in the longitudinal direction of the specimen (Figure 38). In 

order to align the cables at mid-height of the cross section (± 5mm) pouring of the cement mixture 

proceeded in two phases. Firstly the cement mixture was poured to the mid-height of the cross section. 

Consequently the SAP-threads were manually placed onto the correct position. Lastly, the mould was 

filled with the remainder of the mixture. The locations of the SAP-threads and the mid-height of the 

specimen’s cross-section were indicated beforehand. 

 

(a) 

 

(b) 

Figure 38: (a) 3D-representation of the specimen with three extruding SAP-threads (b) picture of the final specimen  
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2.10 Proof of concept 

In order to illustrate the concept of self-healing translucent cementitious material hollow cylinders 

were constructed using 3, 4 and 5 v% macro fibres. By inserting a light bulb in the centre of the 

hollow cylinder the exposed glass fibres would light up. Figure 39 gives a schematically overview of 

the proof of concept and a specimen at daylight condition.  

 

(a) 

 

(b) 

Figure 39: (a) 3D impression of the hollow cylinder and (b) picture of the final specimen 

The hollow cylinder was drilled from a cubical mould (100 × 100 × 100 mm
3
 samples) using 

respectively a 60 and 80 mm outer diameter bore head. This resulted in a cylinder with a shell 

thickness of approximately 10 mm (due to imperfection of the boring apparatus), a height of 100 mm 

and an inner diameter of approximately 60 mm. The dimensions of the specimen are given in Figure 

40.  

 

 

(a) 

 

(b) 

Figure 40: Dimensions of the bored cylinder (a) top-view (b) side-view 
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Chapter 4: Results and discussion 

1. Strain-hardening 

One of the main criteria to enable autogenous self-healing is the limitation in crack width. (Edvardsen, 

1999) Multiple micro cracks are the possible result from the strain-hardening behaviour of a well-

engineered fibre composite. This behaviour can be analysed from the stress-strain relation obtained 

from a four-point bending test. (Li, 2008) 

The stress-strain relation of specimen series containing micro glass fibres, macro glass fibres and a 

combination of macro glass fibres and PVA fibres were compared to reference specimen containing 2 

v% PVA fibres. This reference mixture is well-known for its optimal strain-hardening behaviour. (Di 

Prisco et al., 2009; Li et al., 2002a; Snoeck & Belie, 2015; Wang & Li, 2003) 

The stress-strain relation for all tested types of fibre variations was assessed for a minimum batch size 

of six specimens.  

1.1 PVA fibres 

A typical stress-strain relation of a specimen, containing 2 v% PVA fibres, showing strain-hardening 

upon four-point-bending is given in Figure 41. The average first-cracking strength, the ultimate-

cracking strength and the multiple-cracking strain are given in Table 6. The stress increases linearly 

until the first-cracking strength is reached. Subsequently the stress drops upon opening of the first 

crack. At that moment the tensile strength of cementitious matrix is reached and the stresses are 

diverted to the fibres. The tensile strength of the fibres takes over, bridging the crack, which results in 

an increase of the stress. The stress increases until the following fracture occurs. This repetitive 

process continues until the fibres are ruptured or pulled out putting the strain-hardening behaviour or 

multiple-cracking to end. (Snoeck & Belie, 2015) 

All specimens containing 2 v% of PVA fibres showed abundant strain-hardening, however the amount 

of multiple-cracking (MC) strain varied. The average values (and the standard-deviation) of the 

parameters first-cracking strength, ultimate-cracking strength and multiple-cracking strain are given in 

Table 6.  

Table 6: Overview of the first-cracking strength, ultimate-cracking strength and the multiple-cracking strain of the 

reference mixture 

 
σfc [Mpa] σcu [Mpa] MC [%] 

2PVA 5.52 ± 0.48 8.15 ± 0.67  3.92 ± 1.58 
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Figure 41: Stress-strain relation of a specimen containing 2 v% PVA-fibres 

Physical observation of the cracking patterns 

Figure 42 gives an overview of the cracking pattern in a reference specimen. On average eight cracks 

were observed per specimen. The average crack width was 50 µm.  

 

Figure 42: Multiple micro-cracks in a reference specimen 

1.2 Micro fibres 

Four different types of mixtures using micro glass fibres were assessed i.e. 1, 2, 3 and 4 v%. The 

results are shown in Table 7. The typical stress-strain relations for respective specimens are shown in 

Figure 43. The specimens did not show any strain-hardening. .Instant strain-softening combined with 

brittle failure was observed in each specimen. For the specimen containing 4 v% micro fibres a small 

amount of multiple-cracking could be observed up to approximately 0.22% strain. However, this is 

still negligible compared to the reference mixture (Table 7).  
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Table 7: Overview of the first-cracking strength, ultimate-cracking strength and the multiple-cracking strain of the 

different mixture types 

 
σfc [Mpa] σcu [Mpa] MC [%] 

1m 7.17 ± 0.35 9.86 ± 1.57 0.04 ± 0.02 

2m 7.57 ± 0.50 10.74 ± 1.78 0.04 ± 0.01 

3m 7.73 ± 0.26 12.32 ± 1.53 0.09 ± 0.03 

4m 7.52 ± 0.56 13.33 ± 1.84 0.22 ± 0.03 

Compared to the reference specimen, on average an increase of the first-cracking strength of 2 MPa 

was observed. A small increase of the first-cracking strength with increasing fibre ratio was noticed 

until 3 v%. A steady increase of the ultimate-cracking strength with increasing volume percentage of 

fibres was observed.  

The reason of this strain-softening behaviour might be due to the large bond strength with the 

cementitious matrix due to the strong chemical bond with the cement hydrates. Unlike the PVA fibres 

the micro fibres don’t have an oil coating which is advantageous for strain-hardening. The PVA fibres 

have an oil coating which decreases the bond strength and consequently increases the strain-capacity. 

(Li et al., 2002a; Wang & Li, 2003) The large bond strength, leads to more brittle behaviour of the 

micro fibres. Furthermore, the micro fibres have a diameter of only 14 µm, which is smaller compared 

to the PVA fibres (diameter of 39 µm). This implies that upon bending, local stress peaks in the 

specimen can more easily exceed the tensile capacity of the micro fibres.  

 

Figure 43: Stress-strain relation of specimen containing 1, 2, 3 and 4 v% micro glass fibres 
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Physical observation of the cracking patterns 

Figure 44 gives an overview of the cracking pattern in a specimen containing 4 v%. In all specimens 

one single crack was observed due to the strain-softening behaviour. Most of the specimens were 

broken into two different pieces consequently no data was gathered concerning the crack-width.  

 

Figure 44: Single crack of specimen containing 4 v% micro fibres 

1.3 Macro fibres 

In order to make a comparison between the macro- and the micro fibres with respect to the possible 

strain-hardening behaviour the same type of mixtures were made. Thus, four different types of 

mixtures containing respectively 1, 2, 3 and 4 v% of macro glass fibres were assessed. The results are 

shown in Table 8 and Figure 45. 

In specimens containing respectively 2, 3 and 4 v% glass fibres strain-hardening was observed. 

Furthermore a larger variance in test results was observed (Table 8). This might be due to relative 

large fibre dimensions compared to the specimen dimensions. Also, a smaller amount of individual 

macro fibres were inserted into the matrix for the same volume percentage compared to the micro 

fibres due to their composition. The macro fibres consist out of a bundle of smaller micro fibres.  

The batch of specimen containing 3 v% showed the most optimal results for each parameter.  

Multiple-cracking for the specimen containing 1 v% can be neglected.  

Table 8: Overview of the first-cracking strength, ultimate-cracking strength and the multiple-cracking strain of the 

different mixture types 

 
σfc [Mpa] σcu [Mpa] MC [%] 

1M 1.59 ± 2.32 5.28 ± 0.86 
 

(n/a) 
 2M 2.79 ± 0.58 5.06 ± 1.46 1.28 ± 1.09 

3M 5.49 ± 0.99 9.77 ± 3.04 1.01 ± 0.33 

4M 4.48 ± 2.49 7.47 ± 4.33 0.83 ± 0.82 
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Figure 45 shows typical stress-strain relations for the four different types of fibre ratios. A certain 

amount of strain-hardening is visible up to the point where the curve gradually strain-softens. 

However this allows for some additional strain, persevering a considerable amount of the tensile 

stress. At a tensile stress of approximately 90% of the ultimate-cracking strength, 2% additional strain 

was observed for specimen containing 4 v% glass fibres. This was not the case for the reference 

mixture. These specimen did not fail gradually but more instantaneous indicated by a steep drop in 

tensile stress (see Figure 41).  

 

Figure 45: Stress-strain relation of specimen containing 1, 2, 3 and 4 v% macro glass fibres 

 

A possible explanation of the more gradual loss in tensile stress might be due to limited slip-hardening 

and slip-softening behaviour. Within the macro fibre tunnel a ribbed circumference was 

microscopically observed (Figure 46). This ribbed structure originates from the macro glass fibres 

after curing.  

  

Figure 46: Ribbed fibre tunnel 
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When the specimen are subjected to bending and the first-cracking strength is reached the tensile 

stress is diverted to the fibres due to fibre bridging. Consequently, instead of being ruptured (micro 

fibre specimen), the fibres are being pulled out of the fibre tunnel whilst slip-hardening. This 

statement is justified based on the initial strain-hardening which is observed in Figure 45 and based on 

the fact that the glass fibres have a relative large modulus of elasticity compared to the PVA fibres, 

limiting the theoretical strain-capacity of the fibres itself. When the tensile stress increases until the 

ultimate-cracking strength, slip-hardening behaviour might microscopically crush the ribbed 

circumference of the fibre tunnel. Local peak stresses presumably cause crushing of these ribs and its 

local imperfections. This crushing behaviour together with the increased fibre length possibly 

introduces the more gradual strain-softening. 
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Physical observation of the cracking patterns 

Figure 47 gives an overview of the cracking pattern in the specimen containing macro fibres. In all 

specimen containing 1 v% macro-fibres only one single crack, indicating strain-softening behaviour. 

The other specimen did show some amount of strain-hardening. In specimen containing 2, 3 and 4 v% 

macro-fibres multiple-cracks were observed. In comparison to the reference mixture larger crack 

widths and overall fewer cracks were observed. Crack widths varied between 300 and 1200 µm. These 

specimens had on average respectively 4, 2 and 1 crack(s), respectively.  

 

 

 

 

Figure 47: Specimen after bending containing from top to bottom respectively 1, 2, 3 and 4 v% 
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1.4 Combination of macro fibres and PVA fibres 

1.4.1 Mould type 1 

A certain amount of strain-hardening and multiple-cracking was observed using 2, 3 and 4 v% macro 

glass fibres (approximately 1% strain). Compared to the reference mixture with 2 v% of PVA fibres, 

which had approximately 4% strain, this is four times lower. An improvement of the strain-capacity 

was needed. Therefore, the strain-hardening behaviour was optimised by adding 2 v% PVA fibres on 

top of the mixture with respectively 2 and 3 v% macro fibres. Combining 2 v% PVA and 4 v% macro 

fibres would endanger the workability of the mixture.  

Another aspect that came into play was the introduction of a different moulding procedure. Note that 

this new moulding technique was introduced in order to expose the glass fibres, and consequently 

creating translucency (section 3 of this chapter). Up till now all specimen were made using 160 × 40 × 

10 mm
3
 type of moulds. Now, moulds with larger dimensions were used and the samples were cut to 

the correct dimensions (160 × 40 × 10 mm
3
) afterwards. Mould types with dimensions 160 × 40 × 40 

mm
3
 were used to cure the mixture. Afterwards, from the cured sample, three specimen of type 160 × 

40 × 10 mm
3
 were cut to length. An overview of the obtained samples after curing and after sawing is 

given in Figure 48. The six different stress-strain relations for each specimen of the two mixture types 

are presented in Figure 49 and Figure 50. The results of the four-point-bending test and the 

comparison to previous results are given in Table 9 (results of the specimen cast with this new 

moulding technique are indicated in bold). 

 
 

Figure 48: Moulding samples before and after cutting 
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Table 9: Overview of the first-cracking strength, ultimate-cracking strength and the multiple-cracking strain of the 

different mixture types 

 
σ fc [MPa] σ cu [MPa] MC [%] 

2M-2PVA 7.19 ± 2.68 13.06 ± 5.72 2.10 ± 0.42 

3M-2PVA 6.99 ± 0.96 14.75 ± 4.62 2.11 ± 0.45 

2M 2.79 ± 0.58 5.06 ± 1.46 1.28 ± 1.09 

3M 5.49 ± 0.99 9.77 ± 3.04 1.01 ± 0.33 

2PVA 5.52 ± 0.48 8.15 ± 0.67  3.92 ± 1.58 

The first-cracking strength for both specimen types is more or less the same. However, there is a 

difference in variation of the obtained data. The ultimate-cracking strength also varies within the same 

range although the ultimate-capacity is larger for the specimen with 3 v% macro glass fibres. No 

noticeable difference in multiple-cracking strain was observed. Compared to the specimen containing 

only macro or PVA fibres there is a remarkable increase in both first-cracking strength and ultimate-

cracking strength. Compared to the specimen containing only macro fibres there is an approximate 

increase of multiple-cracking strain of 1%.  

Note that this new moulding technique makes it somewhat dubious to compare with previous obtained 

results. Due to sawing action the length of the fibres which cross the saw-cut decreases. This is not the 

case for the initially used moulding technique where the length of all fibres remains constant. This 

implies that a percentage of the total volume of fibres perpendicular to the saw-cut will not contribute 

to the strain-hardening capacity of the specimen. These are the fibres which are exposed and 

consequently will light up, implying that these are the translucent fibres. In a cementitious matrix 

where the fibres are uniformly dispersed there will always be some fibres orientated which do not 

increase the tensile strength of the composite. However due to sawing, this amount of fibre increases.  

Despite the loss of some useful fibres with respect to strain-hardening an increase of first and ultimate-

cracking strength was observed. This is due to the in-total larger volume percentage of fibre for the 

specimen containing both types of fibre i.e. macro and PVA fibres. Furthermore, increased variability 

on the ultimate-cracking strength was observed. This was possibly due to the fact that the macro fibres 

are relatively large compared to the mould dimensions. The macro fibre has a total length of 36 mm 

which implies that in a sample with a cross section of 40 by 40 mm uniform dispersion of the fibres is 

difficult. Consequently the fibres will be more uniformly distributed in the longitudinal direction. 

Also, distinction was made between the inner and outer specimen. The inner samples and are indicated 

in red in Figure 49 and Figure 50. 
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Figure 49: Stress-strain relation for six specimen containing 2 v% PVA and 2 v% macro glass fibres 

 

Figure 50: Stress-strain relation for six specimen containing 2 v% PVA and 3 v% macro glass fibres 

Physical observation of the cracking patterns 

Figure 51 and Figure 52 give an overview of the cracking pattern in the specimen containing a 

combination of macro and PVA fibres using mould type 1. More crack clusters were observed in the 

specimen containing 3 v% macro fibres. The cracks in the latter specimen were concentrated over a 

shorter distance compared to the specimen containing 2 v% glass fibres. Implying that the larger 

macro fibres possibly bridge more multiple cracks which result in a smaller amount of total cracks 

with larger crack width.  
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Figure 51: Multiple cracks of a specimen containing 2 v% macro fibres and 2 v% PVA fibres 

 

Figure 52: Multiple cracks of a specimen containing 3 v% macro fibres and 2 v% PVA fibres 
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1.4.2 Mould type 2 

To reduce the variability of the data a mould type with larger dimensions (160 × 90 × 40 mm
3
) was 

assessed. The aim was to have a more consistent distribution of fibres, resulting in smaller variability 

on the data points. Therefore this mould type and mixing procedure was used for further assessment of 

different types of specimen. The results are given in Table 10 (results of the specimen cast with this 

new moulding technique are indicated in bold) and Figure 53.  

Compared to the moulding techniques using mould type 1 less variance on the first- and ultimate-

cracking strength was observed. Furthermore the strain-capacity increased. Overall a more consistent 

group of data points was obtained. These data corresponds close to the data of the inner specimen from 

Figure 50, indicated in red on Figure 53. 

When the additional strain, due to strain-softening is taken into consideration, a total strain-capacity up 

to 5%, retaining 95% of the ultimate-cracking strength was observed (Figure 53). This total strain-

capacity was similar compared to the reference mixture.  

Table 10: Parameters of specimen containing 3 v% macro fibres and 2 v% PVA fibres 

 
σfc [Mpa] σcu [Mpa] MC [%] 

3M-2PVA 4.42 ± 0.46 7.77 ± 1.44 2.84 ± 0.69 

3M-2PVA 
(two prisms) 

6.99 ± 0.96 14.75 ± 4.62 2.11 ± 0.45 

 

Figure 53: Stress-strain relation for six specimen containing 2 v% PVA and 3 v% macro glass fibres  
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Physical observation of the cracking patterns 

Figure 54 gives an overview of the cracking pattern in the specimen containing a combination of 3 v% 

macro and 2 v% PVA fibres using mould type 2. In this case abundant multiple-cracking was 

observed. The cracking patterns of the specimen were more consistent. Compared to the specimen cast 

with mould type 1 less crack clusters were observed. These crack clusters tend to converge into one 

bigger crack which is unfavourable with regard to self-healing. On average six cracks were observed 

per specimen.  

 

Figure 54: Multiple cracks of a specimen containing 3 v% macro fibres and 2 v% PVA fibres 
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1.5 Combination of fibres and SAP’s 

From literature it was found that by adding SAP’s to the mixture additional multiple microcracking is 

possible. (Snoeck & De Belie, 2015; Yao et al., 2012) The macropores formed by the SAP’s act as 

crack initiators, increasing the ductile behaviour, consequently increasing the strain-capacity of the 

specimen. On the other hand if too many SAP’s are added to the mixture the strength of the matrix 

might be impaired. (Hasholt et al., 2012; Snoeck et al., 2012b) 

Furthermore, it is known that the addition of SAP improves the autogenous healing conditions due to 

the increased availability of water upon curing. (Snoeck & De Belie, 2015; Snoeck et al., 2014b) Two 

types of SAP particles were assessed. Three different mixtures were tested containing respectively 0.5 

m% SAP A, 0.5 m% SAP B and 1 m% SAP B (expressed as mass percentage of cement weight).  

To assess the improved healing conditions the mixture containing 2 v% of macro glass fibres and 2 

v% of PVA fibres was chosen as the mixture for comparison. These specimens also showed strain-

hardening with a similar degree of multiple-cracking compared to the mixture type containing 3 v% 

macro glass fibres and 2 v% PVA fibre. Furthermore, a decrease of the macro glass fibres with 1 v% 

increased the workability. The latter became increasingly important when SAP’s were added to the 

mixture. 

The results of the assessed SAP specimen based on a mixture containing 2 v% macro glass fibres and 

2 v% PVA fibres are given in Table 11 (results of the specimen containing SAP’s are indicated in 

bold). The stress-strain relationship of the three different mixtures are given in Figure 55, Figure 56 

and Figure 57 

Compared to the specimen without SAP’s, similar multiple-cracking strain was observed for the 

specimen containing 1 m% of type A and type B SAP. In specimen containing 0.5 m% of SAP type B 

a smaller amount of strain was observed.  

The first-cracking strength for the mixtures without SAP’s is higher than for the mixtures with SAP’s. 

Due to the cured macropores in the specimen induced by the SAP particles, the active cross section is 

reduced, resulting in a lower first-cracking strength.  

Additionally, one specimen batch with 3 v% macro fibres and 2 v% PVA fibres was assessed. 

Although, the decreased workability led to some clustering of the SAP-particles during mixing a 

remarkable increase of the multiple-strain-capacity was observed (Table 11 and Figure 58). Strain 

rates exceeding 6.5% strain were observed. The average strain-capacity of approximately 4% is 

similar to the strain-capacity of the reference mixture only containing PVA-fibres. Also, the first- and 

ultimate-cracking strength decreased compared to the specimen without SAP’s. 
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Table 11: Overview of the first-cracking strength, ultimate-cracking strength and the multiple-cracking strain of the 

different mixture types 

 
σfc [Mpa] σcu [Mpa] MC [%] 

0.5A-2M-2PVA 5.22 ± 0.65 10.16 ± 0.60 1.92 ± 0.46 

0.5B-2M-2PVA 6.03 ± 0.97 10.22 ± 1.47 1.63 ± 0.91 

1.0B-2M-2PVA 6.02 ± 0.92 9.26 ± 1.05 2.20 ± 1.35 

2M-2PVA 7.19 ± 2.68 13.06 ± 5.72 2.10 ± 0.42 

1.0B-3M-2PVA 3.59 ± 0.45 6.08 ± 1.25 3.94 ± 2.58 

3M-2PVA 4.42 ± 0.46 7.77 ± 1.44 2.84 ± 0.69 

 

Figure 55: Stress-strain relation of a mixture containing 2 v% PVA and 2 v% macro glass fibres and 0.5 m% of SAP 

A 

 

Figure 56: Stress-strain relation of a mixture containing 2 v% PVA and 2 v% macro glass fibres and 0.5 m% of SAP 
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Figure 57: Stress-strain relation of a mixture containing 2 v% PVA and 2 v% macro glass fibres and 1 m% of SAP B 

 

Figure 58: Stress-strain relation of a mixture containing 2 v% PVA and 3 v% macro glass fibres and 1 m% of SAP B 
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Physical observation of the cracking patterns 

Figure 59 gives an overview of the cracking pattern in the specimen containing a combination of 3 v% 

macro and 2 v% PVA fibres for the different types of SAP mixtures. Based on the physical 

observation, no remarkable differences in cracking patterns could be observed of the specimen 

containing 0.5 m% SAP type A and type B. For the specimen containing 1 m% of SAP type B, an 

increased amount of cracks with smaller crack widths was observed, thus overall less crack clusters.  

 

 

 

Figure 59: Cracking patterns of specimen containing (from top to bottom) respectively 0.5A, 0.5B and 1B m% SAP on 

top of a mixture containing 2 v% PVA and macro fibres 
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2. Self-healing 

Once the optimal fibre distribution was determined, allowing optimal strain-hardening and multiple-

cracking, the amount of autogenous and improved autogenous self-healing could be assessed.  

Two main different types of specimen were assessed i.e. specimen without and with SAP’s to check 

autogenous and improved autogenous healing respectively. The mixture containing the optimal fibre 

quantity, i.e. 2 v% PVA fibres and 3 v% macro glass fibres served as the reference mixture to assess 

the autogenous healing properties. Improved autogenous healing properties were assessed by adding 

two different SAP types i.e. SAP A and SAP B on top of the mixture based on 2 v% PVA and macro 

fibres. Verification of varying amounts of SAP’s were done. This lead to the inquiry of three different 

types of mixtures containing respectively 0.5 m% type A, 0.5 m% type B and 1 m% type B SAP 

(expressed as mass percentage of cement weight). 

Two different approaches to measure healing were conducted i.e. by checking the regain of 

mechanical properties and by physical observation of the crack width closure. This was respectively 

done by means of a four-point bending test and microscopic analysis of the crack widths before and 

after the wet-dry cycles which had a duration of 28 days. An overview of the analysis procedure is 

given in Figure 60. 

 

Figure 60: Procedure of the healing verification 
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2.1 Regain in mechanical properties 

2.1.1 Autogenous healing 

Based on the stress-strain relation the average regain in first-cracking strength and the multiple-

cracking strain after reloading was determined. The results are shown in Table 12 and Figure 61. 

These autogenously healed specimens showed a regain in first-cracking strength of 49.45 ± 3.33%. 

This value is comparable to the values found in similar mixtures by Snoeck and De Belie (2015) and 

Yang (2008). They found respectively a regain in first-cracking strength of approximately 42% and 

46%. The multiple-cracking strain at reloading was approximately 1%. 

Table 12: Overview of the regain in first-cracking strength and the multiple-cracking strain after second loading 

 
σ fc regain [%] MC reloading [%] 

3M-2PVA 49.5 ± 3.3 0.96 ± 0.49 

 

 

Figure 61: Stress-strain relation after wet-dry cycles for six specimen containing 2 v% PVA and 3 v% macro glass 

fibres 
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At third loading a drop in regain in first-cracking strength of approximately 10% was observed in 

comparison to the second loading stage (Table 13). The decrease in regain in first-cracking strength 

and multiple-cracking strain indicate that the building blocks for healing decrease over time. 

Nevertheless, this amount of regain is still quite significant compared to the reference specimen which 

were investigated by Snoeck and De Belie (2015). They observed a smaller degree of healing at the 

third loading stage i.e. 28% regain in first-cracking strength was observed. Note that, in that case the 

specimen at first loading were loaded to about 1% strain-capacity. In this research the specimen at 

initial loading were loaded until maximum strain-capacity. This makes it somewhat dubious to 

compare both results. However, this might indicate that autogenous healing is correlated with the 

intensity of the initial loading. This can be related to the principle of biomimicry of self-healing. 

Table 13: Overview of the regain in first-cracking strength and the multiple-cracking strain after a third loading cycle 

 
σ fc regain [%] MC reloading [%] 

3M-2PVA 40.5 ± 7.0 0.43 ± 0.32 

 

Figure 62: Stress-strain relation after wet-dry cycles for six specimen containing 2 v% PVA and 3 v% macro glass 

fibres 
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2.1.2 Improved autogenous healing 

The regain in first-cracking strength after the first healing cycle and the multiple-cracking strain at 

reloading of the specimen containing SAP’s are given in Table 14. Compared to the autogenous 

specimen with the same amount of glass fibres an increase in regain in first-cracking strength was 

observed for all SAP mixtures. An increased MC-strain at reloading was observed for the specimen 

containing 0.5 m% SAP A and 1 m% SAP B. The specimen with SAP’s showed a regain in first-

cracking strength of approximately 43% after the first healing stage. Whereas the autogenous healing 

counterparts showed approximately 34% healing. 

The relative regain in first-cracking strength parameter might be somewhat misleading in comparison 

to the autogenous specimen from the previous section due to the difference in fibre ratios. In this case 

a lower amount of macro glass fibre was used, resulting in higher initial first-cracking strength of the 

specimen. This could be a possibly reason explaining the limited, relative, regain in first cracking-

strength. 

Furthermore, the SAP particles decrease the first-cracking strength due to the reduced cross-section. 

(Snoeck & De Belie, 2015) However, due to the water absorption of SAP’s during mixing, more water 

is present within the cementitious matrix during curing. This, in turn, leads to the hydration of more 

cement particles and thus better curing performance, thus also resulting in an increase of first-cracking 

strength. The autogenous specimen, will have relatively more unhydrated particles present within the 

cementitious matrix after curing. Consequently, these specimens will have a larger benefit of the wet-

dry cycles. This makes the interpretation and comparison of the autogenous and improved autogenous 

self-healing results ambiguous. (Mignon et al., 2017) 

Table 14: Overview of the regain in first-cracking strength and the multiple-cracking strain after reloading 

 
σfc regain [%] MC reloading [%] 

0.5A-2M-2PVA 43.8 ± 5.4 0.87 ± 0.23 

0.5B-2M-2PVA 42.5 ± 5.4 0.59 ± 0.41 

1.0B-2M-2PVA 42.5 ± 5.5 0.96 ± 0.39 

2M-2PVA 34.2 ± 8.8 0.71 ± 0.42 
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Figure 63: Stress-strain relation after wet-dry cycles for six specimen containing 2 v% PVA and 2 v% macro glass 

fibres 
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2.2 Crack width closure 

2.2.1 Autogenous healing 

After the first healing stage analysis could be done of the average crack width closure. This was done 

by comparing the specimen before and after the wet-dry cycles which lasted for 28 days. The amount 

of healing is given in Figure 64. On Figure 64a the bisector is indicated. The cracks which are on this 

line did not show any healing. The cracks below this curve showed partial healing. The cracks on the 

x-axis showed complete healing. Initial crack widths up to approximately 30 µm showed complete 

autogenous healing. This corresponds to the findings by Snoeck and De Belie (2015) and Yang (2008) 

for similar mixtures. This also corresponds to the general boundary condition w.r.t. the limitation of 

the crack width. Figure 65 gives an microscopic overview of a crack cluster before and after healing.  

  

Figure 64: Crack width closure of a specimen batch containing 3 v% macro fibres and 2 v% PVA fibres 
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Figure 65: (a) crack before and (b) after wet-dry cycles (3M-2PVA) 

2.2.2 Improved autogenous healing 

The healing curves of the specimen containing SAP’s are respectively given in Figure 67, Figure 69 

and Figure 71. Figure 68, Figure 70, and Figure 72 give an overview of the microscopically observed 

crack closures corresponding to each SAP mixture.  

Compared to the autogenous specimen the average crack closure increased, indicating that more 

partial healing was observed. Specimen containing 1 m% of SAP B showed optimal crack closure 

(Figure 72). The average crack closure was highest for these specimens.  

Compared to the autogenous specimen containing 1 v% additional macro fibres, smaller crack widths 

were observed in the specimen containing SAP’s. This could possibly be due to combinatorial 

influence of the SAP’s and the decrease of 1 v% macro glass fibres. The former acting as crack 

initiators, the latter resulting in bridging of several smaller cracks into one crack bigger crack. The 

larger length of the macro fibres (36 mm) might bridge several cracks, resulting in bigger crack 

widths. 

A combined overview of the crack width closure of the different type of SAP mixtures is given in 

Figure 66. The indicated curves represent the maximum crack width closure that was observed for 

each type of mixture and serve as an upper limit for healing. Despite some singular cases of 

remarkable crack width closure these curves show a global representation of the healing capacity. The 

black curve represents the healing plateau of the reference specimen containing 1.0 m% of SAP type B 

and 2 v% PVA fibres investigated by Snoeck (2015). These specimen showed a larger healing 

capacity compared to the translucent specimen. However, within the subset of the translucent 

specimen, specimen containing 1 m% of SAP type B showed the best healing capacity. Followed up 
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by the specimen containing 0.5 m% of SAP type B. This indicates that SAP type B outlasts SAP type 

A with respect to crack width closure.  

 

Figure 66: Overview of the crack width closure of the different type of SAP mixtures. The plateau of the reference 

specimen containing 2 v% PVA fibres and 1.0 m% type of SAP B is indicated by the curve coloured in black. (Snoeck, 

2015) 

 

  

Figure 67: Healing of the specimen containing 2 v% macro fibres, 2 v% PVA fibres and 0.5 m% SAP type A 
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(a) 

 

(b) 

Figure 68: crack (a) before and (b) after wet-dry cycles. Completely healed and partially healed crack. The initial 

crack widths are respectively 19 and 48 µm wide. (0.5A-2M-2PVA) 

 

 

  

Figure 69: Healing of the specimen containing 2 v% macro fibres, 2 v% PVA fibres and 0.5 m% SAP type B 
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Figure 70: crack (a) before and (b) after wet-dry cycles. Completely healed cracks. The initial crack widths are 

respectively 27 and 11 µm wide. (0.5B-2M-2PVA) 

 

  

Figure 71: Healing of the specimen containing 2 v% macro fibres, 2 v% PVA fibres and 1.0 m% SAP type B 
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(a) 

 

(b) 

Figure 72: crack (a) before and (b) after wet-dry cycles. Completely healed side branches and partially healed main 

crack. The initial crack widths are respectively 18, 94 and 57 µm wide. (1B-2M-2PA)  
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3 Translucency 

The glass fibres have the opportunity to transmit light through the core of the fibre. Besides the 

optimal fibre distribution of macro glass fibres to achieve strain-hardening, the optimal fibre ratio in 

order to create translucency was assessed. The micro glass fibres were not taken into consideration due 

to their lacking strain-hardening properties. 

3.1 Fibre insertion method 

Different methods and techniques were assessed in order to expose the fibres in order to create optimal 

light transmission. At first the fibres were placed manually into the mixture. Therefore the 160 × 40 × 

10 mm
3
 mould type was used. Multiple ways of inserting the fibres and multiple geometry lay-outs of 

the fibres were tested. Inserting the fibres perpendicular to the specimen gave optimal translucency 

results (Figure 73 and Figure 74).   

When the specimen were cured and demoulded after one day, they could be polished, enabling 

exposure of the fibres. However the fibres did not light up under day-light conditions (Figure 74), thus 

not creating a translucent effect. It became clear that an additional light source was needed to light up 

the fibres. Therefore the black box set-up (section 2.3 of chapter 3) was used. This also created 

constant light conditions which was needed for further assessment. As can be seen on Figure 73 this 

technique was very labour intensive. The labour intensity during casting was also observed in other 

translucency innovations (section 3.1 of chapter 2). Consequently this problem was overcome by 

attempting a different mixing procedure which is discussed in the following section. Nevertheless, the 

principle of exposing the glass fibres and consequently a translucent specimen was achieved. 

 

Figure 73: Manual insertion of the fibres using place holders 
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Figure 74: (top, daylight condition) Glass fibres do not light up, merely distinguishable in contrast to the grey colour 

of the specimen (bottom, specimen placed behind a lightbulb) Glass fibres are light up, good distinguishable in 

contrast to the grey colour of the specimen 

3.2 Direct-mixing method 

Due to the labour intensity of the fibre-insertion method a new approach was tested. Mixing the fibres 

directly into the cementitious mixture overcomes the manual labour of fibre insertion. Exposing the 

fibres was done by pouring the mixture into bigger moulds (160 × 40 × 90 mm
3
) and sawing the cured 

sample to the right dimensions after seven days. This enabled sufficient bonding of the fibres with the 

cementitious matrix. Note that the initial cut was made along the edge of the sample to expose the 

glass fibres on both sides of the first specimen. Although the fibres were not as perpendicular 

dispersed within the cementitious matrix in comparison to the first method, the fibres were also 

exposed and illuminated when using the black box set-up (Figure 75).  

 

Figure 75: Illuminated specimen during day light conditions (top) and during black box conditions (bottom). Both 

specimen containing 2 v% macro fibres. 

Based on the literature review of translucent cementitious innovations a need for a more efficient 

mixing and moulding technique seemed to emerge. Manual labour is a major time- and cost- driving 
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factor and had to be avoided as much as possible. This implied that, in comparison to the innovations 

found in literature the manual insertion of the light transmitting elements had to be overcome.  

This was by-passed by directly mixing the macro glass fibres. Therefore the same mixing method was 

used as for initial assessment of strain-hardening comparing micro and macro fibres. However, in 

order to expose the glass fibres bigger moulds had to be used. Furthermore one additional step was 

needed to expose the glass fibres. This last step consisted of sawing the samples to the right 

dimensions once properly cured. This efficiently exposed the glass fibres compared to prepositioning 

of the fibres during mixing. Consequently the cementitious matrix was made translucent. Note that this 

last step involved some additional manual labour, but was inferior compared to manual insertion of the 

fibres. This step can also easily be automated.  

This concludes that the direct-mixing method was practically more efficient to enable translucency. 

This method would also decrease the labour-intensive manual fibre placement and would thus more 

quickly be used in real practice. 

3.3 Translucency quantification 

In order to quantify the amount of fibres which were exposed a white pixel ratio based on the 

histogram of the black-box pictures was analysed. The results showed a correlation between the 

amount of macro fibres and total enlightenment of the specimens.  

The average white pixel ratio of a specimen series with 2 to 4 v% of macro fibres are given in Table 

15. 

Table 15: Overview of the white pixel ratio of specimen series containing 2 to 4 v% macro glass fibres 

 
White pixel ratio [%] 

2M 0.73 ± 0.25 

3M 3.40 ± 1.77 

4M 4.40 ± 1.54 

Note the relatively large variation on the average white pixel ratio. This might be due to the decrease 

in workability of the mixture when the volume percentage fibres increases. Fibres get clumped more 

easily, which disrupt uniform fibre distribution. Consequently the fibres tend to be oriented more into 

one specific direction. Also the relative large fibre-to-mould-dimension ratio made uniform 

distribution of the fibres more difficult. The mould has dimensions 160 × 40 × 90 mm
3
. The macro 

fibres have an average length of 36 mm. This implies that fibres can be dispersed more easily in the 

longitudinal direction of the mould (160 mm).   
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3.4 Translucency after healing 

The translucency of the specimen after healing remained the same. No difference in white pixel ratio 

compared to the specimen before healing was observed. This could possibly be accredited to four 

different factors. The first one being the limited amount of cracks passing an exposed glass fibre 

relative to the total amount of exposed glass fibres. Consequently the amount of precipitation that 

could be established on top of a glass fibre was limited. A crack passing an exposed glass fibre is 

given in Figure 76 and Figure 77. Secondly, due to the fact that the macro fibres are a bundle of glass 

fibres, only the circumference of the fibre was in contact with the cementitious matrix. This implies 

that the building blocks for healing have to be substantial in order for the healing precipitation to cover 

all fibres, including the fibres at the centre of the bundle. Thirdly, due to the fact that the healing 

precipitation often has a white colour (CaCO3, CSH) the light that is blocked by the precipitation will 

be largely reflected. Due to the transparent matrix of the macro glass fibre some of that light will be 

transferred to the neighbouring fibre cores. This reduces the loss in light intensity. The last and 

perhaps the most obvious reason is that the due to the measuring set-up, using two lamps of 40 watt, 

the initial light intensity was very high. This combined with limited healing precipitation on top of the 

exposed glass fibres has led to the conclusion that translucency after healing remains the same. 

 

Figure 76: Exposed glass fibre and partially healed crack with some additional CaCO3 precipitation (1B-2M-2PVA) 
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Figure 77: Exposed glass fibre and healing of two cracks. Left crack almost completely healed and right crack 

partially healed (1B-2M-2PVA) 

Microscopic observation showed some calcium carbonate at the circumference of the exposed glass 

fibres. Also, cracks running through the centre of the cross-section of the exposed glass fibres were 

observed. This might indicate that these fibres serve as crack initiator due the discontinuities in the 

cementitious matrix caused by the exposed glass fibres. Consequently this influences the multiple-

cracking behaviour. A crack running through the centre of an exposed glass fibre is shown in Figure 

76.  

  

Figure 78: Precipitation of CaCO3 at the circumference of an exposed glass fibre of a 0.5A-2M-2PVA specimen at 28 

days of curing 

Furthermore, crack conversion or diversion was observed. This implies that at one side of the exposed 

glass fibre two or more cracks were observed and at the other side only one single crack and vice 

versa. However it remains unclear whether the exposed glass fibres act as a so-called crack diverter or 

converter.  
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3.5 Proof of concept 

Figure 79 gives an overview of the different specimen which were made to demonstrate translucency 

of the cementitious composite. In the specimen containing 4 v% of macro glass fibres, overall the most 

uniform fibre distribution was observed. Consequently this resulted in the most uniform translucent 

result. In the specimen containing 3 and 5 v% fibres the exposed fibres seemed not to be distributed as 

uniformly within the cementitious matrix. For the specimen containing 3 v% this was possibly due to 

the lack of fibres. Furthermore, during mixing some amount of fibres sunk to the bottom of the mould. 

For the specimen containing 5 v% of glass fibre the fibres seemed to have clumped together during 

mixing. In one specific area of the cylinder (to the left side of Figure 79c) an increase in translucent 

fibres is present.  

 

(a) 

 

(b) 

 

(c) 

Figure 79: Three different bored cylinders from 100 x 100 x 100 samples containing, from left to fight, respectively 3, 

4 and 5 v% 

4 Degradation of the glass fibres 

Glass fibres are prone to degradation in an alkaline environment. The fibres which are used during the 

research project are categorised as alkali-resistant due to the increased zirconium content. On top of 

this explicit protection measure other implicit protection measures protect the glass fibres from the 

alkaline cementitious matrix. The latter originate from the composition of the cementitious mixture. 

Firstly, due to the substitution of 50% of the cement with fly-ash the alkali silica reactions are reduced 

which in turn reduces the amount of calcium hydroxide into the matrix under pozzolanic effect. 

Secondly, in order to have a SHCC the interface between the fibres and the matrix has to be densified 
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to achieve optimal bridging action. Complementary this retards/prevents the ingress of calcium 

hydroxide, Ca(OH)2 into the fibres.  

Despite these protection measures, possible degradation of the glass fibres is still possible. 

Consequently this was microscopically analysed according to the method described in section 2.8 of 

chapter 3. 

A microscopic image of a reference macro glass fibre is given in Figure 80a. Figure 81 gives an 

overview of the macro glass fibre at different observation intervals. According to Larner et al. (1976) 

deterioration of the fibres in a cement filtrate solution is caused by the depletion of silica from the 

surface of the glass fibre allowing a gradual build-up of a zirconia rich layer. No zirconia-containing 

phase was identified in the reaction products, the observed reaction products consisted largely of 

calcium silicate hydrates (CSH). This implies that the zirconia layer acts a protective coating wrapped 

around the glass fibre. 

No physical deterioration was observed at the surface of the glass fibres at the different observation 

intervals.  

 

(a) 

 

(b) 

Figure 80: (a) Microscopic image of the surface of a reference macro glass fibre and (b) a fibre subjected to the 

cement filtrate solution for 168 days (8x magnification) 

   

Figure 81: Microscopic image of the surface of the macro glass fibres at the three different observation intervals; from 

left to right at 56 days, 112 days and 168 days respectively (2.5x magnification) 
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A microscopic image of a reference micro glass fibre is given in Figure 82a. Figure 83 gives an 

overview of the micro glass fibre at different observation intervals. 

 

(a) 

 

(b) 

Figure 82: Microscopic image of the surface of (a) a reference micro glass fibre and (b) a micro fibre subjected to the 

cement filtrate solution for 168 days (8x magnification) 

   

Figure 83: Microscopic image of the surface of the micro glass fibres at the three different observation intervals; from 

left to right at 56 days, 112 days and 168 days respectively 

The reference micro fibres appear to be less shiny compared to the fibres which were subjected to the 

cement filtrate solution. This might be due to the fact that the reference fibres were preserved in a 

container without water. This implies that scratches on the surface could occur due to friction of the 

fibres in between. The, micro fibres which were preserved in a cement filtrate solution tended to float 

within the solution reducing the contact between the reciprocal fibre. Resulting in the appearance of 

more shiny fibres.  

This phenomenon was also observed in the macro fibres, but was not noticeable compared to the fibres 

which were preserved in the cement filtrate solution. The larger fibres didn’t float in the cement 

filtrate solution, implying that scratches upon impact could also be made when persevered in the 

solution. Figure 84 gives closer look at the contact damage of the micro and macro fibres which served 

as reference fibres. 
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Figure 84: Microscopic image of the reference micro (top) and macro (bottom) fibres (magnification x8) 
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5 SAP-cable 

The specimen with SAP-thread did not show any strain-hardening. Insufficient bonding between the 

thread and the cementitious matrix was observed. The cementitious matrix broke instantaneously and 

the SAP thread could easily be pulled out afterwards. Figure 85 gives an overview of the specimen 

after bending. Some of the threads are completely pulled out of the cementitious matrix without 

rupture. Thus, no composite action was observed.  

 

Figure 85: SAP-thread specimen after bending 

The low pull-out strength and the low bonding capacity between the SAP-thread and the cementitious 

matrix was due to water absorption of the SAP particles during mixing. Due to the expansion of the 

SAP particles a cylindrical structure was created within the cementitious matrix during curing. After a 

curing period of 28 days the cementitious matrix acquired some of the moisture held by SAP-particles 

transforming the solid cylindrical structure after mixing into a hollow structure upon bending. This 

explains the low bonding capacity and pull out-strength. Figure 86 gives a graphical representation of 

the described mechanism.  

 

(a) 
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(b) 

Figure 86: Graphical representation of the mechanism which induces loss in bonding capacity and pull out strength 

(a) SAP thread during mixing, fully saturated (b) SAP thread upon bending, partially saturated 

A microscopic image of an individual SAP thread after bending is given in Figure 87. The hollow 

cylinder around the fibre is clearly visible. Furthermore, some CaCO3 precipitation is visible on the 

surface of the hollow cylinder structure. This was observed along the entire circumference of the 

hollow cylinder and at both sides of the crack. 

  

Figure 87: Microscopic image of the hollow cylinder which was created whilst curing (1x and 2.5x magnification) 
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Chapter 5: Conclusion 

In this master dissertation different aspects of a translucent self-healing cementitious composite were 

addressed. 

First, a literature review about the concept of autogenous healing was given. The important role of the 

fibres in limiting the crack width together with providing multiple micro cracks was highlighted. 

These conditions seemed to converge in the world of micro mechanics of fibre composites as strain-

hardening behaviour and is referred to as Strain-Hardening Cementitious Composites (SHCC). 

Besides the required condition, this behaviour is also linked with an increased ductility. Which 

corresponds with an increased strain-capacity and increased resistance of the cementitious matrix 

towards tensile stress. 

Additionally, the autogenous healing properties of the matrix could be exploited by exposure to humid 

environments. The availability of water makes hydration of cement particles resulting in Calcium 

Silicate Hydrates (CSH) and precipitation of calcium carbonate (CaCO3) possible. A number of 

cement unhydrated particles always remain in the cementitious matrix after curing, even when 

properly mixed. The first healing precipitation, CSH, is preferred over CaCO3 because the crystals of 

the former are the strongest. But, in research, when a complete healing with mainly CaCO3 is found, 

also a regain in mechanical properties is achievable.  

The autogenous healing was simulated by wet-dry cycles and adding superabsorbent polymers 

(SAP’s) to the mixture. These polymers swell extensively in contact with water due to their extreme 

absorption capacity. Research showed that improved autogenous healing can be achieved by these two 

measures (Snoeck & Belie, 2015). Furthermore the SAP particles create macropores within the 

cementitious matrix which serve as crack initiators upon bending. Consequently improving the strain-

capacity and ductile behaviour. Although the macropores reduce the effective cross-section of the 

matrix, the strength is not impaired significantly if limited amount of SAP’s are added.  

The literature review with respect to translucency within a cementitious matrix was mainly done based 

on evaluating recently developed innovations. The main concept which returned in each innovation 

was embedding light sensing elements into the matrix. However, the main problem was the labour 

intensity and time consuming procedures of inserting the optical elements during casting. 

Subsequently sky-rocketing manufacturing costs. This led to the conclusion that there is a need of a 

more efficient procedure of moulding and casting. 

Considering the aforementioned features of cementitious composites i.e. self-healing and translucency, 

glass fibres came forward as a possible candidate which might combine these two properties. In the 

past glass fibres were notorious for being prone to degradation in a high alkaline environment. After 

degradation of the fibres hollow cylindrical structures were observed in the matrix. There is still a lot 
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of uncertainty about the chemistry of the degradation phenomena. However, nowadays the durability 

of glass fibres is increased by adding zirconium (ZrO2) to the composition of the glass mixture. These 

fibres are also known as Alkali Resistant (AR) glass fibres. Zirconium is known for its strong 

resistance to corrosion. A minimum content of 15% ZrO2 has proven to increase the durability of the 

fibres substantially. These fibres are widely commercially available as Alkali Resistant (AR) glass 

fibres. Furthermore, other implicit protection measures such as a protective sizing, densification of the 

cementitious matrix and the reduction of calcium hydroxide, Ca(OH)2 by lowering the cement content 

increase the durability of the fibres in an alkaline environment. 

Another aspect which was investigated is the recent development in SAP-coated fibre. This 

technology readily combines the SAP and the fibre through a more continuous applied SAP coating. 

Initial results showed that the bonding capacity between fibre and matrix is hindered by the swelling 

capacity of the SAP coating. However, the assessment of the SAP-cable is new research matter and 

has to be subjected to further research. 

Based on the knowledge gathered during the literature review, the first steps in the assessment of a 

translucent self-healing composites could be made. This was done in following consecutive order; at 

first the possibility of strain-hardening behaviour using glass fibre was assessed. Then, the moulding 

technique for translucent specimen was optimised. At this point in time, the fundament of autogenous 

healing i.e. strain-hardening and a translucent cementitious matrix were covered. After which further 

improved healing could be assessed by the integration of SAP particles. The findings and observation 

in each step are discussed below. Note, that the addition of SAP’s also influences the strain-capacity, 

thus the latter was discussed in the strain-hardening section. Furthermore, besides the main approach 

in assessment and elaboration of this composite, possible degradation of the glass fibres was verified. 

It was found that the fibres were able to withstand a highly alkaline environment. 

Strain-hardening 

Two different types of AR-glass fibres were initially analysed i.e. micro and macro glass fibres. The 

main difference between the two was the total fibre length and the matrix composition. The micro 

fibre consisted of a singular fibre with a length of 12 mm. The macro fibre consisted of multiple fibres 

bundled together to one macro fibre strand with a length of 36 mm. Specimen containing both fibre 

types with fibre ratios ranging from 1 to 4 v% (by volume percentage) were subjected to a four-point 

bending test. By analysing the stress-strain relation the strain-hardening behaviour was verified. 

Specimens containing micro glass fibres did not show any strain-capacity. Consequently, brittle failure 

was observed for each fibre ratio. However, an increased first-cracking strength with increasing fibre 

ratio was observed.  

Specimens containing macro glass fibres did show a certain amount strain-hardening capacity. 

Increasing strain with increasing stress levels was observed until 1% strain. When the ultimate-
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cracking strength was reached a gradual strain-softening was observed. At a tensile stress of 90% of 

the ultimate-cracking strength, 2% additional strain was observed for specimen containing 4 v% glass 

fibres. This implies that failure of the specimen was gradual resulting in a more ductile behaviour and 

a substantial amount of strength was preserved. Consequently, some initial multiple-cracking was 

observed. In comparison to the reference mixture, containing 2 v% PVA-fibres, multiple-cracking was 

limited. 

Due to the more optimal macro fibres, the micro fibres were ruled out. In order to optimise the strain-

hardening capacity of the macro fibre, the combination with PVA-fibres was analysed.  

Note that at this point in time, the mixing and moulding procedure was also being assessed in order to 

create translucency. This led to the introduction of a new moulding technique which influenced the 

obtained stress-strain relation of the specimen. Eventually, a uniform mixing and moulding operation 

was achieved which was applied throughout further research. 

By adding the PVA fibres to the mixture, the workability decreased. Therefore the fibre ratio of 4 v% 

macro fibres with a constant amount of 2 v% PVA fibres, which was set equal to the optimal reference 

fibre ratio, was ruled out. Combinations of 2 and 3 v% macro fibres with the 2 v% PVA fibres showed 

increased strain-hardening with multiple-cracking strain up to 3%. Gradual strain-softening up to 5%, 

retaining 95% of the ultimate-cracking strength. This total strain-capacity was similar to the reference 

mixture. In this case abundant multiple-cracking was observed.  

Final improvements to the mixture were made by adding SAP’s to the mixture. This, in turn, improved 

the strain-hardening behaviour. Strain-capacity increased substantially by adding 1 m% of type B 

SAP. Strain-hardening up to 4% and gradual strain-softening exceeding 6.5% at 95% ultimate-

cracking strength was observed. 

Translucency 

Based on the literature review of translucent cementitious innovations a need for a more efficient 

mixing and moulding technique seemed to emerge. Manual labour is a crucial time- and cost- driving 

factor and had to be avoided as much as possible. This implied that, in comparison to the innovations 

found in literature the manual insertion of the light transmitting elements had to be overcome.  

This was by-passed by directly mixing the macro glass fibres. Therefore the same mixing method was 

used as for initial assessment of strain-hardening comparing micro and macro fibres. However, in 

order to introduce light in the glass fibres bigger moulds had to be used. Furthermore one additional 

step was needed to expose the glass fibres. This last step consisted of sawing the samples to the right 

dimensions once properly cured. This efficiently exposed the glass fibres compared to prepositioning 

of the fibres during mixing. Consequently the cementitious matrix was made translucent. Note that this 
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last step involved some additional manual labour, but was inferior compared to manual insertion of the 

fibres. This step can also easily be automated.  

The analysis of the amount of translucency was done using the black-box setup. A correlation of 

increasing white pixel ratio (WPR) with increasing v% of glass fibres was observed. After the wet/dry-

cycles the average WPR remained constant indicating that healing precipitation doesn’t affect 

translucency. However, increased precipitation of CaCO3 was observed at the circumference of the 

exposed fibres and in-between the individuals fibres of the fibre bundle. Furthermore, cracks were 

observed which passed the centre of the exposed glass fibre indicating that these might, just like the 

SAP’s, generate some additional crack initiation, or at least crack linking/diverting.  

Self-healing 

Once the optimal fibre ratios were determined based on the strain-hardening and translucency 

properties further investigation of the self-healing property was done. Self-healing was assessed of 

specimen with and without SAP’s. This way a comparison of autogenous and improved autogenous 

healing could be made. The optimal fibre ratio turned out to be a combination of 3 v% macro glass 

fibres with 2 v% PVA fibres for autogenous specimen. For mixtures containing SAP particles the fibre 

ratio of macro fibres was lowered to 2 v% due to prevailing difficulties in uniform dispersion of SAP 

particles.  

The specimen without SAP’s showed a regain in first-cracking strength of nearly 50% after the first 

healing stage. Multiple-cracking strain at reloading was about 1%. After a second healing period the 

regain in first-cracking strength was 40%, the multiple-cracking strain dropped to 0.5%. Crack width 

up to 30 µm closed completely, larger crack widths closed partially. This value corresponds to what 

was found in literature. (Edvardsen, 1999; Snoeck et al., 2015a; Yang, 2008) 

The specimen with SAP’s showed a regain in first-cracking strength of approximately 42% after the 

first healing stage. This value might be misleading in comparison to the autogenous specimen due to 

the fact that the first-cracking strengths of the SAP specimens were initially higher. Based on the 

different SAP mixtures, an overall increase in crack width closure was observed in specimen 

containing 1 m% of type B SAP. Implying that this might be the optimal ratio for improved 

autogenous healing without impairing the strength of the matrix. 

Based on literature, it was shown that there is still quite some uncertainty of how and why degradation 

of the glass fibres in an alkaline environment occurs. Therefore, the degradation resistance of the 

alkali-resistant glass fibres was assessed by microscopic analysis. Both micro and macro fibres were 

preserved in a cement filtrate solution over a prolonged period of time. The fibres were studied under 

the microscope for deterioration of the surface after respectively 56, 112 and 168 days. Except some 

minor increased scratches for the microfibers no noticeable deterioration of the fibres was observed. 
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To conclude one can state that translucency and self-healing properties combined in a cementitious 

matrix is made possible using glass fibres. A first step in the direction of high-performance 

cementitious composites with great versatility has been set showing promising results. However, 

further elaboration and research is needed to gather more insight in their overall mechanical behaviour 

and to enhance applications. Every day the possibilities of cementitious composites are being 

investigated and being pushed to the limits. Due to this ongoing research different materials will keep 

on being introduced within cementitious matrices in the search for the most optimal composite for a 

specific application. This will lead to composites with extraordinary properties. The self-healing 

property being one of the most promising and intrinsically most durable properties. Translucent 

cementitious composite can target a whole range of different applications. Reducing artificial lighting 

and allowing more natural light together with integrating light-based functionalities in a cementitious 

matrix form the pillars towards a greener and a more integrated cementitious composite framework. 

Composites with self-healing and translucency abilities will, in the future, replace the materials and its 

flaws being used in current applications. Implementing these compound materials will lead to more 

sustainable infrastructure and in turn leading to an overall more durable society.  
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