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e· 
th The complexity of structures and their size have continued to increase, and this has resulted in a greater importance of thei r strength and 

defonnation characteristics in more serious consequences of their behavior. Creep and shrinkage of High Strength Concrete (HSC) are 
complex problem because of its brittleness and sensitiveness to cracking. This research deals with experimentally studied mechanical 

na properties of polyvinyl alcohol (PV A) Fiber Reinforced High Strength Concrete (FRHSC). Several kind of concrete mixes have been 
made adding micro silica and nano silica. The compression and tensile strength, the modulus of elasticity, creep in compression, 

I), 

1J! 
shrinkage, crack propagation were detennined. Wider use of this material pennit the construction of sustainable next generation 

te structures with thin walls and large spans that cannot be built using the traditional concrete. The carbon dioxide released into the 
le 

atmosphere during the cement production process and contributes to the global wanning and the development of holes in the ozone 
layer. This experimental study proves that new elaborated mixes can be successfully used in the production ofconcrete, thus potentially 

7

decreasing the use ofcement, which would lead to a reduction of carbon dioxide release into the atmosphere. IlS 

ze 
Keywords: crack propagation, compression and tensile strength fibre reiriforced concrete. modulus ofelasticity. long term properties. 
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v. 1. Introduction 
er According to Brandt (2008) High Performance 

'() 

B 

Concretes (HPC) is defined as a concrete in which certain 
characteristics are developed for a particular application 

J. and environment; these characteristics are not only strength, 
re but improved durability, increased resistance to various 
) external agents, high rate of hardening, better aspect, etc. 
). The only disadvantage of concrete is its brittleness, i.e. 

relatively low tensile strength and poor resistance to crack 

!JI 
opening and propagation. 

Neville et al. (1983) and Bazant et al. (2013) explain 
that the deformation characteristics of concrete are 
important also in the design of sustainable structures 

!JI because these can significantly contribute to the cracking 
risk. Fanourakis and Ballim (2003) had mentioned that 

B creep and shrinkage of concrete are a complex problem and 
C those phenomena are often responsible for long-term and 
n sustainable ofthe structures. 
l· 
Ie 

The development of new types of concrete focuses 
among others on High Performance Fiber-Reinforced 
Cement Composites (HPFRCC). Prisco et al. (2009) 
expresses that FRC is a composite material that is 
characterized by an enhanced postcracking tensile residual 
strength, also defined as toughness in the following, due to 
the fiber reinforcement mechanisms provided by fibers 
bridging the crack surfaces. Among researchers there is an 
argument that fibers in concrete provide improved 
mechanical and physical properties of the material (Prisco 
et al. 2009, Fischer, Li 2007, Paegle, Fischer 2011, Bajare 

d et al. 2012; Pereira et al. 2012). 
One of the main constituents of concrete is cement. 

The carbon dioxide released into the atmosphere during the 
cement production process accounts for approximately 5
10% of the overall CO2 production in the world. Its release 
into the atmosphere contributes to the global warming and 
the development of holes in the ozone layer. If the CO2 

production in cement factories could be decreased by 10%, 

the overall release into the atmosphere would decrease by 
5.2%. 

This paper reports on an experimental investigation of 
the long term deformations and cracking resistance of 
several types of FRC that are reinforced with PV A fibres. 
In these composites, part of the cement has been replaced 
with micro and nano fillers. 

2. Methods 

The experimental work included the preparation of 
two FRC compositions with PYA fibres with micro (MS) 
and nano (NS) silica. For the purposes of this paper, the 
batches containing microsilica were designated MS, and the 
ones containing nanosilica NS. The mix compositions are 
shown in table 1. PV A fiber properties are listed in table 2. 

Table 1. Concrete mix composition 

Component rki!:/m3 J 
Cement Aalborg white CEM I 52,5 N 
Quartz sand 0-1 mm 
Quartz sand 0.3-0.8mm 
Quartz sand O-O.3mm 
Silica fume Elkem 971 U 

SF 
1000 
260 
400 
300 
150 

NN 
1000 
260 
400 
300 
150 

Plasticizer Sikament 56 30 30 
Nanosilica 0 20 
Water 
PV A fibers MC 40/8 

195 
10 

195 
10 

PV A fibers MC 200/12 
W/C 

10 
0.19 

10 
0.19 

Table 2. Properties ofPVAfibres 

Fibre type () fllml Llmml ft rGPal E IGPaJ 
MC 40/8 40 8 1.6 42 
MC 200112 200 12 1.0 30 

-

Concrete components were measured out and then 
mixed in a laboratory twin-shaft mixer for 4 minutes. 
Standard cube specimens of IOOxlOOxlOO mm, beam 
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specimens of 150x 150x600 mm and cylindrical specimens 
of 47x190 mm were produced: Concrete mixtures were cast 
into oiled moulds without vibrating because this is a self
compacting concrete. After one day specimens were de
moulded. Standard ageing conditions (temperature 20±2°C, 
RH> 95±5%) were provided during hardening until certain 
concrete ages were reached. 

All tests were carried out Riga Technical University 
(RTU) and Denmark Technical university (DTU) 
laboratories. 

The compression strength was determined in 
conformity with the standard EN 12390-3:2009. The tests 
were performed after 7, 28 and 123 days of concrete 
hardening in standard conditions (see Fig. 2). A 
compression testing machine with accuracy of ±l% was 
used and the rate of loading was 0.7 MPa/sec. The tensile 
strength was obtained from single-crack notched coupon 
specimens after 127 days. The notched coupon specimens 
were with dimensions 150x50xl2 mm and representative 
cross section of 8x30 mm. Deformation controlled tensile 
tests (0.3 mm1min loading rate) were conducted using 
clipgauge measuring the opening displacement of a single 
crack (see FigA) (Paegle, Fischer 2011). The modulus of 
elasticity was obtained after 28 days from cylindrical 
specimens loading during creep tests. 

The creep was measured for hardened concrete 
specimens subjected to a uniform compressive load which 
was kept constant over a long period of time, and 
shrinkage was measured for the same specimens without 
loading (Rilem 1998; ACI 2005; Balevicius and Dulinskas 
2000). 

Fig. 1. Preparation ofdifferent kind ofspecimens (RTU and DTU 
laboratories) 

During the creep test, the stress level of both mixes 
was 25% of the maximum strength of the concrete, which 
had been determined during destructive tests. The load was 
applied gradually in four steps and as fast as possible. 
Specimens were kept under a constant load for 90 days, and 
for recoverable creep they were kept without load for 
30 days. 

Six aluminium plates had been centrally and 
symmetrically glued onto three sides of the creep specimens 
in order to provide a basis for the- strain gauges. The 
distance between the centres of the two plates was 50 mm 

(see Fig.l). Three ±0.001 mm precision strain gauges were 
symmetrically cormected to each specimen and then the 
specimens were put into a creep lever test stand and loaded 
(see Fig.2, 3). Two steel plates had been centrally and 
symmetrically glued onto ends of the shrinkage specimens 
(see Fig.l) and strains were measured with a shrinkage 
clamp (see Fig.2). 

Fig. 1. Test setup ofcreep and shrinkage experiments and cube 
compression specimen collapse (RTU laboratory) 

The creep samples were tested in two extreme 
conditions: in one case they were kept in 100% humidity 
ensured by preventing the desiccation of the concrete and in 
the other case samples were air-dried. (Sprince et al. 2011). 
All specimens were kept in a dry atmosphere of controlled 
conditions: temperature 20±loC and relative humidity 
48±3% (Rilem 1998; ACI 2005). After creep and shrinkage 
tests the cylindrical compressive strength of the specimens 
at the age of 123 days was determined. 

A-A 

~ 

~ Fl 

Fig. 3. Creep test lever stand (RTU laboratory) 

The creep (time-dependent strain) was measured in 
hardened concrete specimens. 

The instantaneous strain that occurs immediately upon 
application of the stress may be considered to be elastic at 
low stress levels, and therefore: 

ee(t) Gcol Ec(rO) (1) 
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I) 

Ec(rO ) - the elastic modulus at time To; Ge(r) - the 
instantaneous strain; (Jc{J - the compressive stress. 

The capacity of concrete to creep is usually measured 
in termS of the creep coefficient, rp (I,r ). In a concrete 
specimen subjected to a constant sustained compressive 
stress, (Je(r ),first applied at age T, the creep coefficient at 
time t is the ratio of the creep strain to the instantaneous 
strain and is given by: 

£p(I, r)=" en{l.riee(r) (2) 

where: rp (I.r) - the creep coefficient; ec.{l,r) - the creep strain; 
Be(r)- the instantaneous strain (Gilbert et al. 2011). 

Compact tension (CT) tests with notched 
specimens 

The testing procedure developed for the present work 
consisted of applying a tensile load to a single-edge 
notched specimen (see Fig. 4). The selected specimen 
shape resembles the one used for the evaluation of crack 
propagation behavior in metals (ASTM-E647 2005), the 
so-called Compact Tension specimen. 

Fig. 4. Test setup and specimens after CT and coupon testing 
(DTU laboratory) 

Clear access to the surface where the crack 
progression becomes visible was important. At the same 
time, the stress intensity achieved at the tip of the notch 
limited the area where the crack initiates. With the purpose 
of maximizing the stress intensity at the tip of the notch, the 
notch thickness was reduced to 0.5 mm using a small 
diamond cutting disc. (see Fig.I). The depth of the 
specimen was also reduced, promoting the plain stress state. 
Summarizing, the dimensions adopted for the specimens 
were 150 mm by 150 mm (perpendicular and paraliel to the 
notch) and 12 mm (thickness). The available path for 
progress of the initiated crack parallel to the notch was 30 
mm. The distance between the loading axis and the tip of 
the notch was also 50 mm. The testing sequence consisted 
of subjectil'lg the specimens to a tensile load at a constant 
displacement rate, transmitted by two rods with a diameter 
of 20 mm (see FigA). The use of the two rods allowed the 
transmission of the displacement while keeping free the 
rotation of the specimen with respecL to the rods. The 
adopteq displacement rate was lllmls (Pereira et al. 2012). 
Before testing, to measure crack mouth opening 
displacement (CMOD), the extensometer with precision +/

2.5 mm was centrally and symmetrically positioned at the 
edge of the test plate's notch. 

3. Results and discussion 

The tests to determine compression and tensile 
strength, modulus of elasticity, creep, creep coefficient, 
shrinkage and crack propagation were done on concrete 
samples with PV A fibres in which micro and nano silica 
was used as an active additive. 

High cement content and low water/cement ratio 
provides rapid concrete hardening process with high 
strength gain. High compressive strength had developed in 
the cubes after the first 7 days of hardening, and continuous 
compressive strength growth was observed (Sprince et al. 
2012). Compressive strength of the cubes after 28 days had 
reached 110 MPa for both concrete batches. Compression 
strength tests were done after the creep test (123 days later). 
The compressive strength of the cubes was obtained as 
approximately 150 MPa for both concrete batches. Tensile 
strength after 127 days was approximately 3 MPa. 

During creep tests modulus of elasticity was obtained. 
It was observed that the modulus of elasticity in all 
conditions is similar for both mixes, and it was 47 GPa. 

The total creep strains are given in Fig. 5. The creep 
tests results of the FRC indicate that the highest creep strain 
was observed for both concrete batches in dry. The biggest 
difference between the specimens hardened in moist and 
dry conditions was for specimens with nano silica 
approximately 23%. 
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Fig. 5. Total deformation of FRCC at air-drying and moist 
conditions (RTU laboratory) 

After 90 days of loading, the load was removed. The 
creep recovery was measured 30 days after the loading 
period. The largest part of recoverable creep strain is 
instantaneous. For both mixes the largest difference of 
irrecoverable creep strain was exhibited by dry-hardened 
specimens. The highest residual creep strains were 
observed for specimens with micro silica. 

The creep coefficient increases with time at an ever
decreasing rate. The final creep coefficient is a useful 
measure of the creeping capacity of concrete. The creep 
coefficient reduces significantly with the grow1h of the 
concrete strength. The highest creep coefficients from 
experimental tests were established for concrete specimens 
with nano silica in the dry conditions and it was 
approximately 2.0. (see Fig.6). The lowest creep coefficient 
was exhibited by the specimens with micro silica in the 
moist conditions and it average value was 1.5. 
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Fig. 6. Creep coefficient oj FRCC at air-drying and moist 
conditions (RTU laboratory) 

The CEB-FIP 2010 and the EN 1992-1-1:2004 
models produce significantly different creep coeffiecient 
development. The values of creep coefficient are 2-5 times 
smaller than from experimental tests. This could be 
explained by the fact that the models are evaluated only the 
part of the creep impact parameters, such as compressive 
strength, moisture, sample cross-sectional dimension, but 
are not to evaluate the size and amount of grading, w/c 
ratio, etc. which are essential for the development of creep 
phenomena. 

Shrinkage results were obtained from the same shape 
and concrete mix specimens as the creep specimens, and 
the strains were measured during creep tests. The shrinkage 
deformations are decreasing with time. The lowest 
shrinkage deformations were observed for specimens in 
moist conditions. The average value for specimens in moist 
conditions for both concrete mixes is approximately 80 
micro strains and in dry conditions - approximately 65 
micro strains. 

According to Brandt (2008) the "cocktail" of two 
types of PVA fibers exhibited different behavior of tension 
curve. The main role of short dispersed fibers was to 
control the opening and propagation of small cracks, 
whereas long fibers control the large cracks and serve as a 
bridge between the two sides of the crack. 

Figure 7 shows the behavior of short and long fibers, 
the experimental load crack mouth opening displacement 
(CMOD) curves are presented. The results are presented for 
CMOD values of up to 0.5 mm. The experimental results 
are quite similar and they indicate that nanosilica does not 
have significant influence on the tensile load and CMOD 
properties of FRHSC. The average tensile load for NN 
specimens was 570 Nand CMOD was 0.57 mm 
respectively. The average tensile load for SF specimens was 
613 Nand CMOD was 0.59 mm. 
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Fig. 7. Tension load and CMOD oj two kind oj FRCC (DTU 
laboratory) 

4. Conclusions 

Two FRHSC with micro and nano silica as active 
additive were prepared for a laboratory examination. The 
compressive and tensile strength, modulus of elasticity, 
creep, shrinkage, crack propagation were deterniined. 

During creep tests, the modulus of elasticity was 
obtained. It was observed that the modulus of elasticity of 
specimens hardened in moist and dry conditions are similar 
for both mixes. 

The results of the experiments' 'permitted the 
prediction of long-term deformations of the concrete. 
Concrete specimens were tested for creep and shrinkage. 
All creep specimens were loaded with an equal stress level 
0.25. The load was applied for 90 days and the long-term 
deformation responses were measured. The highest creep 
strain was observed for both mixes specimens in dry 
conditions. The creep recovery was observed over a time 
period of 30 days. The creep deformations were found to 
decrease with concrete aging and time. The largest part of 
recoverable creep strain is instantaneous. For both mixes 
the largest difference of irrecoverable creep strain was 
exhibited in dry condition specimens. 

The creep coefficient reduces significantly with the 
growth of the concrete strength. The highest creep 
coefficients were established for concrete specimens with 
nano silica in dry conditions. The CEB-FIP 2010 and the 
EN 1992-1-1 :2004 models produce significantly different 
creep coeffiecient development and final values. 

The shrinkage results were obtained from the same 
shape and concrete mix specimens as the creep specimens, 
and the strains were measured during creep tests. The 
shrinkage deformations are decreasing with time. The 
lowest shrinkage deformations were observed 
specimens in moist conditions. 

The experimental results of tensile strength 
CMOD are quite similar for both mixes. 

for 

and 

. 

. 

The experimental study indicates that nano silica does 
not have significant influence on the FRHSC mechanical 
and deformative properties. 

In the future, the physical and mechanical properties 
of new FRHSC containing PVA fibers with micro and nano 
silica should be investigated in a more detailed way. 

Acknowledgment 

We would like to thank Riga Technical university 
Department of Structural Analysis for allowing the use of 
lab equipment to carry out the necessary tests related to the 
creep study. And especially express gratitude to Denmark 
Technical University Associate Professor Gregor Fischer 
and Research Assistant leva Paegie for their assistance and 
cooperation and to Department of Civil Engineering for 
allowing the use of lab equipment to carry out the necessary 
tests related to the crack propagation study. 

References 

ACI Committee 209 2005. Report on Factors Affecting Shrinkage 
and Creep of Hardened Concrete (ACI 209.1R-05). American 
Concrete Institute, Fannington Hills, Michigan. 

ASTM-E647 2005. Standard test method for measurement of 
fatigue crack growth rates. ASTM Standard voI.03.01, US. 

Bajare D., Bumanis G., Shakhmenko G., Justs 1. 2012. High 
perfonnance and conventional concrete properties affected by 

106 


http:voI.03.01


ashes obtained from different type of grasses. American 
Concrete Institute. ACI Special Publication (289 SP), 317

330. 
Balevicius R., Marciukaitis G. 2013. Linear and Non-linear Creep 

models for a multi-layered concrete composite. Archives of 
Civil and Mechanical Engineering, vol. 13, Issue 4,472-490. 

Bazant, Z., Hubler, M., and Jinisek, M. 2013. Improved 
Estimation of Long-Term Relaxation Function from 
Compliance Function of Aging Concrete. Journal of 
Engineering Mechanics, Vol. 139, Issue 2, 146-152. 
doi:l0.l061/(ASCE)EM.1943-7889.0000339. 

Brandt A.M. 2008. Fibre reinforced cement-based (FRC) 
composites after over 40 years of development in building and 
civil engineering. Composite Structures, vol. 86, 3-9. 

EN 12390-3:2009 Testing hardened concrete - Part 3: 
Compressive strength of test specimens. 

EN 1992-1-1:2004 Eurocode 2: Design of concrete structures Part 
I-I: General rules and rules for building 

Fanourakis G. and Ballim Y. 2003. Predicting Creep Deformation 
of Concrete: A Comparison of Results From Different 
Investigations. In: Proceedings, 11 th FIG Symposium on 
Deformation Measurements, Santorini, Greece. 

Fischer G., Li V. 2007. Effect of fiber reinforcement on the 
response of structural members. Engineering Fracture 
Mechanics, vol. 74, 258-272. 

Gilbert R.I., Ranzi G. Time-Dependent Behaviour of Concrete 
Structures (20 11) Span Press, London and New York. 

Model Code 2010, Final draft. 2012. Fib bulletin 65: Volume 1. 
Naaman A.E., Reinhardt H.W. 1996. Characterization of High 

Performance Fiber Reinforced Cement Composites. In: 
Proceedings of 2nd International Workshop on HPFRCC, 
Chapter 41, in High Performance Fiber Reinforced Cement 
Composites: HPFRCC 2, A.E. Naaman and H. W. Reinhardt, 
Editors, RILEM, No. 31, E. & FN Spon, London, 1-2. 

Neville A.M., Dilger W.H. and Brooks J.J. (1983) Creep ofPlain 
and Structural Concrete. Construction Press, 1983, London 
and New York. 

Paegle I., Fischer G. 2011. Evaluation of standardized test 
methods to characterize fiber reinforced cement composites. 
In: Proceedings of the Second RILEM international 
conference on Strain Hardening Cement Composites (SHCC2
Rio), Rio de Janeiro, Brazil, December 12-14,9-16. 

Pereira E.B., Fischer G., Barros I.A.O. 2017 Effect of hybrid 
fiber reinforcement on the cracking process in fiber reinforced 
cementitious composites. Cement and Concrete Composites, 
voL 34, Issue 10, 1114-1123. 

Pereira E.B., Fischer G., Barros lA.O. and Lepech M. 2010. 
Crack formation and tensile stress-crack opening behavior of 
fiber reinforced cementitious composites (FRCC). In: 
Proceedings ofFra MCoS-7, 1638-1647. 

Prisco M., Plizzari G., Vandewalle L. 2009. Fibre reinforced 
concrete: new design perspectives. Materials and Structures, 
vol. 42, 1261-1281. 

Rilem TC 107-CSP. 1998. Creep and shrinkage prediction 
models: principles of their formation. Measurement of time
dependent strains of concrete. Materials and Structure, RILEM 
Publications SARL. 

Sprince A., Pakrastinsh Korjakins A. 2011. Experimental 
study on creep of new concrete mixtures. In: Proceeding of the 
International Scientific Conference "Civil Engineering' 11" of 
Latvia University ofAgriculture, May 12-13, Ielgava, 20-26. 

Sprince, A., Pakrastinsh, L., Korjakins, A., Shakhmenko, G., 
Bumanis, G. 2012. Early Age Creep and Shrinkage of High 
Performance Concrete. In: Proceedings of Hipermat 2012 3rd 

International Symposium on UHPC and Nanotechnology for 
High Performancs Construction Materials, 7-9 March, 2012, 
Kassel, Germany, 309-315. 

Andina SPRINCE fourth course PhD student at Department of Structural Engineering, Riga Technical University. Lecturer - Riga 

Technical University, Department of Structural Engineering. 

Main research area: structural behavior of high strength concrete, long-term deformations 

Address: 16 Azenes st., Riga LV-I048, Latvia 

TeL: (+371)67089145 

E-Mail: andina.sprince@rtu.lv 


Leonids PAKRASTINSH - Dr.sc.ing., professor, Institute of Structural Engineering and Reconstruction, Riga Technical university, 

Head of Department of Structural Engineering, Convener of Technical Committee LVSITC 30. 

Main research area: structural behavior ofcementitious composites 

Address: 16 Azenes st., Riga LV -1048, Latvia. 

Tel.: (+371)67089145 

E-Mail: leonids.pakrastins@rtu.lv 


Aleksandrs KORJAKINS - Dr.sc.ing., professor, Institute of Materials and Structures, Riga Technical university, Head of Department 

of Building Materials and Units. 

Main research area: building materials and structures, ecological building materials, reuse of industrial waste 

Address: 16 Azenes st., Riga LV-I048, Latvia. 

Tel.: (+371)7089248 

E-Mail: aleksandrs.korjakins@rtu.lv 


107 


mailto:aleksandrs.korjakins@rtu.lv
mailto:leonids.pakrastins@rtu.lv
mailto:andina.sprince@rtu.lv

