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Fig. 7. Stress-strain graph of reinforcing steel, model in program (computing graph) (a), Stress-strain
graph of a typical reinforcing steel (b)
Source: based on EN 1992-1-1:2008.

— the selection of the spacing rebar’s was performed based on included
requirements in EN 1992-1-1:2008.
VI. Serviceability Limit State (SLS)

Maximum deflection of model elements types: beams, plates, brackets,
quasi static load should not be more than f < L/250, where L is the span
element. Arrow deflection values can be determined on the basis of formulas
contained in Eurocode 2 (EN 1992-1-1:2008). The maximum deflection of the
highest parts of high building should not exceed L/500 (PAWEOSKI, CAEA 2013).
VII. Snow load

The characteristic values of snow load for a building modeled determined
based on the standard (PAWEOSKI, CALA 2013). The object is placed in Cracow,
located in zone 2 of snow loads. The characteristic values of snow load of the
building was set on the basis of the formula 1 with standard (EN 1991-1-
-4:2008):

s = u;C.C,s;, = 0.96 kN/m? (1)
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where:

u; — ratio of the roof shape, y; = 0.8, flat roof,

s, — characteristic value of snow loads, s; = 1.2 kN/m?2,
C. - exposure ratio, C, = 1.0,

C; — thermal ratio, C; = 1.0.

VIII. Wind load

Wind load of the building was determined based on the standard (EN
1991-1-4:2008). It was assumed that wind direction operates in accordance
with angle of 27 degrees to west elevation (Zone IX according to standard),
and at an angle of 151 degrees to the south elevation (zone 6) (Fig. 8). The
height of the building is equal 45 m. Overground floor plan has dimensions of
51 m x 19.5 m.
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Fig. 8. Pressure peaks of wind speed, together with the distribution of external pressure cpe 10
Source: own elaboration.

Calculation of the wind load object made according to standard (EN
1991-1-4:2008). Structural factor determined on the accordance with the
logarithmic equation with standard (EN 1991-1-4:2008) and Article (ZURA-
WSKI, GACZEK 2010) It assumes a fourth category of land for the urban area and
the logarithmic decrement for concrete buildings equal to § = 0.10.
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Results

Frequency and oscillation period of construction were chosen based on the
first the form of vibrations generated by modeling (Fig. 9). Following show
displacements of the building obtained for the first and second form of
vibration.
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Fig. 9. First form of vibration model in the plane zy, for 2.71 Hz (a), second form of vibration model in
the plane zx, for 3.01 Hz (b)
Source: own elaboration.

Displacement - Z [mm]
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Fig. 10. Maximum vertical displacement building (a), maximum vertical displacement of slabs (b)
Source: own elaboration.

Figure 10a shows the vertical displacement of the building loaded with its
own weight, live load and wind and snow loads. The obtained maximum
vertical displacement slabs are equal 17.75 mm, and are lower than the limit
value L/250 = 30 mm. In Figure 106 shows the maximum vertical slabs
displacement.

Maximum vertical displacements lintels and substrings are equal 6 mm,
and also meet the requirements of the SLS (L/250 = 27 mm).
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Fig. 11. Maximum vertical displacement of lintels and substrings
Source: own elaboration.

Figure 12a shows the horizontal displacements in the direction of x, in line
with the greatest strength of wind pressure. While in Figure 126 shows the
horizontal displacements in the direction of y. The value of horizontal displace-
ments amounted to 2 mm in x-direction and 3.2 mm in the direction of y.
Horizontal displacement value is less than the maximum value amounting to
H/900 = 46 mm.
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Fig. 12. Maximum horizontal displacement of construction in direction X (@), maximum horizontal
displacement of construction in direction Y (b)
Source: own elaboration.

BIM technology allows the automatic generation of reports on the rein-
forcement and components used in the model. Parametric modeling of objects
allows the changes made to the drawings are automatically included in the
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model space. Each element is defined in the project by the reference number
(ID) to enable explicit definition of the model relative to other. This allows to
optimize the structure of the arrangement of and the amounts of the reinforc-
ing rebar sections or size of components.

Conclusion

The article highlighted the need for the implementation of the public
procurement BIM in the design and preparation of project documentation and
documentation which is updated at each stage of the construction process. The
application of BIM technology shown on example model of high building
“Mogilska Tower” in Cracow, which was modeled using a new approach taking
into account both traditional modeling 3D CAD as well as direct analysis of
static-strength using BIM. The application of design methods discussed in the
article creates a lot of opportunities in the process faster and more efficient
data management implemented building. Additional possibility of this technol-
ogy is the ability to use dynamic data. The individual elements can be
optimized at every stage of the project and are automatically included in the
model. In addition, any change in dimension, cross section, reinforcement is
also changed throughout the project. Due to the volume of the article, not
included the possibility of optimal development of reinforcement for individual
components, and it is also advantage of BIM. The enormous amount of data
collected at each stage of the construction process offer opportunities for their
M in Polish conditionsoptimal use. BIM technology allows their use. However,
large amounts of data may cause that the site managers instead of being
proficient engineers of construction, more time will have to spend an extra
obligation to enter information into the database of the building.
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Abstract

The paper presents the results of a comprehensive investigation aimed at studying the shear
behavior of basalt or steel fiber-reinforced concrete (BFRC or SFRC) beams, as well as analyzing the
possibility of using basalt or steel fibers as a minimum shear reinforcement. Two-span reinforced
concrete beams with the cross-section of 8x16 cm and length of 200 ecm and diversified spacing of
stirrups were tested. Steel stirrups or alternatively steel or basalt fibers were used as a shear
reinforcement. Steel fiber content was 80 and 120 kg/m® and basalt fiber content was 2.5 and
5.0 kg/m?®. The shear behavior and/or bending capacity of SFRC and BFRC beams were studied. The
result indicated that fibers can be safely used as a minimum shear reinforcement.

Introduction

The reinforced concrete (RC) beam with either little or no transverse
reinforcement can fail prematurely in shear before reaching its full bending
capacity. This type of shear failure is sudden in nature and usually cata-
strophic because it does not give ample warning. Beams are traditionally
reinforced with stirrups to prevent shear failures. An alternative solution to
stirrup reinforcement is the use of randomly oriented steel fibers, which cause
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the increase in shear resistance (DINH et al. 2010). Fibers are made from
various materials e.g. steel, glass, carbon, basalt or synthetic material.

Concrete with evenly distributed steel fiber reinforcement is the homogene-
ous material (JASICZAK, MIKOLAJCZAK 2003). The shape and length of the steel
fibers have a great influence on the bearing capacity of composite through
adequate adhesion to the concrete. The use of steel fibers in bending elements
causes the increase in resistance to cracking, prevents the development of
shrinkage cracks and prevents brittle cracking of concrete through the quasi-
plastic nature of the structure work. Property of concrete with the addition of
steel fibers has the greatest influence on the tensile strength in bending. There
was a lot of research on the use of concrete with fibers in Poland. Prefabricated
heads regimes of slab pole made of fibers reinforced concrete were tested in the
Silesian University of Technology. The studies showed the increase in their
capacity to punching (HULIMKA 2009). POGAN (2010) found that the addition of
fibers in concrete structures leads to reduction in steel reinforcement bars, as
well as to reduction of stirrup number. Research on the possibility of reducing
shear reinforcement by adding steel fibers to concrete was carried out in the
USA by DINH et al. (2010).

Basalt fibers can also be used as reinforcement in concrete structures.
Basalt is natural volcanic material, which is crushed and melted at a tempera-
ture 1300-1700°C, then squeezed using special probes into thin fibers. These
fibers are coated with a polymer to provide adequate corrosion resistance.
Their surface is irregular and rough. These fibers are resistant to corrosion,
acidic and alkaline environment due to their chemical composition of the
composite. Moreover, basalt fibers are resistant to high and low temperatures,
the working temperature range of application ranges from -260°C to +750°C.
The dimensions of the fibers are usually as follows: diameter 12 to 18 p and
length of 24-54 mm. Young’s modulus of elasticity is in the range of
70-90 GPa, and a tensile strength is between 700-1680 MPa. The composite
with this type of fibers is characterized by good mechanical properties (particu-
larly tensile strength) (KOSIOR, KRASSOWSKA 2015). Composites with basalt
fiber are used in special structures, such as housing nuclear reactors or facades
of tall buildings (JASICZAK, MIKOLAJCZAK 2003). Basalt composites are used for
production of ropes of hanging bridges. ABDULHADI (2014) studied the effect of
basalt and polypropylene fibers and concluded that the compressive strength
C30/37 concrete with two different type of fiber at different volume fraction.
AYUB et al. (2014) studied the material properties of an economical HPFRC
containing basalt fibers such as compressive strength, elastic modulus and
tensile strength. Experimental results showed that the addition of basalt fibers
up to 2% by volume together with mineral admixtures improved the compres-
sive strength. The improvement in the strains corresponding to maximum
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compressive strength and splitting tensile strength results was observed at all
fiber volumes, whereas there was a negligible influence of the fiber addition on
the elastic modulus. SMRITI et al. (2013) presented study aims towards
mechanical characterization of basalt fiber reinforced composite under com-
pressive loading. The stress strain curve has been determined experimentally
for optimal 0.5% volume fraction of basalt fiber reinforced composite and
compared with that for unreinforced concrete. CORY et al. (2015) studied the
use of basalt fiber bars as flexural reinforcement for concrete members and the
use of chopped basalt fibers to enhance the mechanical properties of concrete.
Test results indicate that flexural design of concrete members reinforced with
basalt fiber bars should ensure compression failure and satisfying the servicea-
bility requirements. ACI 440.1R-06 accurately predicts the flexural capacity of
members reinforced with basalt bars, but it significantly underestimates the
deflection at service load level. The use of chopped basalt fibers had little effect
on the concrete compressive strength; however, it significantly enhanced its
flexural strength. JIANG et al. (2014) analyzed the effects of the volume fraction
and length of basalt fiber on the mechanical properties of FRC. The results
showed that adding basalt fibers significantly improves the tensile strength,
flexural strength and toughness index whereas the compressive strength
showed no obvious increase. Furthermore, the length of basalt fibers presents
an influence on the mechanical properties.

The experimental research on the shear behavior of SFRC beams has been
conducted for the past three decades. Most of these test programs have
investigated key parameters known to affect shear behavior, including shear
span-to-effective depth ratio, longitudinal reinforcement ratio, fiber volume
fraction, and concrete compressive strength. However, there are still
parameters that have not been extensively investigated (DINH 2010).

The primary objective of the research was to study the shear behavior of
double span beams and ultimate shear capacity of SFRC and BFRC beams
without stirrup reinforcement and to analyze the possibility of using steel or
basalt fibers as minimum shear reinforcement in RC beams.

Experimental program of testing mechanical properties
of concrete with fibers
Material and sample preparation
The tests were performed on fine grained cement concrete. The cement

(CEM 142.5 R) content was constant — 320 kg/m? and the water to cement ratio
of 0.50 was kept constant in all mixes. The river sand, fraction 0-2 mm and the
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natural aggregate with maximum diameter of 4 mm were used. The maximum
size of aggregate was limited to reduce its influence on fracture properties and
to provide the homogenous fibers distribution in concrete. The minimum size
of sample exceeded the maximum size of aggregate more than tenfold.

Steel fibers (Fig. 1a) with hook-shaped ends with a length of 50 mm and
a diameter of 1 mm were used for modification of concrete mix. They were
characterized by tensile strength of 800 MPa. The test was performed for
concrete mixtures with the steel fiber content of 80 and 120 kg/m?.

The chopped basalt fiber (Fig. 16) length was 50 mm and diameter of 20 p.
Fiber density was 2,650 kg/m3. They were characterized by high tensile
strength of 1680 MPa and Young’s modulus of 90 GPa. The tests were carried
out with the same composition of the cement matrix and diverse content of
basalt fiber 2.5, 5.0 kg/m?3.

The fibres were added into concrete as a replacement of an adequate portion
of aggregate by volume. The effect of fibres on mechanical properties was
referee to the result obtained for reference concrete without fibres.

The dry aggregate was mixed with fibres followed by cement. The materials
were dry mixed for 2 min before adding the water with superplasticizer. Mixing
continued for further 4 min. The time of mixing was considered sufficient for
the proper dispersion of fibres in the mix without causing a “balling” effect.

The specimens were vibrated in moulds and then stored under polyethylene
cover for one day. After demoulding all specimens were cured in water at the
temperature of 20+2°C till they were tested.

=

a
L
=

Fig. 1. The types of fiber used for testing: a — steel fibers, b — basalt fibers

Test methods

Compressive strength f;, flexural strength f.,, and modulus of elasticity E;
of concretes with fibers were determined. Test of concrete compressive
strength f,;, was performed according to standard PN-EN 12390-3 (2011) using
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cubic samples of size 100x100x100 mm. The flexural strength f..,, was deter-
mined on samples of size 100x100x400 mm according to PN-EN 12390-5
(2011). Modulus of elasticity was determined according to PN-EN 12390-13
(2014), using cylindrical samples with a diameter of 150 mm and a depth
of 300 mm.

Fracture behavior is the most important aspect of FRC. Nominal values of
the material properties can be determined by performing a three-point bending
test on a notched beam according to f;; Model Code (2010).

The notched beams of size 100x100x400 mm were used in test. The initial
saw-cut notch with a depth equal to 30 mm and width of 3 mm was located in
the mid-span place. The geometry of sample and the way of load were
presented in Figure 2.

£p
' b=100 ! ap =130 '
0 W
=l

S =350
L =400

Fig. 2. Dimensions and method of load of test sample (in mm)

The universal testing machine (MTS 322) with closed loop servo control was
used to achieve a stable failure of samples. The crack mouth opening displace-
ment (CMOD) measured at the center of the notch was a feedback signal. The
clip gauge was used to measure the CMOD values. The load - crack mouth
opening displacement (P-CMOD) was determined for fracture behavior analy-
sis in accordance with the general requirements of f;; Model Code 2010.

Results

The test results of compressive strength f.,, mean value of flexural strength
of concrete f,,,, and modules of elasticity E, determined after 28 days of curing
were presented in Table 1. The steel fibers and basalt showed no significant
effect on the compressive strength of concrete. A small increase in f,;, could be
caused by scatter in the test results. The increase in flexural strength was 52%
in the case of concrete with fibers in the amount of 120 kg/m?. The increase in
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flexural strength f;,,, for concrete counting 5,0 kg/m3 of basalt fibers was 47% in
comparison to concrete without the fibers. Results of research of elastic
modulus confirmed that the fibers do not significantly improve the elasticity of
concrete.

Table 1
Mechanical properties of concrete with steel and basalt fibers

Type of fibers Co? Iflifg fer Ao e Aetm Es AE
[kg/m®]  [MPal [%] [MPa] [%] [GPal [%]

Without fiber 0 28 - 4.01 - 28.59 -
Basalt fiber 2.5 30.8 10 5.13 217.93 335 17.17
5.0 31.9 13.93 5.89 46.88 32.83 14.83
Steel fiber 80 29.01 3.61 5.49 36.91 30.53 6.79

120 31.78 13.5 6.093 51.95 32.11 12.31

The characteristic curves of load P plotted versus CMOD for concretes with
steel fibers and without fibers were presented in Figure 3.
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Fig. 3. Load P versus CMOD curves for concretes with various volume fraction of steel fibers and
without fibers

The influence of steel fiber addition expresses itself by reaching a higher
maximum ultimate load, larger displacement, and thus a larger area under the
load-CMOD curve. In a typical load vs. CMOD diagram for sample under
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three-point loading, the material exhibits linear behavior up to its first crack
stress (well marked first peak), a post-first-crack strain hardening phase up to
its ultimate flexural load, and a post-ultimate-load phase. The descending
parts of diagrams for concretes with different fiber dosage are characterized by
apparent nonlinearity and significant scatter of test results. Both the strain
softening and hardening were observed.

The characteristic curves of load P plotted versus CMOD with basalt fibers
and without fibers were presented in Figure 4.
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Fig. 4. Load P versus CMOD curves for concretes with various volume fractions of basalt fibers and
without fibers

The analysis of P-CMOD plots for concretes with basalt fibers makes it
possible to investigate the changes in concrete properties related to the loss of
brittle material character. From the P-CMOD diagram, one can see that the
initial parts of the curve for all concretes considered are almost linear and the
strain of the notch tip under tension increases slightly with the increasing
load. After the linear segment of P-CMOD curve, deviation from linear
response is observed and the load reaches the maximum value, which indicates
the onset of crack initiation at the tip of the notch. The increase in basalt fiber
content causes the increase in the length of segment until reaching the peak.
The crack mouth opening displacement, recorded for maximum load for
individual samples, increased when the content of fiber increased. Generally,
the CMOD,,., values for fiber reinforced concrete were greater than recorded
for control concrete samples. However, the influence of basalt fiber content on
the maximum load is not clear. The addition of fiber up to 2.5 kg/m? caused the
increase in Py, but further increase in fiber content up to 5.0 kg/m® caused
the decrease in maximum load value.
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Experimental program for testing model beams with basalt
and steel fibers

Assumptions for the research program of model beams with mixed
reinforcement

Five series of double-span model beams with dimensions of
80x180x2000mm were made. Each series contained five different elements of
steel and basalt fiber, with different spacing of stirrups (Fig. 5).
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Fig. 5. The reinforcement of beams tested
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Steel fibers in the amount of 80 and 120 kg/m? and the amount of basalt fibers
in the amount of 2.5 and 5.0 kg/m® were chosen for testing the model beams.
The reference beams of concrete without fibers were also prepared. Calcula-
tions of bending and shear reinforcement were performed in accordance with
PN-EN 1992-1-1, assuming the force load concentrated in the center of each
span. The bending reinforcement was identical in all beams tested and
comprised two bars of ® 12 mm (reinforcement degree of 0,8%) in each test
series. A variable spacing of stirrups was used. The first series 100/100 was
made with spacing stirrups calculated in accordance with EN 1992-1-1, and
then for each series the stirrup spacing was reduced. In series 0/0 stirrup
spacing was reduced to zero (beams without stirrups in both spans). The
reinforcement of beams was shown in Figure 5.

The influence of fiber on the failure mode

Depending on the type of fibers used in each series, different ways of
capacity loss have been observed. The failure mode is strongly dependent on
the shear-span/depth ratio (a,/d). The shear-span/depth ratio was 2.7 in tested
beams, that means that beams should fail in shear. Tested elements have been
destroyed by crushing the concrete in the compressive zone and large perpen-
dicular cracks caused by bending in the beams of the series S100/100 with steel
fibers in an amount of 120 kg/m® and B100/100 beams with basalt fibers in the
amount of 5.0 kg/m?® (in which stirrup shear reinforcement provided shear
forces). In most cases, the failure was caused by shear in span with reduced
spacing of the stirrups. Fail due to shear was similar in all tested beams. As the
force increased, the cracks in the support zone would propagate towards the
loading point, gradually becoming an inclined crack, which is known as
a flexural-shear crack, but which is often referees to simple a diagonal crack.
With further increases in force, the diagonals crack tends to stop. Then, near to
longitudinal reinforcement random cracks start to occur. With the increase of
force, the diagonal crack widens and propagates along the level of the tension
reinforcement. The bond between the concrete and the steel was destructed.
The beam was destroyed and collapsed. In case of RC beams the collapse was
immediate with characteristic “crash” sound. In beams with the addition of
steel fibers and basalt fibers destruction process proceeded in a gentle way.
First, we observed significant increase in the deflection of beam mid span and
an increase in crack width. Test elements with fiber reinforcement showed
properties of quasi- plastic material. The beam after the uprising diagonal
crack continued to carry loads. The examples of failure of beams were shown in
Figure 6.
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__ B . S |
Fig. 6. Destruction of beams with steel fibers series: a — S80-50/0, b — S120-100/50/100 and basalt
fibers, ¢ — B2,5-50/50, d — B5,0-0/0

The effect of fibers on the shear capacity of beams

In the studies, reactions at the supports, as well as the total load of
destruction were measured. The values of destructive forces and their in-
crements compared to the values of the destructive forces for the reference
beams (without fiber) were presented in Table 2. In the case of SFRC beams,
the increase in destruction force volume was from 36.5% to 100.7%. In the case
of BFRC the growth of destruction force was from 14.2% to 54.0%. The
maximum increase in shear capacity was observed for beams of series
S120-50/0. Beams series 50/50 with both basalt (5.0 kg/m® and steel
(120 kg/m?®) fibers carried the same (or larger) destroying load as the beam
series 100/100 without fiber only with stirrups reinforced.

The effect of fibers on support reactions

In test the dependence of the support reactions on the load in the tested
beams series 50/0 (right span without stirrups, left span with stirrups in
reduced spacing) was showed. Beams series 50/0 with addition of steel or basalt
fibres and reference beam were presented in Figure 7.
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Table 2
Destructive forces and their percentage increase for beams tested
Destructive Increase Destructive Increase
Series Beam with force in force Beam with force in force
basalt fiber basalt fiber
[KN] [%] [KN] [%]
B0-100/100 80.6 - S0-100/100 80.6 -
100/100 B2.5-100/100 95.3 18.2 S1.0-100/100 110.0 36.5
B5.0-100/100 106.7 32.4 S1.5-100/100 114.71 42.3
B0-100/50 57.8 - S0-100/50 57.8 -
00/50 B2.5-100/50 70.2 21.5 S1.0-100/50 93.4 61.6
B5.0-100/50 75.3 30.3 S1.5-100/50 109.7 89.8
B0-50/50 60.7 - S0-50/50 60.7 -
50/50 B2.5-50/50 69.3 14.2 S1.0-50/50 64.1% -
B5.0-50/50 93.5 54.0 S1.5-50/50 102.7 69.2
B0-50/0 29.9 - S0-50/0 29.9 -
50/0 B2.5-50/0 33.5 12.0 S1.0-50/0 47.6 59.2
B5.0-50/0 441 47.5 S51.5-50/0 60.0 100.7
B0-0/0 33.1 - B0-0/0 33.1 -
0/0 B2.5-0/0 37.9 14.5 S1.0-0/0 47.0 42.0
B5.0-0/0 49.4 49.2 S1.5-0/0 52.8 59.5

* — beam was lateral-torsional buckling, 1 — beam was destroyed by bending

In the case of beam 50/0 without fibres, the all reactions with the increase in
load had comparable values. The beam has been destroyed by shearing in the
right span. There was only one main diagonal crack on the extreme support,
which developed from the perpendicular cracks. The diagonal propagation was
then followed in the direction of load application and in the direction of the
level of the longitudinal reinforcement, and in the final stage also along the
longitudinal reinforcement towards the support. The beams have been de-
stroyed by shearing as a result of a sudden diagonal crack.

The beams of the series S120-50/0 or B5,0-50/0 have been destroyed at the
centre support. The response on the centre support was much higher than for
the rest of supports, meaning that most of the load has been transmitted by the
centre support (here the plastic prosthesis has been created). For the series
S5120-50/0 in the initial phase of the load one can see the redistribution of
transverse forces. After levelling forces at supports and cracks in the spans, the
centre support took over the load transfer. In the beams of the series S120-50/0
or B5,0-50/0, the first cracks were orthogonal in the middle of the spans. As the
load increased, more orthogonal cracks were created and their propagation at
the sectional height took place. The slow and stabilized development of the
perpendicular cracks was observed until diagonal crack appeared on the centre
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Fig. 7. A graph of the dependency of the support reaction to the load: a — 50/0 steel fibers,
b - S120-50/0 and basalt fibers, ¢ — B5,0-50/0

support at the side with reduced number of stirrups. Through the redistribu-
tion of internal forces, the central support has become the most loaded and
external supports had similar values.

Conclusions

Steel fibers and basalt fibers had the slight impact on the compressive
strength of concrete. In the case of flexural strength the changes were much
bigger, for basalt fibers the maximum increase was 47% and for steel fiber
similar increase was 51.95%.

The incorporation of considered volume fraction (2.5-5.0 kg/m?) of thin, soft
basalt fibers had an influence on concrete element improvement of pre-peak
and post-peak behavior.
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The stiff, hooked-end steel fibers (incorporated in the volume fraction of 80
and 120 kg/m?) influenced concrete performance more efficiently than basalt
fibers. The flexural tensile strength and the ductility increased with increasing
fiber volume as expected. Steel fibers had relatively slight effect on pre-peak
behavior of concrete samples. These parts of load-CMOD plot were more linear
in comparison to plots obtained for basalt fiber reinforced concrete. In this
phase, the steel fibers were particularly effective in the elimination of influence
of pores and other microstructure defects on concrete sample behavior under
load. The stable post-peak performance at larger CMOD values was dominated
by the volume of steel fibers due to the presence of the hooks and its large
embedded length.

Studies of double-span reinforced concrete beams showed the increase in
shear capacity, increasing with the increase in fiber content. The increase in
shear capacity for series tested was approx. 100% for steel fiber reinforcement
and approx. 50% for basalt fiber. The lowest ultimate shear capacity for the
SFRC and BFRC beams was still 2.5 and 1.5 times greater than that for the
control RC beams. Although the lowest normalized shear strength for the beam
series corresponded to one of the test beams with the smallest amount of fibers
and reinforcement ratio (Beam 0/0). The results confirm the possibility of using
the steel or basalt fibers as a minimum shear reinforcement in RC beams.
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Abstract

In this paper an area-efficient hardware implementation of a Bincombgen algorithm was
presented. This algorithm generates all (n,k) combinations in the form of binary vectors. The
generator was implemented using Verilog language and synthesized using Xilinx and Intel-Altera
software. Some changes were applied to the original code, which allows our FPGA implementation to
be more efficient than in the previously published papers. The usage of chip resources and maximum
clock frequency for different values of n and & parameters are presented.

Introduction

The generation of combinatorial patterns is a well-known problem. KNUTH
(2006) traces the history of this problem back to ancient China, India and
Greece. Generation of (n, k) combinations has received much attention over
the last couple of decades. Several algorithms were published in the 1960s. In
those days a number of LEHMER articles (1960, 1964) attracted considerable
interest. Since then, a number of algorithms were proposed (AKL 1987, CHEN,
CHERN 1966, HouGH, RUSKEY 1988, RUSKEY, WILLIAMS 2009, STOJMENOVIC
1992, TAKAOKA 1999, WEI 2014). Various applications of generators of combi-
nations were found, e.g. parallel processing of combinatorial problems
(KOKOSINSKI 1997D).
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KOKOSINSKI (1997a) proposed two algorithms called Combgen and Bincom-
bgen. Both algorithms generate all (n, 2) combinations using different combi-
nation representation: respectively conventional and binary. Especially the
second one can be used to perform hardware mask/comparand vector gener-
ation efficiently.

This paper describes an area-efficient hardware implementation of Bincom-
bgen algorithm. A basic model was implemented, which generates 1 combina-

tion per clock cycle. It takes (Z) clock cycles to generate all (n, k) combinations.

We have obtained satisfactory results demonstrating that the generator can be
efficiently implemented in a FPGA device. Our results are also compared to the
results presented by BUBNIAK et al. (2004).

This paper is organized as follows. In the next section Bincombgen
algorithm for generation of combinations is presented. In the third section
details of its hardware implementation are described. Our results are com-
pared to the results in the literature in Section 4. The last section contains
a summary.

The algorithm description

Algorithm Bincombgen generates all (n, k) combinations in the form of
n-bit binary vectors. A pseudocode of the algorithm is presented in Figure 1.
Vectors are generated in a reverse lexicographic order in constant time per
combination. In this paper some changes to the original algorithm were made
to simplify hardware implementation. A modified pseudocode of the algo-
rithm is presented in Figure 2. The order of operations as well as subsets of
indexes for ONE2SUBSET operations have been changed. The potential gain
on parallelization was presented in Figure 3. Operations in the same column
can be done in parallel. Proposed modifications allows all operations in the
generation phase to be performed in the same clock cycle in hardware
implementation. It is possible since 3.1 and 3.3 operations can be done using
combinatorial logic.

Table A and B are initialized at the same time. Table A is initialized by
setting all (k) elements to 1. In the table B the first % bits are set to 1, while
others (n-k) are set to 0. This value will be used to generate first output vector.
For example, ifn = 6 and & = 3 the first generated vector will be 111000. At the
same time S and IND registers are initialized. Initialization phase can be done
in parallel (i.e. in one clock cycle).
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//INITIALIZATION PHASE
1. MAX := n-k+1; IND := 1; S := 1;
2. do in parallel
2.1. ONE2SUBSET(S, A, IND, k);
2.2. ONE2SUBSET(0, B, 1, n);
3. do in parallel
3.1. S := A(IND)+1;
3.2. ONE2SUBSET(1, B, 1, k);
4. do in parallel
4.1. output B;
4.2. IND := k;
//GENERATION PHASE
5. while IND > 0 do
5.1. do in parallel
5.1.1. ONE2SUBSET(S, A, IND, K);
5.1.2. v := IND+S;
5.2. ONE2SUBSET(0, B, v-2, v-2);
5.3. ONE2SUBSET(1, B, v-1, v-1);
5.4. if A[IND] < MAX then
54.1. S:= AUND)+1;
5.4.2. if IND<k then
5.4.2.1. do in parallel
5.4.2.1.1. ONE2SUBSET(0, B, v, n);
5.4.2.1.2. IND := k;
5.4.2.2. ONE2SUBSET(1, B, v, IND+S-2);
else
5.4.3. IND := IND - 1;
544. S:= AOND)+1;
5.5. output B;

ONE2SUBSET(VALUE, SET, LEFT, RIGHT)
for i:=LEFT to RIGHT
do in parallel
SETIi] := VALUE

Fig. 1. Pseudocode of the Bincombgen algorithm
Source: BUBNIAK et al. (2004).

In the generation phase values of A, B, S and IND change in parallel on the
edge of CLK signal. All modifications of B can be applied in one clock cycle,
because subsets of indexes for ONE2SUBSET operations are disjunctive. Bits
from 1 to v-3 are left unchanged. Value of v is modified by combinational logic.
Combinations are generated as long as.

Exemplary sequences generated by modified Bincombgen algorithm for
n = 6 and £ = 3 are presented in Table 1.
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//INITIALIZATION PHASE
1. do in parallel
1.1. MAX := n-k+1;
1.2. ONE2SUBSET(1, A, 1, K);
1.3. ONE2SUBSET(1, B, 1, K);
1.4. ONE2SUBSET(0, B, K+1, N);
1.5. IND := k;
16. S:=2;
2. output B;
//GENERATION PHASE
3. while IND > 0 do
3.1. v:=IND + S;
3.2. do in parallel
3.2.1. ONE2SUBSET(S, A, IND, K);
3.2.2. ONE2SUBSET(0, B, v-2, v-2);
3.2.3. ONE2SUBSET(1, B, v-1, v-1);
3.2.4. if S < MAX then
3.2.4.1. if IND < k then
3.2.4.1.1. ONE2SUBSET(0, B, K+S, N);
3.2.4.1.2. ONE2SUBSET(1, B, v, K+S-1);
3.2.4.1.3. IND := k;
3.242. S:=S + 1,
else
3.2.4.3. S:= A(IND) + 1,
3.2.4.4. IND := IND - 1;
3.3. output B;

ONE2SUBSET(VALUE, SET, LEFT, RIGHT)
for i:=LEFT to RIGHT
do in parallel
SETI[i] := VALUE

Fig. 2. Modified pseudocode of the Bincombgen algorithm

Table 1
Sequences generated using (6,3) generator

No. IND S Al1] Al2] Al3] B (bin) B (hex)
1 3 2 1 1 1 111000 38

2 3 3 1 1 2 110100 34

3 3 4 1 1 3 110010 32

4 2 2 1 1 4 110001 31

5 3 3 1 2 2 101100 2¢

6 3 4 1 2 3 101010 2a

7 2 3 1 2 4 101001 29

8 3 4 1 3 3 100110 26

9 2 4 1 3 4 100101 25
10 1 2 1 4 4 100011 23
11 3 3 2 2 2 011100 1lc
12 3 4 2 2 3 011010 la
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cont. table 1

No. IND S Al1] Al2] Al3] B (bin) B (hex)
13 2 3 2 2 4 011001 19
14 3 4 2 3 3 010110 16
15 2 4 2 3 4 010101 15
16 1 3 2 4 4 010011 13
17 3 4 3 3 3 001110 Oe
18 2 4 3 3 4 001101 0d
19 1 4 3 4 4 001011 Ob
20 0 5 4 4 4 000111 07

0
00000
O
Q

Fig. 3. Possible parallelization of original (a) and modified (b) pseudocode
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Hardware implementation

Algorithm described in the section 2 was implemented using a basic model,
which consists of singular registers B (of size n bits), S and IND and table A of
size k. Each element of a table A is p bit wide, where p = [logo(MAX)]. In this
model 1 output vector per clock cycle is generated. It makes an implementation
small and compact and allows the device to work with high clock frequencies.
Both n and % are the inputs of the algorithm, provided to the module as
parameters, which can be modified during module instantiation. Such imple-
mentation can also be easily used to perform efficient hardware mask/com-
parand vector generation.

In order to compare our results with those described by BUBNIAK et al.
(2004), similar interface was used (see Fig. 4). There are three input signals:
CLK, RST_N and START. The first one is a clock signal. The second one is
used to reset the generator if necessary. This input is negative-edge triggered.
Signal START is used to start computations. In each clock cycle an output
(OUT_DATA) of n bits is produced. Signal BUSY indicates that calculations
are in progress.

N
— | OUT_DATA +

RST_N BUSY

START

Fig. 4. Block diagram of the implemented generator

Described algorithm was implemented using Verilog language. Created
generator of combinations was tested and verified using ISE Design Suite 14.7,
Intel Quartus Prime 16.0 and ModelSim-Altera 10.4d. Test values were
generated using software implementation of described algorithm that was
created in Python.

To verify whether the implementation is producing correct results, the
prototypes of the (6,3) and (20,10) generators were synthesized and loaded
onto FPGA devices. Our experiments were carried out on two development
kits:

— Terasic DE2-115 that features Altera (Intel-FPGA) Cyclone IV E device,

— Atlys Trainer Board that features Xilinx Spartan 6 device.

Results for (6,3) generator (implemented on the DE2-115 board), captured
using SignalTap Logic Analyzer, are presented in Figure 5. Clock frequency for
testing purpose was set to 50 MHz. All generated sequences are equal to values
presented in Table 1.
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Alias Name ||-3 -2 1 [‘I 1 2 3 < 5 8 T -1 9 10 1‘1 1|2 1‘3 1|4 WIE- 1|6 1‘7 1IB 1? Z‘EI 2|1 ZIZ :

START
- OUT_DATA[S5..0]
BUSY

Me S
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Fig. 5. Captured results for (6,3) generator

Table 2
Usage of resources and time parameters obtained from synthesis

(n, k) Reference Slices 4-input LUTs  Max. freq. [MHz]
This paper 27 48 231.038
“,2) BuBNIAK et al. 2004 665 1,276 35.155
This paper 42 60 207.308
©3) BusNIAK et al. 2004 948 1,835 28.395
This paper 71 135 113.610
®, 4 BusnNiAK et al. 2004 1,144 2,193 29.428
This paper 92 173 119.669
(10, 5) BusN1AK et al. 2004 1,422 2,734 32.505
This paper 93 173 105.396
(12, 6) BuBNIAK et al. 2004 1,658 3,196 31.614
This paper 117 220 110.868
(14,7 BusN1AK et al. 2004 1,891 3,630 31.387
This paper 157 295 94.757
(16, 8) BusnNiak et al. 2004 2,099 4,028 31.114
This paper 161 297 98.865
(18, 9) BusN1AK et al. 2004 2,408 4,628 30.146
This paper 188 330 95.469
20, 10) BUBNIAK et al. 2004 2,715 5,233 29.273
(40, 20) This paper 353 658 80.176
(60, 30) This paper 506 937 79.399
(80, 40) This paper 718 1,339 71.045

Generation of the combinations starts when START signal is driven high.
In the following clock cycles consecutive combinations are generated, starting
with 111000 (0x38). Output values change on the positive edge of CLK signal.
Signal BUSY remains driven high as long as the generator produces next
vectors. After completion of computations, BUSY is driven to a logical low and
the value of OUT_DATA output is set to 000000. In case when START signal is
driven high once more, all combinations are generated all over again.
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Results

Results obtained from synthesis using ISE WebPACK 6.1 for XC2S5100
device were presented by BUBNIAK et al. (2004). Unfortunately, this device in
no longer available in ISE Design Suite 14.7. Therefore, newer Xilinx Spartan
IIT XC3S50 was chosen as a target device. This device allows implementation to
use up to 1536 4 input LUTSs and 768 slices.

Usage of FPGA resources for several values of n and 2 (¢ = n / 2) are
presented in Table 2. Additionally, maximum clock frequency was determined.

An implementation described by BUBNIAK et al. (2004) resulted in a high
consumption of logical resources. Synthesis of generators for n>8 and k>4 was
impossible in targeted XC2S100 device due to insufficient FPGA resources. In
contradiction with those results, utilization level of the FPGA resources for our
implementation is quite low. It is interesting to note that XC2S100 offers more
logic resources than used in this paper XC3S50, i.e.1200 slices and 2400 4 input
LUTs. However, in this paper different target device and newer version of
software were used. Presented results thus need to be interpreted with
caution.

In case of the smallest synthesized generator (n = 4, £ = 2) around 3% of
available resources is used. In case of the biggest one presented in the
referenced literature (n = 20, £ = 10) utilization level does not exceed 25%.
Synthesis of (80,40) generator was possible and it did not exceed the size of the
chip.

Summary

Implemented generator of combinations, based on Bincombgen algorithm,

generates all (n, k) combinations in (Z) clock cycles. We have obtained

satisfactory results demonstrating that the generator can be efficiently imple-
mented in a FPGA device. A consumption of logical resources is quite low and
maximum clock frequency is relatively high.

We believe our work will be helpful in a hardware implementation of linear
decomposition algorithm (MAZURKIEWICZ, L.UBA 2017). The hardware imple-
mentation of this algorithm require generating a discernibility matrix (stored
in RAM). Generated values are then read from the memory and a possible
linear decomposition is sought. Generator of combinations could be used to
perform efficient memory addresses generation in this operation, since all n-bit
vectors with Hamming weight equal to 2 € [2,n] must be generated.
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Guide for Autors

Introduction

Technical Sciences is a peer-reviewed research Journal published in English by the
Publishing House of the University of Warmia and Mazury in Olsztyn (Poland). Journal
is published continually since 1998. Until 2010 Journal was published as a yearbook, in
2011 and 2012 it was published semiyearly. From 2013, the Journal is published
quarterly in the spring, summer, fall, and winter.

The Journal covers basic and applied researches in the field of engineering and the
physical sciences that represent advances in understanding or modeling of the perform-
ance of technical and/or biological systems. The Journal covers most branches of
engineering science including biosystems engineering, civil engineering, environmental
engineering, food engineering, geodesy and cartography, information technology, mech-
anical engineering, materials science, production engineering etc.

Papers may report the results of experiments, theoretical analyses, design of
machines and mechanization systems, processes or processing methods, new materials,
new measurements methods or new ideas in information technology.

The submitted manuscripts should have clear science content in methodology,
results and discussion. Appropriate scientific and statistically sound experimental
designs must be included in methodology and statistics must be employed in analyzing
data to discuss the impact of test variables. Moreover there should be clear evidence
provided on how the given results advance the area of engineering science. Mere
confirmation of existing published data is not acceptable. Manuscripts should present
results of completed works.

There are three types of papers: a) research papers (full length articles); b) short
communications; c) review papers.

The Journal is published in the printed and electronic version. The electronic version
is published on the website ahead of printed version of Technical Sciences.

Technical Sciences does not charge submission or page fees.

Types of paper
The following articles are accepted for publication:

Reviews

Reviews should present a focused aspect on a topic of current interest in the area of
biosystems engineering, civil engineering, environmental engineering, food engineering,
geodesy and cartography, information technology, mechanical engineering, materials
science, production engineering etc. They should include all major findings and bring
together reports from a number of sources. These critical reviews should draw out
comparisons and conflicts between work, and provide an overview of the ’state of the
art’. They should give objective assessments of the topic by citing relevant published
work, and not merely present the opinions of individual authors or summarize only work
carried out by the authors or by those with whom the authors agree. Undue speculations
should also be avoided. Reviews generally should not exceed 6,000 words.

Research Papers

Research Papers are reports of complete, scientifically sound, original research
which contributes new knowledge to its field. Papers should not exceed 5,000 words,
including figures and tables.
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Short Communications

Short Communications are research papers constituting a concise description of
a limited investigation. They should be completely documented, both by reference list,
and description of the experimental procedures. Short Communications should not
occupy more than 2,000 words, including figures and tables.

Letters to the Editor
Letters to the Editor should concern with issues raised by articles recently published
in scientific journals or by recent developments in the engineering area.

Contact details for submission
The paper should be sent to the Editorial Office, as a Microsoft Word file, by e-mail:
techsci@uwm.edu.pl

Referees

Author/authors should suggest, the names, addresses and e-mail addresses of at least
three potential referees. The editor retains the sole right to decide whether or not the
suggested reviewers are used.

Submission declaration

After final acceptance of the manuscript, the corresponding author should send to
the Editorial Office the author’s declaration. Submission of an article implies that the
work has not been published previously (except in the form of an abstract or as part of
a published lecture or academic thesis or as an electronic preprint), that it is not under
consideration for publication elsewhere, that publication is approved by all authors and
tacitly or explicitly by the responsible authorities where the work was carried out, and
that, if accepted, it will not be published elsewhere in the same form, in English or in any
other language.

To prevent cases of ghostwriting and guest authorship, the author/authors of
manuscripts is/are obliged to: (i) disclose the input of each author to the text (specifying
their affiliations and contributions, i.e. who is the author of the concept, assumptions,
methods, protocol, etc. used during the preparation of the text); (ii) disclose information
about the funding sources for the article, the contribution of research institutions,
associations and other entities.

Language

Authors should prepare the full manuscript i.e. title, abstract and the main text in
English (American or British usage is accepted). Polish version of the manuscript is not
required.

The file type

Text should be prepared in a word processor and saved in doc or docx file (MS Office).
Article structure

Suggested structure of the manuscript is as follows:

Title

Authors and affiliations

Corresponding author

Abstract

Keywords

Introduction

Material and Methods

Results and Discussion

Conclusions
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Acknowledgements (optional)
References

Tables

Figures

Subdivision — numbered sections

Text should be organized into clearly defined and numbered sections and subsec-
tions (optionally). Sections and subsections should be numbered as 1. 2. 3. then 1.1 1.2
1.3 (then 1.1.1, 1.1.2, ...). The abstract should not be included in numbering section.
A brief heading may be given to any subsection. Each heading should appear on its own
separate line. A single line should separate paragraphs. Indentation should be used in
each paragraph.

Font guidelines are as follows:

— Title: 14 pt. Times New Roman, bold, centered, with caps

— Author names and affiliations:12 pt. Times New Roman, bold, centered, italic, two
blank line above

— Abstract: 10 pt. Times New Roman, full justified, one and a half space. Abstract should
begin with the word Abstract immediately following the title block with one blank line
in between. The word Abstract: 10 pt. Times New Roman, centered, indentation
should be used

— Section Headings: Not numbered, 12 pt. Times New Roman, bold, centered; one blank
line above

— Section Sub-headings: Numbered, 12 pt. Times New Roman, bold, italic, centered; one
blank line above

— Regular text: 12 pt. Times New Roman, one and a half space,full justified, indentation
should be used in each paragraph

Title page information
The following information should be placed at the first page:

Title
Concise and informative. If possible, authors should not use abbreviations and
formulae.

Authors and affiliations

Author/authors’ names should be presented below the title. The authors’ affiliation
addresses (department or college; university or company; city, state and zip code,
country) should be placed below the names. Authors with the same affiliation must be
grouped together on the same line with affiliation information following in a single block.
Authors should indicate all affiliations with a lower-case superscript letter immediately
after the author’s name and in front of the appropriate address.

Corresponding author

It should be clearly indicated who will handle correspondence at all stages of
refereeing and publication, also post-publication process. The e-mail address should be
provided (footer, first page). Contact details must be kept up to date by the correspond-
ing author.

Abstract

The abstract should have up to 100-150 words in length. A concise abstract is
required. The abstract should state briefly the aim of the research, the principal results
and major conclusions. Abstract must be able to stand alone. Only abbreviations firmly
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established in the field may be eligible. Non-standard or uncommon abbreviations
should be avoided, but if essential they must be defined at their first mention in the
abstract itself.

Keywords

Immediately after the abstract, author/authors should provide a maximum of
6 keywords avoiding general, plural terms and multiple concepts (avoid, for example,
‘and’, ‘of’). Author/authors should be sparing with abbreviations: only abbreviations
firmly established in the field may be eligible.

Abbreviations

Author/authors should define abbreviations that are not standard in this field.
Abbreviations must be defined at their first mention there. Author/authors should
ensure consistency of abbreviations throughout the article.

Units
All units used in the paper should be consistent with the SI system of measurement.
If other units are mentioned, author/authors should give their equivalent in SI.

Introduction

Literature sources should be appropriately selected and cited. A literature review
should discuss published information in a particular subject area. Introduction should
identify, describe and analyze related research that has already been done and summar-
ize the state of art in the topic area. Author/authors should state clearly the objectives of
the work and provide an adequate background.

Material and Methods

Author/authors should provide sufficient details to allow the work to be reproduced
by other researchers. Methods already published should be indicated by a reference.
A theory should extend, not repeat, the background to the article already dealt within
the Introduction and lay the foundation for further work. Calculations should represent
a practical development from a theoretical basis.

Results and Discussion

Results should be clear and concise. Discussion should explore the significance of the
results of the work, not repeat them. A combined Results and Discussion section is often
appropriate.

Conclusions
The main conclusions of the study may be presented in a Conclusions section, which
may stand alone or form a subsection of a Results and Discussion section.

Acknowledgements

Author/authors should include acknowledgements in a separate section at the end of
the manuscript before the references. Author/authors should not include them on the
title page, as a footnote to the title or otherwise. Individuals who provided help during
the research study should be listed in this section.

Artwork
General points

— Make sure you use uniform lettering and sizing of your original artwork
— Embed the used fonts if the application provides that option
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— Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman,
Symbol

— Number equations, tables and figures according to their sequence in the text

— Size the illustrations close to the desired dimensions of the printed version

Formats

If your electronic artwork is created in a Microsoft Office application (Word,
PowerPoint, Excel) then please supply ‘as is’ in the native document format

Regardless of the application used other than Microsoft Office, when your electronic
artwork is finalized, please ‘Save as’ or convert the images to one of the following
formats (note the resolution requirements given below):

EPS (or PDF): Vector drawings, embed all used fonts

JPEG: Color or grayscale photographs (halftones), keep to a minimum of 300 dpi

JPEG: Bitmapped (pure black & white pixels) line drawings, keep to a minimum of
1000 dpi or combinations bitmapped line/half-tone (color or grayscale), keep to a mini-
mum of 500 dpi

Please do not:

— Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these
typically have a low number of pixels and limited set of colors

— Supply files that are too low in resolution

— Submit graphics that are disproportionately large for the content

Color artwork

Author/authors should make sure that artwork files are in an acceptable format
(JPEG, EPS PDF, or MS Office files) and with the correct resolution. If, together with
manuscript, author/authors submit color figures then Technical Sciences will ensure
that these figures will appear in color on the web as well as in the printed version at no
additional charge.

Tables, figures, and equations

Tables, figures, and equations/formulae should be identified and numbered consecu-
tively in accordance with their appearance in the text.

Equations/mathematical and physical formulae should be presented in the main
text, while tables and figures should be presented at the end of file (after References
section). Mathematical and physical formulae should be presented in the MS Word
formula editor.

All types of figures can be black/white or color. Author/authors should ensure that
each figure is numbered and has a caption. A caption should be placed below the figure.
Figure must be able to stand alone (explanation of all symbols and abbreviations used in
figure is required). Units must be always included. It is noted that figure and table
numbering should be independent.

Tables should be numbered consecutively in accordance with their appearance in the
text. Table caption should be placed above the table. Footnotes to tables should be placed
below the table body and indicated with superscript lowercase letters. Vertical rules
should be avoided. Author/authors should ensure that the data presented in tables do not
duplicate results described in figures, diagrams, schemes, etc. Table must be able to
stand alone (explanation of all symbols and abbreviations used in table is required).
Units must be always included. As above, figure and table numbering should be
independent.
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References

References: All publications cited in the text should be presented in a list of
references following the text of the manuscript. The manuscript should be carefully
checked to ensure that the spelling of authors’ names and dates of publications are
exactly the same in the text as in the reference list. Authors should ensure that each
reference cited in the text is also present in the reference list (and vice versa).

Citations may be made directly (or parenthetically). All citations in the text should
refer to:

1. Single author

The author’s name (without initials, with caps, unless there is ambiguity) and the
year of publication should appear in the text

2. Two authors

Both authors’ names (without initials, with caps) and the year of publication should
appear in the text

3. Three or more authors

First author’s name followed by et al. and the year of publication should appear in
the text

Groups of references should be listed first alphabetically, then chronologically.

Examples:

“... have been reported recently (ALLAN, 1996a, 1996b, 1999; ALLAN and JONES, 1995).

KRAMER et al. (2000) have recently shown...”

The list of references should be arranged alphabetically by authors’ names, then
further sorted chronologically if necessary. More than once reference from the same
author(s) in the same year must be identified by the letters “a”, “b”, “c” etc., placed after
the year of publication.

References should be given in the following form:

KuMBHAR B.K., AGARVAL R.S., Das K. 1981. Thermal properties of fresh and frozen
fish. International Journal of Refrigeration, 4(3), 143-146.

MacHADO MLF., OLIVEIRA F.A.R., GEKAS V. 1997. Modelling water uptake and soluble
solids losses by puffed breakfast cereal immersed in water or milk. In Proceedings of the
Seventh International Congress on Engineering and Food, Brighton, UK.

NETER J., KUTNER M.H., NACHTSCHEIM C.J., WASSERMAN W. 1966. Applied linear
statistical models (4th ed., pp. 1289-1293). Irwin, Chicago.

THOMSON F.M. 1984. Storage of particulate solids. In M. E. Fayed, L. Otten (Eds.),
Handbook of Powder Science and Technology (pp. 365-463). Van Nostrand Reinhold,
New York.

Citation of a reference as ‘in press’ implies that the item has been accepted for
publication.

Note that the full names of Journals should appear in reference list.

Submission checklist

The following list will be useful during the final checking of an article prior to the
submission. Before sending the manuscript to the Journal for review, author/authors
should ensure that the following items are present:

— Text is prepared with a word processor and saved in DOC or DOCX file (MS
Office). One author has been designated as the corresponding author with contact
details: e-mail address

— Manuscript has been ’spell-checked’ and ’grammar-checked’

— References are in the correct format for this Journal

— All references mentioned in the Reference list are cited in the text, and vice versa

— Author/authors does/do not supply files that are too low in resolution

— Author/authors does/do not submit graphics that are disproportionately large for
the content

Technical Sciences 20(4) 2017





