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ABSTRACT :
In order to Expansion the applications of self compacting concrete , glass fibers were added .Self
compacting concrete is a brittle cementations materials as the ordinary concrete, So this brittle
material can benefit from the addition of glass fiber, which can decrease the width of cracks and
bridge them and retard their propagation. On the other hand the addition of glass fibers lead to the
formation of air voids. the Presence of mineral admixtures get rid of these air voids. fifteen SCC
mixes were prepared with Metakaoline and silica fume as mineral admixtures and glass fibers. the
glass fiber was added with two lengths (6mm and 12mm) and two fiber volume (0,1 % and 0,5
%). In order to ensure self compatibility, different methods were carried out such as slump flow,
V-funnel, L-box and U-box. Two types of hardened tests was carried out to study the effect of
glass fibers, the first test was bulk dry density while the second one was ultrasonic pulse velocity
test . Tables and figures have been prepared in order to study the effect of glass fibers on self
compacting concrete by means of bulk dry density and ultrasonic pulse velocity test. The result
showed that, The presence of short and randomly distributed glass fibers affects the ultrasonic
pulse velocity measurement positively and further addition of glass fibers (0.5%) improve the
ultrasonic pulse velocity values.
Keywords; SCC, Glass fibers, mineral admixtures, dry density, ultrasonic pulse velocity.
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INTRODUCTION
Self-Compacting Concrete (SCC) is emerging as an innovative material, allowing concrete to be
placed under its own weight without the need for vibration or external consolidation of any
means. Much research has been carried out regarding workability, mix design, casting methods,
and mechanical properties of SCC for various applications. However, limited work has been done
to assess bulk dry density and ultrasonic pulse velocity of glass fiber reinforced self compacting
concrete (FR-SCC).This research was a part of continuous study which was done by Salman
(2013) about the effect of Mineral admixtures and fibers on properties of Self compacting
concrete. This paper presents the experimental results of a researching program conducted to
evaluate effect of glass fibers in SCC on the bulk dry density and ultrasonic pulse velocity,
developed in the Laboratory .
Adding fibers in concrete led to improving ductility, mechanical performance (Nehdi et
al(2004),Pons et al(2007)and Barluenga et al(2007)), frost resistance (Persson et al(2006)),
preventing fire spalling (Liu et al(2007)), drying shrinkage and reduced early age cracking

(Nofal et al(2004) and Bauml et al(2001)). The first research study on the use of glass fibers
in concrete was conducted in early 1960s. The glass fibers suffered from alkali reactivity that
occurs between the glass fibers and the cement paste. The alkali reactivity led to a reduction in
concrete strength, which limited their use in concrete structures (ACI 544.1R 2002). To overcome
this issue, new alkali-resistant glass fibers (AR-glass fibers) were invented with improved longterm durability in concrete. AR-glass fibers were first introduced in the United Kingdom in 1967
and became the most widely used fibers in reinforced concrete. Glass fiber reinforced concrete
(GFRC) is used in the fabrication of cladding panels, sandwich panels, integral rib panels, and
steel-stud/flex-anchor panels (ACI 544.1R 2002).
The purpose of compaction of concrete is to achieve the highest possible density of the concrete .
Dense microstructure of concrete will results in low permeability, high strength, high resistance
to chloride and sulfate attacks, low carbonation, and improved durability. Ultrasonic pulse
velocity test was performed over the unit and cores were taken to determine the in-situ strength
and the density within the structure satisfactory self-compacting fresh concrete was confirmed by
the consistently high U.P.V values and densities of the core samples (Johan, N et al, 2003). Many
researchers tried to suggest the common limits for the ultrasonic pulse velocity to different
qualities of concrete . Concretes are classified as excellent, good, doubtful, poor, and very poor
for (4.8km/s)and above , (3.66–4.57km/s) , (3.50–3.66km/s) , (2.14–3.0km/s) and (2.14km/s) and
below UPV values, respectively (Jones et al, 1963) .A linear correlation between UPV and bulk
density was found represented by the equation y = 1506.9x + 541.7 (R2= 88.69%), where y is the
pulse velocity and x the bulk density .the higher the pulse velocity the higher the bulk density of
the cementations’ composites (Panzera et al 2008).
2

MATERIALS, PROPORTION , MIXING ,CURING AND APPLIED TESTS

Ordinary Portland cement (OPC) type (I) manufactured in Turkey is used which corresponds to
ASTM Type I cement. Chemical and physical properties of cement used are shown in Table (1)
and (2) respectively . All cement dosages were kept constant at 500kg/m3 for all mixes . Local
natural sand and gravel were used as fine and coarse aggregate. The grading of fine and coarse
aggregates are shown in table (3) . Maximum aggregate size was 9 mm; coarse and fine aggregate
had specific gravities of 2,68 and 2,65 kg/m3, water absorptions of 3% and 2,16%, and sulfate
content of 0,08 and 0,05, respectively. Copolymer based Super plasticizer Glenium 51 is used. Its
relative density is 1,1 g/cm3 @ 20 °C and has a PH value of 6,6 . The Metakaoline used in this
study had a specific gravity of 2,62 kg/m3 and surface area of 19000 cm2/g. also Silica fume was
used in this study and had a specific gravity of 2,45 kg/m3. Glass fiber with length (6mm and
12mm) and fiber fraction (0,1% and 0,5%)were used .The properties of glass fibers are given in
Table (4) .A total of fifteen self compacting concrete mixes were prepared with different
cementations materials constitutions. self compacting concrete mixes made with single concrete
mix of (1:2.08:0.96) (cement: fine aggregate: coarse aggregate) in proportion by weight and
(0.35) water/cement are used. The same mix is used for the MSCCS and MSCCM except
superplasticiser Glenium 51and Silica fume or Metakaoline were added .The w/cement or
w/binder ratio become (0.37) for SCC mixes with different glass fibers content. The same mix is
used for the MSCCS and MSCCM except superplasticiser Glenium 51and Silica fume or
Metakaoline were added. The Silica fume in some mixes was added by 10% of weight of cement
while Metakaoline were added in others with the same ratio .For all SCC mixes containing
mineral admixtures, super plasticizer dosage was increased properly to maintain self compacting
ability within the given limits (The European Guidelines for Self-Compacting Concrete). The

super plasticizer dosage For all MSCC , MSCCM and MSCCS was 10% ,11% and 12%
respectively by weight of cement. The mixing procedure which developed by Joost C. Walraven
and Stefan Grunewald was adopted. The ingredients were mixed in an electrical pan mixer which
has a capacity of 0.1m3. Then, materials were cast into steel moulds. After casting, specimens
were placed immediately in moist cabinet maintained at a temperature of 23 ±2 and a relative
humidity of about 95% for 24 hours. After that specimens were demolded and stored in tap water
until the time of test.
Table (1) Chemical Properties of Portland Cement

Component (%)

Ct

SF

MK

SiO2

19.9

94

51.34

CaO

60.8

Nil

3.00

MgO

1.5

2.00

0.17

Fe2O3

3.0

1.32

Al2O3

5.69

SO3

Table (2) Physical properties of cement.

Physical properties

Test result

Specific surface area(Blaine
method),m2/kg
Setting time (Vicat’s method)

2850

2.3

Initial setting time (min )

130

2.03

33.4

Final setting time (min )

205

2.3

--------

0.15

Compressive strength (MPa)

L.O.I

1.5

--------

7.8

3 days

17.37

I.R

1.1

--------

------

7 days

26.66

L.S.F

0.85

--------

------

Soundness: Autoclave %

0.34

C3S

47.1

--------

------

C2S

21.5

--------

------

C3A

10

--------

------

Physical properties

Glass

C4AF

9.12

--------

------

Specific gravity (g/cm3)

2,78

158.8

164.5

Young modulus (GPa)

70

Tensile strength (MPa)

2500

Elongation at break (%)

3,5

Design thickness (mm)

0,4

Fiber length (mm)

6-12

Aspect ratio (L/D)

15-30

Pozzolanic activity
index with cement

Table (3) Grading of fine and coarse aggregates

Sieve size

% passing by weight

14

100

10

89

4.75

100

14

2.36

89.32

2.3

1.18

82.56

0.6

64.81

0.3

20.9

0.15

3.22

Table 4.properties of the fibers used(Sika Company).

.
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APPLIED TESTS

3.1

Fresh state tests

Fresh state properties of SCC mixes were evaluated by using some of the most commonly used
methods (5). The methods used for measured fresh state properties were slump flow, V-funnel, Lbox and U-box.
3.2 Hardened State Tests
3.2.1 The bulk dry density
100 mm cubes were used to determine the dry bulk density according to (ASTM C642-97). The
specimens were tested after 7,28,90,180 days of curing in water. Density are calculated as
follows:At 7,28,90,180 days the specimen was weighted and dried in an oven at a temperature of 100110oC for 24 hours. After removing the specimen from the oven, it was allowed to cool in dry air
to temperature of 20-25oC and weighted. The specimen was returned to the oven for additional 24
hours drying period, and the procedure was repeated until the difference between any respectively
two successive weights is less than 0.5% of the lowest value obtained, then the last weight was
considered to be the oven dry weight and designated as (A).
The specimen was placed in suitable receptacles, covered with tap water and boiled for 5 hours.
After that the specimen was allowed to cool by natural loss of heat for not less than 14 hours to a
final temperature of 20-25°C. The specimen was surface dried by removing surface moisture with
a towel, and weighted. This weight was considered to be the soaked, boiled, surface-dried mass
(C).
The specimen was suspended by a wire and the apparent mass in water was determined, this
weight was considered to be the apparent mass (D).
By using the values for masses determined in accordance with the procedures described above,
the density, total absorption and voids are calculated as follows:Bulk density, dry = [A/(C-D)] ×ρ = g…….(1) where: A = mass of oven-dried sample( g ) , C =
mass of surface-dry sample in air after immersion and boiling( g ) , D = apparent mass of sample
in water after immersion and boiling( g ) , ρ = density of water = 1 Mg/m3 = 1 g/ cm3.
3.2.2 The ultrasonic pulse velocity test
Ultrasonic pulse velocity test was carried out according to (ASTM C 597–2003).using the
Portable Ultrasonic Non-destructive Digital Indicating Tester (PUNDIT). Ultrasonic pulse
velocity method consists of measuring the time of travel of an ultrasonic pulse, passing through
the concrete to be tested. The pulse generator circuit consists of an electronic circuit for
generating pulses and transducer for transforming these electronic pulses into mechanical energy
having vibration frequency. The time of travel between initial onset and the reception of the pulse
is measured electronically. The path length between transducers, divided by the time of travel,
gives the average velocity of wave propagation:
V = L / T ………………(2) Where V = Ultrasonic pulse velocity, km/sec , L = Path length, mm
and T = transit time, sec.
This research used the direct transmission to the100×100×100 concrete cubes . Recommendations
for the use of this method were given in (ASTM C 597 –2003).
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RESULTS AND DISCUSSION

4.1

The fresh test results :

The slump flow test of all mixes showed values between 651 and 800 mm ,T500 value ranges
between 2.2 and 5.3 seconds , Blocking Ratio value ranges between 0.82 and 0.97, Filling Height
value ranges between 3 and 27.6 and V-Funnel value ranges between 6.2 and 10.3 , while
resistance to segregation in the segregation test was observed. This results shows that it is
possible to produce SCC by using 0.1% to 0.5% glass fibers content and addition of mineral
admixtures .
4.2

The Hardened concrete properties

4.2.1

The bulk dry density

The bulk dry density was tested after 7,28,90 and 180 days in accordance to ASTM C 642–97.
The test procedure was explained in section 3.2.1.The dry densities values for the MSCC
mixtures are shown in Table (5) . The results denoted that all SCC samples showed continuous
increase in the density values with time of curing . This is associated mainly with the fact that
with the progress of hydration, a continuous pore filling process is associated and the dry density
increases with time. The relatively faster density development for mixes particularly at early ages
was believed to be mainly due to the inclusion of a superplasticizer, therefore, the interface zone
becomes stronger, more homogeneous and dense. The bulk dry densities SCC samples results are
considerably lower than the dry densities of SCC with silka fume samples and SCC with
Metakaoline samples . This was mainly due to the Pozzolanic reaction of Silca fume and HRM
with calcium hydroxide, forming calcium silicate and alumina silicate hydrates released from
cement hydration and filling voids among cement or other powder material particles. In addition,
the dry densities values of SCC samples with Metakaoline were higher compared to dry densities
values of SCC samples with silka fume, as we observed from Table (5) and Figures (1) .
The addition of glass fibers to the SCC mixes have positive effect on the dry densities values.
This behavior was obviously observed from Fig.2 and Fig.3, which shows SCC samples with
glass fibers have higher unit weight compared to SCC samples without glass fibers. The
percentage increase in bulk dry density after 7,28,90,180 days for (MSCC0.1G6) samples over
the SCC samples was 0.43 %, 0.38 %,0.21 % and 0.2 % respectively. This behavior were
ascribed to the high specific gravity of glass fibers compared to other fibers like polypropylene
fibers and the few air voids formation which be associated with the addition of glass fibers . as
shown in Fig.2 , increasing fiber volume from 0,1% to 0.5% to SCC mixes led to slightly increase
in dry densities values . For example, the percentage increases in bulk dry density for
(MSCC0.1G6) samples compared to SCC were 0.43 %, 0.38 %,0.21 % and 0.2 % while the
percentage increases (MSCC0.5G6) samples compared to SCC were 1.65%
,1.43%,0.58%,0.68% after 7,28,90,180 days respectively. When Table (5) and Fig.2 are
considered, The dry densities samples values of all mixes at all ages (7,28,90 and 180 days)
increase slightly with the increase of glass fiber length (6 to 12mm ). The range of increase at age
7,28,90 and180 days for MSCCO.1G was between (0.2% to 0.76%) for addition 6 to 12 mm
glass fiber length compared to SCC samples without fibers .

Table (5) the results of Bulk density and Ultrasonic Pulse Velocity measurements for all SCC mixes at
different age of curing

Bulk density kg/m3 at ages Ultrasonic Pulse Velocity

Mix
Mixture code

of

Bulk density
(Kg/m3)

7
28
days days

90
days

180
7
days days

(km/s) at ages of
28
90
180
days days days

1

MSCC

2309 2365 2421 2481 4.66

5.29

5.57

5.83

2

MSCCS

2331 2387 2443 2503 4.71

5.38

5.60

5.88

3

MSCCM

2336 2392 2458 2508 4.52

5.40

5.63

5.90

4

MSCC0.1G6

2319 2374 2426 2486 4.69

5.32

5.59

5.85

5

MSCCS0.1G6 2338 2387 2448 2508 4.73

5.39

5.62

5.90

6

MSCCM0.1G6 2339 2397 2463 2510 4.53

5.41

5.65

5.91

7

MSCC0.1G12 2326 2383 2429 2489 4.71

5.35

5.60

5.86

8

MSCCS0.1G12 2345 2396 2454 2514 4.75

5.41

5.64

5.92

9

MSCCM0.1G12 2347 2398 2466 2513 4.55

5.42

5.66

5.92

10

MSCC0.5G6

2347 2399 2435 2498 4.77

5.40

5.62

5.89

11

MSCCS0.5G6 2366 2405 2460 2522 4.81

5.44

5.66

5.95

12

MSCCM0.5G6 2368 2407 2478 2524 4.61

5.45

5.70

5.96

13

MSCC0.5G12 2361 2399 2447 2503 4.81

5.40

5.66

5.91

14

MSCCS0.5G12 2366 2417 2466 2525 4.81

5.48

5.68

5.96

15 MSCCM0.5G12 2386 2428 2484 2530 4.66

5.52

5.72

5.98
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Fig 1 :Effect of different curing period on bulk dry density for SCC Mixes.

Bulk dry density (Kg/m3)

2550

SCC 7 days
SCC 28 days
SCC 90 days
SCC 180 days

2500
2450
2400
2350
2300
0

0.1

0.2

0.3

0.4

% fiber volume

0.5

0.6

.

Bulk dry density (Kg/m3)

Fig 2 :Effect of %glass fiber volume on bulk dry density for SCC Mixes with different curing period .
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Fig 3 :Effect of glass fiber length on bulk dry density of different curing period for SCC Mixes.
4.2.2 The ultrasonic pulse velocity test results

The ultrasonic pulse velocity test has the considerable merit of giving information about the
interior of a concrete element. this test is a useful tool for assessing the uniformity of concrete
and detecting cracks and voids. It gives useful information about size of micro-cracks zone, crack
growth and the interior structure of the concrete element . The values of ultrasonic pulse velocity
for varies types of SCC at different curing ages are presented in Table (5) and Fig.(4) .the
ultrasonic pulse velocity for all mixes ranged between 4.66km/s and 5.98km/s . By using the
proposed classification techniques which were proposed by (Jones & Gatfield),all produced
concretes in this research are excellent quality . also the results of all samples showed increase in
Ultrasonic Pulse Velocity values with time of curing. The percentage increase in UPV at 28,90
and 180 days of curing are (13.52,19.53,25.10) % for MSCC . This behavior due to the progress
of hydration which decreases the void space within the concrete mass. The increase in the
gel/space ratio causes a rise in wave speed, since the velocity of ultrasonic through materials is
larger than that if it transfers through space. Hence, the increase in the concrete mass within the
same volume increases the ultrasonic pulse velocity. The results also indicated that SCC mixes
containing mineral admixtures (HRM or SF) showed obvious increase in UPV over the other
SCC mixes. This behavior refers to the pozzolanic role as well as the filling effect of SF,
leading to reduce the voids content , and increasing the density of the specimen.

velocity (Km/s)

Ultrasonic plus

6
5.5
5
4.5
4

7

28 90 180

Mix 1

Mix 2

Mix 3

Mix 4

Mix 5

Mix 6

Mix 7

Mix 8

Mix 9

Mix 10 Mix 11 Mix 12 Mix 13 Mix14 Mix 15

curing age (days)
Type of mix

.
Fig 4 :Effect of different curing period on Ultrasonic Pulse Velocity for SCC Mixes.

4.2.2.1 Effect of polypropylene fibers
The ultrasonic pulse velocity test results for samples made from the MSCCG mixtures are
summarized in Figure 5 ,6 and Figure 7. As it can be seen from Figure 5 and Figure 6, the
ultrasonic pulse velocity for all mixes with glass fibers ranged between 4.69km/s and 5.98km/s .
Mix MSCCM0.5G12 (0.5%
% fibers content) had the highest ultrasonic pulse velocity , while mix
MSCC0.1G6 (0.1%
% fibers content) had the lowest ultrasonic pulse velocity. glass fibers slightly
increased the ultrasonic pulse velocity of the SCC mixtures. The range of increase was between
(0.17% to 3.1%
% ) for Ultrasonic Pulse Velocity compared to (MSCC) at all age of curing .It is
well known that ,The
The speed of Ultrasonic Pulse Velocity wave propagation is dependent on the
material’s density and elastic property. So this behavior may be attribute to the slightly increase
in density because of the addition of glass fibers as mentioned in the previous paragraph . When
the percentage of fibers increases from (0.1 to 0.5 % )Ultrasonic Pulse Velocity gets increased.
In the investigation was found that,
that at the addition of 0.5% volume of Glass fibers the Ultrasonic
Pulse Velocity was higher compared to the 0.1% volume of Glass fibers with respect to reference
mix. The percentage increase of the SCC0.5G samples was between ((0.17%
% to 1.13%
1.13%) compared
to SCC samples while the percentage increase of the SCC0.5G samples was between ((1.35% to
3.1%) compared to the same reference samples for all ages of curing . Test results show that
that,
increasing
ncreasing glass fiber length from 6mm to 12 mm led to slightly increase in Ultrasonic Pulse
Velocity of SCC samples. For example the percentage increase in SCCo.1G6mm samples was
between (0.34% to 0.64%) compared to SCC samples while the percentage increase in
SCC0.1G12mm was between (0.51% to 1.13%) compared to the same reference samples for all
ages of curing. The relationship between the bulk density and the Ultrasonic Pulse Velocity for
mixes are shown in Fig. (7) . It clearly appears from Figures ((7)) that the higher the pulse velocity
the higher the bulk density of the SCC samples and there was A linear
ear correlation between UPV
and bulk density represented by the equation y = 127.6x + 1734 (R2= 0.859), where y is the
Ultrasonic pulse velocity and x the bulk dry density. This is exactly coincident with the results of
Panzera et al 2008 who stated that A linear correlation between UPV and bulk density in concrete
.
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Fig 5 :Effect of %glass fiber volume on UPV for SCC Mixes with different curing period .
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Fig 6 :Effect of glass fiber length on Ultrasonic Pulse Velocity of different curing period for SCC Mixes.
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Fig 7 :Relationship between UPV and density for all curing period and different SCC mixes.

4.2.3

Conclusions

Based on the results of this work the following conclusions can be drawn:

.

1. Glass fiber reinforced self compacting concrete “SCCG” can be produced using 0.1% and
0.5% (6 to 12 mm length) glass fibers. From the experimental observations, greater glass fiber
contents led to produce stiff SCC.
2. The inclusion of 0.1% and 0.5% (6 to 12 mm length) glass fibers raise the 28 days bulk dry
density to 2398 kg/m3and 2428 kg/m3 respectively compared to (2365 – 2392) kg/m3 for
reference SCC.
3. The bulk dry density of SCC mixes increase with the increases of the fiber length. The
percentage increase was between (0.2% to 0.76%) for addition 6 to 12 mm glass fiber length
compared to SCC samples without fibers .
4. The addition of 0.5% glass fibers led to higher increase in Ultrasonic Pulse Velocity compared
to the addition of 0.1% to the SCC mix. The percentage increase was between (0.17% to 1.13%)
in Ultrasonic Pulse Velocity for the addition of 0.1% glass fiber. On the other hand, an increase in
the glass fiber content to 0.5% led to increases the values between (1.35% to 3.1%).
5. 6 to 12 mm length glass fibers increase the Ultrasonic Pulse Velocity of the resulting self
compacting concretes compared with plain SCC. The percentage increase was between (0.17% to
0.84%)for SCC .
6. A linear correlation relationships was found between bulk dry density and the Ultrasonic Pulse
Velocity for SCC with glass fibers represented by the equation y = 127.6x + 1734 (R2= 0.859),
where y is the Ultrasonic pulse velocity and x the bulk density.
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