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ABSTRACT
Self-compacting concrete (SCC) has high flowability and high resistance to segregation and bleeding. These char-
acteristics facilitate the mixing, casting, and finishing of SCC without using compacting ‎or vibrating machines. 
Adding mineral admixtures, such as pulverized fly ash‎ (PFA), of polypropylene fibers (PFs) and superplasticizers 
improves SCC properties by preventing segregation and bleeding and by increasing rheological parameters. SCC 
requires high flowability under the influence of self-weight to fill completely all mold parts for full compaction. 
This investigation discusses the results of experimental tests on the properties of SCC and self-compacting fiber 
reinforced concrete (SCCF) ‎mixtures with the inclusion of PFs 0.22% and containing PFA at replacement rates 
of 0%, 20%, 40%, and 60 % cement mass. The compressive, flexural, and split tensile strengths of the prepared 
concrete samples were investigated at ages of 7, 14, 28, and 90 days. The workability of fresh concrete mixtures 
was also studied through segregation, bleeding, slump flow, slump flow T50, L-box V-funnel T5, and V-funnel tests. 
Results showed that the more favorable properties of fresh SCCs were obtained when PFA was added at replace-
ment rates of 20% and 40% cement mass. In addition, the inclusion of PFs at a volumetric ratio of 0.22% decreased 
segregation and bleeding and improved the flexural and tensile strengths of SCCFs.

Key Words: Cement substitutes, Concrete flowability, Concrete workability, Hardened concrete, High-‎volume 
replacement, Pozzolanic materials.‎‎ 

INTRODUCTION
Self-compacting concrete (SCC) and 
self-compacting fiber-reinforced concrete 
‎(SCCF) are special types of concrete mix�-
ture characterized by resistance to bleeding 
and segregation. SCC can be casted without 
using a vibration machine or compaction. 
SCC-made products are high in quality, ex-
hibit excellent finish, and are virtually free 
of flaws, such as large voids, because of 
the excellent filling ability of SCC without 
honeycomb formation (Okamura and Ou-
chi, 2003; Brouwers and Radix, 2005; Nan-
thagopalan and Santhanam, 2011). SCC is 
produced with added fine industrial wastes, 
including PFA, silica fume, and furnace 
slag (Siddique, 2011). PFA and some types 
of pozzolanic materials have been success-
fully used as mineral admixtures in SCC 
(Gesoğlu and Özbay, 2007; Ramanathan et 
al., 2013). Incorporating mineral admixtures 
‎results in sufficient SCC viscosity, conse�-
quently ‎reducing bleeding, segregation, and 
‎plastic shrinkage. Aside from fine mineral 
admixtures, agricultural waste materials, in-

cluding palm oil fuel ash and rice husk ash, 
can be used as admixtures in SCC (Safiud-
din et al., 2011; Mohammadhosseini et al., 
2015). PFA is added to concrete mixtures to 
prevent segregation and bleeding, increase 
flowability, and control hardened concrete 
properties including compressive, indirect 
tensile, and flexural strengths (Siddique et 
al., 2012; Ashtiani et al., 2013; Celik et al., 
2014). PFA use in SCC production requires 
the addition of a superplasticizer (SP) to the 
concrete mix to achieve high workability 
and appropriate mix proportions. However, 
high SP dosage increases bleeding and seg-
regation in fresh concrete. These problems 
can be avoided by adding a viscosity-mod-
ifying admixture (VMA) to increase fresh 
concrete viscosity. Furthermore, fine miner-
al admixture use can reduce the amount of 
SPs required to achieve the desired rheology. 
Moreover, the use of PFA as an alternative 
material decreases the need for VMAs (Cyr 
and Mouret, 2003; Felekoğlu et al., 2007; 
Ouchi et al., 1997). Nevertheless, replacing 
the fine mineral admixtures of cement mass, 
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especially at high mass replacement, affects 
the characteristics of SCCs because of the 
variations in cement mass and water/cement 
ratio. Fiber addition improves the flexural 
strength, toughness, and tensile strength of 
concrete. The addition of fibers at volumet-
ric ratios of 0.1%–1.0% improves the flexur-
al and tensile strength and some engineering 
properties of concrete (Banthia and Gupta, 
2006; Mohamed, 2006; Al Qadi et al., 2011; 
Islam and Gupta, 2016; Zeyad, 2017‎). Rich�-
ardson showed that the addition of polypro-
pylene fibers (PFs) to concrete negatively 
affected compressive strength and elastic 
modulus (Richardson, 2006). This finding 
is in contrast with that of ‎Alhozaimy et al., 
which indicated that the addition of PFs to 
concrete causes no significant effects on 
concrete compressive strength and tough-
ness (Alhozaimy et al., 1996). The work-
ability and flowability of SCCF decrease 
upon the addition of PFs. SCCF workability 
reduction due to fiber addition depends on 
many parameters, such as fiber type, dosage, 
and shape (Corinaldesi and Moriconi, 2011; 
El-Dieb and Taha, 2012). PFA has been suc-
cessfully added to SCC at replacement rates 
of up to 60% and 35% cement mass to ce-
ment mixtures without PF inclusion. Replac-
ing 30% of cement mass with PFA produc-
es concretes with excellent flowability and 
workability without fiber addition. The pres-
ent investigation aims to study the properties 
of fresh and hardened SCC and SCCF. PFA 
‎was added at replacement rates of 0%, 20%, 
‎‎40%, and 60% cement mass. Subsequently, 
PFs were added to the cement mixtures at a 
volumetric ratio of 0.22% to produce SCCF‎‎. 

Segregation, bleeding, slump flow, slump 
flow T50, L-box V-funnel T5, and V-funnel 
tests were conducted on fresh concrete. The 
compressive, flexural, and tensile strengths 
of hardened concrete at ‎ages 7, 14, 28, and 
90 days were also investigated. 

MATERIALS AND METHODS 
Cement 
Ordinary Portland cement-type I was used. 
Cement characterization tests were conduct-
ed in accordance with ASTM C150 ‎ (ASTM, 
2004). Tables 1 and 2 show the chemical 
composition and physical characteristics of 
cement, respectively.

Table 1: Chemical Composition and Main Com-
pounds of cement

Oxide
composition

Content
 (%)

 Limit in  ASTM
specification

CaO 63.68 60-67

SiO2 20.68 14-25

AL2O3 6.12 3-8

Fe2O3 3.80 0.5-6

SO3 2.68 1-3
Na2O 0.29

0.2-1.3
K2O 0.42
MgO 1.21 0.1_4

L. O. I 1.55 ≤ 4

C3S 41.51 45-55

C2S 28.16 20-30

C3A 9.87 8-12

C4AF 11.57 6-10

Table 2: Cement Physical Characteristics

Physical properties Test Results Limit in  ASTM  specification

Specific Surface area 
(Blaine method, cm2/g) 3220 ≥ 2300.0

Initial Setting time, min 
Final Setting time, min

120
480

Minimum  30
Maximum 365

Compressive strength of mortar 
(14-days, MPa) 27 Minimum  19
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‎ Pulverized Fly Ash
PFA meets the general requirements of 
ASTM C618 Class F (ASTM, 2004). Table 3 
presents the chemical composition and phys-
ical characteristics of pulverized fly ash ‎. 

Table 3: Chemical and Physical Properties of 
Pulverized Fly Ash

Oxide
composition Content %

Limit of ASTM 
C618 specifica-
tion (Class F)

SiO2 51.45

>70%Fe2O3 5.19
Al2O3 27.26
CaO 7.73 -
MgO 5.16 -
SO3 0.50 5.0 max
K2O 2.50 -
L.O.I 0.19 6.0 max

Physical Properties
Fineness 

(Blain meth-
od)

4020 
cm2/g -

specific 
gravity  2.32 -

‎
Aggregate
A crushed basalt rock with a maximum size 
of 12.7 mm was used as a coarse ‎aggregate 
(CAgg), and natural sand was used in the 
concrete mixtures as a fine aggregate (FAgg). 
The ‎CAgg and FAgg showed 2.63 and 2.71 
specific gravities and 0.6% and 0.9% water 
absorptions, respectively‎. 
 
Fine Aggregate
The particle shape and grade of FAgg are 
important factors in SCC production. Nat-
ural sand, which conforms to ASTM C33 
specification (ASTM, 2004), was used. Ta-
ble 4 shows the FAgg grading analysis.

Coarse Aggregate 
Table 4 shows that the grading of the CAgg, 
which conforms to the ASTM C33 specifica-
tions (ASTM, 2004). 

Table 4: Grading of Coarse and Fine Aggregate

Sieve size
(mm)

Passing by weight
(%)

FAgg CAgg

19.00 100 100

12.50 100 95

9.50 100 66.3

4.75 96.4 4.3

2.36 92.5 1.4

1.18 78.4 0

0.60 40.8 0

0.30 11.6 0

0.15 3.1 0

Fineness Modulus 2.8 -

Polypropylene Fibers
The PF percentage used was selected from 
previous research and experimental ‎mixes. 
Many researchers report 0.1%–0.30% as 
optimum percentage of concrete volume to 
avoid the compressive strength decline of 
concrete ‎ (Alhozaimy et al., 1996; Richard-
son, 2006; Ponikiewski and Katzer, 2016). 
The PF physical properties are provided in 
Table 5.

Table 5: Physical Properties
Polypropylene Fibers

Properties PFs
Form White color fibers

Density 0.91 kg/l

Fiber Length 12 mm

Fiber Diameter 18 microns

Softening point 160 °C

Specific surface area 200 m2 / kg

Tensile strength (MPa) 350 MPa

Superplasticizer
SP, ‎a new generation of copolymer-based su�-
perplasticizer designed for SCC production 
(Viscocret 5030), was used in this study. 



58

Influence of Pulverized Fly Ash on the Properties of Self-Compacting...      Abdullah Zeyad, Abdullah Saba

Mix Design Methods 
Mix design methods for SCC considerably 
differ from the regular conventional con-
crete design. Many mix design methods ex-
ist. Estimating the required batch weights 
involves a sequence of steps fitting a pro-
portioning procedure that includes the se-
lection of aggregate to provide the desired 
passing ability, cement (powder)/water ra-
tio and mortar-paste fraction ratio that have 
been historically proven to produce SCC 
with the required slump flow, and stability. 
These steps, in combination with appropri-
ate admixture addition, should yield a trial 
batch with the desired fresh SCC properties. 
The following presents a summary of steps 
to determine the performance requirements 
and proportioning of SCC mixes.
Step 1: Determine slump flow performance 
requirements; 

Step 2: Select coarse aggregate and propor-
tion;  
Step 3: Estimate the required cementitious 
content and water;
Step 4: Calculate paste and mortar volume;
Step 5: Select admixture;
Step 6: Produce trial batch mixtures;
Step 7: Test. When assessing the workability 
attributes of SCC, namely, stability, filling 
ability, and passing ability, the slump flow 
test and a test to evaluate stability and pass-
ing ability, such as column segregation or 
L-box), should be run; and
Step 8: Adjust mixture proportions based on 
the test results, and then re-batch with fur-
ther testing until the required properties are 
achieved. 
The concrete mixture proportions are sum-
marized in Table 6.

Table 6: Concrete mixture proportions

Mixture 
Cement PFA CAgg FAgg PFs Water SP

(kg/m3)

SCC0 500 0 794 809 0 200 7.5

SCCF 500 0 794 809 0 200 ‎7.5‎

SCC20 400 100 794 809 0 200 ‎7.5‎

SCCF20 400 100 794 809 2 200 ‎7.5‎

SCC40 300 200 794 809 0 200 ‎7.5‎

SCCF40 300 200 794 809 2 200 ‎7.5‎

SCC60 200 300 794 809 0 200 ‎7.5‎

SCCF60 200 300 794 809 2 200 ‎7.5‎

Mixture Proportions 
The preliminary investigations of this study 
include equipment evaluation and test pro-
cedures; evaluation of the selected mixture 
proportioning method, mixing procedure, 
and PFA replacement; and PFs and SP dos-
age. Testing for these initial investigations is 
limited on fresh concrete properties.

Mixing and Casting of Specimens
The required material quantities were 
weighed for the correct mixing ‎proportions, 

and the cement was mixed with pulver-
ized fly ash. The mixture was added to the 
CAgg and FAgg. All materials were mixed 
and dried for 2 min. Water was added to the 
‎mixtures in two stages, in which half of the 
amount of water was initially added at the 
start of concrete ‎mixing, and the remaining 
was added after 30 s of concrete mixing. To 
obtain a ‎homogeneous mixture, the concrete 
was continuously mixed‏ ‏for 3 min after wa-
ter addition. After carrying out tests for fresh 
concrete properties, we performed casting 
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immediately following mixing. ‎The speci�-
mens were removed from molds after 24 h of 
storage under laboratory conditions. Storage 
‎conditions were in accordance with ASTM.

TESTING OF SAMPLES
Fresh Concrete Tests
To determine the SCC properties at fresh 
concrete state, we performed the slump 
flow, slump flow T50, V-funnel, V-funnel T5, 
L-box, segregation, and bleeding tests. To re-
duce the influence of workability loss on the 
test results of the concrete samples, it was 
determined the properties of fresh concrete 
within 20 min of water addition‏.‏  Figures 1 a, 
b, c, d, e and ‎f show the fresh concrete tests.
All fresh concrete tests were performed in 
accordance with the European Guidelines 
for SCC (EFNARC) standards (EPG, 2005).
 The slump flow test was performed in ac-

cordance with EFNARC standards (EPG, 
‎‎2005). It ‎includes measuring slump flow 
diameter (D) after lifting the cone ‎and 
measuring the time taken for the concrete 
to spread at a 50-cm diameter (T50).‎
 V-funnel test was performed in accor-

dance with EFNARC standards. A V-fun-
nel was used ‎ to evaluate the fluidity, 
passing ability, and SCC segregation. The 

test time of ‎V-Funnel was the time (s) it 
took until light above the device was seen 
after opening the outlet at the bottom of 
the device. A test time between 6-12 s is 
required ‎to obtain suitable properties of 
fresh SCC concrete.
 L-box test was performed in accordance 

with EFNARC standards. ‎An L-box was 
used to assess the possibility of obstruct-
ing the filling capacity of ‎concrete in con�-
fined construction elements. The filling 
capacity is determined as the ratio of ‎the 
height of the concrete in exit outlet (H1) 
to the end of L-box (H2) (H1/H2), which 
must be >0.8.‎
 Segregation test was conducted by filling 

the concrete into a cylinder with 66 cm 
height and 20 cm diameter split into three 
parts. The bottom, middle, and top parts 
are 16.5, 33, and 16.5 cm in ‎height. Af�-
ter filling the apparatus, the concrete was 
left undisturbed and without movement 
for 15±1 min. The concrete from the top 
and bottom parts was then collected and 
washed over a 4.75 mm-diameter sieve to 
‎maintain the CA. The relative weight of 
CA from the top and bottom ‎of the appa�-
ratus was used as an indication of segre-
gation resistance.‎

(a):Slump flow T50 test (c): Bleeding test (e): Segregatin test

(b): Slump flow test (d): V-Funnal test

Fig. 1: Fresh concrete tests

(f): L-Box test
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 Bleeding test was performed in accor-
dance with ASTM C232.‎ The surround�-
ing ‎temperature was maintained at 18-24 
°C, and the mass of the container and its 
contents was immediately recorded. The 
container was then placed on a level plat-
form free from vibration and  kept cov-
ered for the full test duration to inhibit the 
evaporation of water from the concrete 
sample. The accumulated water on the 
surface was removed using a pipet or a 
similar ‎instrument every 10 min through 
the ‎first 40 min and every 30 min thereaf-
ter until bleeding cessation.

Hardened Concrete‎ Tests
The hardened concrete tests performed were 
compressive, indirect tensile, and flexur-
al strength in accordance with ASTM C39, 
ASTM C496, and ASTM C78, respectively. 
For the compressive, indirect, and flexur-
al strength tests, 150 mm × 150 mm × 150 
mm standard cubes, 150 mm diameter × 300 
mm height standard cylinder, and 100 mm 
× 100 mm × 400 mm standard prisms were 
used, respectively. All tests were conducted 
at 7, 14, 28, and 90 days. The average value 
of the three specimens for each test age was 
determined and recorded. According to ACI 
318, the results of indirect tensile strength 
(fct) depended on compressive strength in ac-
cordance with Equation (1).

RESULTS AND DISCUSSION
Table 7 shows the results of the slump flow 
test, representing the maximum spread, 
which is the final diameter of slump flow, 
and T50, which is the time required for the 
concrete flow to fill a 50 cm-diameter cir-
cle. EFNARC recommends that concrete 
mixtures must have slump flow diameters 
of 55-75 cm to be considered as self-com-
pacting (EFNARC, 2002). Slump flow >75 
cm diameter may cause concrete to segre-
gate, whereas that with <55 cm diameter 
may indicate concrete with flow rates that 
are insufficient for passing through an over-
crowded reinforcement. The results showed 
that the slump flow requirements for SCCs 

were satisfied in concrete mixtures of SCC 
with (SCCF) and without PFs and with PFA 
at replacement rates of 20% and 40% ce-
ment mass. For concrete mixtures with PFA 
at replacement rates of 0% and 60%, cement 
mass exhibited low slump flow. The results 
showed a wide range of variations, illustrat-
ing the effects of PFA replacement rates and 
PF addition on SCC and SCCF flowability. 
The decrease in the workability and flow-
ability of SCC might be attributed to the ad-
dition of a high volume of PFA as an alter-
native material. Slump flow rates increased 
by 40% and 34% when PFA was added at 
replacement rates of 20% and 40% cement 
mass, ‎respectively.‎ The workability and 
flowability of all SCCF mixtures were lower 
than those of all SCC mixtures. Moreover, 
the flowability of SCC and SCCF mixtures 
containing PFA at replacement rates of 60% 
cement mass did not satisfy the minimum 
requirements of the T50 test. Results also 
showed that the slump flow rates of SCCFs 
decreased by 21%, 12%, and 17% when PFA 
was added at replacement rates of 0%, 20%, 
and 40% cement mass compared to the con-
trol, respectively. In general, increasing the 
replacement rates of PFA from 20% to 40% 
cement mass did not significantly decrease 
concrete workability. Adding PFA to cement 
at a replacement rate of ‎‏60‏‎% negatively‎ 
 affected the properties of ‎SCC, which might‏
be attributed to the high PFA volume. Using 
a high PFA volume led to increased surface 
area, which demand additional water.

Table 7: Results of Slump flow Tests

T50 
)sec( 

Slump flow 
( mm)Mixture

8520SCC0

2.3730SCC20

2.5700SCC40

-470SCC60

-410SCCF

5640SCCF20

4580SCCF40

-460SCCF60

𝑓𝑓𝑐𝑐𝑐𝑐 = 𝑘𝑘 √𝑓𝑓𝑐𝑐′                        𝐸𝐸𝐸𝐸. (1) 
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In addition to the slump flow test and slump 
flow T50, the V-funnel test was conducted to 
estimate the flowability of SCC and SCCF 
mixtures. The V-funnel flow time (s) was cal-
culated as the time it took from bottom outlet 
opening until light from the bottom outlet be-
came noticeable. EFNARC recommends that 
concretes should have V-funnel flow times of 
6–12 s and an L-box ratio H2/H1 of >0.80 
to be considered as SCCs (EFNARC, 2002). 
Table 8 shows the results of the V-funnel test 
and L-box, indicating that SCC mixture con-
taining PFA at replacement rates of 0% of ce-
ment ‎mass satisfied the requirements, where�-
as that at replacement rates of 20% and 40% 
of cement mass ‎consumed less time than re�-
quired in the specifications‎. SCCF mixtures 
containing PFA at replacement ‎rates of 20% 
and 40% cement mass also met the require-
ments for SCC. By contrast, SCC and SCCF 
mixtures with PFA at replacement rates of 
0% and 60% cement mass did not fulfill the 
requirements for SCC. The decrease in the 
passing and filling abilities of SCCs like-
ly resulted from the high volume of added 
PFA. Moreover, all SCCF mixtures exhibited 
lower passing and filling abilities than SCC 
mixtures, ‎except for PFA at replacement rate 
of 40% of cement mass, which obtained the 
highest value in the L-box test. SCC and 
SCCF mixtures containing PFA at a replace-
ment rate of 60% cement mass did not satisfy 
the specification requirements for the V-fun-
nel and L-box V-funnel T5.‎ The results sug�-
gested that increasing the replacement rate of 
PFA to 60% cement mass exerted the ‎greatest 
negative effect on the passing and filling abil-
ities of the cement mixtures. 
Table 9 shows the results of the bleeding and 
segregation tests. ‎SCC and SCCF mixtures 
that contained PFA at replacement rates of 
20% or 40% and 0% or 60% cement mass ex-
hibited high and the lowest rates of bleeding 
and segregation, respectively. The addition 
of a high volume of ‎ PFA likely decreased 
the ‏‎ bleeding and segregation of SCCs. 
Furthermore, the bleeding and segregation 
rates of SCCF mixtures ‎were lower than‏ 
those of SCC mixtures.

Table 8: Results of L-box and V-funnel tests

L- Box ratio
(H2/H1)

V-funnel
(T5) (sec)

V-funnel 
(sec)Mixture

0.761710SCC0

0.8675.2SCC20

0.8885.3SCC40 

0.711614SCC60

0.55--SCCF

0.8196.3SCCF20

0.89107.6SCCF40

0.592617SCCF60

Table 9: ‎ Results of bleeding
and segregation tests

Mixture Segregation 
index

 %

Total bleeding 
water

( ml/cm2 )
SCC0‎ 3.2 0.08
SCC20‎ 5.6 0.12
SCC40‎ 7 0.18
SCC60‎ 2.5 0.02
SCCF 2.3 0.0

SCCF20‎ 3.5 0.09
SCCF40‎ 4.1 0.09
SCCF60‎ 1.8 0.0

Compressive Strength
Figures 2, 3, and 4 show the compressive 
strength test results for SCC and SCCF at 
ages 7, 14, 28, and 90 days. Results showed 
that the evolution of compressive strength 
varied in SCC and SCCF. The decline in 
compressive strength became apparent when 
the PFA replacement ratio was increased to 
60% cement mass. The decline in the com-
pressive strength of SCC and SCCF might 
be attributed to the addition of PFA at a 
high replacement rate of 60% cement mass, 
which introduced air bubbles in hardened 
concrete and decreased compressive ‎strength 
(Mohammadhosseini et al., 2015). The best 
compressive strength of SCCs at ages 7, 14, 
28, and 90 days ‎was obtained when PFA was 
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added at a replacement rate of 20%. The 
compressive strength of SCCs ‎increased by 
16.1%, 7.4%, 3.9%, and 1.2% at ages 7, 14, 
28, and 90 days, respectively, when PFA was 
added at the replacement rate of 20% cement 
mass‎. In addition, the compressive strength 
of SCCs ‎increased by 8.5% and 1.5% at ages 
7 and 28 days, respectively, when PFA was 
added at the replacement rate of 40% cement 
mass. Compressive strength decreased by 
18.8%, 24.1%, 15.9%, and 11.8% at ages 7, 
14, 28, and 90 days, respectively, when PFA 
was added at the replacement rate of ‎‎60% 
cement mass. The compressive strength of 
SCCFs was lower than that of SCCs, except 
after PFA replacement by 40% of cement 

mass, in which the compressive strength 
was the highest. Adding PFA to cement at a 
replacement rate of ‎‏60‏‎% negatively‎‏ ‏affected 
the strength of ‎SCCs and SCCFs, which 
might be attributed to the high PFA volume. 
Use a higher volume of PFA up to 60% leads 
to the slow hydration due to the activation of 
the PFA (Mohammadhosseini et al., 2015). 
The percentages of decrease in compres-
sive strength were higher in SCCF mixtures. 
Thus, ‎this finding‎ might ‎be attributed to the 
negative effect of fibers on concrete rheol-
ogy, which affected the degree of concrete 
compaction and consequently decreased the 
compressive ‎strength of concrete (Akinpelu 
et al., 2017). 

Fig. 3: Results of Compressive Strength Test of SCCF

Fig. 2: Results of Compressive Strength Test ‎of SCC
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Fig. 4: Results of Compressive Strength ‎Test‎ of SCC and CCF

Indirect Tensile Strength
Figures 5, 6, and 7 show the results of the 
indirect tensile strength for SCC ‎and SCCF 
mixtures at ages 7, 14, 28, and 90 days. 
The indirect tensile ‎strength of SCCF was 
slightly improved compared with that of 
SCC, suggesting that PF addition improves 
the tensile strength of hardened concretes. 
Based on Equation (1), the coefficient (k) 
values were as follows: 0.52, 0.56, 0.52, 
0.47, 0.53, 0.61, 0.60 and 0.48‎ in ‎SCC0, 
‎SCC20, ‎SCC40, ‎ SCC60, ‎SCCF0, ‎SCCF20, 
‎SCCF40, and‎ SCCF60‎ respectively, at 90 
days test age. Generally, the k values were of 
0.47–0.56 IN SCC and 0.48–0.61 in SCCF. 

A slight increase in ‎coefficient (k) was ob�-
served in concretes with PFA addition by 
0%, 20%, 40%, and 60% of cement mass. 
This result may be attributed to the effect of 
‎PFs ‎on concrete rheology and ability for full 
compaction. ‎ The slight increase in the in�-
direct tensile strength of the SCC was due 
to the addition of PF, which was added by 
0.22% of the concrete volume (El-Dieb and 
Taha, 2012). The percentage was appropri-
ate to achieve SCC using ‎pulverized fly ash 
with replacement rates of up to 40% of the 
cement mass achieving ‎acceptable proper�-
ties of the fresh SCC (Gencel et al., 2011)

Fig. 5: Results of Indirect Tensile Strength Test of SCCF

Fig. 5: Results of Indirect Tensile Strength Test of SCC
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Flexural Strength
Figures 8, 9, and 10 show the results of flex-
ural strength for SCC ‎and SCCF mixtures 
at ages 7, 14, 28, and 90 days. The results 
showed that the indirect tensile ‎strength of 
SCCF was slightly improved compared with 
that of SCC, indicating that PF addition of 
improves the flexural strength of hardened 
concretes. The addition of fiber to the SCC 
increased flexural strength at increased 
rates of 1%, 4.3%, and 6.1% for SCCF20, 
‎SCCF40, and‎ SCCF60‎ compared with SCC, 
respectively, at 90 days test age. General-

ly, the value of flexural strength ‎for SCC 
containing ‎PF was between 10.1–11.1% of 
compressive strength. The flexural strength 
increase of the SCC was due to the fiber ad-
dition. The increase was slight because the 
added fibers were 0.22% of the concrete vol-
ume (Gencel et al., 2011). This was the ap-
propriate addition to achieve SCC using pul-
verized fly ash with replacement rates of up 
to 40% of the cement mass while achieving 
acceptable fresh SCC properties (El-Dieb 
and Taha, 2012).

Fig. 6: Results of Indirect Tensile Strength Test of SCCF

Fig. 7: Results of Indirect Tensile Strength Test of SCC and SCCF
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Fig. 8: Results of Flexural Strength Test of SCC

Fig. 9: Results of Flexural Strength Test of SCCF

Fig. 10: Results of Flexural Strength Test
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CONCLUSIONS
The following conclusions were drawn from 
the results of this study:
1.	 he addition of PFA to SCC and SCCF pos-

itively affected the properties of fresh con-
crete with PFA replacement by 20% and 
40% of cement mass, except for V-funnel 
test, in which the time required to pass 
concrete through the apparatus outlet was 
faster than the time required in the speci-
fication.

2.	 PFA addition to SCC and SCCF by re-
placement of 20% and 40% of cement 
mass‏ increasing the bleeding and segrega-
tion.

3.	 The best SCC workability was obtained 
when PFA was added at replacement rates 
of ‎‎20% ‎and 40% cement mass without PFs. 
Fresh SCC samples with this ‎formulation 
‎exhibited slump flow ‎diameters of 730 and 
700 mm, blocking ratios of ‎‎0.86 and 0.88; 
‎and flow times of 5.2–5.3 ‎s. ‎

4.	 The high ash volume as a replacement 
of the cement mass up to 60% negative-
ly affected the fresh and hardened con-
crete properties but improved resistance 
bleeding and segregation in both SCC and 
SCCF.

5.	 In general, PF addition by 0.22% of vol-
ume concrete decreased the properties of 
fresh concrete but slightly improved the 
flexural ‎and indirect tensile strengths.‎

6.	 PF addition to SCC ‏ decreased bleed-
ing and the segregation. Adding the PF 
to SCCF with a replacement of 40% of 
cement mass resulted in best fill ratio in 
L-box (H2/H1) (0.89).

7.	 Based on the test results the pulverized fly 
ash should be replaced by 20% to 40% of 
cement mass to produce SCC with com-
pressive ‎strength of up to 41 MPa at ‎‎90 
days in both SCC and SCCF. ‎
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استلام  17 يوليو 2017م - قبول 1 يناير 2018م

الملخص
الخرســانة ذاتيــة الدمــك لديهــا قابليــة عاليــة للتدفــق، ومقاومــة عاليــة للانعــزال والنزيــف، وتســهل هــذه الخصائــص خلــط الخرســانة 
وصبهــا وتشــطيبها دون اســتخدام آلات الدمــك أو الاهتــزاز. إضافــة المــواد المعدنيــة؛ مثــل الرمــاد المتطايــر، والملــدن المتفــوق، يحســن 
خصائــص الخرســانة ذاتيــة الدمــك عــن طريــق منــع الانعــزال والنزيــف وزيــادة درجــة الميوعــة. الخرســانة ذاتيــة الدمــك تتطلــب تدفقًــا 

عاليًــا تحــت تأثــر وزنهــا الــذاتي؛ لمــلء جميــع أجــزاء القالــب بكفــاءة عاليــة. 
ــاف  ــة الدمــك المســلحة بألي ــة الدمــك، والخرســانة ذاتي ــي عــى خــواص الخرســانة ذاتي ــق التجريب ــج التحقي ــة نتائ ناقشــت هــذه الورق
ــة  ــن كتل ــب )0 %(، )20 %(، )40 %(، و)60 %( م ــال بنس ــدلات إح ــى مع ــك ع ــة الدم ــانة ذاتي ــوي الخرس ــن. تحت ــولي بروبل الب

ــمنت.  الأس
ــا، كــا تمــت  ــاء والشــد مــن عينــات الخرســانة في ســن )7(، )14(، )28(، و)90( يومً وقــد تــم التحقــق مــن قــوة الانضغــاط، والانحن
ــار الانعــزال، النزيــف، قطــر تدفــق الخرســانة، زمــن التدفــق إلى قطــر 50 ســم،  دراســة خــواص الخرســانة الطازجــة مــن خــال اختب

 . )V(و ش�ـكل  )L(ـدوق علـى ش�ـكل� �ـار حرك�ـة الخرس�ـانة الطازج�ـة في الصن واختب
ــر  ــاد المتطاي ــة الرم ــت إضاف ــا تم ــا عندم ــول عليه ــم الحص ــة ت ــك الطازج ــة الدم ــانة ذاتي ــص الخرس ــل خصائ ــج أن أفض ــرت النتائ أظه
بمعــدلات اســتبدال )20 %(، و)40 %(، كتلــة الأســمنت، وبالإضافــة إلى ذلــك، فــإن إدراج الأليــاف بنســبة )0.22 %( أدى إلى 

ــاف. ــلحة بالألي ــك المس ــة الدم ــانة ذاتي ــد في الخرس ــاء والش ــوة الانحن ــن ق ــف وتحس ــزل والنزي ــاض الع انخف
الكلمات المفتاحية: بدائل الأسمنت، قابلية تشغيل الخرسانة، قابلية جريان الخرسانة، معدل استبدال عالٍ، مواد بوزلانية. 


