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Abstract - Despite the availability of various concrete types,
self-compacting concrete (SCC) is favoured by architects and
designers due to its vibration-free flowability and excellent
compactibility. This experimental study evaluates the
influence of mineral admixtures—fly ash (FA), silica fume (SF),
and ground granulated blast furnace slag (GGBS)—on the
fresh, mechanical, and drying shrinkage properties of SCC,
both with and without polypropylene fibers (PPF). Eight
concrete mixes were prepared: the first four without fibers and
the remaining four with 0.2% PPF (by binder weight). Mix 1
served as the control with only OPC. In mixes 2-4, 50% of OPC
was replaced with SF (10% fixed), and combinations of GGBS
and FA at varying ratios (30%-10%, 20%-20%, 10%-30%).
The same trend was followed in fiber-reinforced mixes (5-8).
Fresh properties were evaluated using slump flow, J-ring, V-
funnel, and U-box tests in line with EFNARC guidelines.
Mechanical properties, including compressive, split tensile, and
flexural strength, were tested at 7, 28, and 56 days. Drying
shrinkage was measured at 3-, 7-, 28-, and 56-days using
ASTM C157. All mixes satisfied EFNARC criteria and exhibited
adequate strength. Among fiber-free mixes, Mix 4 (10% SF,
30% GGBS, 10% FA) showed the best performance in strength
and shrinkage. Similarly, the fiber-reinforced counterpart, Mix
8, demonstrated the highest strength and lowest shrinkage.
Results indicate that higher GGBS and the addition of PPF
significantly enhance both mechanical properties and
shrinkage resistance in SCC.

KeyWords:-Compactibilty1,Drying-Shrinkage?2,
polypropylene Fiber3, Architects4,Ground Granulated Blast
Furnace Slag (GGBS) 5

1.Introduction

Self-compacting concrete (SCC) represents a major
advancement in concrete technology, designed to address
labour shortages and durability concerns. Characterized by
its ability to flow and fill formworks without external
vibration, SCC enhances placement efficiency, especially in
congested reinforcement zones. It is composed of cement,
aggregates, water, mineral admixtures (e.g., fly ash, GGBS,
silica  fume, metakaolin), chemical admixtures
(superplasticizers, viscosity-modifying agents), and fibers.
To improve sustainability and reduce the environmental

impact of cement production, mineral admixtures are
incorporated as partial cement replacements, offering
benefits like improved durability and lower CO, emissions.
Polypropylene fibers, known for enhancing toughness and
controlling shrinkage cracking, are used to further increase
SCC durability. This thesis investigates the influence of
varying proportions of mineral admixtures and
polypropylene fibers on the fresh and hardened properties
of SCC, with a focus on short-term drying shrinkage relative
to a control mix.

2.0bjectives
To arrive at proper design mix as per OKAMURA method.

To test fresh properties of SCC as per EFNARC guidelines
To test the mechanical properties of hardened SCC.

To determine the impact of adding supplemental
cementitious materials (SCMs) and polypropylene fibers to
concrete.

To conduct drying shrinkage test for all eight mixes of SCC
according to ASTM-157 C

Finally, the results of this experimental investigation are
reviewed, to conclude the shrinkage characteristics of
different SCC mixes using mineral admixture with and
without polypropylene fibers

3.Materials and Material Properties

Cement: -

Ordinary Portland Cement (OPC) Grade 43 (Ramco) was
used, conforming to IS: 269-2015. It acts as a hydraulic
binder, gaining strength through hydration. Tests per IS:
4031-1988 confirmed compliance in terms of specific
gravity, consistency, and setting time.

Fine Aggregate: - Fine aggregates are natural or crushed
sand particles used in concrete. Manufactured sand (M
sand), produced by crushing hard rocks under controlled
conditions, offers consistent quality and gradation. As
natural river sand becomes scarce due to environmental
concerns, M sand has emerged as a sustainable, reliable
alternative for producing high quality concrete,
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Coarse Aggregate: -Coarse aggregates-such as gravel,
crushed stone, or recycled concrete-provide strength and
structural integrity in concrete, especially in SCC, where
sizes typically range from 5 mm to 20 mm. In this study,
locally available crushed granite aggregates (20 mm and
12.5 mm) conforming to Indian standards were used.
Water: - Water is crucial in concrete, initiating cement
hydration and binding all components. It must be clean and
free from harmful substances to ensure quality.
Mineral-Admixture: -Mineral-admixtures
(supplementary cementitious material) improve
concrete's strength, durability, and workability while
reducing cost and permeability.

Silica-fume (SF): -Silica fume, a by-product of silicon or
ferrosilicon production, is ultra-fine, non-crystalline silicon
dioxide. With particles <1 micron, it enhances strength and
density when added to concrete.

Fly-Ash (FA): - Fly ash is a fine byproduct from thermal
power plants burning pulverized coal, collected from flue
gases using dust control systems. It is a siliceous or
aluminosilicate pozzolan, finer than cement particles and
typically spherical in shape. ASTM classifies it into Class F
(from bituminous coal) and Class C (from lignite/sub-
bituminous coal). This study uses fly ash from RMC plants
conforming to [S:3812 (Part 1):2003.

GGBS (Ground Granulated Blast Furnace Slag): - GGBSis a
byproduct of iron production in blast furnaces, formed from
molten slag rich in Ca0, SiO,, Al,03, and MgO. It is dried and
ground into a fine powder to enhance concrete's workability,
strength, and durability. This study uses GGBS from nearest
RMC plants.

Chemical-Admixture: - Chemical admixtures are added to
concrete to enhance workability, setting time, strength, and
durability. In this study, Glenium SKY 8233 (BASF)
superplasticizer is used for producing self-compacting
concrete.

Polypropylene fibers (PPF): - are synthetic, corrosion-
resistant fibers with high tensile strength, used to enhance
SCC’s toughness, crack resistance, and shrinkage control. In
this study, RECRON-3S fibers (0.04 mm diameter, 12 mm
length) are used.

3.1 Mix -Design and Mix-Proportions: -

The mix design approach proposed by Okamura and Ozawa
is used in this study, the strength of SCC is not targeted
prior to mix design, Instead W/p ratio is fixed (for which
self-compactibility properties gets satisfied) and then the
strength is noted after 28 days curing.

3.2 Okamura mix design key Proportioning: -

Coarse aggregate: 50-60% of solid volume or 700-900
kg/m?3.

Fine aggregate: 40-50% of mortar volume.

W/p ratio: 0.9-1.0 by volume, depending on powder
properties (<0.125 mm).

Superplasticizer dosage and final W/p ratio finalized via
trial mixes using U-flow, slump-flow, and V-funnel tests.

Based on the above proportioning, from various trails Eight
mix types were prepared (four without fibers and four with
0.2% polypropylene fibers) by binder weight.

Typical range by Typical range by
Constituent mass volume
(kg/m3) (litres/m3)
Powder 380 - 600
Paste 300-380
Water 150 -210 150-210
Coarse aggregate 750-1000 270-360
Fine-ageresate Content balances the volume of the other
(sagr% d)g constituents,
typically 48-55% of total aggregate weight
Water/Powder ratio 0.85 - 1.10
by Volume

Table :1 Typical Range of composition for SCC
(EFNARC)

Nine cubes, cylinders and prisms were cast for each mix,
cured and tested for 7,28 and 56 days respectively

3.3 Drying Shrinkage Test:-The drying shrinkage test is
carried outaccording to ASTM 157C/157M and C 490/C 490
M .In this study prism mold of size 75 X75 X 285 mm with
one compartment were used for casting of specimens.
Length Comparator(fig-2)are used for determining length
change of specimens. The Comparator for determining
length changes of the specimen is provided with dial
micrometer to allow measurement of small variations in the
actual length of various specimens. Dial gauge is an inch and
metric digital indicator with LCD for measuring surface
variations that has measurement range 0-12.7 mm and a
resolution 0.001 mm. shown in figure: -02

The specimens for all eight mixes were cast and demolded
after 24-hours and water cured for 28 days. Then from the
29thday change in length of the specimens kept for air
drying were recorded daily for 56 days. The length change at
any age of concrete according to this can be calculated using
following formula: L =(Lx-Li/G) x100, were L = change in
length at x age, %, Lx = comparator reading of specimen at x
age, Li = initial comparator reading of specimen and G =
nominal gauge length, 250 mm [for 285 mm specimen].
From the recorded values drying shrinkage which expressed
in micro strains can be calculated.
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Fig : 1Shrinkage testing Apparatus

4.Results and Discussions

4.1 Fresh Properties of Self Compacting Concrete:;
These properties were determined through standardized
tests like Slump Flow test, V-funnel test, L-box test, U-box
test, ] -ring test. The aim of these tests are to assess the
workability of concrete for high construction work these
tests were performed as per the European Federation of
National Associations Representing for Concrete (EFNARC)
specifications 2002 and 2005. The results obtained from the
test are analysed according to (EFNARC) Guidelines.

The test results for Mix-1 to Mix-4 and Mix-1PPF to Mix-
4PPF of Blended Self-Compacting Concrete (BSCC), with
and without fibers, show notable variations in key
parameters such as slump flow, T500 time, V-funnel time,L-
box ratio, U-box, and J-ring test. which are tabulate in the
table below. Based on the results obtained their fresh
properties can be classified into different class for different
applications.(EFNARC)

Slump flow classes: -SF1, SF2 and SF3
Viscosity flow/v-funnel classes: -VS1/VF1 and VS2/VF2

Passing ability classes: - PA1 and PA2

Fig :2 Fresh Properties of SCC

Slump | T500| V funnel Lbox| Ubox | J-ring | J-

Mix flow in| time | timein | ratio | (hzhi) | slump | ring
mm in sec| sec in inmm | hin
mm mm

MIX-1 | 620 5.2 12.1 0.83 | 19 600 11

MIX-2 | 720 33 |7 091 |9 670 6
MIX-3 | 680 41 |83 0.90 |12 655

MIX-4 | 660 45 |92 0.88 | 14 640

1;)/1;;(-1 605 6.1 | 14.5 0.78 | 25 510 15
IF\,’[P?F(S'Z 690 3.7 |82 0.89 |12 645 9
IP‘,";);B 640 48 |97 0.86 | 16 615 10
11;4;);'4 630 52 | 111 0.83 | 20 590 12

Table :2 Fresh Properties of SCC

1.Slump Flow and T500 time Test:- The slump flow test,
classified under EFNARC (2005) as SF1-SF3, assesses SCC
flowability, with T500 time indicating viscosity. Cement
replacement with mineral admixtures enhanced workability,
while PPF inclusion reduced it. Mix-2 (50% OPC + 10% SF +
30% FA + 10% GGBS) achieved the highest flowability (720
mm; 690 mm with PPF) and shortest T500 times (3.3s and
3.7s), classifying it as SF2. Mixes 3 and 4 also met SF2
criteria but with slightly lower performance. Fiber-
containing mixes generally shifted to SF1 due to reduced
flow. Based on EFNARC, Mixes 2, 3, 4, and 2PPF are SF2;
Mixes 1, 1PPF, 3PPF, and 4PPF fall under SF1. All mixes are
classified as VS2 in viscosity..

2.J-ring Test:- Table-2 presents J-Ring test results,
highlighting variations in blocking resistance across mixes.
where Mix-2 and Mix-2PPF had the least blocking, while Mix-
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1 and Mix-1PPF showed the highest due to high viscosity
from 100% OPC and PPF. Fiber addition increased blocking
in all mixes by reducing flow. Mix-3 and Mix-4 showed
moderate results, with SCMs improving passing ability and
helping offset fiber effects.

3. V-funnel Test:- Table 2 shows V-funnel test results
ranging from 8.2-14.5 sec (without fibers) and 7-12.1 sec
(with fibers), all within EFNARC’s 24-sec limit. Mix-2 had the
best flowability, while Mix-1PPF performed the worst. All
PPF mixes showed longer times due to increased internal
resistance. FA enhanced flow the most, while GGBS and silica
fume increased viscosity.

4.U-box Test:- The U-box test results (Table-2) assess SCC’s
filling and passing ability. A lower height difference indicates
better flow. Mix-2, with high fly ash content, showed the best
performance, while Mix-1PPF had the worst due to the stiff
OPC matrix and added fibers. Increased FA improved passing
ability, even in fiber-reinforced mixes.

5. L-box Test :- Table-2 presents the L-box blocking ratios,
ranging from 0.83-0.91 without fibers and 0.78-0.89 with
fibers, all within EFNARC limits. Polypropylene fibers
consistently reduce the ratio by about 0.02-0.05, with Mix-
1PPF showing the poorest passing ability. However, mixes
with high fly ash content, like Mix-2, effectively minimize this
reduction, highlighting the balancing effect of SCMs. Finally,
all mixes = 0.80 = pass L-Box requirement per EFNARC
standards.MIX-2 and MIX-3 (both with and without PPF)
offer the best combination of flow and passing ability.
Adding fibres decreases L-Box ratio, but the effect is less
severe when mineral admixtures like fly ash and GGBS are
well-balanced.

4.2 Strength properties of SCC:- In this study, the
fundamental mechanical properties of SCC were investigated
with a focus on compressive strength, split tensile strength,
and flexural strength.

1.Compressive Strength Test :- Compressive strength
assessments for each SCC mix were conducted on standard
cube specimens (150x150x150 mm) after 7-day 28-day and
56 days of curing periods. The compressive strength values
for all the SCC mixes obtained are plotted in the chart-1

Compressive Strength

OI: .I: .I— .I_ .I— .I_ I: ] :

MiX-1 MiIX-2 MIX-3 MIX-4  MIX-1PPF MIX-2 PPF MIX-3 PPF MIX-4 PPF

Mix Proportions

NOWwW A U g
© © O © o

Compressive strenghtin N/me
=
o

u 7 Days 28 Days 56 Days

Chart:1Compressive Strength test of SCC

In the study, MIX-2 showed slightly lower early compressive
strength than MIX-1 but surpassed it at 56 days. MIX-3 and
MIX-4 consistently performed better than MIX-1, with up to
13% higher strength at 56 days, owing to higher GGBS
content and the synergistic effect of SCMs. MIX-2 PPF
followed a similar trend, with delayed strength gain, while
MIX-3 PPF and MIX-4 PPF showed significantimprovements
across all ages. MIX-4 PPF achieved the highest strength—
about 19% more than MIX-1 PPF at 56 days—indicating that
PPF enhanced microcrack resistance and long-term
durability. The compressive strength of QBSCC mixes
improved with SCMs like GGBS, silica fume, and fly ash.
Though PPF had minimal direct impact, it supported long-
term strength by reducing shrinkage cracks. MIX-4 PPF
(50% OPC, 10% SF, 10% FA, 30% GGBS, 0.2% PPF)
consistently outperformed others with a 12.42% strength
gain at 56 days. Even MIX-1 PPF showed a 7% gain,
highlighting the overall benefits of fiber and SCM inclusion in
producing a denser, stronger matrix.

2. Split Tensile Strength Test:-The tensile strength of
concrete was determined using the cylinders of size 150 mm
x 300 m. This test was performed as per IS 516:2021 for 7
days 28 days and 56 days

Split Tensile Strength

HENHEER

MIX-1 MiX-2 MIX-3 MIX-4 MIX-1PPFMIX-2 PPFMIX-3 PPF MIX-4 PPF

Mix Proportions

(0]

S~

w

N

-

split tensile strength N/mme

m 7 Days 28 Days 56 Days

Chart:2 Split Tensile Strength test of SCC
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The split tensile strength of quaternary blended self-
compacting concrete (QBSCC) mixes was evaluated at 7, 28,
and 56 days. Mixes with supplementary cementitious
materials (SCMs) and 0.2% polypropylene fibers (PPF)
consistently outperformed non-fiber mixes. SCM-only mixes
showed strengths ranging from 2.02-2.58 MPa (7 days),
2.90-3.30 MPa (28 days), and 3.30-3.90 MPa (56 days),
while PPF mixes reached 2.27-2.98 MPa, 3.28-3.96 MPa, and
3.58-4.75 MPa, respectively. Mixes with fly ash had lower
early strength due to its slow reactivity but improved over
time. Mix-3 and Mix-4, with more reactive SCMs, showed
notable strength gains from enhanced C-S-H formation. At
56 days, Mix-4 outperformed Mix-1 by 19.70%, and Mix-4
PPF surpassed Mix-1 PPF by 32.68%. PPF addition improved
tensile strength by up to 20.25%, mainly due to its ability to
bridge micro-cracks and delay crack propagation,
complementing the densification effect of SCMs.

3.Flexural Strength Test:- The flexural strength
examination involves testing specimens measuring 100 x
100 x500 mm. These specimens were carefully placed and
aligned with the axis of the loading device. The load was then
gradually increased until the specimen failed. The maximum
applied load was noted, and the flexural strength was
calculated

Flexural Test

Flexural strengthin N/mm2
O L N WAL N ® W

T
i
]
|

100
4 | |

T |

MIX-1 MIX-2 MIX-3

Mix Proportions

m 7 Days 28 Days 56 Days

Chart:3 Flexural Strength test of SCC

Flexural strength results at 7, 28, and 56 days showed that
QBSCC mixes with SCMs achieved strengths ranging from
4.15-6.69 MPa, while the addition of 0.2% PPF further
enhanced values to 4.28-7.85 MPa. Mix-3 and Mix-4
surpassed Mix-1, with up to 16.14% and 8.78%
improvements at 7 and 56 days, respectively. Similarly, Mix-
3PPF and Mix-4PPF outperformed Mix-1PPF, showing gains
of up to 23.98% at 7 days and 17.51% at 56 days. Intra-mix
comparisons confirmed that PPF addition consistently
improved performance, with Mix-4PPF showing a 13.69%
increase over Mix-4 at 7 days. The highest flexural strength
was observed in Mix-4PPF, owing to enhanced crack
resistance and fiber bridging. Flexural strength remained

higher than split tensile strength due to the distribution of
stresses along the outer fibers during bending.

4.3 Drying Shrinkage Test Results: - Drying shrinkage
tests were performed on all SCC mixes as per ASTM
C157/C157M and C490/C490M, which measure length
changes in hardened concrete due to moisture and
temperature variations. A graph (Chart 9) plots shrinkage
(mm) over 56 days for all eight mixes. Mix 1 (control)
showed the highest shrinkage due to the absence of SCMs
and fibers. Shrinkage progressively decreased with the
addition of SCMs (Mixes 2-4) such as fly ash, silica fume,
and GGBS. Further reduction was observed in Mixes 5-8
with the inclusion of PPF, with Mix 8 (containing all three
SCMs and PPF) exhibiting the lowest shrinkage. These
findings highlight the effectiveness of combined SCMs and
PPF in minimizing drying shrinkage and improving
dimensional stability. Relevant data is presented in the
following table 3.

Shrinkage graph with Age (no of days) at abscissa and
shrinkage in mm at ordinate of all the mixes combined in
one plot comparing variations in the shrinkage of all eight
mix are as follows.

Shrinkage

mix 2 =@= mix 3 =&=mix 4

=B=mix 1

mix 5

35

25

SHRINKAGE IN MM

15

0.5

0 10 20 30 40 50
AGE IN DAYS

Chart:4 Combined shrinkage values of all eight SCC mixes
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The combined graph compares shrinkage behaviour
of eight mixes—Mixes 1-4 without fibers and Mixes
5-8 with fibres. All mixes show gradual shrinkage
over time, stabilizing after ~50 days. Maximum
shrinkage occurs between Days 14 and 28, typical of
SCC after moist curing.

Mix-1 (control) has the highest shrinkage (~3.3
x10™* mm/mm at 56 days), while Mixes 2-4 show
reduced shrinkage due to mineral admixtures
enhancing dimensional stability. Mixes 5-8 (with
PPF) exhibits the least shrinkage, with Mix-8 (GGBS
+ PPF) showing the lowest (~1.77 x10™* mm/mm).
The rapid shrinkage rate up to Day 14 followed by a
plateau is characteristic of drying shrinkage.
Mineral admixtures (FA, SF, GGBS) reduce
shrinkage by improving packing and limiting water
movement. Polypropylene fibers provide internal
restraint, reducing microcracks and overall
shrinkage. GGBS proves more effective than FA in
shrinkage control. The quaternary blend
(FA+GGBS+SF) with PPF achieves over 45%
shrinkage reduction, making itideal for sustainable
construction by replacing 50% OPC and minimizing
shrinkage-induced deterioration.

Mix 8

Mix 4 + PPF: Best
resistance-to  drying
shrinkage due to

1.774 Lowest combined effect of
GGBS + silica fume +
PPF

Mix Final
Shrinkage at | ghrinkag Key Observation
56 Days e
(x107* Ranking
mm/mm
Control mix; highest
Mix 1 3301 1st shrinkage due to lack of
X : (Highest) mineral
admixtures/fibers.
Fly-ash inclusion
Mix 2 2.742 2nd lowers shrinkage
compared to Mix 1
Fly ash + silica fume
Mix 3 2.200 3rd combination further-
reduces shrinkage
Addition of GGBS
Mix 4 1.945 4th further reduces drying
shrinkage.
Mix 1 + PPF: Fibers
. 2nd reduce crack width but
Mix 5 3.101 Highest not total shrinkage
significantly.
Mix 2 PPF: Slightly
Mix 6 2.556 Moderate lower shrinkage than
Mix 2.
. Mix  3+fibers help
Mix 7 2.018 Low restrain shrinkage.

Table: 3 Shrinkage Properties of SCC

5. Conclusions

o

The mix design approach proposed by Okamura and
Ozawa has proven effective in producing self-
compacting concrete (SCC) with excellent
workability characteristics

All mixes met SCC criteria; Mix-2 (high FA) had the
best flowability (slump flow: 720 mm, T500: 3.3 s).

Fibers (0.2% PPF) reduced flowability and
increased viscosity (T500, V-funnel values
increased).

Passing ability and segregation resistance slightly
reduced with PPF but remained within SCC limits.
Classification (EFNARC 2005) are as follows; Mix-2
and Mix-2PPF fall under SF2; others and all PPF
mixes fall under SF1. Mix-1, 3, 4 are VS2.
V-Funnel: Mix-2, 2PPF, and 3 met VF1 (low
viscosity); others are VF2 (better segregation
resistance). U-box and L-box confirm acceptable
passing ability.

GGBS and fibers enhanced long-term compressive
strength, with significant strength gain at 56 days.
Early strength of SCM mixes was slightly lower due
to slower pozzolanic reaction, but SF helped early
gain.

PPF addition consistently improved strength,
especially tensile and flexural, via bridging action.
Mix-4PPF (30% GGBS, 10% FA, 10% SF) had the
highest strength among blended mixes.

The drying shrinkage test showed that all mixes
containing SCMs and fibers exhibited reduced
shrinkage compared to Mix-1 (control), which
recorded the highest shrinkage.

Mix-8 (GGBS + PPF) showed the least shrinkage,
best for dimensional stability.

Mineral admixtures reduce shrinkage via better
packing and low water demand and fibers limit
microcracks.

Combined use of SCMs and PPF showed >45%
shrinkage reduction vs. control.

SCC with SCMs and PPF is mechanically superior,
durable, shrinkage-resistant, and sustainable
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