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Abstract - This study explores the influence of mineral 
admixtures and polypropylene fibers on the fresh properties, 
mechanical strength, and sorptivity of self-compacting 
concrete (SCC). Eight SCC mixes were designed, four with 
quaternary blends of Ordinary Portland Cement (OPC), Fly 
Ash (FA), Ground Granulated Blast Furnace Slag (GGBS), 
and Silica Fume (SF), and four with an additional 0.2% 
polypropylene fiber by weight of binder. A constant water-
to-binder ratio of 0.32 was maintained. The control mix 
contained 100% OPC, while in other mixes, 50% of OPC was 
replaced with mineral admixtures (SF fixed at 10%, FA and 
GGBS varied at 10%, 20%, and 30%). Fresh concrete 
behavior was assessed using slump flow, J-ring, L-box, and 
V-funnel tests. Mechanical properties were evaluated 
through compressive, split tensile, and flexural strength at 
various curing ages. Durability was analyzed via sorptivity 
testing. Results indicated that FA improved workability, 
while polypropylene fibers marginally reduced it. Higher 
GGBS content enhanced both strength and durability. Fiber 
inclusion contributed to lower sorptivity due to improved 
crack resistance and matrix densification. The findings 
confirm that the combined use of mineral admixtures and 
fibers can significantly enhance SCC performance and long-
term durability. 
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1. INTRODUCTION 

Self-compacting concrete (SCC) represents a major 
advancement in concrete technology, capable of flowing 
and compacting under its own weight without external 
vibration. This unique property enables SCC to easily fill 
complex formworks and densely reinforced sections, 
making it a preferred material in modern construction for 
improving placement quality, surface finish, and 
construction efficiency. Although SCC offers excellent 
workability, its long-term performance depends 
significantly on strength development and resistance to 
environmental deterioration. One key durability parameter is 

sorptivity-the rate at which concrete absorbs water through 

capillary action. High sorptivity can lead to moisture ingress, 

steel corrosion, and reduced service life.  

To address both strength and durability concerns, the 
incorporation of supplementary cementitious materials 
(SCMs) such as fly ash (FA), ground granulated blast 
furnace slag (GGBS), and silica fume (SF) has gained 
momentum. These mineral admixtures help refine pore 
structure, reduce permeability, and enhance mechanical 
properties. Their synergistic use in quaternary blends 
allows for balanced performance in both fresh and 
hardened states. 
Alongside SCMs, polypropylene fibers (PPF) are used to 
control microcracking and plastic shrinkage. These fibers 
improve internal cohesion and act as crack arresters, 
enhancing both structural integrity and moisture 
resistance. Their combined use with SCMs offers a holistic 
approach to optimizing SCC. 
This study investigates the influence of mineral 
admixtures and polypropylene fibers on the fresh 
properties, strength behavior, and sorptivity-based 
durability of SCC, aiming to develop an optimized mix 
with superior performance characteristics for sustainable 
and long-lasting concrete structures. 
 

2. OBJECTIVES 
 
Primary objectives of the study are; 
1. To develop a self-compacting concrete (SCC) mix based 
on the principles outlined in the Okumura method. 
2. To examine the workability and mechanical 
performance of SCC in both fresh and hardened states. 
3. To analyze how the inclusion of polypropylene fibers 
and various mineral admixtures (SCMs) affects the 
strength characteristics of SCC. 
4. To evaluate the durability performance of SCC by 
measuring its sorptivity, emphasizing the material’s 
resistance to water ingress. 
5. To compare mixes with and without fibers to 
determine their effectiveness in reducing water 
absorption and improving performance. 
 

3. MATERIALS 
 

• Cement: Ordinary Portland Cement (OPC) 43 grade 
conforming to IS 269:2015 was used as the primary 
binder due to its favorable strength and setting 
properties. 

•  
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Fine Aggregate: Manufactured sand (M-sand) conforming 
to Zone II as per IS 383:2016 was used. It ensured 
adequate flowability and packing density. 
Coarse Aggregate: Crushed granite aggregates of 20 mm 
and 12.5 mm size were blended to achieve a balance 
between strength and self-compactability. 
Water: Clean potable water was used for mixing and 
curing, ensuring no contaminants interfered with 
hydration or durability. 
Mineral Admixtures: 
• Fly Ash (Class F) per IS 3812 (Part 1):2003 improved 

workability and long-term strength. 
• GGBS (Ground Granulated Blast Furnace Slag) as per 

IS 16714:2018 enhanced durability and reduced heat 
of hydration. 

• Silica Fume, meeting IS 15388:2003, was added to 
refine microstructure and reduce permeability. 

Chemical Admixture: A polycarboxylate ether (PCE) 
based superplasticizer (Glenium SKY 8233) was used to 
achieve desired flow and cohesion without increasing 
water content. 
Polypropylene Fibers: RECRON-3S fibers of 12 mm 
length were added at 0.2% by binder weight in selected 
mixes to improve crack resistance and reduce sorptivity. 
All materials were tested for their physical and chemical 
properties and complied with relevant Indian Standards to 
ensure optimal performance in SCC. 
 

4. MIX DESIGN AND METHODOLOGY 

The mix design for Self-Compacting Concrete (SCC) in this 
study follows the Okamura and Ozawa method, which 
emphasizes achieving self-compactability through 
optimized powder content, low water-to-binder ratio, and 
adequate superplasticizer dosage without causing 
segregation. 
 
4.1 MIX PROPORTIONS 

A total of eight SCC mixes were developed. The control mix 
(Mix 1) utilized 100% Ordinary Portland Cement (OPC), 
while Mixes 2 to 4 incorporated quaternary blends 
comprising Fly Ash (FA), Ground Granulated Blast Furnace 
Slag (GGBS), and Silica Fume (SF). The proportion of SF 
was fixed at 10%, while FA and GGBS were varied (10%, 
20%, and 30%) to replace 50% of OPC. Mixes 5 to 8 
mirrored Mixes 1 to 4 but included 0.2% polypropylene 
fibers (PPF) by weight of binder. A constant water-to-
binder ratio of 0.32 was maintained for all mixes to ensure 
SCC characteristics. 
 
4.2 MIXING PROCEDURE 

Concrete specimens were prepared in a pan mixer using a 
consistent sequence. First, fine and coarse aggregates 
were dry-mixed thoroughly. OPC and the selected 
mineral admixtures (FA, SF, and GGBS) were then added 
and blended until uniform in color. For fiber-reinforced 
mixes, PPF was added gradually and mixed for an 
additional 2 minutes to ensure uniform distribution. 

Water was divided into two parts: approximately 60% of the 
total water was added initially. The remaining 40% was 
mixed with a superplasticizer (Master Glenium SKY 8233) 
and then added to improve flowability and dispersion. 

 
4.3 WORKABILITY AND STRENGTH CHARACTERISTICS 

Fresh concrete was tested for flow characteristics using 
Slump Flow, T500, V-Funnel, L-Box, U-Box, and J-Ring 
tests, in accordance with EFNARC guidelines. The concrete 
was then cast into moulds without vibration and 
demoulded after 24 hours. Curing was done in clean water 
for 7, 28, and 56 days. 
 
Mechanical strength tests followed IS standards: 
• Compressive Strength: 150 mm cubes as per IS 

516:1959 
• Split Tensile Strength: 150 mm × 300 mm cylinders as 

per IS 5816:1999 
• Flexural Strength: 100 mm × 100 mm × 500 mm 

prisms as per IS 516:1959 
 
Durability was evaluated through Sorptivity testing, 
following the procedures outlined in ASTM C1585. 
 

5. RESULTS AND DISCUSSION 

5.1 FRESH PROPERTIES OF SCC 

The fresh properties of the SCC mixes were evaluated 
using standardized EFNARC test methods. Parameters 
including slump flow diameter, T500 flow time, V-funnel 
flow time, L-box blocking ratio, U-box height difference, 
and J-ring tests were assessed to determine the filling 
ability, viscosity, passing ability, and resistance to 
segregation. 

 

 

Table 4.1 Flow properties of SCC 
 

  

 

Proportions 

Slump 

flow 

(mm) 

T500 

time 

(sec) 

V 

funnel 

(sec)  

L 

box 

ratio 

U 

box 

(H2- 
H1) in 

mm 

J ring 

slump 

(mm) 

J ring h 

(mm) 

MIX-1 100%OPC 620 5.2 12.1 0.83 19 600 11 

 

MIX-2 

50%OPC+10% 

SF+30% FA. + 

10%GGBS 

 

720 

 

3.3 

 

7 

 

0.91 

 

9 

 

670 

 

6 

 

MIX-3 

50%OPC+10% 

SF+20%FA 

+20%GGBS 

 

680 

 

4.1 

 

8.3 

 

0.90 

 

12 

 

655 

 

8 

 

MIX-4 

50%OPC, +10% 

SF+10%FA 

+30%GGBS 

 

660 

 

4.5 

 

9.2 

 

0.88 

 

14 

 

640 

 

9 

MIX-1 

PPF 

100% OPC + 

0.2%PPF, 

 

605 

 

6.1 

 

14.5 

 

0.78 

 

25 

 

510 

 

15 

 

MIX-2 

PPF 

50% OPC, 

+10%SF+30%FA 

+10%GGBS 
+0.2%PPF 

 

690 

 

3.7 

 

8.2 

 

0.89 

 

12 

 

645 

 

9 

 

MIX-3 

PPF 

50% OPC, 

+10%SF+20%FA. 

+20%GGBS 
+0.2%PPF 

 

640 

 

4.8 

 

9.7 

 

0.86 

 

16 

 

615 

 

10 

 

MIX-4 

PPF 

50%OPC, +10%SF 

+10%FA 

+30%GGBS 
+0.2%PPF 

 

630 

 

5.2 

 

11.1 

 

0.83 

 

20 

 

590 

 

12 

Table 9.1 Flow Properties of SCC 
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The slump flow values ranged between 605 mm and 720 
mm. Mix-2 showed the highest flow (720 mm), classifying 
it under SF2 per EFNARC, suitable for normal structural 
elements. The inclusion of polypropylene fibers slightly 
reduced flow due to increased cohesion. 
T500 flow time values ranged from 3.3 to 6.1 seconds, 
indicating moderate viscosity across all mixes. Mixes with 
fly ash exhibited lower T500 times, contributing to 
improved flow due to the spherical shape and fineness of 
particles. 
V-funnel times for all mixes remained within EFNARC 
limits, ranging from 7 to 14.5 seconds. Mixes without fibers 
flowed faster, while those with PPF showed delayed flow, 
demonstrating the fibers' influence on viscosity. 
L-box blocking ratios varied between 0.78 and 0.91. Higher 
ratios were observed in mixes with fly ash, indicating 
better passing ability, whereas fiber-reinforced mixes 
exhibited slightly reduced values due to enhanced 
cohesion. 
The U-box test showed the lowest height difference (9 mm) 
for Mix-2, indicating excellent filling ability, while the 
highest was recorded for Mix-1PPF (25 mm), reflecting 
increased obstruction due to fiber addition. 
J-ring test results ranged from 510 mm to 670 mm in 
slump values, with Mix-2 achieving the best passing ability 
due to high fly ash content and lowest blocking height (6 
mm). Fiber-reinforced mixes consistently showed reduced 
slump and increased blocking heights, confirming the 
influence of fibers on increasing cohesion and flow 
resistance. 
 
5.2 MECHANICAL PROPERTIES OF SCC 

5.2.1 COMPRESSIVE STRENGTH  

Table 5.2.1 Compressive strength of SCC 

The compressive strength of all SCC mixes increased 
progressively over the curing periods of 7, 28, and 56 days. 
Mixes incorporating supplementary cementitious 
materials (SCMs) like fly ash, silica fume, and GGBS 
exhibited higher long-term strength due to enhanced 
pozzolanic activity and matrix densification. Notably, the 
addition of 0.2% polypropylene fiber (PPF) further 
improved compressive strength by controlling microcrack 
formation and enhancing stress distribution. Among all 

mixes, Mix-4PPF recorded the highest strength at 56 days 
(55.70 MPa), outperforming the control mix (Mix-1) by a 
significant  
margin. The results confirm that the synergistic effect of 
SCMs and PPF contributes to superior strength 
development in SCC. 

Figure 5.2.1 Compressive Strength of SCC 

 
    5.2.2 SPLIT TENSILE STRENGTH 

Table 5.2.2 Split tensile strength of SCC 

 

Figure 5.2.2 Split tensile strength of SCC 

The split tensile strength of SCC improved progressively 
with curing age for all mixes. The incorporation of 
supplementary cementitious materials (SCMs) enhanced 
matrix refinement and bonding, while polypropylene fibers 
(PPF) contributed to better crack resistance and stress 
transfer. At 56 days, Mix-4PPF achieved the highest strength 
(4.75 MPa), followed closely by Mix-3PPF (4.25 MPa), 
confirming the benefit of fiber inclusion. Among non-fiber 
mixes, Mix-4 (3.95 MPa) performed best due to the 
synergistic effect of GGBS and silica fume. Fiber-reinforced 
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Compressive Strength 

MIX 7 Days 28 Days 56 Days 

MIX-1 29.80  40.90 43.70 

MIX-2 26.85 39.35 45.80 

MIX-3 30.40 42.75 49.10 

MIX-4 30.55 43.90 49.55 

MIX-1 PPF 31.15 43.42 46.83 

MIX-2 PPF 28.10 42.45 50.00 

MIX-3 PPF 32.75 45.84 54.50 

MIX-4 PPF 33.65 48.65 55.70 

MIX 7 Days 28 Days 56 Days 

MIX-1 2.32 3.05 3.30 

MIX-2 2.02 2.90 3.35 

MIX-3 2.40 3.09 3.68 

MIX-4 2.58 3.30 3.95 

MIX-1 PPF 2.50 3.35 3.58 

MIX-2 PPF 2.27 3.28 3.85 

MIX-3 PPF 2.70 3.62 4.25 

MIX-4 PPF 2.98 3.96 4.75 

               Mix-1          Mix-2         Mix-3         Mix-4   Mix-1PPF  Mix-2PPF  Mix-3PPF  Mix-4PPF 

 

 

Compressive Strength 

Split Tensile Strength 

 

                Mix-1        Mix-2         Mix-3       Mix-4  Mix-1PPF  Mix-2PPF  Mix-3PPF  Mix-4PPF 
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mixes consistently outperformed their counterparts 
across all curing intervals, with percentage 
improvements ranging from 8% to 20%. 
 
These results demonstrate that combining SCMs with PPF 
significantly boosts the tensile performance and durability 
of SCC. 
 
5.2.3 FLEXURAL STRENGTH OF SCC 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 

Table 5.2.3 Flexural strength of SCC 

 

Figure 5.2.3 Flexural strength of SCC 

Flexural strength increased progressively with curing age 
for all SCC mixes. The inclusion of supplementary 
cementitious materials (SCMs) such as GGBS and silica 
fume improved matrix densification and load-bearing 
capacity, while polypropylene fibers (PPF) enhanced crack 
resistance and toughness. At 56 days, Mix-4PPF exhibited 
the highest flexural strength (7.85 MPa), reflecting a 
17.34% improvement over its non-fiber counterpart. 
Among mixes without fibers, Mix-4 showed superior 
strength (6.69 MPa) due to optimal SCM synergy. Overall, 
PPF-modified mixes outperformed corresponding control 
mixes by 8–17% across all curing ages, confirming the 
combined benefit of fibers and mineral admixtures in 
improving flexural performance and long-term durability. 
 
5.3 SORPTIVITY – BASED ASSESSMENT OF DURABILITY 

This section evaluates the durability performance of Self-
Compacting Concrete (SCC) mixes through sorptivity 

testing, which measures water absorption due to capillary 
action. The focus is on how supplementary cementitious 
materials (SCMs) and polypropylene fibers (PPF) influence 
water ingress resistance. 
 
5.3.1 Cumulative Sorptivity Results 

The sorptivity (I in mm) was calculated from cumulative 
water absorption data at various time intervals. The graph 
below illustrates the trend of sorptivity with respect to 
√time (min) for all mixes. 

 
                   Figure 5.3.1 Sorptivity (I in mm) vs √Time for All Mixes 

Initially, all mixes exhibited steep increases in sorptivity, 
indicating rapid water uptake due to capillary suction. 
Over time, the rate of absorption slowed down as the 
pores became saturated. Mixes with SCMs and PPF 
showed noticeably reduced water ingress. 
Among the plain mixes: 
 Mix 1 (100% OPC) recorded the highest sorptivity, 

reflecting poor resistance to water penetration. 
 Mix 4, with high GGBS content, showed the lowest 

sorptivity among plain mixes due to its denser 
microstructure. 

With the inclusion of PPF: 
 All mixes demonstrated further reductions in 

sorptivity. 
 Mix 4 PPF had the lowest sorptivity overall, 

confirming that the combination of SCMs and fibers 

offers the best resistance to water absorption. 

MIX Sorptivity (I) mm 

MIX-1 0.00407 
MIX-2 0.00331 
MIX-3 0.00318 
MIX-4 0.00293 

MIX-1 PPF 0.00382 
MIX-2 PPF 0.00312 
MIX-3 PPF 0.00306 
MIX-4 PPF 0.00221 

Table 5.3.1 Sorptivity (I) in mm at 8 days 

Sorptivity decreased with the use of SCMs due to 
improved matrix densification and refined pore structure. 
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Flexural Strength 

MIX 7 Days 28 Days 56 Days 

MIX-1 4.15 5.98 6.15 

MIX-2 3.88 5.70 6.18 

MIX-3 4.70 6.05 6.45 

MIX-4 4.82 6.10 6.69 

MIX-1 PPF 4.42 6.55 6.68 

MIX-2 PPF 4.28 6.35 6.95 

MIX-3 PPF 5.25 6.95 7.15 

MIX-4 PPF 5.48 7.15 7.85 

  

  

  

  

  

  

  

  

  

 

Flexural Tensile Strength 

                Mix-1        Mix-2         Mix-3       Mix-4   Mix-1PPF  Mix-2PPF  Mix-3PPF  Mix-4PPF 
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Addition of 0.2% PPF further reduced water absorption 
by blocking capillary paths and bridging microcracks. 
The best performance was observed in Mix 4 PPF, 
highlighting the synergy between GGBS and fiber 
reinforcement. 

5.3.2 Correlation of Sorptivity with Strength 

Durability and mechanical performance in SCC are 
interrelated. Sorptivity reflects the ease of moisture 
ingress, which affects the concrete's internal structure and 
long-term strength. 

5.3.2.1 Sorptivity v/s Compression strength 

Table 5.3.2.1 Sorptivity v/s Compressive Strength (56 Days) 

A strong inverse correlation is observed between 
sorptivity and compressive strength. Mixes with lower 
sorptivity values, such as Mix 4 PPF (0.00221 mm), 
achieved higher compressive strength (55.70 MPa). This 
relationship highlights that reduced water absorption due 
to refined pore structure achieved through SCMs and PPF 
increases matrix density, reduces internal voids, and 
enhances strength development. In contrast, higher 
sorptivity in Mix 1 (0.00407 mm) indicates a porous 
structure with limited hydration efficiency, resulting in 
lower strength. 

 
  5.3.2.2 Sorptivity v/s Split Tensile Strength 

Table 5.3.2.2 Sorptivity v/s Split Tensile Strength (56 Days) 

Split tensile strength improves with decreasing sorptivity, 
indicating enhanced crack resistance in mixes with better 
durability. For example, Mix 4 PPF, with the lowest 
sorptivity (0.00221 mm), achieved the highest tensile 
strength (4.75 MPa). This suggests that a denser 
microstructure restricts capillary pores and crack 

initiation, while fibers bridge microcracks, improving tensile 
performance. In contrast, Mix 1, with higher sorptivity, 
shows limited cohesion and lower tensile strength (3.30 
MPa).  

5.3.2.3 Sorptivity v/s Flexural Strength  

Table 5.3.2.3 Sorptivity v/s Flexural Strength (56 Days) 

Lower sorptivity values contribute to higher flexural strength 
due to improved moisture resistance and matrix refinement. 
Mix 4 PPF, having the lowest sorptivity (0.00221 mm), 
recorded the highest flexural strength (7.85 MPa). This 
improvement is attributed to the combined action of SCMs 
reducing pore connectivity and PPF enhancing toughness. 
Mixes with higher sorptivity, such as Mix 1, displayed 
reduced flexural capacity due to poor pore structure and 
absence of crack-bridging mechanisms.    

 
Figure 5.2.3 Flexural strength test                      Figure 5.2.2 Split tensile strength test 

 

6. CONCLUSION 

This study investigated the influence of supplementary 
cementitious materials (SCMs) such as fly ash, silica fume, 
and GGBS along with polypropylene fibers (PPF), on the 
performance of self-compacting concrete (SCC). The 
following key conclusions were drawn: 

Mix 
Final Sorptivity (I) 

in mm 
Compressive 

Strength in MPa 

Mix 1 0.00407 43.70 

Mix 2 0.00331 45.80 

Mix 3 0.00318 49.10 

Mix 4 0.00293 49.55 

Mix 1 PPF 0.00382 46.83 

Mix 2 PPF 0.00312 50.00 

Mix 3 PPF 0.00306 54.50 

Mix 4 PPF 0.00221 55.70 

Mix 
Final Sorptivity (I) 

in mm 
Split Tensile 

Strength in MPa 

Mix 1 0.00407 3.30 

Mix 2 0.00331 3.35 

Mix 3 0.00318 3.68 

Mix 4 0.00293 3.95 

Mix 1 PPF 0.00382 3.58 

Mix 2 PPF 0.00312 3.85 

Mix 3 PPF 0.00306 4.25 

Mix 4 PPF 0.00221 4.75 

Mix 
Final Sorptivity (I) 

in mm 
Split Tensile 

Strength in MPa 

Mix 1 0.00407 3.30 

Mix 2 0.00331 3.35 

Mix 3 0.00318 3.68 

Mix 4 0.00293 3.95 

Mix 1 PPF 0.00382 3.58 

Mix 2 PPF 0.00312 3.85 

Mix 3 PPF 0.00306 4.25 

Mix 4 PPF 0.00221 4.75 

  Figure 5.2.1 Compression Strength Test                              Figure 5.3 Sorptivity Test 
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• The SCC mixes designed using Okumura and Ozawa’s 
method exhibited satisfactory flow characteristics 
and met EFNARC criteria. SCMs improved 
workability through better particle packing and 
secondary hydration, while fiber inclusion slightly 
reduced flowability due to increased internal 
resistance. 

• Among all mixes, Mix-2 (10% SF, 30% FA, 10% 
GGBS) showed the best workability. The addition of 
fibers marginally reduced flow but retained 
acceptable SCC characteristics. 

• Compressive strength increased with higher GGBS 
content and fiber inclusion. Mix-4 PPF (30% GGBS, 
10% FA, 10% SF, 0.2% PPF) recorded the highest 
compressive strength (55.70 MPa) at 56 days. 

• Split tensile and flexural strengths also improved 
with fiber reinforcement. Fibers enhanced crack 
resistance and matrix cohesion, leading to significant 
post-crack strength gain. 

• Sorptivity results confirmed that mixes with SCMs 
and fibers had reduced water absorption, indicating 
improved durability. Mix-4 PPF recorded the lowest 
sorptivity (0.00221 mm), reflecting its dense 
microstructure and superior resistance to water 
ingress. 

• A clear inverse relationship was observed between 
sorptivity and strength parameters. Lower water 
absorption was associated with higher compressive, 
tensile, and flexural strengths, highlighting the role of 
microstructural refinement in improving both 
durability and mechanical performance. 

• The combined effect of SCMs and PPF led to 
optimized SCC mixes with balanced workability, 
strength, and long-term durability. Mix-4 PPF 
emerged as the most effective composition for 
structural applications requiring high strength and 
reduced permeability. 
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