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Abstract: The construction sector is under increasing pressure to reduce the environmental burden of
Portland cement production, which significantly contributes to global greenhouse gas emissions. Ground
Granulated Blast Furnace Slag (GGBS), a supplementary cementitious material derived from industrial
by-products, has emerged as a viable solution for enhancing the sustainability of concrete. This literature
review synthesizes two decades of research (2004-2024) on the effects of GGBS incorporation in
concrete and related cementitious composites. Studies consistently report that partial replacement of
cement with GGBS (typically 20-40%) improves long-term compressive strength, durability, and
resistance to chloride ingress, while also reducing permeability and enhancing microstructural
densification. Early-age strength reduction is a common limitation, especially at higher replacement
levels, though this can be mitigated with curing optimization, mineral admixtures, or fiber reinforcement.
Investigations further reveal that higher GGBS contents (50-80%) can be applied effectively in specific
cases, particularly when durability and sustainability are prioritized over rapid strength gain. Recent
advancements highlight the synergy of GGBS with silica fume, copper slag, crusher dust, and fibers,
producing concretes with improved mechanical performance, durability, and reduced environmental
impact. Overall, the review establishes GGBS as a versatile supplementary cementitious material that not
only reduces cement consumption and CO. emissions but also enhances long-term performance,
supporting its use in eco-friendly and durable concrete structures.

Keywords: Cement, GGBS, Replacement ratio (0-20%), Partial cement replacement, Industrial by-
products utilization

L. INTRODUCTION

Concrete remains the most widely used construction material globally, primarily due to its exceptional versatility,
strength, durability, and cost-effectiveness. Simplicity in production, and low maintenance compared to timber and
steel. It consists of a combination of four major ingredients: fine aggregate, coarse aggregate, binding material and
water. Cement has become expensive as the traditional binding material and produces a lot of carbon dioxide (CO,),
which is not favorable for the environment. Likewise, river sand, which is widely utilized as fine aggregate, has become
scarce. Its excessive use causes riverbed destruction and decreases the natural recharge of groundwater. To overcome
these two issues, there have been attempts to produce concrete with alternative and supplementary materials. Ground
Granulated Blast Furnace Slag (GGBS), which is a steel manufacturing by-product, has been utilized to replace a
portion of cement. Various mix proportions were proportioned with different amounts of cement, GGBS, coarse
aggregate, and water. The fresh and hardened properties of the concrete were examined for all the mixes. From these
tests, inferences were made regarding the behavior of the concrete.

Concrete is inherently weak in tension and brittle by nature. The concept of utilizing materials such as Ground
Granulated Blast Furnace Slag (GGBS) and quarry stone dust to enhance building materials has been in existence for
centuries. Some of the earliest examples are mixing clay bricks, horsehair in plaster, and asbestos in ceramics to add
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strength. Since the development and refinement of reinforced concrete, strength and flexibility (ductility) have both
improved. However, achieving these benefits requires careful and skilled placement of the concrete.

Traditionally, the binding material for concrete is cement, but it is now costly and environmentally damaging when it
comes to producing it. Therefore, there is an increased necessity for alternative and complementing cementing materials
based on cement. Ground Granulated Blast Furnace Slag (GGBS), for example, is one of the materials produced as a
by-product of the iron industry. Another potential development is the incorporation of fibres both for reinforced and
unreinforced concrete applications. The contemporary fibre-reinforced concrete development commenced the early
1960s.

The incorporation of fibres into concrete can render it more homogenous, uniform, and isotropic. When cracks initiate,
the fibres, which are randomly disposed, become active and assist in arresting the formation and extension of cracks.
This enhances the material overall strength and ductility of the concrete material. The two principal failure modes are
either the degradation of the bond of the fibres within the concrete matrix or the fracture of the fibres themselves. This
report provides a state-of-the-art summary of fibre- reinforced concrete and the outcome of experimental tests carried
out utilizing available materials within the locality. Ground Granulated Blast Furnace Slag (GGBS) is one of the
supplementary cementitious materials that replaces cement partly in concrete. Its price is actually close to half the cost
of ordinary cement and thus offers a cheaper alternative. Substitution of cement with GGBS provides great advantages
for the quality of concrete both when it is fresh and hardened. An experimental study is required for the assessment of
the joint action of GGBS and quarry stone dust on the quality of concrete both under fresh and hardened states.

Need of study
e After reviewing extensive literature, it is clear that research is ongoing with incorporate concrete mixes with
GGBS.

e It concerns solely the use of GGBS with the goal of sustainable and environmentally friendly production of
concrete economically.

e The work studies variable quantities of GGBS for the replacement of cement for an examination of the
strength behavior of the concrete

II. LITERATURE REVIEW
K.Ganesh Babu et al. (2004)
This study attempted to quantify the 28-day cementitious efficiency of Ground Granulated Blast Furnace Slag (GGBS)
in concrete at varying replacement levels. The percentage of replacement ranged from 10% to 80%, and the strength
efficiency factor at 28 days was calculated. Results showed that the factor decreased from 1.29 to 0.70 as the GGBS
content increased. Using this method, the predicted compressive strengths of concrete mixes, ranging between 20 MPa
and 100 MPa with GGBS levels of 10-80%, achieved a regression coefficient of 0.94, which was comparable to that
obtained for conventional concrete.
K. Pazhani et al. (2004)
This research evaluated the influence of replacing cement with GGBS and fine aggregate with copper slag on the fresh
and hardened properties of concrete. It was observed that using 100% copper slag as fine aggregate increased the slump
value by 60.85 mm. A 30% replacement of cement with GGBS reduced water absorption by 4.58%, chloride ion
permeability by 29.9%, and pH by 0.39. Complete replacement of fine aggregate with copper slag resulted in a
significant reduction of water absorption (33.59%), chloride ion permeability (77.32%), and pH (3.04), highlighting the
durability benefits of incorporating these materials.
Venu Malagavelli et al. (2005)
In this investigation, M25 grade concrete was studied with partial replacement of cement by GGBS and sand by crusher
dust. The results indicated improvements in both compressive and split tensile strengths. With a 30% replacement of
sand by crusher dust along with 1.5% admixture, compressive strength increased by 19.64% at 7 days and 8.03% at 28
days, while tensile strength increased by 1.83% at 28 days. Additionally, with 50% replacement of cement by GGBS
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and 25% replacement of sand by crusher dust, compressive strength improved by 11.06% at 7 days and 17.6% at 28
days.

M.C. Nataraja et al. (2004)

The study showed that compressive strength of cement mortar improved with increasing GGBS content, though the
gain was modest. At full (100%) replacement, strength dropped slightly compared to natural sand. Overall, GGBS sand
was found to be a viable alternative to natural sand, with up to 75% replacement recommended for practical use.
Maheshi Patel et al. (2005)

Research on M35 concrete with partial replacement of cement by GGBS and sand by crusher sand indicated strength
improvements. At 40% GGBS and 20% crusher sand replacement, compressive strength rose by 10.04% at 7 days and
16.54% at 28 days. Split tensile strength also increased, suggesting that up to 50% cement can be replaced with GGBS
without compromising performance.

Oormila T.R. & T.V. Preethi (2005)

This study evaluated soil stabilized with 15-25% GGBS. Unconfined compressive strength (UCS) tests revealed that
20% GGBS replacement yielded the best results, with strength increasing by 73.79% after 21 days of curing compared
to untreated soil.

Kamran et al. (2004)

Investigated GGBS replacement (0%, 25%, 50%) in different concrete mix ratios. Results showed that slag addition
enhanced workability and finishing quality. Early-age strength (3—7 days) was lower than control concrete, but 28-day
compressive and tensile strengths were comparable up to 50% GGBS replacement. Additionally, GGBS reduced
material costs by about 25% compared to OPC.

Yeau K'Y and Kim E K et al. (2005)

This study examined concrete with 0%, 25%, 40%, and 55% GGBS replacement up to 90 days of curing. At 28 days,
mixes with 25-55% GGBS performed similarly to control concrete, but by 56 days they surpassed the control. The
highest compressive strength was achieved with 40% GGBS at 90 days. However, all GGBS mixes showed slower
early-age strength development (before 7 days) due to delayed hydration.

Konstantin et al. (2005)

Researchers investigated high-volume GGBS cement with additional silica fume (10%) and a reactive silica admixture.
Using 45% GGBS, they observed a 62% strength improvement compared to the reference mix. Tests confirmed that
while setting time increased because of the high volume of mineral additives, overall compressive strength improved
significantly. The study highlighted that combined mineral admixtures can enhance both performance and durability in
blended cement systems.

Oner A. & Akyuz et al. (2007)

The authors compared compressive strength of concretes with and without GGBS up to one year of curing. Early-age
strength of GGBS mixes was lower than control mixes, but strength gain was higher at later ages. After one year,
GGBS concretes outperformed control concretes, as the slower pozzolanic reactions of slag contributed to long-term
strength.

Bilim C. et al. (2009)

This study tested concrete with 20-80% GGBS at water—cement ratios of 0.30, 0.40, and

0.50. At 7 days, GGBS concretes showed lower strength due to slower hydration, but at 28 days, 3 months, and one
year, mixes with 20-40% GGBS (especially at w/c = 0.30) achieved higher strengths than OPC control. The optimum
long-term performance was observed at 60% GGBS replacement.

Limi et al. (2012)

Investigated engineered cement composites (ECC) with 20% and 40% GGBS replacement. Tests on compression,
tension, and flexure at 7, 28, and 90 days showed that GGBS enhanced overall strength and improved fiber-bridging
capacity, leading to greater ductility of ECC mixes.
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Vijaya et al. (2012)

Studied the effect of supplementary cementitious materials (fly ash, GGBS, and silica fume) on durability of high-
strength concrete (M80 and M90). Using rapid chloride permeability tests after 90 days of curing, results showed that
SCMs improved the pore structure, reduced permeability, and significantly enhanced chloride resistance compared to
conventional concrete.

Mohamed et al. (2012)

This study investigated the use of locally available GGBS in concrete to reduce environmental waste and promote
sustainable construction. Concrete mixes with 20-80% GGBS showed improved compressive and flexural strength
after 28 days, with particularly high performance when finer slag (120 grade) was used. Long-term strength
development depended on clinker composition, GGBS content, and water—cement ratio. Overall, a strength gain of
about 30% was recorded, mainly due to higher C3S content and its faster reaction with water.

Sabeer & Alavi C. et al. (2013)

Examined partial replacement of cement with 10-50% GGBS. Results showed that 30% replacement gave optimum
compressive strength, while higher percentages led to strength reduction. Both split tensile and flexural strength
improved at 7 and 28 days with increasing GGBS content. Workability of fresh concrete also increased with higher slag
percentages.

Yogendra O. Patil et al. (2014)

Studied the effect of 10-40% GGBS replacement on compressive and flexural strength at 7, 28, and 90 days. Findings
revealed that strength decreased as GGBS percentage increased. Up to 20% replacement caused only a marginal
reduction (4-6%) in strength after 90 days, while higher percentages led to greater losses. The study concluded that
20% GGBS replacement is practical, as it reduces concrete cost by around 14% without significantly compromising
strength.

M. Ramalekshmi et. al. (2014)

Studied concrete with 50% and 80% GGBS replacement, tested at 7, 14, and 28 days. Results showed reduced early
strength compared to control mixes, but higher strength at later ages. The optimum strength was recorded at 50%
replacement after 28 days. Beam— column tests confirmed improved load-carrying capacity (about 6.6% higher),
indicating that 50% GGBS replacement is suitable for reinforced concrete.

Vijaya Gowri et al. (2014)

Investigated 50% GGBS replacement at different water—binder ratios (0.55 to 0.27). Findings showed that high-volume
GGBS concrete gained significant strength after 90 days, especially at lower water—binder ratios. The slower hydration
of slag initially delayed strength development but improved long-term performance. The study concluded that 50%
GGBS replacement reduces cement use, lowers costs, and supports sustainability.

Thejaskumari H.M. & Ramesh V. (2015)

Examined the effects of 40-60% BFS replacement under normal water curing and acidic environments (10% HCI and
15% H,S0,). Results showed that compressive, tensile, and

flexural strengths increased with curing age but decreased at higher replacement levels. Up to 55% replacement did not
reduce strength significantly, and specimens showed improved resistance in acidic solutions, especially at 53% BFS.
Santoshi Kumari Karri et al. (2015)

Tested 30%, 40%, and 50% GGBS replacements in M20 and M40 concretes. Maximum compressive, tensile, and
flexural strengths were achieved at 40% replacement, after which strength slightly declined. Durability tests in 1% and
5% H,SO, and HCI showed that resistance improved up to 40% replacement, but acid attack reduced compressive
strength compared to normal concrete. HCI exposure had a greater effect than H,SO,.

Jain K.L. et al. (2016)

Evaluated 5-25% GGBS replacement in M25 concrete. Tests included slump, compressive strength (7 & 28 days),
flexural strength (28 days), and split tensile strength (28 days). Results showed improved compressive and tensile
strengths with GGBS addition. At 25% replacement, compressive strength nearly matched M30 grade requirements
(38.44 MPa). Splitting tensile strength also improved, reaching 2.78 N/mm? at 25% GGBS replacement.
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Raman JV, Krishnan VM (2017)

Investigated M30 self-compacting concrete with 0—40% GGBS replacement at a water— cement ratio of 0.40. Results
showed that 25% GGBS replacement achieved compressive, split tensile, and flexural strengths comparable to
conventional concrete.

Shubbar A.A. et al. (2017)

Prepared mixes with 0-50% GGBS replacement. At 7 days, 10-20% GGBS improved compressive strength slightly,
while higher levels reduced early strength. However, by 28 days, all GGBS mixes outperformed the control. Optimum
strength was observed at 50% replacement, highlighting its potential for both sustainability and strength development.
Ravinder R. et al. (2018)

xplored M30 concrete with 50% GGBS replacement and 0.45 water—cement ratio. A 5% improvement in compressive
strength was recorded at 7, 14, and 28 days. The study emphasized GGBS as an eco-friendly alternative that enhances
durability and reduces environmental pollution.

Alisha M.K. et al. (2019)

Examined partial cement replacement (0-40%) with GGBS powder. Tests revealed maximum compressive strength at
40% and maximum tensile strength at 30% replacement. The study confirmed that moderate levels of GGBS improve
both strength and performance.

Sorabhi Saluja et al. (2020)

Investigated RCC mixes with 0-60% GGBS substitution. Strength improved up to 40% replacement but declined at
higher levels. SEM analysis confirmed that 40% GGBS produced a denser, more uniform microstructure with better C—
S—H gel formation.

R. YB (2021)

Experimental evaluation of high-strength mixes with GGBS. Summary: Investigated mixes containing up to 50%
GGBS in high-strength concrete. The study shows that, with proper adjustment of w/b ratio and admixture dosing,
mixes with 40—-50% GGBS can reach high 28-day strengths; however, early-age strength loss is evident at higher slag
percentages, so curing and admixture strategy are critical. Performance of GGBS cement concrete under natural curing
(2021) — practical curing. Compared several replacement levels under natural (ambient) curing and demonstrated that
GGBS mixes consistently catch up to — or exceed — OPC control strengths by 28 days when curing is adequate. The
paper emphasizes that curing regime and mix proportioning are the main levers to offset slower slag reactivity.

G. Ayim-Mensah et al. (2022)

Influence of GGBS on mechanical behavior of cementitious composites. Tested varied GGBS contents and showed that
properly designed slag-rich binders can achieve very high compressive strength (reported cases well above typical OPC
mixes) and improved ductility in some formulations. Highlights: fineness and chemistry of GGBS strongly affect
strength development.

Review & Practical studies (2022)

reviews and experiments summarized. Summary: Multiple 2022 reports reinforce that moderate replacement levels
(=20-40%) produce the best-balanced outcome for normal structural concretes — improved durability with only
modest early strength penalties — and point to the need for case- by-case validation (source of slag, admixture, w/b).

M. J. Miah et al. (2023)

Long-term ageing and durability of GGBS-containing eco-

concretes. Extended tests (beyond 90 days) indicate continued strength gain and significantly improved durability
(chloride resistance, reduced permeability) in GGBS and fly-ash blended concretes. The paper supports using GGBS
when long-term performance and service life are priorities.

K. Hosseini (2023)

GGBS effects on mechanical and durability performance in modified mortars.Summary: Demonstrated that GGBS
improves long-term mechanical properties and durability (especially at 28-90 days) in graphene-oxide (GO) modified
mortars and similar composite systems; again, underlining that GGBS is especially beneficial at later ages.
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S. Moula et al. (2023)

Ultra-high-performance concretes with GGBS. Summary: Explored low-carbon UHPC formulations replacing part of
cement with GGBS and found that, with careful mix design (low w/b, superplasticizers, optimized curing), GGBS can
be incorporated without sacrificing very high strengths. Early hydration management remains the key challenge.

W. Chen et al. (2024)

Effect of silica fume + GGBS on pore structure and transport properties. Summary: Microstructure and transport
testing show that combining silica fume with GGBS produces a denser C—S—H microstructure, markedly reducing
chloride ingress and captivity while preserving or slightly improving 28-day compressive strength for moderate GGBS
levels. This paper gives clear practical evidence that hybrid SCMs (SF+GGBS) are excellent for durability-critical
structures.

T. Yahyaee (2024)

Mechanical properties of mixes with high GGBS and fibers. Summary: Reported that adding modest steel fiber content
(e.g., 1.5%) to mixes containing 40-50% GGBS helps compensate for early-age strength drops and improves toughness
and post-crack behaviour — a useful practical strategy when high GGBS volumes are needed for sustainability.

G. A. Blackshaw et al. (2024)

Chloride ingress and exposure sequencing in GGBS concretes. Investigated chloride transport under different exposure
patterns and confirmed that GGBS concretes show slower chloride ingress because of lower permeability and higher
chloride binding capacity; the authors discuss implications for design life of marine/bridge structures.

R. Liu et al. (2024)

GGBS influence on thermal resistance and pore evolution. Summary: Explored how GGBS (and combinations with
specialized cements) affects pore refinement and thermal resistance; found that optimized GGBS blends help retain
mechanical properties under elevated temperatures and improve microstructural stability.

I11. CONCLUSION

The reviewed studies collectively affirm that GGBS is an effective partial replacement for Portland cement in a wide
range of concrete applications. Replacement levels of 20-40% consistently provide the most balanced results,
delivering improved durability, refined pore structure, reduced chloride penetration, and enhanced later-age
compressive strength, with only marginal reductions in early strength. At higher replacement levels (50-80%),
performance depends heavily on mix design, curing regime, and supplementary additives, but significant environmental
and durability benefits are achievable. Hybrid approaches combining GGBS with materials such as silica fume, copper
slag, crusher dust, and fibers further extend its performance potential. Recent studies (2020-2024) emphasize that
GGBS concretes are particularly advantageous in durability-critical structures, high-strength and ultra-high-
performance concretes, and sustainable construction practices. In conclusion, GGBS not only mitigates the ecological
impact of cement production but also enhances the service life and resilience of concrete, making it a cornerstone
material for future low-carbon, high-performance construction.
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