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Abstract: Rice husk ash (RHA) is a silica-rich residue obtained from the combustion of rice husks. Its potential use as a 
supplementary cementitious material is of interest because Portland cement manufacture is carbon intensive and rice milling 
generates substantial agricultural residues. This paper critically reviews the mechanisms by which properly processed RHA 
affects concrete, identifies factors controlling performance, and proposes a laboratory program to compare ordinary concrete 
with mixtures incorporating 5%, 10%, 15%, and 20% RHA as a mass replacement for cement. The review considers ash 
production, amorphous silica, particle fineness, water demand, fresh properties, compressive and tensile strength, and durability. 
Existing studies support the feasibility of moderate cement replacement, but no single replacement percentage can be claimed 
optimal for all sources and mixture designs. A controlled experimental protocol and transparent results-reporting framework are 
developed for undergraduate research. Keywords Rice husk ash; supplementary cementitious material; pozzolanic reaction; 
sustainable concrete; compressive strength; workability; durability. Research questions How does replacement of cement with 
locally produced RHA affect workability and mechanical performance? Which processing and mix-design factors most strongly 
influence the result? Can the use of RHA reduce cement demand without compromising specified performance? 
Keywords: rice husk ash; cement replacement; pozzolanic reaction; concrete; sustainability; compressive strength. 
 

I. INTRODUCTION 
Concrete is fundamental to modern infrastructure, but its cement binder has substantial embodied environmental 
impacts. Partial replacement of Portland cement with supplementary cementitious materials is one route to reducing 
clinker consumption. Agricultural residues are attractive where they are available locally and can be processed 
consistently. Rice husk is the protective outer layer removed during rice milling. Controlled combustion produces an ash 
that can contain reactive, predominantly amorphous silica. When adequately fine and sufficiently reactive, this silica 
reacts with calcium hydroxide released during cement hydration to form additional calcium-silicate-hydrate (C-S-H), a 
major binding phase in hardened cement paste [1–4]. The behavior of RHA cannot be generalized from replacement 
percentage alone. Burning conditions, carbon content, silica structure, grinding, water-to-binder ratio, admixtures, and 
curing all matter. Consequently, studies reporting different optimum percentages are not necessarily contradictory. 
 
A. Problem Statement 
Uncontrolled rice husk disposal and cement-related emissions motivate investigation of alternative binders. Yet variable 
ash quality can reduce fresh workability and produce inconsistent strength. A systematic local study is needed before 
recommending RHA for structural applications. 

 
B. Scope 
This work is limited to partial replacement of cement by mass in conventional concrete. It does not establish structural 
design approval or certify an ash source for commercial use. 
 

II. LITERATURE REVIEW 
A. Early Research and pozzolanic behavior 
Mehta [1] discussed the use of rice husk ash as a highly reactive pozzolan when produced under suitable conditions. 
Subsequent investigations established that the ash microstructure and the proportion of amorphous silica are important 
determinants of its behavior in cementitious mixtures [2,3]. 
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B. Processing effects 
Ganesan, Rajagopal and Thangavel [4] evaluated rice husk ash blended cement concrete and reported that suitable RHA 
addition can improve performance. The benefits depend on ash properties and mix proportions; ash with high unburnt 
carbon or low reactivity may instead impair performance. 
 
C. Fresh concrete 
RHA often increases water demand because of its porous structure and high specific surface area. At fixed water-to-
binder ratio, slump can decline with increasing RHA content. Workability adjustments using a compatible water-
reducing admixture should be documented rather than silently adding water. 

 
D. Hardened concrete 
Fine reactive RHA can contribute both filler effects and secondary C-S-H formation, refining pore structure and 
sometimes improving later-age strength. However, excessive replacement may reduce early strength by diluting 
Portland cement and increasing the mixture’s water demand [3–5]. 
 

III. MATERIAL SCIENCE OF RICE HUSK ASH 
A. Production 
Rice husks are collected, cleaned, dried and combusted under monitored conditions. Burning temperature and residence 
time should be recorded. Ash is then cooled, ground, sieved and stored in sealed containers to avoid moisture uptake 
and contamination. Open-air burning produces less consistent material than controlled combustion. 
 
B. Chemical and physical characterization 
Important measurements include loss on ignition (as an indicator of residual carbon), oxide composition by X-ray 
fluorescence, particle-size distribution, specific gravity, and evidence of amorphous silica by X-ray diffraction. 
Scanning electron microscopy can provide additional insight into particle morphology where facilities permit. 
 
C. Reaction mechanism 
Cement hydration produces calcium hydroxide and primary C-S-H. Reactive silica from RHA combines with calcium 
hydroxide in the presence of water, producing additional C-S-H. This simplified description does not represent a single 
balanced reaction because C-S-H composition varies. 

 
D. Practical implications 
A high total silica percentage alone does not prove pozzolanic reactivity. Crystalline silica, coarse particles, or ash with 
high carbon content may perform poorly. Laboratory characterization should therefore precede mixture optimization. 

IV. AIM, OBJECTIVES AND HYPOTHESES 
A. Aim 
To assess the technical feasibility of using locally sourced rice husk ash as a partial replacement for cement in concrete, 
with emphasis on fresh and hardened properties. 
 
B. Specific objectives 
 Characterize the physical and, where feasible, chemical properties of the RHA. 
 Prepare a control mix and four replacement mixtures at 5%, 10%, 15% and 20% RHA by binder mass. 
 Measure slump under a consistent mixing and testing procedure. 
 Compare 7-day and 28-day compressive strength using replicate specimens. 
 Assess 28-day splitting tensile strength and selected durability indicators if facilities permit. 
 Identify the best-performing replacement level under the tested materials and conditions. 
 
C. Testable hypotheses 
H1: At least one moderate RHA replacement mixture will achieve 28-day compressive strength comparable to the 
control.  



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 14 Issue XI Nov 2026- Available at www.ijraset.com 
     

 
323 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

 

H2: At constant water-to-binder ratio and without additional admixture, slump will generally decrease as RHA dosage 
increases.  
H3: Results will be sensitive to ash fineness and curing quality. These are hypotheses, not conclusions from an 
experiment conducted for this paper. 
 

V. MATERIALS AND MIX DESIGN 
Materials should be selected and tested in accordance with the applicable Indian Standards. Use a single cement source, 
consistent aggregate grading, potable mixing water and a single characterized RHA batch. Choose a target grade (for 
example, M25) and design the control mixture using IS 10262 and IS 456 as applicable [6,7]. 

 
A. Illustrative binder replacement schedule 
The table assumes a control binder content of 400 kg/m³. It is an arithmetic example, not a validated concrete mix design. 
Water, aggregates and admixtures must be established by trial mixing. 
 

Mix ID RHA (% binder) Cement (kg/m³) RHA (kg/m³) 
R0 0 400 0 
R5 5 380 20 
R10 10 360 40 
R15 15 340 60 
R20 20 320 80 

 
B. Control of variables 
Maintain a fixed water-to-binder ratio for the primary comparison; record actual added water and admixture dose. Keep 
aggregate source, mixing time, compaction method, specimen size, curing environment and test age constant. A second 
workability-matched series may be used to distinguish water-demand effects from binder chemistry. 

 
VI. EXPERIMENTAL METHODOLOGY 

A. Sample preparation 
Dry and homogenize aggregates. Weigh cement, RHA, aggregates and water separately. Blend dry powders uniformly 
before adding water; use a standardized mixer and mixing duration. Record ambient temperature, mixing sequence, and 
visible segregation or bleeding. 
 
B. Fresh concrete 
Measure slump immediately after mixing using the relevant procedure in IS 1199 [8]. Record slump in millimetres, not 
qualitative terms alone. If slump is outside the planned range, report it; do not conceal water adjustments. 
 
C. Casting and curing 
Cast standard concrete cubes for compressive testing and cylinders for splitting tensile tests. Compact consistently and 
label every specimen with mix ID, casting date and intended test age. Demould and cure in accordance with the selected 
standard procedure. 
 
D. Replication 
At minimum, cast three cubes per mix per testing age. For five mixes and two ages this requires 30 cubes. Three 
cylinders per mix at 28 days would require 15 additional specimens. More replicates improve confidence if resources 
allow. 
 
E. Quality assurance 
Calibrate equipment, inspect mould dimensions, log curing temperatures and record specimen mass and dimensions. 
Note any deviations from the planned protocol before testing. 
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VII. TESTING AND CALCULATIONS 
A. Compressive Strength 
Test cubes at 7 and 28 days following IS 516 procedures [9]. For each specimen, calculate compressive strength as f 
= P/A, where P is maximum load in newtons and A is the loaded face area in mm²; the result is in N/mm² (MPa). 
 
B. Splitting tensile strength 
For cylindrical specimens, compute ft = 2P/(πLD), where P is load in newtons, L is specimen length and D is diameter 

in mm. Use the applicable standardized loading procedure and record failure mode. 
 
C. Statistical reporting 
For each mixture and age, report all individual readings, sample mean, sample standard deviation and percentage 
change relative to the control. Percentage change = 100 × (RHA mix mean − control mean) / control mean. Avoid 
conclusions based only on one specimen. 
 
D. Optional durability testing 
Water absorption, sorptivity and chloride penetration-related tests can supplement mechanical testing. Report the exact 
test standard and conditioning procedure; results from different methods should not be compared as though they were 
interchangeable. 

VIII. ILLUSTRATIVE RESULTS TABLES 
Values below are HYPOTHETICAL worked examples, not measured laboratory data or 
values extracted from a single published study. Replace them with tested results before submission. 
 
A. Fresh concrete (illustrative) 

Mix Slump (mm) Cohesion / bleeding 
R0 87 Cohesive; no bleeding 
R5 80 Cohesive; no bleeding 
R10 68 Cohesive; no bleeding 
R15 57 Stiffer; no bleeding 
R20 41 Stiff; no bleeding 

 
B. Compressive strength (illustrative) 

  

Mix 7-day mean (MPa) 28-day mean (MPa) 28-day SD (MPa) 
R0 22.0 31.0 1.1 
R5 23.0 32.5 1.0 
R10 24.0 34.0 1.2 
R15 23.5 33.0 1.1 
R20 21.0 29.5 1.3 

 
C. Splitting tensile strength (illustrative) 

  

Mix 28-day mean (MPa)  Specimens assumed 
R0 2.65  3 
R5 2.75  3 
R10 2.90  3 
R15 2.82  3 
R20 2.55  3 

SD = standard deviation; hypothetical SD values assume three test specimens per mix. Example pattern is for demonstration only; 
real optimum may differ with RHA and mix design. 
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IX. DISCUSSION OF PUBLISHED FINDINGS 
Published studies indicate that finely processed RHA can act as an effective pozzolan, but results differ by ash source 
and experimental design [1–5]. Strength gains at moderate replacement levels are consistent with particle packing and 
secondary hydration products. Declining performance at higher levels may reflect cement dilution, incomplete reaction, 
and difficulties achieving adequate workability. 
 
A. Interpreting workability 
If slump decreases as RHA increases, discuss particle porosity, surface area, and water demand. If slump does not 
decrease, examine admixture dosage, grading and moisture corrections rather than assuming the trend is universal. 
 
B. Interpreting strength 
A strength increase relative to the control should be considered together with variability and the 7-to-28-day 
development pattern. A later-age gain with slower early strength is consistent with pozzolanic contribution, although 
microstructural tests would be needed to confirm the mechanism. 
 
C. Defining optimum replacement 
The optimum percentage is conditional: it depends on the chosen performance criteria, such as minimum strength, 
workability, durability, cost or embodied emissions. It should be reported as “optimum among the tested mixes under 
the stated conditions,” not as a universal material constant. 
 

X. SUSTAINABILITY, ECONOMICS AND LIMITATIONS 
A. Environmental accounting 
Replacing cement with RHA can reduce Portland cement demand, but net emissions depend on transport, drying, 
combustion, grinding, electricity use and any admixture changes. A meaningful comparison should define a functional 
unit, such as one cubic metre of concrete meeting a specified 28-day strength and durability requirement. 
 
B. Cost considerations 
Potential savings from lower cement consumption must be weighed against ash collection, controlled burning, 
grinding, testing and storage. Locally available husk is not necessarily low-cost RHA after quality control is included. 

 
C. Constraints 
The main limitations are ash-source variability, processing requirements, reduced workability, limited local laboratory 
characterization, and uncertainty in long-term field performance. The proposed experiment covers only a limited range 
of replacement percentages and test ages. 
 
D. Safety 
Use dust masks or appropriate respiratory protection, gloves and eye protection when handling fine ash. Controlled 
combustion must be undertaken only with approved equipment and supervision; do not burn husks in an unventilated 
laboratory. 
 

XI. CONCLUSIONS AND FUTURE WORK 
The literature supports rice husk ash as a potentially useful supplementary cementitious material when it is adequately 
processed and characterized. Its silica-rich composition can support pozzolanic reactions and pore refinement, but the 
quality of the ash is decisive. 
Moderate cement replacement is a sensible starting point for a local investigation. The proposed 0–20% 
replacement series can establish trends in slump and strength, but it cannot determine an optimum until real tests are 
completed. It would be scientifically inappropriate to report laboratory results before testing. 
The environmental case for RHA should be framed as a potential benefit rather than an automatic reduction in 
emissions, because processing and transport also carry impacts. A robust recommendation must consider strength, 
workability, durability, costs and life-cycle emissions together. 
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A. Future Research 
Useful extensions include 56- and 90-day strength testing, sulfate and chloride exposure, sorptivity, X-ray diffraction 
and microscopy, optimization of ash grinding, comparisons between controlled and uncontrolled combustion, and life-
cycle assessment of locally produced RHA. 
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