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Abstract - This study investigates the application of unground rice 
husk ash (URHA) as fine aggregate in mortar. Mortar samples, 
which typically have 0-50% URHA as the total aggregate volume, 
is prepared to achieve the green development of construction 
material industry. Mixtures are designed in accordance with water-
to-binder (W/B) ratios of 0.5 and aggregate-to-binder (A/B) ratios 
of 2.6. A number of indicators for assessment of influence of URHA 
on mortar are conducted by determination of bulk density, water 
absorption, length change, compressive and flexural strength. 
Result shows that compressive strength rises with increases in the 
percentage of RHA up to 30% replacement. Addition of URHA 
significantly decreases density but slightly increases water 
absorption. The analysis results indicate that the utilization of 
URHA has positively affects the producing green mortar in the 
future and URHA can be used for low-medium cost material. 

 Tóm tắt - Nghiên cứu này nhằm để nghiên cứu ứng dụng của tro 
trấu thô (URHA) như cốt liệu nhỏ cho sản xuất vữa. Những mẫu 
vữa với hàm lượng tro trấu thô là 10, 20, 30, 40 và 50% được sản 
xuất hướng tới vật liệu xanh. Hỗn hợp được thiết kế với tỷ lệ giữa 
nước và chất kết dính (W / B) là 0,5 và tỷ lệ cốt liệu và chất kết 
dính là 2,6. Một số phương pháp đánh giá mức độ ảnh hưởng của 
URHA trên vữa được tiến hành bằng cách xác định khối lượng thể 
tích, độ hút nước, thay đổi chiều dài, cường độ chịu nén và uốn. 
Kết quả đã được tìm thấy rằng cường độ chịu nén của vữa tăng 
lên với 30% sự thay thế URHA. Thêm vào tro trấu thô làm giảm 
khối lượng thể tích nhưng độ hút nước sẽ tăng. Kết quả phân tích 
cho thấy, việc sử dụng tro trấu thô có ảnh hưởng tích cực đến việc 
sản xuất vữa xanh trong tương lai và URHA có thể được sử dụng 
cho vật liệu có chi phí trung bình thấp. 

Key words - Unground rice husk ash; green mortar; low-medium 
cost material; water absorption; compressive strength. 
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nước; cường độ chịu nén. 

 

1. Introduction 

From 2015-2018, the production of rice in Vietnam is 

around 44 million tons per year (Vietnam trade promotion 

agency). Rice milling, which is mostly found in Southwest 

provinces located in Mekong delta of Vietnam, generates a 

by-product known as a husk. Rice husk ash (RHA) which 

is generated from rice husk combustion is presently 

considered as a waste without commercial use in Vietnam. 

Therefore, developing a feasible construction material 

sector with using this waste is one effective solution to 

reducing natural-resources use and to protecting the 

environment. 

RHA has low specific gravity, high content of silica, 

and its open field disposition in large volumes can lead to 

environmental impacts. Using RHA to replace cement for 

production of mortar or concrete has attracted a lot of 

researchers’ concern. The durability aspects due to 

physical or pozzolanic effects after the addition of RHA as 

a supplementary cementing material indicated an enhanced 

performance [1]. Using the ternary blend OPC, RHA and 

FA is very effective in improving chloride induced 

corrosion of mortar [2]. Compressive strength of concrete 

was advanced with 15% RHA (size of 95µm) and 20% 

RHA (size 5 µm) [3]. Addition of 10% RHA in concrete 

significantly reduced the chloride penetration [4]. RHA 

improved not only strength but also durability [5]. 

However, most studies using RHA with grinding led to an 

increase in the cost of construction materials. A few 

researchers analyzed the properties of mortar containing 

RHA without grinding and at local source.  

The aim of the present research is to investigate the 

effect of URHA using as fine aggregate on the properties 

of cementitious mortars. Six types of mortar were produced 

with various URHA contents (0%, 10%, 20%, 30%, 40% 

and 50% by aggregate volume) and at water-to-binder 

ratios of 0.5 and aggregate-to-binder ratio of 2.6. The 

properties of the mortar were tested for flow, density, water 

absorption, compressive strength, and flexural strength. 

2. Experimental programs 

2.1. Material properties 

Portland cement namely PCB40 from a local factory 

was used in this study. The physical and mechanical 

properties are also shown in Table 1. Tap water was used 

throughout the research work. Sika Viscocrete 151 was 

added as a superplasticizer (SP) to improve the flow ability 

of the fresh mixtures. 

Table 1. The properties of cement 

Initial & final 

setting time 
Specific gravity 

28-day Compressive 

strength 

105 & 165 minute 2.97 g/cm3 40.7 MPa 

River sand (RS) obtained from a locally available 

source passing through 5mm size with fineness modulus of 

1.16 was used as fine aggregate. The specific gravity and 

water absorption were 2.53 g/cm3 and 1.23%, respectively. 

URHA was collected from incinerator which burnt rice 

husk in a steam boiler at temperatures over 700 °C. The 

URHA has a specific gravity of 1.28 g/cm3, water 

absorption of 32.4% and fineness modulus of 1.17. The 

particle size distribution of river sand and URHA is shown 

in Figure 2. From Figure 3. Scanning electron microscopy 
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(SEM) shows that the URHAstructure is very porous and 

the particles of URHA are angular. 

 

Figure 1. Unground rice husk ash and river sand 

 

Figure 2. SEM micrograph of URHA 

 

Figure 3. Grading curve of URHA and river sand 

2.2. Mix proportion and test program  

Six difference mortar mixtures were made with 

various content levels of URHA as fine aggregate. The 

influence of the 0%, 10%, 20%, 30%, 40% and 50% 

URHA substitutions by river sand volume in the mortar 

was assessed under a W/B ratio of 0.5 and aggregate-to-

binder ratio of 2.6 (denoted as the M0, M1, M2, M3, M4, 

and M5, respectively). 

The flow, density, water absorption, compressive 

strength, and flexural strength of mortar were tested in 

compliance with relevant Vietnamese standards. 

3. Results and discussion 

3.1. Density 

In order to maintain homogeneous mortar, dosages of 

SP were added to get the flow ability changing around 

15±2cm. Figure 4 illustrates the density by using 

40x40x160 mm cubes for mortar mixes which was made 

with varying amount of URHA. The density of mortar mix 

decreases from 1.9 to 1.78 g/cm3 with the increasing levels 

of URHA replacement. This is explained that due to the 

specific gravity of URHA smaller than RS, it will decrease 

the bulk density of mortar when adding more URHA. 

URHA itself has specific gravity smaller than RS so it will 

lead to less weight of mortar. 

 

Figure 4. Variation of bulk density of mortar with URHA 

3.2. Water Absorption 

 

Figure 5. Water absorption of mortar specimens  

The variation of water absorption determined by using 

40x40x160 mm specimens for six mixes is represented in 

Figure 5. The water absorption of reference mix (without 

URHA) is 11.4% which increased to 11.8% with the 

substitution of 50% RS by URHA. This 3.5% increment 

in the water absorption due to the higher amount of voids 

present in the mortar with high porosity spaceman of 

URHA. 

3.3. Compressive strength 

 

Figure 6. Effect of URHA on compressive strength of mortar 
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Figure 6 shows the result of compressive strength at 

differences of URHA replacement.  According to the 

results, it can be detected that compressive strength rises 

with increases in the percentage of RHA up to 30% 

replacement at 28-day ages. After that the compressive 

strength starts to decrease. After 28 days, the compressive 

strength value of the 50% URHA mortar reduced by 8.3% 

as compared to the URHA-free sample. It is because the 

finer particle size of URHA plays a role as inner filler 

between RS and it should be noted that smaller size of 

URHA has higher activity for pozzolan reaction. 

3.4. Flexural strength 

Figure 7. Flexural strength of mortar with difference 

addition of URHA 

Figure 7 represents the variation of flexural strength 

determined using cubes of 40x40x160 mm size for 

different mortar mixes incorporating varying percentages 

of URHA. It can be observed from the figure that the 

flexural strength reaches optimum value at 20% URHA 

substitution after 28 days. 

4. Conclusions 

The results show that partial replacement of river sand 

by URHA leads to asignificant increase in compressive 

strength with optimum URHA content level of 20-30% 

Mortar with URHA requires higher water demand, which 

can be compensated for by the use of a SP, compared to 

control specimen. 

The density of URHA mortar is reduced to 1.9 to  

1.78 g/cm3. 

Acknowledgments: The authors are grateful to Can Tho 

university for supporting this research financially. 

REFERENCES 

[1] G. Rodríguez de Sensale, Effect of rice-husk ash on durability of 

cementitious materials, Cement and Concrete Composites 32(9) 

(2010) 718-725. 

[2] P. Chindaprasirt, S. Rukzon, Strength, porosity and corrosion 

resistance of ternary blend Portland cement, rice husk ash and fly ash 

mortar, Construction and Building Materials 22(8) (2008) 1601-1606. 

[3] A.N. Givi, S.A. Rashid, F.N.A. Aziz, M.A.M. Salleh, Assessment of 

the effects of rice husk ash particle size on strength, water 

permeability and workability of binary blended concrete, 
Construction and Building Materials 24(11) (2010) 2145-2150. 

[4] C.L. Hwang, S. Chandra, 4 - The use of rice husk ash in concrete, in: 

S. Chandra (Ed.), Waste Materials Used in Concrete Manufacturing, 
William Andrew Publishing, Westwood, NJ, 1996, pp. 184-234. 

[5] V.-T.-A. Van, C. Rößler, D.-D. Bui, H.-M. Ludwig, Rice husk ash 

as both pozzolanic admixture and internal curing agent in ultra-high 
performance concrete, Cement and Concrete Composites 53 (2014) 

270-278. 

(The Board of Editors received the paper on 04/10/2018, its review was completed on 14/01/2019) 


