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Abstract 
Utilization of wood ash as a partial substitution for cement is one of the promising method to increase the strength and thermal 

insulation for cement blocks. The present study focused to use wood ash as a partial replacement for cement material during sand 

cement block manufacturing. The concrete mixtures have been mixed with 10%, 15% 20% and 25% of wood ash as a partial 
replacement for cement with sand and tested for compressive strength, water absorption and heat release. Higher compressive 

strength was observed in the samples of 15% containing wood ash replacement material. All the samples other than 25% of wood 

ash replacement were shown lower water absorption and highest was found in 15% wood ash content. Slower heat release was 

observed in the samples of 15% and 20% of wood ash replacement after 21 days of curing time. Addition of 15% wood ash for the 

manufacturing of concrete blocks was developed and these blocks meet standard limits. 
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1. INTRODUCTION 

The concrete blocks have been used in many developing 

countries including Sri Lanka over a long period of time. In 
building construction, different types of bricks and blocks 

are used in Sri Lanka. The factors related to structural 

performances are crucial, when using masonry blocks in 

constructing walls and buildings. Many studies have been 

carried out to identify highly available, low cost innovative 

material to use in construction industry as a solution to meet 

the ever increasing demand for raw material. Among the 

new materials introduced to the market, light-weight 

materials are becoming much popular nowadays because of 

its easy handling and low dead loads (1). 

 

Concrete which is being widely used in the construction 
industry has unlimited opportunities for innovative 

applications design and construction techniques. Factors 

such as strength, workability and durability of the ordinary 

concrete are continuously being modified to make it more 

suitable for a specified construction purpose. This has 

become more realistic due to the advancement of 

technology. Several studies have been carried out to identify 

substitutes for fine aggregates (2, 3) and for cement (3) in 

manufacturing concrete products that would enhance the 

properties while reducing the cost. Rice husk ash (4), 

coconut shell and wood ash (5) could be used as a partial 
replacement of cement. Ash is the inorganic incombustible 

part of fuel left after complete combustion, and contains the 

bulk of the mineral fraction of the original biomass.  

Currently the biomass ash is used in several manufacturing 

processes such as cement clinker production, production of 

bricks, binding material for soil stabilization and also as a 

raw material for the production of synthetic aggregates, 
fertilizers or liming agents (6). 

 

Wood ash is generated as a by-product of combustion in 

wood fired power plants, paper mills, and wood burning 

factories. Since wood is a potential source of energy and 

environmentally benign friendly material, there will be 

increased usage of wood in energy production in the future. 

As a result the quantity of ash generated will also increased 

and concurrently raising the issues of disposal. 

Incorporation of wood ash as a partial replacement of 

cement material in blended cement and concrete will be 
beneficial from both the environmental and economic point 

of views. This will give a solution to the waste management 

problem while minimizing the consumption of energy 

intensive hydraulic cement. Currently, wood ashes are 

frequently used as a soil supplement to improve the 

alkalinity of soil for agriculture applications and also as a 

filler material in the construction of flexible pavements for 

roads and highways (7). 

 

Several studies have analyzed the suitability of wood ash as 

a partial cement replacement material in the production of 

structural grade concrete and self compacting concrete for 
applications in building construction (8, 9, 10, 11). Wood fly 

ash consists of particles which are highly irregular in shape 

with a highly porous surface (12). Physical, chemical and 

micro-structural properties of wood ash could significantly 

affect the pozzolanic and hydraulic reactivity. Therefore the 

properties of wood ash obtained from different sources 

should be characterized before being incorporated as cement 
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replacement material in production of concrete. A study was  

evaluated the physical properties of wood ashes from five 

different sources which concluded that wood ash samples 

have varying values of unit weight that range from 162 

kg/m
3
 to a maximum of 1376 kg/m

3
 (13). The specific 

gravity of wood ash ranged between 2.26 and 2.60. Low unit 
weight and specific gravity of wood ashes indicate the 

possibility of the reduction in the unit weight of concrete 

material by the partial substitution of cement with wood ash. 

The amount of ash generated after combustion could vary 

with the type of biofuel (14). The chemical compounds 

present in the wood and woody biomass ashes have been 

studied (15) and greater percentages of CaO have reported 

in most types of wood including in Birch bark, Pine bark, 

Spruce bark. 

 

In Sri Lanka, sand cement blocks are widely used in the 
construction industry, as they could cemented rapidly. These 

blocks are mainly constructed using cement and fine 

aggregates with a standard composition. This study analyzed 

the compressive strength, water absorption ratios and heat 

holding capacity of sand cement blocks manufactured with 

wood ash through laboratory experiments. 

 

2. MATERIALS AND METHODS 

2.1 Collection of Wood Ash 

Wood ash was collected from Tasma International 

Multiservice (Pvt) Ltd, Sri Lanka. The chemical 

composition of the ash was determined the elements such as 

Total Potassium, Phosphorous, Nitrogen, Magnesium, 

Calcium and Silicon were determined. 

 

2.2 Manufacturing of Blocks 

Wood ash was sieved through a 75µm sieve to remove the 
coarse particles present in the ash, before being used for 

block manufacturing. A total of five sets of cement blocks 

were prepared for this study; S1, S2, S3, S4 and S5. First set 

of blocks (S1) which is the control set was prepared by 

mixing the cement and sand in 1: 6 proportions used in local 

block manufacturing process.  S2, S3, S4 and S5 blocks 

were prepared by mixing wood ash as a partial replacement 

of cement in the following percentages; 10%, 15%, 20%, 

25% respectively and carried out the same process done for 

S1 block preparation. Assessing the blocks with different 

percentages of wood ash will allow us to determine the 
optimum percentage of ash that could be used without any 

significant negative deviations from standard cement block 

(S1). 

 

2.3 Structural Properties of Cement Blocks 

2.3.1 Compressive Strength 

The compressive strength was investigated in the laboratory 

by using crushing machine. Three samples were tested for 

each set of blocks and were tested at the age of 7, 14 and 

21days. The average compressive strength was determined 

by averaging the corresponding compressive strength 

values. The strength characteristics of S2, S3, S4 and S5 

blocks were compared with the S1 cement block. 

 

2.3.2 Water Absorption 

Water absorption was carried out in all five sets of cement 

blocks. Sample blocks from each set including the control 

(S1) were tested for water absorption assuming that it is a 
representative of the unit population. The sample blocks 

were oven dried for 24 hours at a temperature of 100-105 °C 

until the mass became constant and measured the dry 

weights of the blocks (W1). Then the same blocks were 

immersed in water for 24 hours and measured the wet 

weight of each block (W2). Percentage of water absorption 

of individual sample blocks was determined using the 

following equation. 

 

Percentage of water Absorption = [(W2 – W1) / W1] x 100 

 

Where, W1 = Oven dry weight of the specimen, W2 = wet 
weights of the specimen 

 

2.3.3 Heat Release 

Heat holding test was carried out by using Thermal Imaging 

Scanner. Sample block from each set were kept in an oven 

at 100-105°C, for the time period of 24 hours and measured 

the emissivity within 2 hours. Then the heat holding and 

emitting pattern of all sample blocks including test 

specimens and control specimen were computed. 

 

3. RESULTS 

3.1 Chemical Composition of Wood Ash 

The total percentage of magnesium and calcium were found 

to be 0.9 and 5.7 respectively. The amount of Silicon was 

less than 32.5 mg/kg which is the minimum detection limit 

of the equipment. The percentage of potassium, phosphorus 
and nitrogen were 4.9, 2.4 and 0.03 respectively. 

 

3.2 Compressive strength 

Compressive strengths of cement blocks measured at 

different curing times are given in Table 1. It shows that the 

compressive strength value for all sample blocks increase 

with the curing time (Figure 1). The results of One Way 

ANOVA test showed that there is a significant difference 

among sample blocks in terms of compressive strength at all 

stages of curing (7 days of curing: p < 0.001, 14 days of 

curing: p < 0.001, 21 days of curing: p = 0.003). The 

compressive strength of the S5 was significantly lower than 

the control block (S1) at all curing stages indicating its 
incompatibility as a building material (Tukey HSD, p < 

0.05). The optimum compressive strength is given at 15% 

wood ash replacement after 21 days of curing. 
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Table 1: The average compressive strength of blocks 

Wood Ash content (%) Strength/ (N/mm
2) 

7 Days 14 Days 21 Days 

0 1.9592 2.4338 3.1033 

10 2.2939 2.2477 2.6142 

15 2.1917 2.5074 3.6631 

20 1.9736 2.6200 2.8046 

25 1.1974 1.1974 1.4052 

 

 
Fig.1. Compressive strength of blocks with aging 

 

3.3 Water Absorption 

The variation in water absorption with percentage of wood ash at 7, 14 and 21 days are shown in Figure 2. According to the 

results, percentage of water absorption of all sample blocks except S5 are lower than the control block after 21 days of curing 

period and the lowest absorption level was detected in S3 which is correspondent to the  15% wood ash replacement. 

 

 
Fig.2. water absorption (%) with age 
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3.4 Heat Release 

The variation of heat release with percentage of wood ash at 7, 14 and 21 days are shown in Figure 3. The increase of surface 

temperature from 7 day of curing time to 14 days indicates reduction of heat release with the curing time. However further curing 

shows an increase trend of heat release in all sets of sample blocks (Figure 3a and 3b). The lower surface temperature difference 

in S3 and S4 after 21 days indicates the slow release of heat by both sample blocks (Figure 3c). 

 

 
Fig.: 3a. Surface temperature after 1 hour 

 
Fig: 3b Surface temperature after 2 hours 



IJRET: International Journal of Research in Engineering and Technology        eISSN: 2319-1163 | pISSN: 2321-7308 

 

_______________________________________________________________________________________ 

Volume: 04 Issue: 02 | Feb-2015, Available @ http://www.ijret.org                                                                                232 

 
Fig: 3c. Temperature difference between initial and after 2 hours at 21 day of curing period 

 

4. DISCUSSION 

Compressive strength of the cement blocks made with 

partial replacement of wood ash (≤ 20%) did not show a 

significant difference from the control block (Tukey HSD; p 
< 0.05). Cement block with a 15% wood ash replacement 

(S3) showed the highest compressive strength which is a 9% 

increase compared to control block (S1). It complies with 

the minimum standard value of 2.8 N/mm2 according to BS 

6073: Part 2: 1981. This higher compressive strength may 

be due to the pozzolanic reaction of wood ash. The pH value 

increases with the hydration of cement. Presence of 

potassium, magnesium and calcium in the wood ash 

increases the pH value of hydrated cement mixture and 

enhance the pozzolanic activity. Increased pH levels 

encourage the formation of hydrous silica.  This compound 
reacts with Ca2+ ions and produce insoluble compounds 

which are secondary cementations products. Large surface 

area associated with the ash particles also could be a factor 

which enhances the comprehensive strength of the wood ash 

based sand cement blocks as explained in a study conducted 

to analyze the contribution of rice husk ash on concrete (16).  

Sharp decrease in the compressive strength at more than 

20% of wood ash replacement levels was observed. The 

decline of strength with the increase of proportions of ash 

was reported in many reports (17, 18). 

 

The durability of the concrete is largely affected by 
absorption of water (19). The concrete blocks with lower 

permeability show a high resistance to deterioration.   

Decreasing water permeability is due to an extensive pore 

refinement caused by the ash in the matrix and in the 

interface layer (20). The results show that the water 

absorption level is lower than the control block after 21 days 

of curing period and the lowest absorption was detected 

from the sample block with 15% of wood ash incorporation. 

The heat from the sample block with 15% wood ash (S3) is 

released at a slower rate than all other sample blocks 
including the control block. This property is essential to 

maintain the thermal comfortableness in indoor and outdoor 

settings. 

 

5. CONCLUSION 

The wood ash has the potential ability to replace the cement 

partially in cement block manufacturing industry. According 

to the results, the optimum percentage of wood ash that can 

replace cement is 15% and it provides a block with a high 

compressive strength. Water absorption capacity is obtained 

at 15% of wood ash replacement after 21 days of curing 

period. Wood ash is a valuable addition due to its slow rate 

of heat release and 15% replacement showed slower heat 
release. The Blocks can be modified with 15% of wood ash 

together with other cement materials. 
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