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Abstract: Ash by-products obtained from combustion of wood biomass are generally used in land filling for embankments, 
road/highway construction. It can be used as soil supplementing material to reduce the alkalinity of soil in agricultural lands. 
And it can also be used as raw material in the manufacturing of cement in cement industries. Many researches had been carried 
out to incorporate wood waste ash as a cement replacement material in the production of greener construction material 
(concrete/mortar) and also as a sustainable means of disposal for wood waste ash. Results of these researches indicated that 
wood waste ash can be effectively used as a cement replacement material for the production of structural concrete/mortar of 
acceptable strength and durability parameters. In the present study salt crystallization, rapid chloride permeability test are 
performed. The results shows As wood ash contains more amount of calcium oxides which are soluble in water and leached out 
and further react with sodium sulphate. That is why, on increasing the percentage of wood ash, loss in weight as well as loss in 
compressive strength and chloride ion permeability is high in all the cases but as we increase the percentage of wood ash, 
chloride ion permeability decreases.  
Keywords: wood waste ash, , Water Absorption Coefficient of Cement Mortar ; UTM Machine; mortar with wood waste ash 
 

I.      INTRODUCTION 
Ash by-products obtained from combustion of wood biomass are generally used in land filling for embankments, road/highway 
construction. It can be used as soil supplementing material to reduce the alkalinity of soil in agricultural lands[1]. And it can also be 
used as raw material in the manufacturing of cement in cement industries. As par current situation, approximately 70% of wood ash 
produced is managed by land filling, 20% of total wood ash produced is used as a soil supplement material for agricultural activity 
and the remaining 10% is implemented for other/miscellaneous applications as metal recovery and pollution control[2,3]. 
Researchers have conducted tests which showed effective results that wood ash can be suitably used to replace cement partially in 
concrete production [18,17]. Hence, usage of wood ash as replacement for cement is beneficial for the environmental point of view 
as well as producing low cost construction entity thus leading to a sustainable relationship[20,18]. The main objective of this report 
is to find out optimum amount of wood ash in cement mortar And effect of wood ash on mortar strength and durability properties [4, 
5]. Nehdi and Hayek (2008) studied the effect of sulphate attack on normal Portland cement (NPC) and sulphate-resistant Portland 
cement (SRPC) mortars. Mortars were prepared by replacing cement as partial replacement by 25% fly ash (FA), 8% silica fume 
(SF) and 8% diatomaceous earth (DE)[6,7]. Cement and sand ratio was taken as 1:2 and 5cm cubes were made. Curing was done for 
28 days. The performance of mortar is monitored for 24 weeks. The performance was noted in the form of weight loss in the sample 
day by day after immersion in 5% solution of Na2SO4 and in the solution of 5% MgSO4 and in the form of reduction of compressive 
strength in comparison to mixture which was not immersed in the sulphate solution[8]. Loss in compressive strength is shown in fig  

Fig 1: Loss of Compressive Strength by Salt Attack, Nehdi and Hayek (2008) 
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Higher reduction in compressive strength in NPC mortar was noted followed by SRPS and FA after 24 weeks. It is clear from the 
fig that strength is lower in blended mortars as compared to neat mortar [9]. This is because of reduction in the quantity of calcium 
hydroxide (CH) and tri calcium aluminate (C3A). CH is the most vulnerable substance which is affected by Na2SO4 to a most. 
Haynes et al. (2008) studied the effect of 10% Na2SO4 with temperature and humidity cycles on concrete mix made with Portland 
cement. They concluded that concrete scaling occurs at the surfaces when sample is immersed in solution of sulphate and it is 
significant when repeative cycles are applied[2,5]. 
Similarly, Horsakulthai et al. (2011) studied the effect of finely ground ash obtained from combustion of wood, rice husk ash, 
sugarcane bagasse waste (BRWA) as partial replacement of cement on chloride permeability of concrete[9,11]. They used 
replacement percentages as 0%, 10%, 20%, 30% and 40% of total cement content by weight. It was concluded that incorporation of 
wood ash enhanced the chloride permeability. 
However, Wang et al. (2008) studied the chloride permeability on concrete mixture with partial replacement of wood/coal ash, wood 
fly ash. Level of cement replacement kept constant at 25%. Various types of ash was used like ash from combustion of wood, fly 
ash of class C type and class F type and coal ash is also blended with these[21]. They performed the rapid chloride permeability test 
after 56 days of curing. Test was performed in accordance with ASTM C 1202-1991. Based on their experimental work, they 
concluded that level of 25% replacement level did not result in considerable effect on chloride permeability property of concrete. 
they also concluded that there was a decrease in chloride permeability when cement is replaced by different wood ashes as 
compared to pure OPC mixture [15]. 
Vishwakarma V. et al. (2015) studied the porosity results of concrete made by OPC with replacement of rice husk ash (RHA) and 
fly ash (FA) and some admixture (1.2% by weight of cement). They made cylinders of size 50mm*100mm and two types of mix, 
one with fly ash and the other with rice husk ash. The ratio of OPC/FA was 4:1 and the ratio of OPC/SF was 3.91:1. They observed 
that the porosity of RHAC was less than FAC due to the presence of nanosilica which enhance the formation of more hydration 
products which fills the voids of concrete and hence decrease the porosity[23]. 
Ellinwa and Ejeh (2004) studied the effect of wood waste ash on compressive strength of mortar with different replacement 
percentages between 5% and 30%, at a rate of 5% increment in wood ash at each step. They observed that the mortar with 10% 
replacement level exhibits more compressive strength at all ages of curing upto 60 days. At 60 days of curing, mortar with partial 
replacement of wood ash at 10% has the equivalent strength  as that of control mix[14]. 
In the present study, The report presents an overview of the work carried out with cement mortar in which cement is partially 
replaced by wood waste ash on several aspects such as the physical, chemical, strength and durability properties of mortar with 
wood waste ash. This report shows the effect of wood ash on the, salt crystallization and rapid chloride permeability test etc. The 
results shows As wood ash contains more amount of calcium oxides which are soluble in water and leached out and further react 
with sodium sulphate. That is why, on increasing the percentage of wood ash, loss in weight as well as loss in compressive strength 
and chloride ion permeability is high in all the cases but as we increase the percentage of wood ash, chloride ion permeability 
decreases. 
 

II.      EXPERIMENTAL SETUP 
A. Salt Crystallization 
Salt crystallization test is used to determine the resistance of mortar against salt attack. A mortar must withstand disintegration by 
salt attack. Therefore, it is necessary to conduct durability testing that will give an indication of mortar resilience under salt 
crystallization mechanism. 
 
1) Preparation 
To perform this test, we made cubes of size 50mm*50mm*50mm as per RILEM 1980, three of each replacement percentage (0, 5, 
7.5, 10%). From Fig 2, shows the mould of 50mm cube. Take material in already given proportion (the cement and sand ratio is 1:3 
and water/cement ratio is 0.50) and mixed it by hand or by epicyclic mixture. Prepare three specimens for each replacement 
percentage for testing at an age of 28 days[6]. 
 
2) Testing 
After curing of 28 days, samples were put into pre-heated oven at a temperature of 105⁰C to dry for a period of 16 hours and after 
this, these samples were allowed to cool at room temperature for 5 hours. Temperature should not be greater than 105⁰C because 
high temperature destroy the structural water. 
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Fig 2: Moulds of Cubes of Size 50mm*50mm*50mm 

 
Fig 3(a, b) shows, the cubes placed in oven and cubes in polybag to protect cubes from moisture when cooling at room temperature. 
When samples are allowed to cool at room temperature, samples were protected from atmosphere so that humidity cannot alter the 
weight of samples. When samples cooled down, their individual weight was measured accurately with an accuracy of ±0.5 grams 
before soaking samples into salt solution[8]. Now, the samples were immersed in 14% solution of sodium sulphate decahydrate 
(Na2SO4.10H2O) for a period of 4 hours as shown in fig 4, each cycle, condition of the samples was recorded and results were taken 
in the form  of weight  loss  (expressed as  a percentage  of initial  dry weight  of  sample).  Thesamples were subjected to 20 such 
cycles. Repeat the same procedure after every cycle and record the weight loss of the sample. 

 
Fig 3: (a) Hot Air Oven and (b) Cubes Protected from Humid Atmosphere 

Fig 4:Immersion of Samples in 14% Solution of Sodium Sulphate Decahydrate 
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3) Preparation of Solution  
In actual, we had a container of 500 grams of sodium sulphate anhydrous (Na2SO4) instead of sodium sulphate decahydrate as 
shown in figure 5. So, we had to convert sodium sulphate anhydrous into sodium sulphate  deca hydrate. As we know, 1000 grams 
of Na2SO4.10H2O is equivalent to 441 grams of Na2SO4. And 14% solution means 14% of Na2SO4.10H2O and 86% of water in that 
solution. So, after calculating, we required 6.965 kg of water and 500 grams of Na2SO4 to prepare a 14% solution of 
Na2SO4.10H2O[13,16]. Now Table 1 shows, the chemical composition of mortar containing 10% WWA after 20 cycles of salt 
crystallization process obtained from SEM (scanning electron microscopy). 

  
Fig 5:500 grams of sodium sulphate anhydrous (Na2SO4) 

 
Table 1:Chemical Composition of Mortar containing 10% WWA Treated with Sodium Sulphate 

S. No. Composition Percentage by weight 
1. CaO 29.18 
2. SiO₂ 8.64 
3. Al₂O₃ 2.61 
4. Fe₂O₃ 1.40 
5. Oxides 50.86 
6. Na₂O 3.20 
7. K₂O (feldspar) 0.46 
8. CaCO3 3.48 
9. Total 100 

 
Fig 6 shows, the images of scanning electron microscope analysis of mortar containing 10% WWA which is treated by salt solution. 
Fig 3.28 shows the energy dispersive X-Ray analysis of cement mortar containing wood ash at 10% replacement level treated by salt 
solution. Figure 7 shows, the physical appearance of samples treated with salt at different replacements by wood waste ash[8,15]. 

Fig 7: Physical Appearance of Mortar Treated with Sodium Sulphate solution 
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Fig 6: SEM Images of Mortar containing 10% WWA Treated by Sodium Sulphate (a) 2500 times enlarged, (b) 5000 times enlarged, 

(c) 7500 times enlarged, (d) 10000 times enlarge 
 
B. Rapid Chloride Permiability Test 
This test determines the electrical conductance of mortar to provide a rapid indication of its resistance to penetration of chloride 
ions. Less the ion penetration, less is the permeability, less is the electrical conductance. This test consists of monitoring the amount 
of electrical current passed through 50mm thick and 100mm in diameter slices of cylinders during a 6h period and a potential 
difference of 60V is maintained across the ends of specimen, one of which is immersed in sodium hydroxide solution and other is 
immersed in sodium chloride solution. 
 
1) Preparation 
To perform this test, we made cylinders of 100mm diameter and 200mm in length as per ASTM C 1202 for each replacement 
percentage (0%, 5%, 7.5%, 10%) and cured for 28 days. Cut these cylinders into slices of 100mm diameter and 50mm height. 
Moulds of cylinder are shown in fig 8 and fig 9 shows the cut slices of cylinder for use in RCPT test. 

 
Fig 8: Moulds of Cylinder of 100mm dia. and 200mm height 

Fig 9: Cylindrical Slices (100mm diameter and 50mm height) 
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Place these slices in vacuum desiccator for 3 hours as shown in fig 10, to evacuate air from very tiny voids.  
Now, soak these slices in water for 18±2 h. Remove specimen from water and wipe out excess water from surface and place the 
specimens in PROOVE’ it cell after applying sealent and rubber gaskets. Fill the PROOVE’ it cell with solutions as mentioned 
earlier. Make electrical connections and read out data from monitor attached to setup. 

 
Fig 10 :(a) Vacuum Desiccator, (b) Cylinders in Vacuum Desiccator 

 
2) Testing 
The PROOVE’ it equipment shown in fig 11, is designed to perform rapid chloride permeability of mortar ability to resist chlorides 
ion penetration according to ASTM C1202-97 or AASHTO T 277-831. The PROOVE’ it software is installed in IBM- compatible 
PC and test runs after adding required parameters. The specimen is positioned in PROOVE’ it cell which has small reservoirs for 
containing solution at each face. One reservoir contains sodium chloride (3.0% NaCl) solution and the other contains solution of 
sodium hydroxide (0.3% NaOH)[7,13,21]. Reservoir containing NaCl is connected to negative terminal and reservoir containing 
NaOH is connected to positive terminal of PROOVE’ it Microprocessor power supply unit as shown in fig 12. 

 
Fig 11: Complete setup of Rapid Chloride Permeability 

Fig 12: (a) PROOVE’ it Microprocessor Power Supply Unit and (b) PROOVE’ it Cell 
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Factors that affect chloride ion permeability include W/C ratio, type and quantity of cement and replacing material in mortar 
mixture, specimen age etc. Total charge passed, in coulombs, is related to resistance of specimen to chloride ion penetration. 
Indication of ion penetrability based on outcomes is provided in table 2. 

 
Table 2: Chloride Ion Penetrability 

Charge Passed (coulombs) Chloride Ion Penetrability 
˃4000 High 
2000-4000 Moderate 
1000-2000 Low 
100-1000 Very low 
˂100 Negligible 

  
 

III.      RESULTS AND DISCUSSION 
This chapter contains the outcomes of our experimental work. In this section, we study the findings, outcome and results of 
researchers on physical properties of mortar/concrete such as salt crystallization and rapid chloride permeability test. 
 
A.  Salt Crystallization 
Results are taken in the form of weight loss after every cycle expressed as a percentage of initial dry weight of specimens and results 
are also taken in the form of residual compressive strength of specimen as compared to those specimens which are not exposed to 
salt attack or salt crystallization. Table 3 shows, the residual compressive stress in samples which are exposed to salt attack [2,9]. 
Reduction in compressive strength of samples (treated with sodium sulphate solution), in comparison of samples which are not 
treated by solution, is shown in fig 13. 

 
Table 3 : Residual Compressive Strength in Samples exposed to Salt Attack 

WWA 
Content, % 

Compressive Strength (N/mm2) Reduction 
(in comparison to normal 

sample) 
Normal 
Samples 

Exposed to Salt 
Attack 

0% 19.9 18.2 8.54% 
5% 18.1 16.5 8.90% 
7.5% 17.56 15.89 9.51% 
10% 16 14.33 10.44% 

 

 
Fig 13: Variation in Compressive Strength of normal samples and Sulphate Treated Samples 
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Loss in weight of samples (expressed as a percentage with respect to initial dry weight) after 20 salt crystallization cycles is shown 
in table 4. 

Table 4: Reduction in Weight after Salt Crystallization Cycles 
WWA Content, 

% 
Dry Weight (in gm.) Percentage 

Reduction in 
Weight 

Initial After 20 Cycles 

0% 292.67 287.33 1.83% 
 

5% 295.33 287.67 2.59% 

7.5% 297.67 289 2.91% 

10% 302.33 291.67 3.63% 

 
During hydration process, C3S and C2S react with water to form calcium silicate hydrate (C-S-H) gel along with calcium hydroxide 
[Ca(OH2)]. This calcium hydroxide reacts with sodium sulphate to form calcium sulphate which further react with C3A and cause 
deterioration of mortar/concrete. As wood ash contains more amount of calcium oxides which are soluble in water and leached out 
and further react with sodium sulphate. That is why, on increasing the percentage of wood ash, loss in weight as well as loss in 
compressive strength. 
As we increase the temperature upto 150⁰C, dehydration of C-S-H gel is started which results in the decrease of strength properties 
of mortar as well as concrete. And as we increase the temperature, water present in the pores of mortar starts evaporating, cause 
shrinkage cracks in samples. After every cycle, we allow to cool down the samples at room temperature, due to sudden change in 
temperature, expansion cracks occur in the samples. Due to these alternating cycles, scaling of specimen occurs which cause loss in 
weight. 
 
B. RCPT Test 
Results of rapid chloride permeability test in the form of charge passed in coulombs after 6 hours is shown in table 5 and Outcome 
given by software of RCPT is depicted in fig 14. 

Table 5: Results of RCPT 
Cylindrical Slices Charge Passed (coulombs) Chloride Ion Penetrability 
0% WWA 7297 High 
5% WWA 7137 High 
7.5% WWA 6886 High 
10% WWA 6386 High 

 

 
Fig 13: Results of RCPT 
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As we can see from table and figure that chloride ion permeability is high in all the cases but as we increase the percentage of wood 
ash, chloride ion permeability decreases. From Fig 15 shows, the trend line of decreasing chloride ion permeability on increasing 
percentage of wood ash in cement mortar[4]. 
 
 
 
 
 
 
 
 
 
 
 
 
         
 

Fig 15: Variation in Chloride Permeability with Increase in WWA Content 
 
As discussed earlier, on increasing replacement of cement by wood ash, porosity decreases because particles of wood ash are finer 
than particles of cement. And permeability is directly proportional to porosity. If porosity decreases, permeability decreases. So, 
passage of charge is also less. 
 

IV.      CONCLUSIONS 
On the basis of results and discussion following conclusions are drawn: 
1) Workability decreases with increase in replacement percentage of wood ash. 
2) On treating with thermal cycling and salt attack, there is a decrease in weight of samples as well as well as decrease in 

compressive strength as compare to untreated samples. 
3) From the test results, it is clear that chloride ion permeability is high for all replacement percentages. But it is also concluded 

that chloride permeability decrease with increase in percentage of wood ash. Chloride ion permeability at 5% replacement is 
1.37% of control mix and at 7.5% replacement, it is 5.63% of control mix while at 10% replacement level, it is about 13.86% of 
control mix. 

4) As wood ash contains more amount of calcium oxides which are soluble in water and leached out and further react with sodium 
sulphate. That is why, on increasing the percentage of wood ash, loss in weight as well as loss in compressive strength.  

5) chloride ion permeability is high in all the cases but as we increase the percentage of wood ash, chloride ion permeability 
decreases. 

6) If silica content is more, more is the formation of C-S-H gel and more is the strength. But, in case of wood ash, silica is present 
in negligible amount which reduce the formation of C-S-H gel 
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