
IJSRD - International Journal for Scientific Research & Development| Vol. 5, Issue 06, 2017 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 284 

Experimental Investigation on Partial Replacement of Cement by 

Mesquite (Prosopis Juliflora) Wood Ash in Concrete 
Raghu K1 Sharath V. T2 Naveen Y3 Bharath Kumar4 Yogesha B.S5 

1Assistant Professor 2PG Student (Construction Technology) 3,4,5UG students 
1Department of Civil Engineering 

1,2,3,4,5Govt Engineering College, Hassan, India

Abstract— In current situation increasing cement producing 

industries produces large extent of carbon dioxide to nature 

and due to industries the large extent of industrial by 

products (waste) are being accumulated to environment and 

economic concerns related to their disposal (land filling). 

Utilization of wastes materials like wood ash, risk husk ash, 

saw dust ash, coconut shell ash are used partial in concrete 

to minimize environmental and ecological problems. 

Mesquite wood ash is a by- product generated combustion 

of wood in wood-fired power plants, hotels, paper mills and 

other wood burning industries. The aim this projects is to 

minimize cost of project and to utilize the mesquite wood 

ash in concrete and minimize the disposal risk to nature. 

Here mesquite wood ash partially replaced to cement in 

concrete of various levels of 0%, 5%, 10%, 15%, 20% and 

25%. The mechanical properties (compressive, split tensile 

and flexural strength) of concrete and durability properties 

(Acid attack and water absorption) are determined at 

different curing periods and were compared with control M-

30 mix. 
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I. INTRODUCTION 

Concrete, is most widely used man made construction 

material and is the largest production of all the materials 

used in construction industry. Concrete is basically made of 

cementitious materials which have to properly bind 

themselves together, as well as with other materials to form 

a solid mass. Concrete or mortar is made up of cement, 

water and aggregates (Coarse and Fine Aggregate) and 

sometimes with necessary admixtures. Concrete has attained 

the status of a major building material in all the branches of 

modern construction. It is difficult to point out another 

material of construction which is as variable as concrete. 

Concrete is the best material of choice where strength, 

durability, impermeability, fire resistance and absorption 

resistance are required. Compressive strength is considered 

as an index to assess the overall quality of concrete and it is 

generally assumed that an improvement in the compressive 

strength results in improvement of all other properties. 

Hence strength investigations are generally centered on 

compressive strength. Even though concrete mixes are 

proportioned on the basis of achieving the desired 

compressive strength at the specified age, flexural strength 

often play a vital role in concrete making. Utilization of 

wastes materials like wood ash, risk husk ash, saw dust ash, 

coconut shell ash are used partial in concrete to minimize 

environmental and ecological problems. Mesquite wood ash 

is a by- product generated combustion of wood in wood-

fired power plants, hotels, paper mills and other wood 

burning industries. The aim this projects is to minimize cost 

of project and to utilize the mesquite wood ash in concrete 

and minimize the disposal risk to nature. Here mesquite 

wood ash partially replaced to cement in concrete of various 

levels of 0%, 5%, 10%, 15%, 20% and 25%. The 

mechanical properties (compressive, split tensile and 

flexural strength) of concrete and durability properties (Acid 

attack and water absorption) are determined at different 

curing periods and were compared with control M30 mix.  

II. MATERIALS & METHODOLOGY 

A. Materials 

1) Cement:  

The most common cement used is an Ordinary Portland 

Cement (OPC). The Ordinary Portland Cement of 43 grade 

(Birla shakthi) conforming to IS:8031-1988 is used. Many 

tests were conducted on cement; some of them are sieve, 

specific gravity, consistency tests, setting time tests, 

compressive strength, etc. 

Properties 
Obtained 

values 

Requirements as per 

IS:8031-1988 

Finesses 3.33% Not more than 10% 

Initial setting time 40min Not less than 30min 

Final setting time 520min 
Not more than 

600min 

Standard 

consistency 
32% - 

Specific gravity 3.14 3.12-3.19 

Table 1: Properties of Cement 

2) Mesquite wood ash:  

Mesquite wood ash is a by- product generated combustion 

of wood in wood-fired power plants, hotels, paper mills and 

other wood burning industries. Mesquite wood ash behaves 

like cement because of silica and magnesium properties. 

Basic tests were conducted on wood ash such as sieve, 

specific gravity. 

Physical Properties of Coarse Aggregates 

% particles retained on 90 microns 7.2% 

Specify Gravity 2.83 

Table 2: Properties of mesquite wood ash 

3) Fine aggregate(M-Sand):  

The M-sand passing through 4.75 mm sieve and retained on 

600 μm sieve, conforming to Zone II as per IS: 383-1970 

was used as fine aggregate in the present study. The m-sand 

was tested for its physical requirements such as Fineness 

modulus, and Specific Gravity and Bulk modulus in 

accordance with IS: 2386-1963. 

Physical properties of fine aggregate(M-SAND) 

Specify gravity 2.63 

Fineness modulus 2.59 

Bulk density 1850 kg/m3 
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Grading 
Belong to grading 

Zone II of IS 383-1970 

Table-3: Properties of M-Sand. 

4) Coarse aggregate:  

Throughout the investigations, a crushed coarse aggregate of 

20 mm procured from the local crushing plant was used. The 

aggregate was tested for its physical requirements such as 

Fineness modulus, Specific Gravity and Bulk density etc. in 

accordance with IS: 2386-1963 and IS: 383- 1970. 

Physical properties of coarse aggregate 

Type Crushed 

Specify Gravity 2.67 

Fineness Modulus 7.27 

Bulk Density 1630 kg/m3 

Crushed values 22% 

Maximum Size 20mm 

Table 4: Properties of Coarse aggregate. 

5) Water:  

Water realistic in the grounds agreeable to the necessities of 

water for cementing and curing according to IS: 456-2009. 

6) Concrete Mix Design:  

In the present study, M-30 grade with nominal mix as per IS 

10262-2009 & IS 456-2000 was used. The concrete mix 

proportion (cement: fine aggregate: coarse aggregate) is 1: 

1.87: 3.1 by volume and a water cement ratio of 0.4. 

7) Casting:  

In this project cement replaced partially by mesquite wood 

ash of various levels of 5%, 10%, 15%, 20% and 25% in M-

30 mix grade. Cube specimens of size 150x150x150mm, 

Cylinder specimen of 150mm dia and 300mm height and 

Beam size of 150x150x750mm were casted for different 

proportions with mesquite wood ash. The test carried out on 

hardened concrete after 3, 7 and 28days of curing were 

compression test, split tensile strength test and flexural 

strength test. Durability related tests also conducted of same 

sized cubes such as acid attack, Depth of carbonation and 

water absorption test.   

III. RESULTS & DISCUSSION 

Slump Test: Slump test was done for CC and MWA as 

partial replacement for cement at 5%, 10%, 15%, 20% & 

25% with constant super plasticizers. The results are 

tabulated in table. 

Sl no % Variationh of Mesquite Ash 
Slump values 

in mm 

1 CC 78 

2 5% Mesquite Ash 75 

3 10% Mesquite Ash 69 

4 15% Mesquite Ash 63 

5 20% Mesquite Ash 57 

6 25% Mesquite Ash 50 

Table 4: Slump Test Results of Fresh Concrete 

 
Graph 1: Slump test on concrete 

A. Compressive strength Test:  

Standard cube moulds (150x150x150 mm) were casted for 

compressive strength. A needle vibrator was used for 

compaction of the hand filled concrete cubes. The 

specimens were de-mould after 24 hours and subsequently 

immersed in water for different age of testing. For each age 

three specimens were tested for the determination of average 

compressive strength. Test was performed on compression 

testing machine having capacity of 200 MT. 

% of 

mesquite 

wood ash 

replaced 

Average 

strength at 

3days in 

Mpa. 

Average 

strength at 

7days in 

Mpa. 

Average 

strength at 

28 days in 

Mpa. 

CC 24.85 32.28 39.05 

5% 25.25 32.58 39.36 

10% 26.11 32.71 40.01 

15% 26.13 33.65 40.28 

20% 22.33 31.03 35.48 

25% 21.73 30.54 34.58 

Table 5: The results of cubes 

 
Graph 2: Compressive strength of M-30 grade concrete with 

MWA replacement for 3, 7 and 28days 

 

B. Split Tensile Strength Test:  

Standard cylinder 150mm dia and 300mm height were 

casted for split tensile strength. A needle vibrator was used 

for compaction of the hand filled concrete cylinders. The 

specimens were de-mould after 24 hours and subsequently 

immersed in water for different age of testing. For each age 

three specimens were tested for the determination of average 

split tensile strength. Test was performed on compression 

testing machine having capacity of 200 MT. 
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% of 

mesquite 

wood ash 

replaced 

Average 

strength at 

3days in 

Mpa. 

Average 

strength at 

7days in 

Mpa. 

Average 

strength at 

28 days in 

Mpa. 

CC 2.64 3.05 3.61 

5% 2.69 3.07 3.70 

10% 2.73 3.29 3.81 

15% 2.80 3.40 3.85 

20% 2.44 2.89 3.38 

25% 2.21 2.62 3.08 

Table 6: The results of cylinders 

 
Graph 3: Split tensile strength of M-30 grade concrete with 

MWA replacement for 3, 7 and 28days 

C. Flexural strength Test:  

Beam mould150x150x700mm were casted for flexural 

strength. A needle vibrator was used for compaction of the 

hand filled concrete cylinders. The specimens were de-

mould after 24 hours and subsequently immersed in water 

for different age of testing. Test was performed on flexural 

testing machine. 

% of 

mesquite 

wood ash 

replaced 

Average 

strength at 

3days in 

Mpa. 

Average 

strength at 

7days in 

Mpa. 

Average 

strength at 

28 days in 

Mpa. 

0 1.77 3.37 5.95 

5 1.86 3.46 6.04 

10 1.95 3.55 6.22 

15 1.95 3.94 6.31 

20 1.68 3.28 5.86 

25 1.60 3.11 5.78 

Table-6: The results of Beams 

 
Graph 4: Flexural strength of M-30 grade concrete with 

MWA replacement for 3, 7 and 28days 

D. Acid attack:  

cube sizes of 150x150x150mm were casted and cured for 

28days. After curing period cubes are allowed to dry for 

24hrs. After 24hrs initial weight should be taken and 

immersion into the dilute acid. The 5% of concentrated 

sulphuric acid diluted into 1 lit of water. After 15 and 

30days the cubes are taken out and surface of cubes was 

cleaned and take final weight. Compressive strength was 

done for same specimen. Loss of weight and loss of strength 

of cube due to acid attack was determined. 

% of 

mesquite 

wood 

ash 

replaced 

No 

of 

days 

Initial 

weight 

(kg) 

Final 

weight 

(kg) 

% loss 

of 

weight 

% loss of 

compressive 

strength 

(Mpa) 

0 
15 8.499 8.392 1.26% 5.48% 

30 8.458 8.319 1.67% 7.03% 

5 
15 8.452 8.318 1.59% 6.20% 

30 8.446 8.297 1.77% 7.26% 

10 
15 8.423 8.279 1.71% 6.58% 

30 8.419 8.263 1.86% 7.55% 

15 
15 8.511 8.408 1.22% 5.37% 

30 8.468 8.329 1.65% 6.96% 

20 
15 8.391 8.239 1.81% 6.91% 

30 8.389 8.221 2.01% 8.78% 

25 
15 8.299 8.139 1.92% 7.51% 

30 8.311 8.132 2.16% 9.55% 

Table 7: The results of acid attack 

 
Graph 4: Loss of weight after acid attack for 15 days & 

30days. 

 
Graph 5: Loss of compressive strength after acid attack for 

15 days & 30days. 

E. Water Absorption Test:  

Water absorption test on concrete was conducted as per 

ASTM C 642-06. Cubes of dimensions 150 x 150 x 150 mm 

were cast. The specimens were dried in an oven at a 

temperature of 105ºC to constant mass. Then weight was 

taken. After cooling down to room temperature the 

specimen were immersed in water. The specimen were taken 
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out of water after 24hours of time and weighed. The 

difference between water saturated mass and oven dried 

mass gives the saturated water absorption (SWA). 

% of mesquite 

wood ash 

replaced 

Initial 

weight 

(kg) 

Final 

weight 

(kg) 

%  of water 

absorption 

CC 8.390 8.454 0.75% 

5% 8.389 8.454 0.76% 

10% 8.360 8.429 0.81% 

15% 8.299 8.369 0.83% 

20% 8.206 8.279 0.88% 

25% 8.199 8.283 1.01% 

Table 9: The results of water absorption 

 
Graph 5: Water absorption for M-30 grade concrete with 

MWA replacement. 

IV. CONCLUSION 

1) Maximum compressive strength of about 40.29Mpa was 

obtained for 28 days when 15% mesquite wood ash is 

used, the strength development can be expected with 

pass of ages as the pozzolonic material has been used in 

the production of concrete. 

2) Split tensile strength and flexural strength also increase 

slightly upto 15% replacement of MWA than control 

mix. 

3) Use of MWA as a replacement of cement, in any 

construction work provides lower impact on 

environment (reduced CO2 emission) and judicious use 

of resources (energy conservation, use of by-product 

etc). 

4) Use of MWA reduces the amount of cement content as 

well as heat hydration in a concrete mix. Thus, the 

construction work with MWA concrete becomes 

economical and also environmentally safe. 

5) Concrete mixes containing 15% replaced MWA showed 

lower values of acid effect and water absorption. 

6) Cost of M sand is comparatively less than that of 

natural sand and partial cement together reduces the 

total cost of construction. 
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