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Abstract 
 
The modern state of electrical system consist the conventional generating 

units along with the sources of renewable energy. The proposed article 

recommends a method for the result of single and multi-objective optimal 

power flow, combining wind and solar output energy with traditional coal-

based generating stations. In the first part of the article, three conventional 

coal based power plants are replaced with wind power plants and the optimal 

power flow problem of single and conflicting multi-objectives are taken with 

this scenario. The techno-economic analysis are done with this state of 

electrical system. In the second part, the two wind power plants and one solar 

PV power plant are united with the coal based power plants. In proposed 

work, lognormal and weibull probability distribution functions are also 

utilized for predicting solar and wind outputs, respectively. A non-dominated 

sort multi-objective grew wolf optimization method is applied for the 

optimization issue. The fuzzy decision-making method is used for extracting 

the finest compromise answer. The outcomes are confirmed through  
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modified IEEE-30 bus test system, which is incorporated with wind and solar 

generating plants. 

 

Keywords: Mud mortar, Masonry walls, Energy efficient, Analytical 

techniques, Ductility Behaviour. 

 

1 Introduction 

 

An energy efficient home is designed to keep out of the wind and rain 

while ducting energy waste. Now a days, houses are constructed with a 

variety of building materials in which many of them are causing bad effects 

on environment. They are no longer built use only bricks and mortar. 

Mortars are building products which are used in constructions to bind 

masonry blocks of stone, bricks   and fill the gaps between them [1] [5]. A 

mortar joint acts as a Bonding, which sticks the masonry units together. 

Mortars are of different types depending on the binding material used.  

Mud is one among the materials which has been used as building 

material for time immemorial and still it is among the most commonly used 

building material in the world. Mud finds application in almost all areas of 

construction like binding, plastering, flooring etc [6]. With the advancement 

of cement, mud which has been used for centuries has undergone a drastic 

reduction in usage. After being neglected for decades earthen components 

like mud mortar is again gaining acceptance because of environmental 

issues which are a growing concern in construction industry. Concepts like 

“Green Building”, “Sustainable architecture” and “Building ecology” are 

getting more popular in construction field. Besides being eco friendly, mud 

is cheap, available in abundance, and simple to form into building elements 

[2].  

Environmental sustainability is a major challenge and built environment 

discipline professionals are facing an enormous task to tackle this problem 

all over the world. Mud mortars can contribute to building life cycle 

sustainability mainly due to its low embodied energy. Because of the 

presence of clay which acts as natural binder mud does not require any heat 

treatment for manufacturing, and because of its wide availability over the 

globe, ecological impact of long distance transportations is also decreased. 

Objective of this project is Carry out mechanical and durability tests on lime 

mortar cubes and study thermal capacity, Study of carbon capture of lime 

concrete panel/wall, Study of consistency and workability of modified lime 

mortar along with chemical reaction resulting in changes of mass such as 

absorption, desorption and adsorption, Study of flexural behavior of 

masonry wall using diagonal compression test and shear tests. 

Scope of the investigation is Micro structural study like TG DTA, XRD, 

SEM and ductility tests like direct shear test, diagonal compression test, etc.  
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It is limited to use of natural materials in constructing wall. Low cost CO2 

capture for buildings. Need for Study is To maintain the eco-friendly 

environment to characterize the energy efficient materials. To analyze the 

energy efficient capabilities of mud walls. To research the natural effect 

polymers and the energy efficient capabilities of mud walls.Constantin 

Ionescu et.al (2005) This provides a laborious historical overview of the 

evolution of techniques and principles that led to energy-efficient buildings 

as we now know them. Beyond the chronological dimensions, an overview 

that promotes understanding of the historical history of the idea of energy 

applied to buildings. The key moments in energy-efficient building growth 

is to determine the degree of impact and ingenuity at the time in relation to 

reducing energy consumption. 

M. Palumbo et.al (2016) Bio-based insulation materials are emerging in 

building envelope applications as a viable option with the goal of increasing 

energy efficiency in use. The bio-based materials being studied show a 

lower temperature variation than polystyrene when exposed to cyclic 

changes in temperature and relative humidity. The first is an advanced light-

weight composite made of alginate and corn pith..Saman Rashidia, et.al 

(2015) It includes a large number of articles on the residential and 

commercial buildings ' energy efficiency. It is stressed that in building 

energy systems ground heat pumps have significant potential to be used. 

Such parameters are the distribution of soil temperature, the amount of 

moisture, the thermal properties, the movement of groundwater and the 

melting of water as a porous material.. A good option for insulating a 

building's components is the use of porous material with the lowest possible 

heat conductivity and stable structure. Ravi Ramadoss Et.al 

(2019)Durability properties in the form of resistance to salt crystallization 

and capillary action were also investigated. The microstructure of the 

mortars was examined through X-ray diffraction (XRD), Fourier transform 

infrared spectroscopy (FT-IR), and thermogravimetric differential thermal 

analysis (TG-DTA) techniques 

Summary of Literature Review is Mud is a eco-friendly construction 

material with zero carbon emission. It is feasible to use mud as mortar for 

constructions, Addition of cactus Should increase the number of 

compression Mortar's power,Addition of different natural fibers The 

strength of the mud mortar would increase, Mud mortar show good 

workability, good lateral waterproofing and mechanical properties. Ravi 

Ramadoss(2018), The present study has been taken up to analyse the ancient 

plasters at Charminar, Hyderabad, India for the effective conservation of the 

historic monument. The plasters were characterized adopting 

physicochemical analysis as well as modern analytical techniques including 

XRD, TGA with DTA, SEM and Infra-Red methods (FT- IR). 
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2 Materials and Methodology 
 

2.1 General 
 

The chapter in this section, materials which are being utilized and the 

methodology in which this research is to be carried out is explained. This 

chapter will give an overview on different materials used for mud mortar, 

their properties and how they are used for obtaining desired improvement in 

mud mortar properties. 
 

2.2 Materials  
 

The locally available mud, sand and water are used for this study. 
 

2.3 Mud 
 

The mud used in this study was purchased from Guduvancherry Tamil 

Nadu. Dry mud is a type of soil particles of different sizes. When adding 

water for suitable quantity, it becomes mud mortar with good consistency. 

The constituents of mud mortar are sand (2mm – 0.075mm size), silt 

(0.075mm -.002mm size) , clay (<0.002mm size) and water (30-35% by 

weight).the mud used in this study was sieved through 600microns sieve 

[2]. 

 
2.4 Sand 
 

It is a loose granular material result from the disintegration of rocks. It 

is smaller when compared to gravel and coarser than silt. River sand is used 

in this project. The sand passing from the sieve of 2.36 is washed to make it 

free from organic and inorganic particles and other impurities and is dried 

under sunlight after washing [6 ]. Table 1 shows the physical properties of 

fine aggregates. 
 

 

                    Table 1 Physical properties of Fine Aggregate 

 

 

 

 

 

 

 

 

 

 

S.NO Property Value 

1. Specific gravity 2.65 

2. Sieve analysis Zone II 
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2.5 Water 
 

Water is considered as an important ingredient that  is added to the 

mortar for making a strong and workable. And it controls the setting time 

also. The quality of water to be used in the mortar should be critically 

monitored and control at the time of mixing of mortar. Impurities present in 

water may affect the strength and durability of mortar. Potable water should 

be used in mortar. The ph level of water used should be 7. 

 

2.6 Natural Admixtures 
 

 A fresh cactus was plugged out from potheri and 1kg of it was squeezed.  

To get the gel, it was mixed with 1liter of tap water. 

 
 

3. Experimental Study 
 

3.1 General 
 

  The objective of this study was to investigate if the replacement of 

cement with soil in mortars would result in desirable mortar properties such 

as; compressive strength, good plastic consistency and workability, bond 

strength and sufficient setting time.  

The tests to be carried out on the samples were those seen to be most 

crucial to mortars. They are as follows:  

o Setting time  

o Compressive strength 

 

 

3.2 Setting Time 
 

 Setting time for any mortar can indicate how long the mortar is expected 

to maintain plastic consistency and workability in the field. The knowledge 

of what setting time to expect from a mortar can influence what approach is 

used in its field application. The required set time for mortars may be 

variable in different climatic conditions. 

Initial and final set-up times were done as per Indian standard codes by using 

Vicat apparatus method. Initial setting time is the time up to which the 

mortar can be molded in any desired shape without losing it strength and 

final setting time is the time at which mortar completely loses its plasticity 

and became hard. 

 Clean apparatus should be used for testing and the temperature of mud, 

water and test room be 27±2
o
C and in an atmosphere of at least 90 percent  
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relative humidity and away from draughts. A non porous plate should be 

placed below the mould for preventing the loss of water due to absorption by 

the surface. 

 The sample was then pressed into a ring mould completely filling it 

without being compacted. Excess paste was sliced off at the top of the ring so 

that it was flush with the ring. The top of the specimen was then smoothed 

with two light touches of a trowel. The mould shall be slightly shaken to 

expel entrapped air. 

 

3.3 Initial Setting Time 
 

 The mould filled with sample is placed under the rod bearing needle. The 

Vicat’s needle was released just at the surface of the sample allowing it to 

pierce the sample. The needle will pierce the test block altogether in the 

beginning. Repeat this at regular intervals of 15 minutes until the setting of 

the mortar impeded the depth of the needle’s penetration to 5±0.5mm from 

bottom. However, as the early penetration readings were being taken, the fall 

of the rod was slightly retarded in order to avoid bending the 1mm needle. 

This is because the binder paste was still very fresh and therefore quite soft. 

The needle was allowed to settle for about 30 seconds before any readings 

were taken. The period between the time of adding water to the mortar and 

the point at which the needle is applied shows a reading of 5±0.5mm from 

bottom is the initial setting time. 

 

3.4 Final Setting Time 
 

 The needle with the annular attachment was used for this test. The needle 

with the attachment was allowed to pass through the paste until the needle 

was done. makes an impression on the paste, and the attachment did not 

make any impression on the paste. The time between water added to the mud 

and the needle's impression was noted, and is taken as Final setting time. 

 

 

3.5 Mud Mortar Specimen Preparation 
 
 Mud- sand -water ratio of 1:2:1 by weight is chosen for this project. This 

ratio is commonly used and most accepted one. cubes are prepared for mud 

water ratio of  1 and tested for 28 days strength [5]. The mortar mixture is 

prepared through hand mixing. For 5 kg of mud, equal quantity of water is 

added and mixed thoroughly until paste like consistency is formed [7]. After 

mixing it properly with water it is kept for 24hrs for getting the consistency 

required for mortars. After 24 hrs, it is mixed with 10kg of sand. Proper hand 

mixing should also be done at this stage. Then the mortar is allowed to place 

under the respective cubes and beam mould. The size of the cube mould is 50  
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cm and 50 cm. are filled up by the mortar and the specimens were kept in 

that for hardening. The temperature of 27±2 ºC, and 90percent RH should be 

maintained. Demolding of sample is done after 120hours(5days) from the 

time of casting. Mud mortar is laid in between the joints of 3 brick and 2 

brick wall [9]. 

Similarly as done in mud mortar same procedure adopted by using 

cactus gel. In this one litre of cactus gel is used in four litres of water 

making the ratio mud: water is 1:1. In this 5kg of mud and 10kg of sand is 

used along with cactus gel. Figure 1 shows the compressive strength test 

setup.  
 

 
 

       Fig 1 Compressive strength test 

 
 

 

                                                                                                      

 

4   Preparation of Brick Masonry for Energy Efficient Wall 

 

               4.1 Wall Panel    

 

 The wall panels are constructed for the study purpose according to the 

required specifications. Size of wall panel is adopted as 450 x 460 x 100 mm. 

The bond adopted is the stretcher bond. The mortar for masonry work should 

be more workable. Mud water ratio is taken as 1 for all the mortar mixes 

during construction. Bricks used for the construction are first class bricks. 

After construction, the wall panel is kept at room temperature and after 3 

days curing is done using sacks Figure 2 and 3 shows the wall panel 

constructed for testing and Triplets respectively. 
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  Fig.2 Wall panel                                   Fig. 3 Triplets 

 

 

 
4.2   Couplets  
 
 It is casted for the bond strength of mortar. It is brick joint for testing the 

strength of lime mortar joint. Same lime, sand and water ratio is used and 

using reference and modified mortar it is constructed. After construction it is 

kept at room temperature for 3 days and after that curing is done using jute 

sacks for 28 days.  

 

 

4.3   Shear Prism 
 
 They are casted for study of shear strength of the mortar joint. It is three 

brick prism which is casted with all admixtures. Curing is done for 28 days 

using sacks.  

 

 

4.4    Triplet 
 

 It is combination of three bricks with joint shared by all bricks. After 3 

days of casting curing is done for the 28 days using sacks.It is done to study 

flexural properties.  
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5   Tests Conducted  
 
5.1 Compressive Strength of Masonry Panel: Couplets and 
Triplets  
 

Masonry panel are constructed for each categories of mortars. Two wall 

panels are casted for testing of reference and admixture modified mortar. 

Plate is provided in 2 ends of the wall panel. Both couplets and triplets are 

used for the compression test. 

fi = 
 

 
N/mm2                                   (1) 

Where, fi – Compressive strength of wall panel (N/mm2) 

            F – Maximum load reached on individual masonry wall (N) 

           A – Loaded cross section of the wall panel 

 
 5.2 Physical Properties Test 
 

 To study the physical properties of the mortar specimen following test 

are carried out which are water absorption, capillary suction, hydraulic 

weight. Other tests like permeability and porosity are yet to be done [11] 

[12]. Tests are explained in detail below.  

Under specific conditions, the capillary rise in water and water absorbed 

by the specimen is determined in water absorption test and capillary rise 

test. The 28 days cured specimens are dried by keeping them in oven for 1 

hours at 85°C in hot air oven and after that specimens where weighted. (Md) 

The specimen are kept back in oven and weight are measured after 15 

minutes. The process is repeated until consistency in weight is observed. 

The specimen is kept in air for cooling for an hour. Samples are left in water 

for 24 hours and then after 24 hours they are removed and weighted (Ms).  

For all specimens Archimedes weight or hydraulic weight is also noted 

where saturated specimen is used.  The specimen is tied to a thread and 

weighted under water (Mh) and using following Equations for bulk density, 

porosity and water absorption is calculated.  

 

D =Md / Ms– Mh                                                          (2) 

P = {(Ms – Md) / (Ms – Mh)} *100%            (3)  

WO = (Ms – Md) / Md*100%              (4) 

  

Where,  

D - bulk density (g/cm3) 

P – porosity(%) 

WO – water abosorption(%) 

Md – dry mass (g) 

Ms – saturated mas (g) 
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Mh – Hydraulic mass (g) 

 

5.3 Capillary suction test 
 

The test was carried out according to EN 1015-18(2002). Specimens are 

dried for 4 hours in the oven, and then tested. 3mm of water is taken in a 

tub. Cooled specimens are soaked in it. The water absorbed is noticed and 

gain in weight is noted for every 10 minutes upto 90 mins[11]. The graph is 

plotted between the time interval and gain in weight. The graph shows the 

typical rise in capillary absorption. Capillary rise is calculated using 

equation. 

 

                   C = 0.1 (M90 – M10)                                     (5) 

 Where,   

C – capillary absorption 

                    M90 – weight of the sample after 90 mins (g) 

                  M10 – weight of the sample after 10 mins (g) 

 

5.4 Durability Test  
 

 It is one of the most important tests which are needed to be studied for 

knowing the influence of the organic admixture in the mortar. In order to 

assess the durability of hardened mortar capillary rise test is performed [12].  

 
5.5 Permeability Test 
 

 The study of permeability of lime mortar was performed as per IS: 3085-

1965[37] using constant head method. It was performed on 50 mm lime 

cubes (R, EA-0.1%, EA-0.2% and EA-0.3%) kept in hot air oven for 90 days. 

The apparatus consisted of permeability cell/mould for retaining the 

specimen tightly without any leakage shows in a water reservoir was kept at 

constant head for supplying water into the mould through the pipe, one end 

attached to the reservoir and the other end to the permeability cell. 

Compressed air was supplied from the air compressor which was regulated 

through pressure gauge regulator. Drain cock was used to drain excess of 

water. Compressed air and water both were passed through the lime mortar 

with pressure of 5kg/cm2 to 10kg/cm2 up to 10 hours. 

 

                                              

           5.6 Analytical Test 
 

Different analytical tests are performed on the samples of mud and 

cactus with mud on reference mortar. The powder from the inner core of the  
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crushed cube from the compressive strength test was collected and is used 

for these analyses. The analytical techniques used are X- ray diffraction 

(XRD) and Fourier transform infrared spectroscopy (FTIR) are shown in 

figure 4. 

XRD is an analytical technique used primarily to identify a crystalline 

material in a phase. The material studied is finely ground, homogenized, and 

The average composition of the bulk is determined.XRD patterns 

demonstrate the dissimilar diffraction pattern between various 

elements.XRD is mainly used for the identification of materials rather than 

their quantity. This is also used for characterization of mortars. 

FTIR spectroscopy is a chemical analysis method. From FTIR, we can 

get the chemical composition of the material. The peaks give the bond 

present in the material. It is generally used to confirm the organic 

compounds present in them. TG DTA. 

The samples are put in the hot air oven testing will be done for 28 & 90 

days respectively, analytical tests for energy efficiency will be carried out 

using TGDTA , DSC, SEM Tests of mud mortar samples. 

 

 

 
Fig 4 FTIR of cactus 

 


5.7 SEM Analysis 
 

Scanning electron microscopy is a process to study the mineralogical 

analysis and morphological study of mud mortar. Figure 5 shows the SEM 

analysis for sample. 
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Fig 5 SEM images of motor samples  

 

 

From the FTIR  results of reference mud mortar, figure 6, and Figure 7 

shows FTIR results of cactus modified mud mortar, the band 3641 and 3697 

shows the stretch free O-H bond. Stretched bond is shown by band values 

3421 and 3314. The presence of alkane C-H stretch bond is evident from 

peak band 2932. Peak band value 2171 represents alkyne bond. 
 

 
Fig 6  FTIR of reference mud mortar 
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Fig 7 FTIR of Cactus modified mud mortar 

 

 

 5.8 TG-DSC 
 

It is seen from the results of TGA that there is a formation of C-S-H 

which is seen in the temperature range of 200 to 900°C that can be assigned 

to chemically bound water since C-S-H has as aqueous phase. C-S-H forms 

a dense microcrystalline which enhances the strength of bedding mortar. 

Hence, the existence of C-S-H and C-A-H not only bring changes in the 

microstructure of the paste but also enhances the hydraulic properties; thus, 

contributing to the long term strength of mortar. 
 

 6 Results and Discussion 
 
             6.1Setting Time Test 
 

The initial setting time and final setting time of lime listed in table 2 

.From the   tabulation the initial setting time of reference mud found to be 4 

hours and20 minutes which was relatively low when compared to the 

admixture modified samples. The sample with bilwa and neem gum are 

used has shown significant increase in setting time. 

 The maximum increment in setting time noted in sample using neem 

gum. Notably, it is also evident from the result that increasing the 

concentration of the polymer delays the setting time. Similar result obtained 

in final setting time, the maximum delay in final setting time noted in neem 

gum sample of 5hours 20minutes against the reference mix of 4hours  
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35minutes. The admixture property of restraining the moisture was 

supported by the setting time result. 
 

 

       Table 2 Initial and final setting time of mortar 

 

Sample Initial setting 

time 

Final setting 

time 

Reference mud mortar 4 hrs 35 min 22 hrs 30 min 

Mud mortar with cactus 

1% 

4 hrs 50 min 23hrs 

Mud mortar with cactus 

2% 

5 hrs 20 min 23 hrs 35 min 

Mud mortar with cactus 

3% 

5 hrs 50 min 24hrs 50 min 

 

 

          6.2  Consistency Test  
 

This test is done using Vicat apparatus. For consistency, the needle 

penetrates up to depth of 5 to 7 mm. This depth is taken from the middle of 

the mould. Hydraulic lime is taken 300 gms and water 180ml at first added 

and mixed. The paste is poured in mould and needle is dropped. The initial 

water lime ratio is noted. At every 10% increase in water to lime, the 

penetration is tested for the sample. The consistency is obtained at water/ 

lime ratio of 0.80. The table 3 shows consistency of mud mortar with and 

without admixtures. 
 

Table 3 Consistency result of lime 

 

Specimen identity Standard paste spread 

in one bump (mm) 

No. 190 mm 

spreading bumps 

R 92 14 

CT-1% 105 11 

CT-2% 110 8 

CT-3% 112 7 
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        6.3 Compression Test Results 
 

                The compression test was conducted as per IS: 6932 (Part VII) – 

1973.The cubes are tested for 28 days and 90 days. They are kept under 

moist condition by sprinkling water on them periodically. While testing the 

casting face of the cube should face towards the person. The load should be 

applied at uniform rate, starting from zero. The average strength of three 

specimens is taken and expressed in N/mm2. The frequency of the 

compression was calculated using the Equation given below. 

                                        C = P/A                (6)                                        

Where, 

 C – Compressive strength (N/mm
2
) 

 P- Load (N) 

 A-Area (mm
2
) 

 Compressive strength of three and two brick walls bonded together by 

Mud mortar was tested after 28 days of casting. Shown in table 4 
 

 

Table 4 Compression Test Results 

 

 

 

 

 

 

 

 


7  Conclusion 
 

The discussed mud is used for construction from ages and structures 

still exist which were constructed with mud mortar. It has its advantages in 

construction which are environmental friendly. Mortar obtained in existing 

structure are studied through which its known the Various types of 

admixtures used in mortar, which can be studied and modified for better 

results. We analyzed mechanical properties of the modified mortar and its 

property for brick masonry. Mud mortar is generally used with stone 

masonry and brick masonry which can be used in modern construction. All 

the results with mechanical properties     organic analysis and physical 

properties with the result of analytical techniques XRD, SEM and FTIR are 

also performed .positive results are seen with edition in fresh state property, 

mechanical property and durability properties when it is used to reference 

mortar. 
 

Sample Size(L*B*H)cm Compressiv

e load (KN) 

Compressive 

strength(N/mm
2) 

 

2 brick 

wall 

22.5*10*16.5 90 5.454 

3 brick 

wall 

22.5*10*24.5 100 6.060 
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