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ABSTRACT:Concrete - filled steel tube is one of many composite elements used at present in Civil Engineering.During initial 
compression,there will be de-bonding between the constitutive materials. As a result, the strength, initial stiffness and 
ductility of CFST columns reduce significantly. To resolve this problem, external confinement in the form of spirals is 
proposed to improve the interface bonding. Spiral welded steel tube structures have found world wide application in 
pipeline construction , Wind turbine towers , foundation piles and columns in tall buildings. This project deals with the 
comparison and the strengthening effect of concrete filled and hollow spiral welded tube and longitudinal welded tube 
columns in single skin and double skin columns. Non- linear buckling analysis is carried to find out  the strengthening effect 
of single skin and double skin steel tubular columns by axial and biaxial loading conditions using ANSYS WORKBENCH 16.1. 
The modeling and and analysis are carried out by Finite Element Analysis software tool. The stiffener is introduced to give 
more strengthening effect in columns. From the different L/D ratios study, which is observed that , the strengthening effect 
is more in double skin steel tubular columns compared to Single skin steel tube columns. From the results, it is concluded 
that the best model is Double skin Concrete filled spiral welded steel tubular columns. 
 
Keywords: Spiral Welded tube, Longitudinal welded tube, , Concrete- filled steel tube columns, ANSYS WORKBENCH. 
 
 
1. Introduction 
Concrete-Filled Steel Tube (CFST) is one of many composite elements used at present in civil 
engineering.Concrete-filled-steel-tube (CFST) columns are becoming increasingly popular owing to the 
superior behavior contributed by the composite action. However, this composite action cannot be fully 
developed because of different dilation properties between steel tube and concrete. During initial 
compression, there will be de-bonding between the constitutive materials. As a result, the strength, initial 
stiffness and ductility of CFST columns reduce significantly. To resolve this problem, external confinement in 
the form of spirals is proposed to improve the interface bonding. Although it is possible with concrete-filled 
steel tubes (CFSTs) to improve the capacity of the concrete core and delay localized buckling of the steel 
tube. 
Concrete filled double skin steel tubular (CFDST)columns is a new kind of CFT construction.They consists of  
two concentric steel tubes with concrete sandwitched between them.The CFDST columns have almost all 
the same savantages as traditional CFT members.CFDST have fire resistance capacities  than SS CFTs,due to 
the inner tubes is being protected effectively by the sandwitched concrete uder fire condition.CFDST 
columns applications are used in offshore construction,highways and high- rise brige piers due to the 
potential  ability and this type columns also be used in building construction. 
Several studies have been carried out in the past by many researchers to understand the effectiveness of 
using SWT. Comparing to LWT, SWT columns behaves more effectively when subjected to axial 
compression. SWT have better performance comparing to conventional columns and SWTs. From the 
literature reviews, can analysed that the strengthening of columns in tall buildings with SWT is an efficient 
technique as it significantly increases the strengthening of columns and also reduces the buckling behavior 
of CFST column. 
 
2. Modelling 
2.1 Modelling in Single Skin Hollow and  Concrete Filled LWT and SWT Columns 
Concrete-filled steel tube (CFT) columns combine the advantages of ductility, generally associated with steel 
structures, with the stiffness of a concrete structural system.  The advantages of the concrete-filled steel tube 
column over other composite systems include , the steel tube provides formwork for the concrete, the 
concrete prolongs local buckling of the steel tube wall, the tube prohibits excessive concrete spalling, and 
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composite columns add significant stiffness to a frame compared to more traditional steel frame 
construction.Circular tube column Length is considered as 300mm and outward dimension is 114.3 mm and 
the thickness is 2.74 mm. Single Skin Hollow and concrete filled LWT and SWT steel tubular columns is 
compared by axial and biaxial loading conditions.The fundamental buckling behaviour of Single Skin Hollow 
and concrete filled LWT and SWT steel tubular columns are  analysed by ANSYS  WORKBENCH 16.1.  
2.2 Modelling in Single Skin Concrete Filled ST and SWT Columns   
2.2.1 Study of Different L/D Ratio 
In SS CF SWT columns ,Studied the strengthening effect by different L/D ratios.The D value is choosen as the 
basis of outside diameter as per IS 1161 : 19968(Reaffirmed 2003) steel tubes for structural purposes 
specification.In this study L is considered as 300mm and 600 mm and D value is considered as 114.3 mm. 
L/D = 300/114.3 =2.62 
L/D = 600/114.3  = 5.24 
2.2.2 Study of Stiffener effect in DS CF SWT        
From the different L/D study, with or without stiffener arrangements is considered with SWT externally to 
evaluate the strengthening effect  in DS CF SWT Columns only. In this study L is considered as 300mm and 
600 mm and D value is considered as 114.3 mm and 219.1 mm.The stiffener size is 25 mm x 10 mm. 
L/D = 300/114.3 =2.624 
L/D = 600/114.3  = 5.24 
L/D = 300/219.1 =1.369 
L/D = 600/219.1  = 2.738 
 
3. Results and Discussion 
3.1 Results of  Axial and Biaxial Loading Conditions in SS CF SWT and LWT columns  

 
Table 3.1 Axial Loading Compression (Single Skin) 

STEEL TUBES FORCE  REACTION(kN) 

Conventional CFST Column 807.9 

Hollow SWT Column 277.8 

Hollow LWT Column 279.93 

Concrete filled SWT Column 810.05 

Concrete Filled LWT Column 829.65 
 

Table 3.2 Biaxial Loading Compression (SINGLE SKIN) 
HOLLOW SWT  HOLLOW LWT  

30 DEG  -43 kN 30 DEG -40 kN 

60 DEG  - 75 kN 60 DEG - 70 kN 

90 DEG - 35 kN 90 DEG  - 35 kN 
 

From the Table 3.1, the load values are obtained almost  similar  as in conventional and concrete filled SWT 
column.In the comparison of  SS H steel tube and SS H SWT , force reaction is obtained as more in SS H SWT 
Column in axial loading compression.  
performance of  Concrete filled  SWT columns  and concrete filed LWT columns under axial compression , 
the better load carrying capacity is obtained as in Concrete filled  LWT columns.Compared the performance 
of  H SWT columns  and H LWT columns under axial compression , the better load carrying capacity is 
obtained as similar as 279.9 N  
From the Table 3.2 ,the performance of  Concrete filled  SWT columns  and concrete filed LWT columns 
under biaxial loading compression , load carrying capacity is obtained as similar values in finite element 
analysis. The performance of  H SWT columns  and H LWT columns under axial compression is compared 
and the the better load carrying capacity is obtained as similar values of both.From the analysis  it can be 
concluded that , the H SWT can carry better load carrying capacity  than H LWT while the single skin 
concrete infilled  LWT has more capacity than single skin concrete infilled  LWT. 
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Table 3.3: Comparison Results of SS CF ST and SWT in different L/D  ratios(2.62 & 5.24)

Models L/D

SS CF ST 2.62

SS CF SWT 2.62

SS CF ST 5.24

SS CF SWT 5.24
 
From the Table 3.3 displayed the different L/D ratios , the Single Skin Concrete Filled  Steel Tube(SS CF 
ST)(2.62) is getting as higher value than SS CF ST(5.24) from another study the value is obtained as higher 
value in Single Skin Concrete Filled Spiral welded Steel 

Figure 3.4 : Comparison results between  SS CF ST and SWT (2.62)
 

Figure 3.5 :Comparison results between  SS CF ST and SWT (5.24)
 

Table 3.4: Comparison Results of  DS CF SWT (IN & EX) with or without stiffener
different L/D  ratios(1.369 , 2.62 & 5.24)

Models 
DS CF SWT(IN) 
DS CF SWT(IN) 
DS CF SWT(EX) WOS 
DS CF SWT(EX) WOS 
DS CF SWT(EX) WS (EX)
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2.62 807.9 
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5.24 787.57 

5.24 790.6 

3.3 displayed the different L/D ratios , the Single Skin Concrete Filled  Steel Tube(SS CF 
ST)(2.62) is getting as higher value than SS CF ST(5.24) from another study the value is obtained as higher 
value in Single Skin Concrete Filled Spiral welded Steel Tube(2.62) is compared to L/D ratio 5.24. 
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Comparison results between  SS CF ST and SWT (5.24) 

Table 3.4: Comparison Results of  DS CF SWT (IN & EX) with or without stiffener arrangements by 
different L/D  ratios(1.369 , 2.62 & 5.24) 

L/D Force Reaction (kN) 
2.62 784.821 
5.24 746.3 

1.369 787.57 
2.738 2294.9 

DS CF SWT(EX) WS (EX) 1.369 2906 

5138 
(IPCE’19)                             

 

3.3 displayed the different L/D ratios , the Single Skin Concrete Filled  Steel Tube(SS CF 
ST)(2.62) is getting as higher value than SS CF ST(5.24) from another study the value is obtained as higher 

arrangements by 



National Conference on Innovative Practices in Civil Engineering 
 Organized by NIT Warangal & Dept. of C.E., 

Special Issue                                                  IJRAR- International Journal of

DS CF SWT(EX) WS (EX)
DS CF SWT(EX) WS (IN)
DS CF SWT(EX) WS (IN)

 
From the different L/D ratios , the Double Skin Concrete Filled  Steel TubeDS CF SWT (IN)
higher value than DS CF SWT(IN)- (5.24).The value 
than DS CF SWT(EX) (WOS)- (2.738).From the ansys results, the value is obtained as more in DS CF SWT(EX) 
WS (EX) (2.738) than DS CF SWT(EX) (WS)(EX)
higher in DS CF SWT (E) (WS)(IN)-(1.369) than DS CF SWT(E) (WS)(IN)

Figure 3.6: Comparison results of  DS CF SWT (I)  L/D (2.62 and 5.24)

Figure 3.7: Comparison results of  DS CF SWT (E)  WOS (1.369 and 2.738)
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Figure 3.9: Comparison results of DS CF SWT (E)  WS (IN)(1.369 and 2.738)
 
5.Conclusions 
concrete filled steel tube of circular cross-section, concrete is completely confined, which increases strength
and strain capacity.The conventional cfst columns have energy dissipation capacity due to composite 
action.The results obtained from SS H and CF LWT and SWT, theconcrete filled SWT have more 
strengthening capacity than conventional cfst columns and LWT du
and biaxial loading conditions, the CF SWT  is obtained as more load carrying capacity.Double layered skin 
have more strengthening  capacity than single layered columns and conventional CFST column.
The stiffener effect is one of the effective method to reduce buckling behaviour in DS SWT Columns.The 
stiffener is added internally or externally is added with SWT externally in columns,more buckling occurred 
in WS externally than internally.The column is more confined
internal arrangement in SWT (EX). 
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ABSTRACT: Fabric reinforced cementitious matrix (FRCM) systems have recently been introduced in the construction 
industry as a viable alternative strengthening material, to circumvent problems associated with fiber reinforced 
polymers (FRP).Basalt Textile Reinforced Concrete (BTRC) is a new composite among FRCMs. This paper is based on 
the experimental study of RC beams strengthened with high strength BTRC. High strength BTRC strips are used to 
strengthen RC beams in flexure. Basalt fiber is a typical silicate fiber with natural comapatibility with the concrete 
and has high temperature resistance and alkali resistance. In this study RC beams (150mm x 150mm x 700mm) were 
loaded to failure prior to strengthening with BTRC strip. BTRC strengthened RC beams are tested under three point 
loading for analysis of load deflection behavior, failure mode and energy absoption capacity. Strength of BTRC strips 
were improved by varying in number of textile layers and by adding steel fiber. Control beams were used for 
comparison with strengthened RC beams. 
 
 Keywords:basalt textile reinforced concrete, RC beam retrofitting 

 
 

1. Introduction 
Reinforced concrete is one of the most commonly used construction material, not only in the developed 
countries but also in the developing countries. The reinforced concrete structural elements can lose their 
strength and stiffness due to deteriorations caused by high mechanical and cyclic loading, aging, severe 
exposure to environment and chemical attacks. Total replacement of such deficient structural elements is 
both costly and time-consuming. Rehabilitation and strengthening (collectively called retrofitting) have 
therefore become an acceptable way of improving their load carrying capacity and extending their service 
life. One of the challenges in the retrofitting operation is the selection of an appropriate retrofitting material. 
The popular techniques used for strengthening are externally bonded steel plates and Fiber reinforced 
plastic (FRP) laminates. Although the technique of retrofitting using externally bonded steel plates has 
gained popularity, being relatively quick, causing minimal site disruption, and producing only minimal 
change in section size, several drawbacks have been identified such as the occurrence of undesirable shear 
failures, difficulty in handling heavy steel plates, corrosion of the steel, and the need for butt joint systems as 
a result of limited workable lengths. FRP materials have high strength to weight ratio, stiffness to weight 
ratio, are chemically inert, cost effective and are therefore well suited for retrofitting. However, it has been 
observed that the retrofitting technique using FRP laminates can result in the brittle failure of the retrofitted 
structure due to the mismatch of tensile strength and stiffness of FRP and concrete. These drawbacks have 
given importance to the development of cement-based retrofitting materials because of their compatibility 
with concrete. Fabric reinforced cementitious matrix (FRCM) and Fiber reinforced concrete (FRC) are 
commonly used cement-based retrofitting material. 
Fabric reinforced cementitious matrix (FRCM) systems, also referred to as textile-reinforced mortar (TRM), 
mineral-based composite (MBC) or textile-reinforced concrete (TRC) systems. FRCM composites are applied 
in a similar manner as FRP composites for the strengthening and repair of RC structures. In flexural 
strengthening, FRCMs are typically applied externally at the bottom surface of RC beams and slabs. Textile-
reinforced concrete (TRC), as a new composite material that consists of high-performance fine-grained 
concrete and textiles made of various type of fibers, exhibits the advantages of excellent load bearing 
capacity, durability, and corrosion resistance. 
Basalt textile reinforced concrete (BTRC) is one of the recently invented TRC in the construction field. Basalt 
appears to be a material which could offer interesting opportunities in the future to satisfy the increasing 
demand of the construction industry. Basalt fiber is a typical silicate fiber with natural compatibility with 
concrete, and has high temperature resistance and alkali resistance. So together with its low cost, basalt 
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fiber ha high potential for TRC. Basalt textiles are covered by a styrene acrylic latex coat. In addition, the 
wrap basalt fiber bundles were arranged along the direction to function as load bearing fibers. The TRC 
exhibited improvements on the crack pattern, load bearing capacity and ductility when the number of basalt 
textile layers increased.  
 
2. Details of materials and mixes 
The M25 mix used in RC beams was designed according to the Indian standards. It was made of ordinary 
Portland cemnt 53 grade. M-sand,crushed aggregate (maximum size 20mm) and water. M40 mix for basalt 
textile reinforced concrete (BTRC) strip was adopted and it consisted of cement, fly ash, M-sand, crushed 
aggregate (maximum size 6mm) and water. Super-plasticizer (2% of the mass of cement and fly ash) was 
added for improving the workability of mix. The mix proportions were shown in Table 2.1. The cube 
specimens (150 x 150 x 150mm) and cylindrical specimens (150 x 300mm) were de-moulded after 1 day 
and cured in a water tank for 28 days. Compression and split tensile tests were carried out on cube 
specimens and cylindrical specimens respectively. Table 2.2 presents the test results. 
BTRC strip was casted to a thickness of 10mm. The number basalt textile layers were varied and chopped 
steel fibers were used to improve the tensile properties of strip. The volume fraction of steel fibers was 
1.5%. Proprties of basalt textile were shown in Table 2.3. 

Table 2.1: Mix proportions 

Mix 
Cement 
(kg/m3 ) 

Fly ash 
(kg/m3 ) 

F.A 
(kg/m3 ) 

C.A 
(kg/m3 ) 

Water 
(lit) 

M25 394 - 678.38 985.27 197 

M40 592 254 752 700 220 

 
Table 2.2: Properties of hardened concrete 

Mix Property 
Strength at 28 days 

(N/mm2) 

M25 
Compressive strength 36.31 
Split tensile strength 2.17 

M40 
Compressive strength 47.8 
Split tensile strength 3.41 

 
Table 2.3: Properties of basalt textile 

Tensile strength 2700 – 3200 MPa 

Elongation at break 3.15% 

Density 2.67 g/cm3 

Melting point 14500 

Minimum operating temperature -2600 

Maximum operating temperature 6000 

 
3. Experimental program 
The experimental studies were carried out analyse the flexural behaviour of the retrofitted RC beams. 
Beams were designed and cast in the laboratory. Control beams were tested till failure and the remaining 
beams were pre-damaged to different levels. After pre-damage, the beams were strengthened with the 
BTRC strip on the tension face and tested in three point bending. 
 
3.1. Casting and testing of beams 
The dimensions of RC beams are 150mm x 150mm x 700mm. Table 3.1 shows the details of all the beams 
used in this study. The details include designation of the beam, percentage of pre-loading and number basalt 
textile layers used in BTRC strip for retrofitting. 
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Table 3.1: Details of beams 
Beam  

designation 
Type of beam 

Number of basalt  
textile layers 

CB Control beam - 

PB60 60% pre-load - 

PB70 70% pre-load - 

PB80 80% pre-load - 

RPB60-1 60% pre-load & retrofitted 1 

RPB60-2 60% pre-load & retrofitted 2 

RPB60-3 60% pre-load & retrofitted 3 

RPB70-1 70%pre-load & retrofitted 1 

RPB70-2 70%pre-load & retrofitted 2 

RPB70-3 70%pre-load & retrofitted 3 

RPB80-1 80%pre-load & retrofitted 1 

RPB80-2 80%pre-load & retrofitted 2 

RPB80-3 80%pre-load & retrofitted 3 

 
3.2. Testing of retrofitted RC beams 
All the pre loaded beams were retrofitted with BTRC strip on the tension face as detailed in Table 3.1. BTRC 
strips 700mm long and 150mm wide having a thickness of 10mm were cast with varying the number of 
textile layers. To improve the bond between the retrofit strips and the surface of beams, the tension surface 
of beams were cleaned and roughened. Strips were bonded to surface of pre damaged beams using an epoxy 
adhesive. To ensure a good bond with damged beams, the BTRC strips was pressed uniformly for 1day. Fig. 
3.1 shows the bonding of strip to the damaged beams. All the retrofitted beams were tested in three point 
bending and the deflection was measured using dial gauge. 

 
                               Roughened surface    Epoxy coating on the surface 

 
Pasting of BTRC strip 

Fig 3.1: BTRC strip attachment 
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4. Results and discussions 
4.1. Load-deflection behaviour  

Fig 4.1:Load – deflection curves of cont

Fig 4.2:Load-deflection curves of control beam and retrofitted RC beams (60% pre

Fig 4.3:Load-deflection curves of control beam and retrofitted RC beams (70% pre
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deflection curves of control beam and retrofitted RC beams (60% pre-damaged) 
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Fig 4.4:Load-deflection curves of control beam and retrofitted RC beams (80% pre

The load-deflection behaviour of the control beam and beams retrofitted with BTRC strips are shown in Fig 
4.2 to 4.4. It is observed that all the retrofitted beams shows higher load carrying capacity and
deformations compared to the control beam and the internal reinforcing bars carried the majority of the 
tensile force in the section. When the internal steel yields, the additional tensile force was carried out by the 
BTRC system. Eventually, the retrofitted beams will fail. The failure mode was similar to control beam, i.e. 
flexure followed by crushing of concrete in compression zone, except for the specimen RPB80
occurred by de-bonding of BTRC strip from the concrete surface. It wa
formed in the beams during pre-loading were not active at all during the loading of retrofitted beams. All the 
pre-damged beams regained their original load carrying capacity after strengthening with BTRC strips. 
4.2. First cracking and ultimate loads 
In the experimental investigation, the first cracking load and the ultimate capacity of the strengthened and 
control beam are noted. Table 4.1 presents the experimental values of cracking and ultimate load for the 
tested beams. 

Table 4.1: Experimental results

Beam 
designation 

Experimental  
load (kN) 𝑷𝒖𝒕

𝑷𝒄𝒓

 
𝑷𝒄𝒓 𝑷𝒖𝒕 

CB 25 52.5 2.1 

RPB60-1 12.5 54 4.32 

RPB60-2 17.5 62 3.5 

RPB60-3 15 67 4.4 

RPB70-1 17.5 59 3.3 

RPB70-2 20 65 3.25 

RPB70-3 25 74 2.9 

RPB80-1 25 71 2.8 

RPB80-2 30 75 2.5 

RPB80-3 22.5 74 3.2 
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bonding of BTRC strip from the concrete surface. It was observed that the cracks that had 
loading were not active at all during the loading of retrofitted beams. All the 

damged beams regained their original load carrying capacity after strengthening with BTRC strips.  

In the experimental investigation, the first cracking load and the ultimate capacity of the strengthened and 
control beam are noted. Table 4.1 presents the experimental values of cracking and ultimate load for the 

Table 4.1: Experimental results 

Deflection at 
 initial crack 

(mm) 

Deflection at  
ultimate load 

(mm) 

Ductility 
index 

1.39 3.21 2.3 

2.57 6.13 2.3 

2.84 6.76 2.4 

2.60 7.17 2.7 

2.42 6.94 2.8 

2.81 7.60 2.7 

3.25 8.26 2.5 

2.49 6.31 2.5 

2.69 6.43 2.4 

2.69 6.32 2.3 
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Fig 4.5: Ultimate load of different beams
 
From Table 4.1 and Fig 4.5. it is identified that different levels of BTRC strengthened RC beams shows 
significant increase in ultimate load carrying capacity and ductility characteristics. From the study, it was 
observed that the ultimate load carrying capacity of strengthened beams increased with an increase in the 
number of basalt textile layers used in the BTRC strip.
4.3. Ductility characteristics  
Ductility is an important factor for any of the structural element or structure itself especially in th
regions. A ductile material is one which undergo large strains while resisting loads. When applied to the RC 
structures, the term ductility is the ability to sustain significant inelastic deformation prior to collapse. 
Ductility is also best expressed as an index or a factor. Fig 4.6 presents the ductility index of control beam 
and retrofitted beams used in this study. The displacement ductility index can gives the lack of ductility of 
these beams. From Fig 4.6, It was observed that all the retrof
ductility as compared tocontrol beam. These values proves that BTRC strips can be used to strengthen RC 
structural members without any significant loss of ductility.

Fig 4.6: Ductility index for different beams
 

4.4. Energy absorption capacity 
Energy absorption capacity was calculated from its load
curve were conciderd in this study. From Fig 4.7 it can be observed that, the energy absorption capacity of 
retrofitted beams were much higher compared to control beam. Energy absorption capacity increases with 
increase in number of textile layers used in BTRC strips except for beam RPB80
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structures, the term ductility is the ability to sustain significant inelastic deformation prior to collapse. 

essed as an index or a factor. Fig 4.6 presents the ductility index of control beam 
and retrofitted beams used in this study. The displacement ductility index can gives the lack of ductility of 

itted beams shows more or same level of 
ductility as compared tocontrol beam. These values proves that BTRC strips can be used to strengthen RC 

deflection 
curve were conciderd in this study. From Fig 4.7 it can be observed that, the energy absorption capacity of 

ed beams were much higher compared to control beam. Energy absorption capacity increases with 
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Fig 4.7: Energy absorption capacity
 

4.5. Crack pattern and failure mode 
The failure modes are observed on the retrofitted beams and control beam. It was observed from the 
experimental investigation thal all the beams strengthened with BTRC strip except RPB80
the same manner as the control beam, i.e. flexure follo
The typical crack patterns and modes of failure of the control beam and strengthened beams are shown in 
Fig 4.8. Debonding of BTRC strip was observed in RPB80
appeared on the surface of the beams are relatively close spacing. The cracks formed on surface normally 
propagates in the vertical direction and as the load increases it extends to the compression zone of the beam 
due to the combined effect of shear and flexure. If the load is further increased, cracks propagate to the top 
and the beam splits. 

Fig 4.7: Crack patterns of beams

5. Conclusions 
From this study, the following conclusions are made.

 The flexure strength of pre-damage beams were s
behaviour prior to pre-loading by retrofitting it with BTRC strip.
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 The failure mode of retrofitted RC beams except the beam RPB80-3,were similar to conventional RC 
beams, i.e. flexural failure comprising of yielding of steel followed by crushing of concrete. 

 The beam RPB80-3 failed by de-bonding of BTRC strip from the concrete surface. 
 The load carrying capacity of RC beams increased when the number of basalt textile layers used in 

BTRC strips were increased. 
 All the strengthened beams shows larger deformations compared with control beam. 
 Use of BTRC strips as strengthening material, the ductile nature of beams were increased. 
 Energy absorption capacity of retrofitted beams were much higher compared to unstrengthen 

beam. 
  

 Therefore it can be concluded that BTRC is an excellent method for retrofitting damaged RC flexural 
elements that overcomes many drawbacks associated with FRP laminates. 
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ABSTRACT: The increase in motorization accompanied with expansion of road network has brought with it the challenge of 
addressing the adverse influence of road traffic accidents. Road accidents are a global cataclysm with ever raising trend 
which pose a public health and development challenge and greatly affect the human capital development of every nation. A 
mortality rate database (WHO, 2002) reveals that India has highest number of accidents. Accident Black Spots are location 
on the road with higher severity of accident either in terms of numbers or injuries. Accident analysis study aims at the 
identification of high rate accident locations and safety deficient areas. In this study, an effort has been made to identify 
the accidentprone zones along Kalady to Angamaly. For this purpose, the road accident data for the years 2014, 2015, 2016, 
2017 and 2018 pertaining to Angamaly station limit, Ernakulam district have beenused and black spots are analysed using 
GIS as well as WSI method. 

 
 
1. Introduction 
Roads form the economic backbone of the country and have often facilitated development along their 
routes. Road traffic accident is considered as most negative impact of development of road transportation 
infrastructure. Every day, 3300 deaths and 6600 serious injuries occur on the road in the world. 
Understanding the seriousness of issue, corrective measures are being taken all over the globe.  As the 
roadway improvements are meant to be applied to accident black spots where they have the most vital 
impact, identification of black spots is a vital step in safety management.  Geographic Information System 
(GIS) becomes a popular tool amongst researchers for management of accident data records and recognition 
of accident black spots on the highways.   
Many studies have been conducted for analysing traffic accidents in the world. But, to develop effective 
countermeasures, accidents should be analysed spatially in Geographic Information Systems (GIS) 
environment with their occurrence time, type, results and occurrence coordinates. Ultimately, identifying 
high probability accident areas is an important issue of traffic safety programs, because precautions and 
infrastructure assessments can be prioritized at these locations to make more efficient source allocations. 
Such areas are called “black spots” and generally have some clearly defined methods to detect. On the other 
hand, identification of such problematic areas in urban locations is more complicated, and it is loosely 
defined as “hot spot”, mainly because traffic conditions, accident mechanisms and preventive measures 
differ greatly in urban traffic networks. Also, “hot spot” definition can vary based on the focus of the 
analysis.  
In this study accident records are collected from Department of Crime Record Bureau Ernakulam to analyse 
accident and identify black spots. For this purpose, the road accident data for the 5 years pertaining to 
Angamaly station limit is selected. Accident particulars like date, location, type of vehicle involved and 
number of person injured or died are included. This study utilized QGIS which is an Open Source Geographic 
Information System for analysis.   
 
2. Methodology 
2.1 Collection of Accident Data  
The collection of accident data is the first step in the accident hotspot study. Standard form for Collecting the 
data are prepared, as suggested by the IRC.The data required can be divided into primary and secondary 
data.  Primary data collection includes road inventory survey, traffic volume count from the identified 
accident prone stretches.  Secondary data collection includes accident data of recent 5 years collected from 
Angamaly police station and it contains date, time, persons involved in the accident and their particulars, 
classification of accident like fatal, serious, minor,description and details of the location of accident, 
registration number and description of the vehicles ,details of collision, pedestrians or objects involved, 
damages, injuries, casualty etc.  
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2.2 Analysis of Data  
The data processing involves two steps;Analysis of secondary data using WSI method and analysis of 
identified black spots using QGIS. The top ranked four accident black spots  were identified using Weighted 
Severity Index Method (WSI) by assigning scores based on the number and severity of accidents in that 
particular location in the last 5 years. The Equation for analysis is 
Weighted Severity Index, (WSI) = (41 x K) + (4 x GI) + (1 x MI)      (2.1)   
 Where, K is the number of persons killed,GI is the number of grievous injuries  and MI is the number of 
minor injuries.  
 Then the map required for the desired road network for the study has to be digitized in a suitable form and 
certain specified road attributes to carry out prioritization are to be input to GIS. Then the identified black 
spots further prioritized using GIS.   
 
3. Results and Discussion 
3.1 Primary datacollection 
The peak hour traffic count of the selected spots are collected for a period of 5 days and is graphically 
represented. 

 
Fig 3.1 Traffic Count 

 

3.2 Secondary datacollection 
The accident data, along the selected road stretch, for the past five years i.e.2014,2015,2016,2017 and 2018, 
collectedfromtheDistrictcrimerecordsbureau(DCRB),Aluvawasrecordedinanexceldocumentforfurther 
analysis. 

Table 3.1 Weighted Severity Index Method 
 

Place 
 

Number of 
accident(K)

 
Grevious 

 Injury(GI) 

 
Minor Injury

(MI) 

 
Weighted  

Severity Index
Mattoor               8 80      37 685 

Marottichodu               8 56      28 580 

Karayamparambu              6 43      19 437 

Karukutty              26 106      59 1549 

WEIGHTED SEVERITY INDEX (WSI) = 41K + 4GI+1MI                                                              (3.1) 
 

3.3 Secondary data analysis 
The data was analysed using weighted severity index method and assigned ranks to each place under 
consideration. 
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Table 3.2 Ranking of Black Spots 
Location Frequency Weighted Severity 

Index 
Rank

Karukutty 191 1549 1 
Mattoor 125 685 2 

Marottichodu 92 580 3 

Karayamparambu 68 437 4 

 
3.4 Q-GIS Analysis 
The hot spot identification done with the help of Q-GIS, with consideration of accident severity are shown in 
Fig 3.2. Q-GIS analysis gives an output that Karukutty is the accident hotspot among the four selected places 
under Angamaly region. 

 
Fig 3.2 Hot spot analysis 

 
3.5 Remedial Measures 

Table 3.3 Remedial measures 
Place Problems Remedies 

Mattoor 

Absence of signal in the 
intersection 

Design of traffic signal 

Low visibility due to the direct entry of 
vehicles from petrolpump 

Installation of mirror 

Lack of clarity of edge line Provision of clear edge line 

Marottichodu 
Obstruction caused by 

transformer 
Provide appropriate clearance 
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Lack of clarity of edge line and 
centre line 

Provision of clear edge line and
centre line 

Karukutty 
Absence of signal in the 

intersection 
Design of traffic signal 

Damaged medians Reconstruct the medians 

Karayamparambu
Low visibility of the traffic 

signal 
Provide proper height for the 

signal 
Damaged medians Reconstruct the medians 

 

4.Conclusion 
From analysis, it is clear that major hotspot in Angamaly town is Karukutty junction. This is mainly due to the 
absence of trafficsignals. Hot spot identification by GIS method found to be more accurate, easier, reliable 
and descriptive if accident records were more detailed and properlyformatted. The scope of the study is 
limited to identification of hot spots but it can also be employed for identification of cold spots. Traffic 
accidents have a closes patial relationship with the road net-work elements. It is easy to utilize GIS to 
determine the road network element one which each traffic accident occurred, and how many accidents 
occurred on each road network element. 
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ABSTRACT: Increasing water demand due to the exponential growth in population has led to the idea of using waste 
water as a source of water. Immense technological advancements have been made in thefield of waste water 
engineering which helps in separating various types of impurities from Greywater. Electrocoagulation (EC) is an 
electrochemical technique for treating polluted water usingelectricity. Electrocoagulation has the advantage of 
removing the smallest colloidal particlescompared with traditional flocculation–coagulation, such charged particles 
have a greaterprobability of being coagulated and destabilized because of the electric field that sets them inmotion. In 
addition, electrocoagulation-flotation is capable of reducing sludge from waste watertreatment and also reduces the 
time necessary for treatment. In this, studies were conducted on  samples from residential appartments, Mathirippilly, 
kothamangalam and from Bread baking industry, Daily Bread,Kothamangalam.. Aluminium is used as electrodes for 
the processand the current is supplied from a DC source. Electrocoagulation was done at different timings10,40 and 
60 minutes at  two constant current densities. The parameters tested include COD,BOD and Turbidity. The 
valuesbefore and after Electrocoagulation was compared. It was found that the removal efficiency of samples after 60 
minute electrocoagulation were above 90% for turbidity, above 80% for BOD and COD. 
 
Keywords:Electrocoagulation, Waste water. 

 
 
1. Introduction 
Our planet is a water based planet, life has formed from water and in its absence life ishaving no chance for 
survival also. Water is one of the utmost important things any life form requires for their survival in the 
earth. Nobody can reduce the amount of water in the world, but as the world is growing in its population, 
commerce and industries, the amount of clean water available is reducing. So in order for the survival we 
have to utilize every water resource to its maximum and we need to treat and dispose wastewater 
generated so that it wont pollute sources. Wastewater treatment is a growing issue throughout the world 
and especially in a country like India. The characteristics of grey waste water vary highly among households 
depending upon the food habits and standard of living. Kitchen waste water will be rich in TSS, oil, grease 
and BOD but the bathing water and laundry water will show more COD, Phosphorous (mainly inorganic in 
the form of phosphates) and xenobiotic compounds. 
 Electrocoagulation is an emerging technology which can be contributed significantly to the water and 
wastewater treatment. This technology utilizes electrical method for coagulation that is by the use of 
electrodes. Electrocoagulation is an effective water treatment application which is going through a period of 
thorough researches for the past 10-20 years. Even if a good amount of researches has already been done 
the opportunities for further research on the area is still open, which shows the vastness of applications of 
the process. 
 
2. Methodology 
Studies were conducted on grey water samples collected from residential appartments in 
Mathirippilly,Kothamangalam anBread baking industry, Daily Bread,Kothamangalam.d. Electrocoagulation 
unit wasconstructed.It consists of two electrodes, the anode and the cathode, immersed in a conducting 
source and control device as shown in fig.1.A Direct current (DC) power supply gives an output voltage and 
current in the range zero to thirty volts and zero to two amperes respectively was used.Electrodes were 
made of aluminium sheets having their effective size 25.2 cm2. Insulated copper wires of good quality were 
used for connections for this process. Slots were made in thermocolat in order to fix the electrodes at equal 
gap. Generally the gap between the electrodes is provided as 2cm for getting the maximum efficiency of 
removal of the impurities in the grey water.waste water were collected from the sources .Initial tests COD, 
Turbidity, BOD, Hardness and PH were done. Values were shown in Table.1.,Table.2. and Table.3. Electro 
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coagulation procedure was done at different timings(10,40,60 minutes) at constant current densities 10.49 
and 119.8 A/m2.The contaminants were accumulat
effluent was tested for getting final values of COD,Turbidity and BOD. Obtained final values were compared 
with the initial and removal efficiencies were calculated.Alum treatment was also done to com
efficiency of electrocoagulation with chemical treatment.

Fig.1 Electrocoagulation set up
 
3. Findings 
3.1Result of Alum treatment by treating sample from residential building, Mathirippilli, 
Kothamangalam and Bread Baking Industry, Kothamangala
Alum treatment is a chemical treatment to remove turbidity. The samples from residential apartment  and 
Bread baking industry  were treated by alum method. It is done to compare the removal of turbidity with 
electro coagulation.Table.1. shows the turbidity of samples at different alum dosages.In Fig.2 and Fig.3.  
Turbidity is plotted against coagulant dosage to obtain optimum coagulant dosage and minimum turbidity.

Table.1. Alum treatment
Trial 
No: 

Alum dosage 
(mg/l) 

Turbidity of Sample1

1 0 

2 100 

3 200 
4 300 
5 400 
6 500 

 

Fig. 2. Residual turbidity vs Coagulant dosage: Sample 1
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Fig.1 Electrocoagulation set up 

3.1Result of Alum treatment by treating sample from residential building, Mathirippilli, 
Kothamangalam and Bread Baking Industry, Kothamangalam. 
Alum treatment is a chemical treatment to remove turbidity. The samples from residential apartment  and 
Bread baking industry  were treated by alum method. It is done to compare the removal of turbidity with 

ity of samples at different alum dosages.In Fig.2 and Fig.3.  
Turbidity is plotted against coagulant dosage to obtain optimum coagulant dosage and minimum turbidity.

Table.1. Alum treatment 
Turbidity of Sample1 

(NTU) 
Turbidity of Sample 2 

(NTU) 
72.5 70.4 

55.3 54.9 

16.7 19.4 
3.0 4.8 

21.6 26.3 
18.9 16.7 

 
Fig. 2. Residual turbidity vs Coagulant dosage: Sample 1 
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Fig. 3. Residual turbidity vs coagulant dosage: Sample 2
 

3.2 initial and final results of COD,Turbidity and BOD
Preliminary tests for each sample are done; COD, turbidity, BOD are not in the permissible limit. After 
electrocoagulation these initial values are compared with the final readings in Tables 2 to 6.

Table. 2. COD
Current 

density A/m2 
Time 

(Minutes) 
Initial reading

Sample 1

10.49 10  
 

1300
40 
60 

119.8 10 
40 
60 

Table. 3.Turbidity
Current 

density A/m2 
Time 

(Minutes) 
Initial reading

Sample 1

10.49 10  
 

58.3
40 
60 

119.8 10 
40 
60 

Table. 4. BOD
Current 

 density A/m2 
Time 

(Minutes) 
Initial reading

Sample 1

10.49 10  
 

59.3
40 
60 

119.8 10 
40 
60 
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Fig. 3. Residual turbidity vs coagulant dosage: Sample 2 

al results of COD,Turbidity and BOD 
Preliminary tests for each sample are done; COD, turbidity, BOD are not in the permissible limit. After 
electrocoagulation these initial values are compared with the final readings in Tables 2 to 6. 

Table. 2. COD 
Initial reading 

(mg/l) 
Final reading(mg/l) 

Sample 1 Sample 2 Sample 1 Sample 2 

 
 

1300 

 
 

1576 

854.3  1000.2  
778.4  904.6  
532.5  645.2  
876.8  752.6  
486.4  585.5  
263.8  245.6  

 

Table. 3.Turbidity 
Initial reading 

(NTU) 
Final reading(NTU) 

Sample 1 Sample 2 Sample 1 Sample 2 

 
 

58.3 

 
 

52.7 

46.75  42.6  
40.51  39.78  
31.13  26.38  
20.57  22.1  
11.44  10.6  
4.22  3.9  

 

Table. 4. BOD 
Initial reading 

(mg/I) 
Final reading(mg/l) 

Sample 1 Sample 2 Sample 1 Sample 2 

 
 

59.3 

 
 

64.3 

54.9  60.2  
49.7  56.23  
44.6  48.01  
43.6  45.2  
30.2  32.3  
16.3  25.5  

Mar Baselios Institute of Technology & Science (MBITS) 
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Preliminary tests for each sample are done; COD, turbidity, BOD are not in the permissible limit. After 
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Table. 5. Removal efficiency at different timings for sample 1
Current  

density A/M2 
Time 

Minutes 
Percentage Removal efficiency for sample 1

COD
10.49 10 38.8

40 45.8
60 50.6

119.8 10 49.84

40 62.65
60 88.89

 

Table. 6. Removal efficiency at different timings for sample 2
Current  

density A/M2 
Time 

Minutes 
Percentage Removal efficien

COD
10.49 10 36.687

40 48.47

60 65.5
119.8 10 51.98

40 78.47
60 86.68

 

Fig. 4. COD Removal efficiency Vs T

Fig. 5. COD Removal efficiency Vs Time at current density 119.8 A/m
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Table. 5. Removal efficiency at different timings for sample 1 
Percentage Removal efficiency for sample 1 

COD Turbidity Chloride BOD 
38.8 19.9 53.48 48.3 
45.8 30.5 65.8 56.1 
50.6 46.6 70.6 65.4 

49.84 64.73 69.48 53.9 

62.65 77.50 75.8 66.2 
88.89 94.56 81.67 79.2 

Table. 6. Removal efficiency at different timings for sample 2 
Percentage Removal efficiency for sample 2 

COD Turbidity Chloride BOD 
36.687 22.6 56.4 51.2 
48.47 49.5 68.47 65.2 

65.5 59.5 75.5 70.2 
51.98 71.26 76.4 69.4 

78.47 79.00 81.47 77.9 
86.68 96.4 85.65 82.3 

 
Fig. 4. COD Removal efficiency Vs Time at current density 10.49 A/m2 

 

 
Fig. 5. COD Removal efficiency Vs Time at current density 119.8 A/m2 

5138 
(IPCE’19)                             

Special Issue 



National Conference on Innovative Practices in Civil Engineering 
 Organized by NIT Warangal & Dept. of C.E., 

Special Issue                                                  IJRAR- International Journal of

Fig.6. Turbidity Removal efficiency Vs Time at current density 10.49 A/m

Fig.7. Turbidity Removal efficiency Vs Time at current density 119.8A/m

Fig.8. BOD Removal efficiency Vs. Time at current density 10.49A/m
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Fig.6. Turbidity Removal efficiency Vs Time at current density 10.49 A/m2 

 

 
Fig.7. Turbidity Removal efficiency Vs Time at current density 119.8A/m2 

 

 
BOD Removal efficiency Vs. Time at current density 10.49A/m2 
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Fig.9.BOD Removal efficiency Vs. Time at current density 119.8A/m

Electrocoagulation procedure carried out at different timings at two constant current densities.Initial and 
final readings for each parameter tested are shown in Table.2,Table.3 and Table.4. Removal efficiency for 
COD, turbidity and BOD of both samples were calculated and is shown in Table.5 and Table.6. .At a current 
density of 10.49 turbidity shows a removal efficiency of 19.9 and the percentage increased with time.After 
first, a second  current density of 119.8 is applied.At a time of 60 minutes turbidity shows a removal 
efficiency of 94.56.Similarly,COD and BOD shows increase in removal efficiency with respect to 
current density. The variations are plotted graphically in Fig. 4. To Fig. 9.
 

4. Results and Discussion 
The investigation was performed to check the removal efficiency of electrocoagulation process to treat Grey 
water.It was found that the removal efficiency was maximum on keeping an electrode distance of 2 
cm.Removal efficiency of turbidity  was observed to be high as ninety percent for a time period of sixty 
minutes. Removal efficiency of COD was observed to be high as eighty percent for a time 
minutes. Removal efficiency of BOD  was also observed to be high as eighty percent for a time period of sixty 
minutes. The pH value was found to be neutral and was hence can be used for irrigation water.Electro 
coagulation unit shows efficient removal of  turbidity than alum treatment.Comparison of the values of 
samples before and after treatment gives the effectiveness of the EC process. Moreover, based on the criteria 
of hygienic safety, aesthetics and environmental tolerance, the treated 
After Electrocoagulation the water can be effectively used for irrigation , toilet flushing , feed water in 
boilers, gardening purposes.Electrocoagulation is cost effective, reliable, low sludge generating process and 
it have High  pollutant remove efficiency. 
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ABSTRACT: Concrete members are composed of concrete and steel rebars. Main function of concrete is to resist compressive 
load and that of steel rebars is to resist tensile and shear loads. Main problem associated with the usage of steel as 
reinforcement is corrosion. This will reduce mechanical strength as well as lifetime of the structure. Inorder to overcome 
this problem alternative reinforcing materials such as fiber reinforced polymer (FRP) and shape memory alloys (SMA) can 
be used. These materials are available in the form of bar in the market. FRP bars possess higher ratio of strength to self-
weight, excellent corrosion resistance and low axial coefficient of thermal expansion .The commonly available FRP material 
is GFRP and was used for our study. SMAs are smart alloys which undergo deformations upon loading and come back to 
their original shape upon unloading. Commonly used SMA bar is NiTi. Due to its high cost Fe based alloy was preferred for 
our work. In this study, three beams were considered; a reference beam with steel reinforcement, SMA reinforced beam and 
GFRP reinforced beam. These beams were tested under three point bending test. Flexural strength of these beams along 
with load- deflection responses, cracking response, ductility factor, modes of failures was studied. Result shows that SMA 
reinforced beam have higher ductility factor and manage to sustain the load similar to that of reference beam. 
 
Keywords:GFRP bar; SMA bar; plastic hinge; flexural strength; reinforced concrete beam 

 
 

 
1. Introduction 
Concrete is a solid mass which consist of fine aggregate, coarse aggregate, water and cement and is used in 
the construction industry. This material can carry compressive loads but fails to take tensile loads. Hence 
reinforcement is provided in concrete to resist tensile and shear loads. The main disadvantage associated 
with steel as reinforcement is corrosion. Inorder to overcome this problem alternative materials such as 
GFRP and SMA bars can be used.  
Fiber reinforced polymer is the combination of fiber and resin. Commonly available fibers are carbon, 
aramid and glass which carries the loads. Resin is of two categories: thermoset and thermoplastic. 
Thermoset resins are the resin which cannot be recycled whereas thermoplastic resin can be recycled. 
These resins distribute the load and protect the fiber from environment conditions. The main characteristics 
of these bars is that they have higher ratio of strength to self weight, low axial coefficient of thermal 
expansion and light weight. In this paper, glass fiber reinforced polymer is used. These materials have 60% 
reduction in weight and provide better surface quality.These are light weight and have high term durability. 
Shape memory alloys are those bars that can regain their original shape upon unloading. Shape memory 
alloys are class of metal alloys which recover their original shape on increasing of temperature. These alloys 
have two stable phases: austenite (high temperature phase) and martensite (low temperature phase). The 
main characteristic of this alloy is shape memory effect and superelastic effect. Two types of shape memory 
effect occur: one in which the alloy undergoes deformation on increasing temperature and if the alloy is 
reheated above the austenite temperature it will recover its original shape. This is known as one way effect. 
In two way effect the alloy remembers two shapes, hot and cold shapes. That is, the alloy recovers the 
original shape on heating and on re-cooling. These bars also have pseudo elasticity or super elastic effect in 
which the material undergo large deformation upon loading and returns to the undeformed shape upon 
unloading. Commonly used SMA is NiTi alloy whose transition temperature ranges between -100 to110°c 
and has great shape memory strain (up to 8%). In this paper, Fe based alloy Fe69.35Ni10.19Cr16.5Mo2.080 
was used and this attain 8-9% recovery.  
In this paper flexural behavior of reference beam, SMA reinforced beam, GFRP reinforced beam was studied 
along with load-deflection response, cracking response, ductility factor and modes of failures. For this 
purpose three beams were casted and tested under three point bending test. 
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2. Methodology 
 Literature review was carried out  
 Plastic hinge calculation and fixing the dimensions of the beam  
 Collection of raw materials such as fine aggregate, coarse aggregate, cement, steel bar, SMA bar and 

GFRP bar  
 Tests were conducted on collected materials for finding their properties 
 Concrete mix was prepared based on IS 10262:2009  
 Three cubes of size 150×150×150mm and three beams of 850×125×250mm size were casted 
  For determining compressive strength, cubes were tested under CTM and for determining flexural 

strength, beams were tested under UTM  
 Load- deflection responses, ductility factor, mode of failures, cracking response were investigated  

 
3.Materials 
3.1.1 Cement 
Ordinary Portland cement of 53 grade conforming to IS 12269-1987 having specific gravity of 3.15 was 
used. Various properties of cement were tested based on IS 4031-1988 and was given below: 

Table 3.1 Properties of Cement 
Properties Values obtained 

Specific gravity 3.15 

Normal consistency (%) 32 

Initial setting time(min) 38 

Final setting time(min) 362 

 

3.1.2 Coarse Aggregate 
Locally available granite crushed conforming to IS 383-1970 of 20mm size coarse aggregate was used in this 
study. Following tests were conducted on the aggregate as per IS 2386-1963 and was given below. 

Table 3.2 Properties of Coarse Aggregate 
Properties Values obtained 

Specific gravity 2.67 
Bulk density(kg/m3) 1600 

 

3.1.3 Fine Aggregate 
M sand of zone II was used in this study. Various properties were tested based on IS 2386-1963 and it was 
presented in Table 3.3. 

Table 3.3 Properties of Fine Aggregate 
Properties Values obtained 

Specific gravity 2.5 

Bulk density(kg/m3) 1470 

 

3.1.4 Steel Bar 
Fe500 grade steel bars of 12mm diameter were used as main reinforcement and 8mm diameter was used as 
shear reinforcement. The properties of the bar were tested according to ASTM B557 and given in the table. 
3.1.5 GFRP Bar 
Four numbers of 200mm length with 12mm diameter bar was used in this study. It was provided in the 
plastic region of the beam. Properties of the bar were tested and was presented in the Table 3.4 
3.1.6 SMA Bar 
Four numbers of FeNiCrMo bar with 12mm diameter bar was used and it is provided in the plastic region. 
Properties were given below. 
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Table 3.4 Properties of Steel, GFRP and SMA Bar 
Properties Steel GFRP SMA 

Yield load(kN) 42 25 48 

Ultimate load(kN) 80 33.927 53.620 

Yield stress(N/mm2) 371 221.06 822.043 

Ultimate tensile stress (N/mm2) 707 300 912.326 

   

    
(a)                                                (b)                                                   (c) 

Figure 3.1 (A) Steel Bar, (B) SMA Bar (C) GFRP Bar 
 

3.1.7 Water 
Water was important ingredient in concrete as it actively participates in chemical reaction of cement.  Since 
it helps to form the strength giving the cement gel, the quantity and quality of water should properly 
maintained. Therefore, Potable water free from organic and inorganic content was used. 
3.2 Mix Proportion 
Designing mix was useful for considering relative proportion of the components. In this experiment, M25 
grade concrete with a calculated mix proportion 1:1.35:2.46 and water content 0.45 was used. Quantity of 
materials required for the project was given below: 

Table 3.5 Quantities Of Materials Used 
Materials Quantity 

Cement 45kg 

Fine aggregate 60.5kg 

Coarse aggregate 110kg 

Water 20liters 

 
3.3 Determination of Plastic Hinge Length 
Plastic hinge concept is an extension of the ductile design concept used in building seismically resistant 
structures. Plastic region is the region which undergoes severe damage during earthquake. Plastic hinge 
length is calculated from an empirical formula developed by Priestlley and Parkwhich was given below:  

Lp = 0.08l+6db                   [3.1] 
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The plastic length obtained from the above equation was 140mm and a 30mm lap length was provided both 
side of SMA and GFRP bar. Therefore a total of 200mm length of these bars was provided in the plastic 
region. 

 
Figure 3.2 Steel and SMA Reinforcement 

 

3.4 Experimental Program 
An experimental program was conducted on three simply supported reinforced concrete beams. The beams 
were 850 mm long (250 mm from center to center of supports), 125 mm wide and 250 mm deep. The test 
variable was the type of flexural reinforcement in the critical section. The specimens were named as B1-S, 
B2-F and B3-G. The letter S denotes conventional deformed reinforcing steel, F represents FeNiCrMo (SMA) 
and G represents GFRP bar. Monotonic loading was provided. 
All beams were doubly reinforced beam with two bars provided at both tension and compression zone. 
Deformed longitudinal reinforcement in specimen B1-S consists of 12mm diameter bar over the full length 
of the beam. In B2-F and B3-G, the SMA and GFRP were used in the critical region of the beams over a length 
of 200mm. SMA and steel bars were connected through a fillet weld whereas GFRP and steel was connected 
using a winding wire.The shear reinforcement, consisting of 8mm diameter at 260mm spacing was provided 
along the length of the beams. A concrete clear cover of 25 mm was provided throughout. Three cubes of 
standard size 150*150*150mm were casted as per the mix proportion and 28 day compressive strength was 
recorded.  
3.5 Test Setup 
The specimens were tested using the setup shown in fig 3.3. All beams were tested under three point 
bending test. Load was increased monolithically until the beam fails. Deflections corresponding to 
increasing loading were noted.  

 
Figure 3.3 Test Setup 

 

4. Results and Discussions 
4.1 Slump Test For Concrete 
Place the mould on a smooth surface. Fill the mould with the concrete mix in 4 equal layers. Tamp each layer 
with 25 strokes with a tamping rod in a uniform manner. Remove the excess concrete and level the surface. 
Raise the mould from the concrete immediately in a vertical direction. Measure the slump as the difference 
between the mould length and specimen height. 
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Figure 4.1 Slump Test 

The value obtained was 90mm and the degree of workability was medium as per IS 1199. 
 

4.2 Compressive Strength of Concrete Cube 
Remove the specimen from water after specified curing period and wipe out the excess water.Take the 
dimension of the specimen. Place the specimen in the machine in such a manner that load shall be applied to 
the opposite sides of the cube.Align the specimen centrally on the base plate.Take the movable portion so 
that it touches the top surface of the specimen. Apply the load gradually at the rate of 140kg/cm2 per minute 
till the specimen fails.Record the maximum load. The value obtained was presented in the below table 4.1. 

 
Figure 4.2 Compression Test For Concrete Cubes 

 

Table 4.1 Values For Compression Strength Test 
SL.NO Compressive strength(N/mm2) 

1 26.68 
2 26.68 
3 26.89 

Average value obtained after 28 days of curing is 26.75 N/mm2 
 

4.3 Flexural Strength Test 
All the specimens were tested after 28 days of curing. Beams were simply supported and tested under three 
point bending. Load was increased monolithically until the beam fails. Deflections corresponding to 
increasing loading were noted and observed data is shown in the table 4.2.  

Table 4.2 Result of Flexural Strength Test 
Beam 

Specimen 
First 
crack 
load 

Deflection 
at first 
crack 
load 

Ultimate 
Load 

Deflection 
at 

ultimate 
load 

Flexural 
strength 

B1-S 125kN 6mm 170kN 8mm 27.74MPa 
B2-F 100kN 5mm 140kN 8mm 22.84MPa 
B3-G 65kN 10mm 65kN 10mm 10.608MPa 

 
The steel beam failed at ultimate load 170kN with displacement 8mm. At this point, yielding of longitudinal 
reinforcement have made the concrete crushed in the compression zone. SMA fails at 140kN and the 
corresponding deflection was 8mm. This reduction of ultimate load is due to breaking of fillet weld in the 
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connected portion of steel and SMA bar and due to the smooth surface of SMA bar reduces the bonding 
between the concrete and the bar. Similarly GFRP fails at 65kN of ultimate load with a displacement of 
10mm. At this point, yielding of reinforcement takes place at the connected portion.
4.4 Load – Deflection Response 
Figure 4.3 represents the load –displacement response of steel, SMA a
reference beam B1-S fails at 8mm deflection corresponding to 170kN of load, by yielding of reinforcement 
made the concrete crushing at the compression zone. Beam B2
corresponding to 140kN. It is clear from the graph that initially the deflection in the B2
compared to other beams. The main reason is the superelastic property of SMA bar. As the laod increases 
the superelastic property become insufficient to resist the load and resu
test specimen (SMA), an abrupt load loss occurred after the first crack generation and the bar experience 
yielding at the connected end result in the failure of the specimen.. Residual deflection after unloading was 
small, even when the deflection was large at the loading peak.At the maximum strength, compressive failure 
occurred around the loading point in the center of the beam.In the case of B3
65kN load with the displacement of 10mm due to yielding of the bar at the connected portion.

Figure 4.3 Load-Deflection Response of Tested Specimens
 

4.5 Cracking Pattern 
For all beams, initial flexural cracking was observedin the critical region. As the load increases the flexural 
crack developed outside the critical section and propagate towards the loading point.
beam,SMA beams and GFRP beams, the first flexural crack was observed at 125kN,100kN and 65kN of load. 
At this load level, B1-S (conventional) and B2-F (SMA) had crack widt
zone. For GFRP beam crack width was 15mm. With increased load, the flexural cracks in the SMA beam 
became wider. It is also noticed that the crack opening in SMA reinforced beam get reduced upon the 
removal of the load.  Figure 4.4 (a), (b) and (c) represents the cracking pattern in the steel, SMA and GFRP 
reinforced beam respectively. 

Figure 4.4 (a) Crack Pattern in B1
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Figure 4.4 (b) Crack Pattern in B2-F 

 

 
Figure 4.4(c) Crack Pattern in B3-G 

 
Table4.3 Cracking Response of Tested Beams 

Beam  
specimen 

First crack 
 width (mm) 

Crack width at 
 ultimate load(mm) 

No. of  
cracks 

Distances between  
cracks (cm) 

B1 - S Less than 1 1.0 5(3+2) 
3,9 (one side) 
9(other side) 

B2 - F Less than 1 2.0 4(2+2) 
3(one side) 

14(other side) 

B3 - G 15 15 1 0 

 
4.6 Modes of Failure 
Table 4.4 provides the failure modes of tested specimens. B1-S and B2-F have ductile failure by providing 
sufficient warming time with the formation of cracks whereas B3-G possess sudden failure. 

Table 4.4 Modes of Failure 
Beam specimen Failure mode 

B1-S Ductile 
B2-F Ductile 
B3-G Brittle 

 

4.7 Ductility Factor 
Table 4.5 provides the ductility factor of tested beams. Ductility factor is defined as the ratio of ultimate 
displacement to yield displacement. From the table it is clear that the ductility factor of SMA reinforced 
beam is higher than other beams hence it can be used for the design of earthquake resistant structures. 

Table 4.5 Ductility Factor of Tested Beam 
Beam Values Obtained 
B1-S 1.33 
B2-F 1.6 
B3-G 1.0 
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5. Conclusions 
This study focuses on the well-defined testing program of flexure-critical behaviour of SMA and GFRP 
reinforced beam subjected to monotonic loading. The following specific conclusions were drawn: 

 Ultimate load of beam reinforced with steel is 170kN, SMA is 140kN and GFRP is 65kN 
 Even though SMA have low stiffness it can sustain load similar to steel reinforced beam  
 SMA beam have ductile failure and the material have high corrosion resistances 
 Ductility ratio obtained for SMA beam is 1.6 higher than steel and GFRP beam  
 No. of crack is more in steel beam compared to SMA and GFRP beam 
 Crack opening were recovered in SMA reinforced beam upon removal of the load  
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ABSTRACT: The cost of waste disposal at landfill are increasing daily and at the same time the adverse impacts of these 
waste materials in environment is also increasing . As a solution for both of this problems recycling and reuse of waste 
material must be done. This paper focuses on a new sustainable building block in cooperating waste materials namely, rice 
husk ash, fly ash, crushed glass, aggregates bound with waste bitumen as the binder. The bitublocks were prepared using 
four different mixes and properties such as compressive strength, shrinkage and the initial rate of suction(IRS) , density 
were determined. It shows that the properties are dependent on type of the aggregates and bitumen used as well as on 
compaction and the temperature at the time of mixing. This study evaluates the performance of these building blocks as a 
sustainable unit and also efforts are made to produce bitublocks meeting the performance criteria of masonry blocks 
available in India. Our result shows that the properties of bitublock units are approximately similar to masonry building 
blocks available in India and it can be used in non-structural walls such as partition walls. 
 
Keywords: Bitublock, Bitumen, Binder, Building block. 
 
 
1. Introduction 
India has the world's second largest road network after the USA. Annually an average of 4MMT (million 
metric tonnes) of bitumen is used in India for road construction since, a large amount of waste bitumen is 
available in India. At the same time over 170 million tonnes of fly ash, crushed glass and 20 million tonnes of 
rice husk ash are been produced in India. Since the cost of disposal of these waste materials into landfill is 
really high and this and the impact of waste materials in the environment is increasing daily the only 
method that is applicable is recycle and reuse. And in bitublock the cement is replaced completely with 
bitumen hence eliminating the adverse effects caused due to the production of cement.  
Research in utilizing waste materials in the civil engineering field is been done already. In this study, an 
innovative and sustainable topic is been investigated i.e. reuse of the waste materials using bitumen as 
binder. So as to decrease the usage of aggregates and all wastes such as crushed glass and also the scrap 
aggregates available from pavement is been used in this unit. Also wastes such as fly ash and rice husk ash 
(RHA) is been used as filler.  
Crushed glass is the waste available from glass factory. By the usage of crushed glass in building block the 
usage of aggregates and also the usage of clay in building blocks can be minimised by protecting the natural 
resource. It is proved that the usage of crushed glass as both fine and coarse aggregates shows a increase in 
compressive strength.  
Fly ash is the waste by product available from coal industry and RHA is waste product available from rice 
factory. The usages of fly ash and RHA as filler in bitublock not only improves its properties but also have a 
positive impact on environment by diverting the material from landfill to a useful product. The properties 
such as compressive strength, shrinkage and the initial rate of suction of building block are been carried out. 
The objectives of this study are to evaluate the performance of bitublock and to produce the bitu block 
meeting the performance criteria of masonry blocks available in India. 
 
2. Methodology 
2.1. MATERIAL USED AND ITS DESCRIPTION 
2.1.1. BITUMEN:  
In general, all type of bitumen can be used based on availability. In this study, the waste bitumen is been 
collected and it is having a penetration value of 82 .So as it have a penetration value of 80/90 it is been 
classified as hard bitumen. The bitumen have a softening point of 49.70C. The ductility of bitumen obtained 
was above 100 and is having 0% stripping value and viscosity of 17.96s. The range of bitumen varies from 8 
to 12% for mixes using fly ash as filler. But for mixes using RHA as filler have more absorbing power hence 
17 to 20% bitumen is been used. 
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Fig. 2.1 Bitumen
  

2.1.2. AGGREGATE TYPE AND MIX:  
So as to reduce the amount of bitumen used 
aggregates of size between 14-10mm and 10-5mm is used and at the same time, the crushed glass of size 5
2.36mm is also used. the mix 1 and 2 have crushed glass as 15% of coarse aggregate whereas in mix
aggregate of that size is been used. At the same time for mix 1 and 3 fly ash is been used as filler but in mix 2 
and 4 it is been replaced by RHA. The mix consisting about 40% coarse aggregate, 50% fine aggregate and 
10% filler is preferred since this grade consist of enough fine fraction and hence low compaction is required. 
The size of the sample chosen is 19x9x4.5cm.This size was preferred for easy production and so as to 
compare it with the masonry building blocks available in India. The densi
in table 2.1: 
 Table 2.1 Density of materials used

MATERIALS

Crushed glass

Aggregate:
12mm 
6mm 
3mm 

Fly ash 
Rice husk ash

 

Fig. 2.2.Materials used i) aggregate, ii) crushed glass,  iii) fly ash, iv) rice husk ash

Table 2.2 Mix Proportion

Mix no
Coarse aggregate 40%

5%(14-10mm)
20%(10-5mm)

15%(5

1 Aggregate Crushed glass
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Fig. 2.1 Bitumen 

 and ensure sufficient coating of bitumen waste coarse 
5mm is used and at the same time, the crushed glass of size 5

2.36mm is also used. the mix 1 and 2 have crushed glass as 15% of coarse aggregate whereas in mix 3 and 4 
aggregate of that size is been used. At the same time for mix 1 and 3 fly ash is been used as filler but in mix 2 
and 4 it is been replaced by RHA. The mix consisting about 40% coarse aggregate, 50% fine aggregate and 

this grade consist of enough fine fraction and hence low compaction is required. 
The size of the sample chosen is 19x9x4.5cm.This size was preferred for easy production and so as to 
compare it with the masonry building blocks available in India. The densities of the materials used are given 

Table 2.1 Density of materials used 
MATERIALS DENSITY(gm/cm3)

Crushed glass 2.51 

Aggregate:  
1.45 

1.466 
1.52 
2.16 

Rice husk ash 2.04 

 
i) crushed glass,  iii) fly ash, iv) rice husk ash. 

 
Table 2.2 Mix Proportion 

Coarse aggregate 40% 
Fine aggregate 

 50 % 
Filler 10%

15%(5-2.36mm)   

Crushed glass Crushed glass Fly ash 
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5mm is used and at the same time, the crushed glass of size 5-

3 and 4 
aggregate of that size is been used. At the same time for mix 1 and 3 fly ash is been used as filler but in mix 2 
and 4 it is been replaced by RHA. The mix consisting about 40% coarse aggregate, 50% fine aggregate and 

this grade consist of enough fine fraction and hence low compaction is required. 
The size of the sample chosen is 19x9x4.5cm.This size was preferred for easy production and so as to 

ties of the materials used are given 
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2 Aggregate Crushed glass Crushed glass RHA 

3 Aggregate Aggregate Crushed glass Fly ash 

4 Aggregate Aggregate Crushed glass RHA 

 
2.2.  EXPERIMENTAL DETAILS 
During the initial stage one of the mixes from table 1 is chosen and the aggregate materials according to the 
quantity are dry mixed. These all materials are preheated before mixing with bitumen at a temperature of 
180°c and bitumen were preheated to a temperature of  160°c. Then the required quantity of bitumen is 
added to the aggregate materials and mixed thoroughly until a uniform mix is obtained. Then the loose mix 
is filled into the mould in layers by compacting each layer uniformly. The sample is then placed for air 
cooling for 3 days. To determine the properties of bitu block and to compare it with masonry blocks 
following tests are been conducted: 
2.2.1. COMPRESSIVE STRENGTH AND DENSITY 
 The sample is been placed under CTM and load is been applied at the rate of 140kg/cm2 

 
Fig.2.3. Compressive testing machine 

 

2.2.2. THE INITIAL RATE OF SUCTION 
The IRS test is conducted by immersing the sample in 3mm depth water for 60seconds. The IRS value is 
obtained by calculating the weight of water absorbed by the sample and it is divided by the area in contact 
with water. IRS value gives us information about the effect of bitublock on the sand-cement mortar.  
2.2.3. VOLUME STABILITY 
For volume stability, the expansion of the four sides of the sample is been tested using Demec gauge. The 
volume stability of sample is been affected by water absorption from the environment and the humidity. The 
result gives us information about the stability of the sample affected by moisture absorption.  
 

3. RESULTS  
3.1. DENSITY  
Density is the ratio of mass by volume. For mix 1 and 3 at first density increases with bitumen content upto 
9%. After that the density starts to decrease with increase in bitumen content. Hence for mixes 1 and 3 
which are using fly ash as filler a 9% of bitumen is added as binder. Similarly for mix 2 and 4 at first density 
varies proportional with bitumen content upto19% but after that they started to behave inversely. Hence 
for mixes having RHA as filler (mix 2 and 4) we used 19% of bitumen. 

Table 3.1.Density of Mix 1 Bitublock 
Sl. NoBitumen content (%) Density (g/m3)

1 3 1985 

2 5 2045 

3 7 2125 

4 9 2285 

5 10 2000 
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Graph 1. Density against bitumen content for mix 1
 

Table 3.2.Density of Mix 2 Bitublock
Sl No Bitumen Content (%)

1 5

2 9

3 12

4 19

5 20

Graph 2. Density against bitumen content for mix 2

Table 3.3.Density o
Sl No Bitumen content (%)

1 3

2 5

3 7

4 9

5 10
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aph 1. Density against bitumen content for mix 1 

Table 3.2.Density of Mix 2 Bitublock 
Bitumen Content (%) Density (g/m3) 

 1100 

 1380 

12 1600 

19 1938 

20 1590 

 

 
Graph 2. Density against bitumen content for mix 2 

 
Table 3.3.Density of Mix 3 Bitublock 

Bitumen content (%) Density (g/m3) 

3 1320 

5 1550 

7 1789 

9 1970 

10 1600 
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Graph 3. Density against bitumen content for mix 3

Table 3.4.Density of Mix 4 bitublock
Sl No Bitumen content (%)

1 

2 

3 

4 

5 
 

Graph 4. Density against bitumen content for mix 4

3.2. COMPRESSIVE STRENGTH 
For mix 1 and 3 which are having fly ash as filler as bitumen content increased the compressive strength 
started to decrease. Similarly for mix 2 and 4 which are having rice husk ash as filler the compressive 
strength decreased as bitumen content increased (graph 5 and table 7). The mix 2 is having the highest 
compressive strength of 8.19 MPa. 

Table 3.5.Compressive strength of Bitublock
MIX COMPRESSIVE STRENGTH (MPa)

1 

2 

3 

4 
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Graph 3. Density against bitumen content for mix 3 

 

Table 3.4.Density of Mix 4 bitublock 
Bitumen content (%) Density (g/m3) 

5 1400 
9 1670 

12 1985 
19 2145 
20 1600 

 
Graph 4. Density against bitumen content for mix 4 

 

For mix 1 and 3 which are having fly ash as filler as bitumen content increased the compressive strength 
ly for mix 2 and 4 which are having rice husk ash as filler the compressive 

strength decreased as bitumen content increased (graph 5 and table 7). The mix 2 is having the highest 

Table 3.5.Compressive strength of Bitublock 
COMPRESSIVE STRENGTH (MPa) 

7.07 

8.19 

4.2 

5 

Mar Baselios Institute of Technology & Science (MBITS) 

37 

For mix 1 and 3 which are having fly ash as filler as bitumen content increased the compressive strength 
ly for mix 2 and 4 which are having rice husk ash as filler the compressive 

strength decreased as bitumen content increased (graph 5 and table 7). The mix 2 is having the highest 
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Graph 5. Compressive strength versus bitumen content

3.3. INITIAL RATE OF SUCTION 
The initial rate of suction masonry bricks available in India is between 0.25 to 1.5 kg/m
values for bitublock are within the limit. Lower IRS values are obtained since bitumen is well coated with 
aggregate and makes the block impermeable. Hence bitublocks would require stiffer mortar.

Table 8 The initial rate of suction of Bitublock
MIX 

1 

2 

3 

4 

 

Fig.3.1.Bitu block

4. CONCLUSIONS 
The compressive strength of the existing masonry block in India is around 10 MPa. For the construction of 
non-structural wall such as partition wall the obtained compressive 
sufficient. The properties of bitublock can be improved by replacing the aggregates with steel slag. The 
further details respect to bitublock can be obtained by conducting tests such as creep test, IRS, and volume 
stability test. 
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Graph 5. Compressive strength versus bitumen content 

 

The initial rate of suction masonry bricks available in India is between 0.25 to 1.5 kg/m2 min. The obtained 
values for bitublock are within the limit. Lower IRS values are obtained since bitumen is well coated with 
aggregate and makes the block impermeable. Hence bitublocks would require stiffer mortar. 

Table 8 The initial rate of suction of Bitublock 
IRS (kg/m2min) 

0.52 

0.52 

0.779 

0.779 

 
Fig.3.1.Bitu block 

 

The compressive strength of the existing masonry block in India is around 10 MPa. For the construction of 
structural wall such as partition wall the obtained compressive strength of bitublock (7 to 8.2 MPa) is 

sufficient. The properties of bitublock can be improved by replacing the aggregates with steel slag. The 
further details respect to bitublock can be obtained by conducting tests such as creep test, IRS, and volume 
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min. The obtained 
values for bitublock are within the limit. Lower IRS values are obtained since bitumen is well coated with 

The compressive strength of the existing masonry block in India is around 10 MPa. For the construction of 
strength of bitublock (7 to 8.2 MPa) is 

sufficient. The properties of bitublock can be improved by replacing the aggregates with steel slag. The 
further details respect to bitublock can be obtained by conducting tests such as creep test, IRS, and volume 
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ABSTRACT: Sloshing is the free surface oscillations of a liquid in partially filled containers due to external 
disturbances.It is an important  phenomenon in launch vechicles and satellites slosh In liquid and cryogenic 
propellents.This in turn creates lateral side forces and moments.In order to carry out the control design/auto pilot 
design slosh is required to be  mathematically modeled Parametersrequired for modeling slosh are slosh 
frequency,slosh mass and damping.In order to suppress the slosh oscillation in launch vehicle for the controllability of 
launch vehicle, slosh suppressing system such as annular ring baffle is provided which offers passive damping of fluid. 
Present study  is aimed atevaluation of these slosh parameters for a cylindrical tank with spherical end domes having 
an annular ring baffle using CFD. Numerical simulations with respect to time step convergence are carried out for an 
annular ring baffle in a cylindrical tank with spherical end domes. Convergence studies with respect to time step for 
given grid density are carried out for evaluation of slosh parameters such as slosh frequency,damping and slosh mass. 
The results are compared with finite element analysis/theoretical estimates. Based on the converges studies, arrived 
at best best time step size accurate results and bench marking the CFD procedure for slosh analysis. 
 
Keywords: sloshing,annular ring baffle,CFD, convergence study 

 
 

 
1.Introduction 
Liquid/ cryogenic propellants are commonly used propellants for liquid/ cryogenic  propusion for obtaining 
required thrust for rocketry. These propellants are stored in tori-spherical cylindrical tanks, cylindrical 
tanks with spherical end domes, spherical tanks and ellipsoidal tanks. Slosh is an important phemomenon in 
these propellant tanks in launch vehicles due external disturbances. In launch vehicles, these disturbances 
are changes in vehicle accelerations, stage seperations, start and end transients of engine thrust, 
aerodymanic disturbances like wind gust and control forces. Slosh is defines as lateral oscillations of free 
surface in partially filled liquid propellant tanks. It causes unsymmetrical distribution of pressure on 
propellant tank results in slosh force. Slosh fore, in turn results in slosh moment about launch vehicle centre 
of gravity. In order to perform auto pilot design for controbility studies, slosh is required to be mathemetally 
modelled in launch vehicle dynamics. There are two mathematical models by which slosh is being modelled 
in launch vehicles. They are namely sping-mass and pendulum-mass models. These models require slosh 
parameters such as slosh frequency, slosh mass and its location and damping. In order to reduce the slosh 
oscillations, passive damping is provided for liquid in the tanks by means of annular ring baffles. Damping 
requirements for launch vehicles for particular propellant tanks are finalised based on control stability 
requirements. Knowledge of slosh suppression exists even in olden days like pots with narrow opening to 
carry water from ponds,using leafs on water free surface in buckets while transporting. 
In one of the satellite propellant tanks, a annular ring baffle is designed for providing passive damping. 
Satellite propellant tank is a cylindrical tank with spherical end domes. Figure 1 gives the configuration of 
propellant tank with annular ring baffle.  

 
Figure 1: Configuration of cylindrical tank with spherical end domes used for slosh analysis 
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In order to evaluate slosh parameters for mathematical modelling of slosh, CFD analysis is carried out using 
ANSYS CFD Code. In the present work, convergence studies with respect to time step size is attempted. In 
order to bench mark the analysis procedure for obtaining accurate results, finite element simulations and 
theritical estimates are also carried out. From the comparison of both results, an optimim time step size is 
recommended.  

 

2. Finite Element Analysis 
It is one of the numerical methods used for predicting the slosh parameters of fluids contained in tanks of 
any geometry. Since all the tanks used in the launch vehicles have one axis of symmetry, the axi-symmetric 
isoparametric mid noded triangular element has been chosen. Linear velocity potential theory is used to 
solve the slosh behaviour in frequency domain. A finite element code has been developed by TSNIIMASH of 
Russia using this formulation. This code does not yield the damping directly but can be obtained based on 
the experimental data bank. The advantage of this method is the fast solution times involved.  Fig 12 gives 
the finite element model used for analysis. Code uses adaptive meshing technique such that each element is 
refines into four element in each iteration. Once converges of solution is obtained, iterations are 
automatically stopped. Converged solution for the fill fraction of 2.394 is as follows 

Slosh frequency: 1.359 Hz 
Slosh mass: 13.2 kg 

 

3. Baffle Damping 
An empirical relation is generally used for the estimation of baffle damping (baf) is given by Mile’s 
equation. It is a function of area ratio of the baffle (a), depth of immersion (ds) and the slosh wave amplitude 
and is given by the expression 
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and ro and ri being the outer and inner radii of the annular ring baffle. 

 Γp: Pendulum angle 
 a1: ratio of baffle area to liquid free surface area 
From the above equation, damping for the present baffle for a pendulum angle of 3 degress is evaluates as 
0.066. 
 

4. Numerical Simulation 
Numerical simulations for slosh nalysis are carried using ANSYS CFD Code. Fluid model is descretised by 
grids using pre-processor module of ANSYS Mechanical software. In CFD analysis, the governing equations of 
mass and momentum are coupled and are solved numerically to obtain approximate solution. Free surface 
modeling is done using Volume of Fraction method. ANSYS CFD has tools to successfully simulate the 
behaviour of fluid flows even with complex interactions between multiple physics and analyse results 
throughout design and manufacturing, as well as during end use. Inorder to evaluate slosh parameters for 
cylindrical tank with dome domes having annular ring baffle, transient simulations are carried out using 
ANSYS CFD for different time step sizes for a given mesh grid.  
4.1.Fluid Model 
The cylindrical tank with annular ring baffle is descretised using solid elements SOLID185. It is a 8 noded 
tetra or hexa grids having translational degrees of freedom in x, y and z direction at each node. In order to 
specify boundary conditions, surfaces are modeled using SHELL181 elements. Required boubaries such as 
tank wall, baffle wall, symmetry and opening (to specify initial pressure) are also modeled. 180 degree fluid 
mode is generated since it is symmetric with repect to axis of excitation. Figure 2 gives the fluid model used 
for slosh analysis.  
The model is divided into components like symmetry,tankwall,top and baffle wall.Then boundry conditions 
are applied to it according to initial conditions. 
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Figure 2. Fluid Model

4.2.Physics Definition 
Water and air contained in the tank are idealized as incompressible viscous fluids. Initial volume fractions 
have been set using step function as specified by free surface modelling of Volume of Fraction (VOF) 
method. Liquid fill fraction is chosen as 2.394 from the t
convergence control parameters and different time step sizes are used for carrying out convergence 
studies.HomogeneousEulerian-Eulerian multiphase model available in ANSYS/CFD is used for obtaining 
numerical solution in which time dependent momentum (Reynolds Averaged Navier Stokes 
equations along with continuity and volume fraction equations are solved. Initial pressure condition is P
= Pair +ρwater x g x (h – z) x vfwater; set at opening boundary 
applied to tank symmetry. Wall boundary condition is applied for tankwall and baffle wall.
4.3.Analysis Procedure 
Inorder to study the convergence with respect time step size for evaluating slosh parameters in a
tank, different time steps such as 0.02,0.01 and 0.005 are chosen. For the analysis the input datas are as 
follows 

Ullage pressure, kPa Baffle width ratio, 
w/R

101.325 2.394
Lateral Acceleration is calculated for pendulum angle of 5° as follows. 

=9.81*tan(5) = 0.8582 m/s
Tank is excited with lateral acceleration as given Figure 3.  Lateral acceleration as given in Figure 3 is chosen 
such that initially slosh wave amplitude of 5 degrees is established and later lateral acceleration is brought 
to zero such that slosh wave amplitude decays with the damping provided by annular ring baffle.

Figure 3: Later acceleration used for simulations
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Figure 2. Fluid Model 

 

r contained in the tank are idealized as incompressible viscous fluids. Initial volume fractions 
have been set using step function as specified by free surface modelling of Volume of Fraction (VOF) 
method. Liquid fill fraction is chosen as 2.394 from the tank bottom. Coupled solver with appropriate 
convergence control parameters and different time step sizes are used for carrying out convergence 

Eulerian multiphase model available in ANSYS/CFD is used for obtaining 
tion in which time dependent momentum (Reynolds Averaged Navier Stokes – RANS) 

equations along with continuity and volume fraction equations are solved. Initial pressure condition is Pinitial

; set at opening boundary condition. Symmetric boundary conditions are 
symmetry. Wall boundary condition is applied for tankwall and baffle wall. 

Inorder to study the convergence with respect time step size for evaluating slosh parameters in a cylindrical 
tank, different time steps such as 0.02,0.01 and 0.005 are chosen. For the analysis the input datas are as 

Baffle width ratio,  
w/R 

Fill depth  
ratio, h/R 

Longitudinal  
acceleration, m/s2 

2.394 0.161 9.81 
Lateral Acceleration is calculated for pendulum angle of 5° as follows.  

=9.81*tan(5) = 0.8582 m/s2 

Tank is excited with lateral acceleration as given Figure 3.  Lateral acceleration as given in Figure 3 is chosen 
of 5 degrees is established and later lateral acceleration is brought 

to zero such that slosh wave amplitude decays with the damping provided by annular ring baffle. 

 
Figure 3: Later acceleration used for simulations 
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convergence control parameters and different time step sizes are used for carrying out convergence 

Eulerian multiphase model available in ANSYS/CFD is used for obtaining 
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condition. Symmetric boundary conditions are 

cylindrical 
tank, different time steps such as 0.02,0.01 and 0.005 are chosen. For the analysis the input datas are as 

Tank is excited with lateral acceleration as given Figure 3.  Lateral acceleration as given in Figure 3 is chosen 
of 5 degrees is established and later lateral acceleration is brought 
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5. Results and Discussions 
Since tank excitation is excited with initial lateral acceleration of 0.8582 m/s2 which corresponds to a 
pendulum angle of 5°. Figure 4 shows the volume fraction plot showing the inclination of water obtained 
from CFD analysis.  

Figure 4. Volume fraction for initi

Inorder to evaluate  slosh parameters such as slosh frequency,slosh mass and damping, tank force in the 
direction of and wave amplitude  plots for each time steps are plotted

Figure 5. Force vs Time Plot for t=0.02 s

Figure 6. Force Vs Time Plot For t=0.01s
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Figure 7. Force Vs Time Plot For t =0.005 s
 

Slosh frequency is estimated for all the time step sizes by considering 5 cycles of slosh oscillations of force 
plots obtained from the analysis. If time obtained is T,
Slosh wave amplitudes are obtained from ANSYS CFD code  for different time step. Slosh wave amplitudes 
with respect to time are shown in Figures 8, 9 and 10.
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These wave amplitude plots are used to calucate pendulum angle. Penduum angle is given by the relation 
tan ɵ =δ/R. It is the ratio of wave height to radius.
Damping : Damping offered to fluid (Baffle damping) is estimated using logarithmic decrement method. It is 
given by the relation 
    δ =ln(xn/ xn+1) = 

Damping ratio are estimated for different pendulum angles for each time step size used for simulations. 
Damping obtained from analysis for different pendulum angles is plotted for different time steps and shown 
Figure  11.  

Figure 11. Damping Ratio Versus Pendulum Angle For different time step sizes

It is observed that baffle damping found be non
values are higher for higher time step sizes. 
Slosh mass: Slosh mass is calculated from the force and wave height plots already obtained. It is related
equation   F= m*g*sin θ 
 Where m=slosh mass 
 Θ=Pendulum angle 
 g: longitudinal acceleration 
At each time step size slosh mas is evaluated for different pendulum angles and an average value is taken for 
that particular time step size. 
Table 1 gives the values of slosh parameters compared with finite element and theroritical estimates . For 
campring purpose damping obtained for 3 degrees is given in table.

Table 1: Copmarison of slosh parameters

Parameter Time step (s)

Frequency(Hz) 
0.02
0.01

0.005

Damping(%) 
0.02
0.01

0.005

Slosh mass(kg) 
0.02
0.01

0.005
 

From the table, it can be concluded that results obtaine
finite element/ theoretical estimates. It is concluded that time step size t=0.005s is the converged time step 
size for the mesh density used for analysis. 
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7.Conclusions 
The following conclusions have been made from the studies 

 Evaluated slosh parameters such as slosh frequency, slosh mass and damping are estimated by 
finite element/ theoretical estimates. 

 Damping is non-linear with respect to penduluma angle as expected. However, values are higher for 
higher time step sizes. 

 Simulation results matches with finite element/ theoretical estimates values for a time step size of 
t=0.005s,. 

 Slosh parameters converges for a given grid size for  time step size of t=0 .005s. 
 For higher values of pendulum angle ,damping values for all time steps are almost similar. 
 Thus slosh analysis procedure is bench marked. 
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ABSTRACT: Earthquake causes large loss to the building structure, so the important steps are to be taken to overcome the 
damage caused due to earthquake. Seismic analysis is carried out to know how the structure behaves during earthquake. 
Now a days high rise buildings are built with open space in the ground floor for parking. This open space in the ground floor 
is termed as soft storey. Shear walls are provided in the buildings ensure safety against lateral loads.  Thus, provision of 
shear walls in buildings can prevent the large displacement and here with damages due to displacement. Shear wall and 
bracing are the best methods to overcome the soft storey effect. The study focuses on the analyses of regular and irregular 
shaped structures with and without placing shear wall and bracing. Different shapes of the building are analysed and the 
best shape is found with shear wall at center and corner of the building. These results are compared.  Time history analysis 
was carried out and the results obtained from the modals were compared in terms of storey displacement, storey drift, Base 
shear in seismic zone V. In this study, the non-linear El-centro time history analysis is carried out and earthquake loading 
using computer software E-TAB 2015. 
 
Keywords:Soft storey,Shear wall,Bracing,Time history, ETABS 

 
1. Introduction 
Many of multi-storey buildings in India do not have structural walls at ground floor level for the purpose of 
recreational use, parking or for retail or commercial use. These buildings are called as soft storey building. 
This characteristic, owing to abrupt decrease in stiffness, introduces at a vulnerability under seismic actions. 
Although this soft storey could be in any storey but according to usual practices it is provided at first storey. 
The vulnerability of this type of construction was first recognized in Olive View hospital building during San 
Fernando earthquake, 1971. The vulnerability of soft storey building in India was observed during Bhuj 
earthquake, 2001, a 6.9 Richter magnitude earthquake, in which many building with this type of vertical 
irregularity collapsed entirely owing to failure of soft storey columns and beams. After this earthquake, 
numerous investigations and strengthening methods have been made in open storey buildings and masonry 
infill buildings in India. The lateral stiffness of first storey in soft storey building is very less compared to 
other storeys which are infill with masonry, which results in concentration of large seismic forces, plastic 
hinges and consequently higher drift demand at that storey. Researchers and various building codes 
recommend avoiding type of vertical irregularity in buildings, but can be constructed based on detailed 
seismic analysis of these building. 
Since, soft storey buildings undergo large inelastic deformations, nonlinear response history analysis as well 
nonlinear static analysis is required to assess their performance. Usually, nonlinear static analysis is 
recommended for low rise buildings which are regular in plan. Indian seismic code IS 1893-2002 also 
suggests the use of nonlinear static analysis for soft storey buildings. For existing as well as new building 
with soft storey, there is a need of appropriate strengthening scheme which reduce their vulnerability. The 
strengthening scheme should also be economically feasible. 
Shear wall is a good method to overcome the situation, and it is a structural member used to resist lateral 
forces i.e. parallel to the plane of the wall. The shape and plan position of the shear wall influences the 
behavior of the structure considerably. Structurally, the best position for the shear walls is in the center of 
each half of the building. A bracing system is a secondary but essential part of a bridge structure. 
A bracing system serves to stabilize the main girders during construction, to contribute to the distribution of 
load effects and to provide restraint to compression flanges or chords where they would otherwise be free 
to buckle laterally. Figure 1.1 shows the collapse of multistorey building and figure 1.2 shows the collapse of 
L shaped plan of building. In these two cases the ground storey is open for parking, and hence no infilled 
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wall panels. The damage consisted of buckling of longitudinal bars, snapping of ties, spalling of cover and 
crushing of core concrete. 

 
Figure 1.1: Collapse of multistorey building     Figure1.2: Collapse of L-shaped plan of building 

 
2. Time History Analysis 
Seismic analysis is a subset of structural analysis and is the calculation of the response of a building 
structure subjected to earthquakes. It is part of the process of structural design, earthquake engineering 
or structural assessment, retrofit in regions where earthquakes are prevalent and the vulnerability of 
structures. FEMA 356 outlines four different analysis procedures for a performance-based evaluation of 
a structure: 1. Linear static procedure 2. Linear dynamic procedure 3. Non-linear static procedure 
(Push-over analysis) 4. Non- linear dynamic procedure (Time history analysis). In this study, non-
linear time history analysis was conducted. 
The nonlinear dynamic procedure provides an estimate of the dynamic response of the structure 
when subjected to certain ground motion demands. However, because the results computed by the 
nonlinear dynamic procedure can be highly sensitive to characteristics of individual ground motions, the 
analysis should be carried out with more than one ground motion record. 
In particular this study would analyze secondary data through reviewing available literatures in the 
relevant field. In this present study time history analysis is performed using Etabs-15 software. In this 
present study sixteen models are done. The analysis of regular (rectangle) & irregular shaped 
structures such as L shape, pentagon shape, hexagon shape with and without placing shear wall and 
bracing and comparing the results. Analysis analyse regular (rectangle) & irregular shaped structures 
(L, pentagon, hexagon) with shear wall at center of the structure. The results are compared in terms of 
storey displacement, storey drift, base shear capacity. 
 

3. Building Configuration 
In this present work in order to determine dynamic analysis of building with different conditions are 
modeled and analyzed in ETABS software. Dynamic response spectrum analysis will be performed on the 
structure. A 13 storey,seven bay two dimensional RC building frame is considered for the present study as 
shown in figure 3.1.The height of each storey is 3 m.The frame is designed according to Indian standard 
code, IS 456-2000.The compressive strength of concrete is taken as 35 MPa and yield strength of 
reinforcement steel is 500 MPa. Table 3.1 shows the material property and load details of the building. 

Table 3.1 Building Configuration 
MEMBER PROPERTIES LOAD DETAILS 
Thickness of slab 150 mm Dead load for Floor finishes1kN/m2 

Beam size 230 mm X 400 mmLive load (roof and floor) 3kN/m2 

Column size 300 mm X 450 mmWall load 15kN/m2 

Thickness of shear wall 300 mm Parapet 6kN/m2 

Bracing ISMB250  

 
4. Modelling 
Typical plan of rectangular building (35mx30m), pentagon shaped building with side 25 m also 
hexagon shaped building with side 20 m and L shaped building 45mx40m and its 3-D view, with shear 
wall and with bracing was shown in Figure 3.1-3.4.The present study was done by ETABS2015. It is 
finite element based structural program for the analysis and design of civil structures. Figure 3.4 shows 
the plan view of all models in which the position of shear wall given at center position. 
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a) Plan                           a)Plan 

 
b) 3-D View            b) 3-D View 

 
c) with shear wall           c) with shear wall 

 
d) with bracing   d) with bracing 

Figure 3.1: Rectangle Shaped building           Figure 3.2: Pentagon shaped building 
 

 
a) Plan                             a) Plan 
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b) 3-D View      b) 3-D View 

 
c) with shear wall c) with shear wall 

 
 

 
 

d) with bracing d) with bracing 
Figure 3.3: Hexagon shaped building Figure 3.4: L shaped building 

 
Shear wall provided at corner and center position of all the four shaped buildings rectangular and L shaped 
building plans with shear wall position are shown below other shapes are also provided similarly. 
 

 
Figure 3.5: Location of shear wall at corner and center 

 
4. Results and Discussion 
 4.1 Comparison of shear wall and bracing 
All the buildings are compared by base shear, top storey displacement and storey drift are shown in Figure 
4.1  
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Base shear value is higher for the building with shear wall at corners .Also building with shear wall have less 
storey displacement and storey drift than building with bracing. 
4.2 Comparison of the different shapes 
All the buildings with different shapes are compared with base shear, storey displacement and storey drift are 
shown in Figure 4.2. 
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4.3 Comparison of the different position of shear wall in each models 
The position of shear wall at corner and center position are compared with base shear, storey displacement, 
storey drift are shown in Figure 4.3 
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By comparing the position of shear walls at corner and center positions the base shear is higher for shear wall at 
corner position in the case of all four shapes. The storey displacement is minimum at corner position in all 
the four shapes. The storey drift also minimum at corner position. 
 
5. Conclusion 
Shear wall and bracings are effective means of protection of structures during earthquake. The main 
parameters studied are the base shear, storey displacement, storey drift. The following observations are 
obtained from the analysis of building with shear wall and bracing in different shaped structures. 

 Base shear is higher for buildings with shear wall than bracing 
 Top storey displacement and ground storey drift is minimum in the case of building with shear wall 
 Hexagon shaped building base shear is higher and it has less storey drift 
 Also provision of shear walls at corner position gives less storey displacement, storey drift and high 

base shear value. 
 Hexagonal shaped building with shear wall at corners gives the best result 
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ABSTRACT: The disc brake is a device used for slowing or stopping the rotation of the vehicle. Number of times using 
the brake for vehicle leads to heat generation during braking event, such that disc brake undergoes breakage due to 
high Temperature. Hence best suitable design, low thermal gradient material Grey cast iron is preferred for the Disc 
Brakes for better performance. The braking force required for the trike is found out and the calliper and rotor 
diameter are selected accordingly. The FEA thermal analysis is conducted and the material is selected and brake fluid 
is selected.  
The weight of the trike makes it difficult to move around by a single person. So, when the trike needs to be moved from 
tight spaces a need for reversing mechanism occurs. But this mechanism should also not affect the working of other 
working parts. Therefore, we decided to use a starter motor ring gear assembly for our vehicle thus the motor doesn’t 
mesh with the ring gear unless its actuated. Also, the compact size makes it easy to mount into the vehicle. 
 
Keywords:Braking System, Leaning Reverse Trike, Reverse Gear 

 
 

1. Introduction 
The disc brake is a device for slowing or stopping the rotation of a wheel. A brake disc usually made of cast 
iron or ceramic composites (including carbon, Kevlar and silica), is connected to the wheel and/or the axle. 
To stop the wheel, friction material in the form of brake pads (mounted on a device called a brake calliper) 
is forced mechanically, hydraulically, pneumatically or electromagnetically against both sides of the disc. 
Friction causes the disc and attached wheel to slow or stop. We are designing a braking system for the two 
front wheels using a master cylinder arrangement. Equal distribution of brake force is necessary for both 
the wheels otherwise the locking of one wheel occur and vehicle loses its directional stability. 
At present, there is no system available to reverse the trikes and 2 wheelers. At times when the front wheel 
gets into a trench it is very difficult to take the vehicle from parking. Even normal people face much problem 
to take the vehicle out of the parking at that time. In case of the physically handicapped people who drive 
two wheelers with extra support wheels, face much problem to take the vehicle out of the parking by 
pushing the vehicle with legs as we do. In order to take the vehicle out of the parking they need to seek 
others help or they should push it out of the parking. We designed an electrical reverse gear for reversing 
our trike. 
 

2. Methodology 
2.1 Market Study  
The problems faced by the existing products in the market are studied and its found people face difficulties 
in moving trike in tight spaces as it doesn’t have a reverse gear also the trikes have more kerb weight 
compared to normal thus makes it difficult for single person to move it with physical effort. Thus, we found 
out that there is a requirement of reverse gear for trike. Also, we need to implement this mechanism without 
affecting the other working elements of the vehicle.  
Proper distribution of brake force is necessary for the directional stability of the vehicle. If different force 
reaches both wheel locking of a single wheel occurs and it will cause loss of directional control of the 
vehicle.  
2.2 Calculation and Benchmarking  
Brake force calculations are done and thermal analysis is performed to find out the requirements of brake 
disc and type of master cylinder. The results from the calculation is used to find out all the available OEM 
products in the market.  
The available products are then compared their performance and costs are considered to select the suitable 
materials for the trike.  
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Table 2.1 
Sl No. Brake Fluid Dry BP (℃) Wet BP (℃) 

1 DOT 3 205 140 
2 DOT 4 230 155 
3 DOT 5 200 180 

 
 Even though DOT 5 fluid doesn’t absorb moisture it cannot be mixed with other brake fluids also its 

really expensive and availability is less.  
 Its easily available on all auto parts store  
 DOT 3 brake fluid is used as it’s the standard brake fluid  

Table 2.2 
Sl No. Cylinder Diameter Type Cost 

1 19mm SP 700/- 
2 25mm DP 1000/- 
3 40mm DP 3500/- 

 
3 Calculation 
3.1Braking force distribution  
• Without proper braking force distribution either front or rear wheel gets locked.  
• If only front wheel locks vehicle loses its direction control.  
• If only rear wheel locks vehicle loses its Directional stability and starts yawing.  
• So, avoid these conditions we need to distribute the braking force such to that four wheels lock together 
this depends on load transfer at given speed.  
Total Braking force (front) BFf = Kbf × Braking force (total at wheels)  
Similarly, total Braking force (rear) BFr = Kbr × Braking force (total)  
Now let us calculate their ratios and we get  
୏ୠ୤

୏ୠ୰
= (b+h (μ+fr))/ (a-h (μ+fr)  

Where Kbr and Kbf are braking force coefficients.  
b =distance of cg from rear wheels longitudinally =82 cm  
a = distance of cg from front wheels longitudinally =45 cm  
h = height of cg from ground = 25 cm 
fr = rolling friction coefficient = 0.05  
μ = 0.4  
By substituting all we get,  

୏ୠ୤

୏ୠ୰
 = 2.76 

Substitute all these values in above equation we get  
Kbf = 0.74   
Also, Kbf + Kbr = 1  
So, Kbr = 0.26  
From newton’s second law of motion: 
BF (Braking force) = m x a 
𝑣ଶ - 𝑢ଶ = 2as 

a = 
௨మ

ଶ௦
 

BF = 
௠௨మ

ଶ௦
 

Here m = Total mass of the vehicle including driver = 230 Kg 
u = velocity of the vehicle 16.66 m/s 
s = stopping distance (It is assumed that the vehicle needs to be stopped within 5 meters) 
We get Total BF= 6393.4 N. 
We get BFf = Kbf × Braking force 
= 0.74 x 6393.4 = 4665.75N 
BFr = Kbr × Braking force 
= 0.26 x 6393.4 = 1725.6N 
BFf and BFr are braking forces required to lock front two wheels and rear two wheels simultaneously. 
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To find calliper piston diameter 
For front wheels 
B. force (wheels) = 4665.75N 
For each wheel B. force= 2332.8 N 
B. force (wheel) =μ× B. force (disc) 
B. force (disc) = 2332.8/0.7 
= 3332.57 N 
B. force (disc) =2×μ× Fc 
Fc= 3332.57/ (2×0.4) 
= 4165.71 N (clamping force developed at calliper) 
(Suppose if calliper has two pistons then 
For each piston clamping force=2082.85 N) 
Pedal ratio= 3.5:1  
Master cylinder piston diameter D1= 1.9cm 
Maximum pedal force= 100lbs=441.45N 
Force at master cylinder push rod = 441.45× pedal ratio 
= 441.45× (3.5/1) 
= 1545.07N 
From the Pascal’s law we have 
Where 
D1=master cylinder piston diameter 
D2= caliper piston diameter 
஽ଶమ

஽ଵమ = 
ி௖

୫ୟୱ୲ୣ୰ ୡ୷୪୧୬ୢୣ୰ ୮୳ୱ୦ ୰୭ୢ ୤୭୰ୡୣ
 

        = 
ଶ଴଼ଶ.଼ହ

ଵହସହ.଴଻
 

       = 1.34 
஽ଶ

஽ଵ
 = 1.157 

஽ଶ

ଵ.ଽ
 = 1.157 

D2= 2.2 cm 
With the help of the above value obtained We decided to use double piston caliper for each front wheel of 
each piston of diameter= 2.5 cm because it is the nearest OEM caliper piston diameter available in the 
market. 
Calculation of effective rotor diameter 
 (a) Brake pad friction force = Clamping Force × µ 
              = 4165 × 0.7 = 3334.4 N 
(b) Wheel torque = Brake force × 

୲୷୰ୣ ୰୭୪୪୧୬୥ ୰ୟୢ୧୳ୱ

ଵଶ
 

      = 2332.8 × 
଴.ସଵସ

ଵଶ
 = 80.48 N-m 

(c) Rotor effective dia = 
୵୦ୣୣ୪ ୲୭୰୯୳ୣ ×ଵଶ

ୠ୰ୟ୩ୣ ୮ୟୢ ୤୰୧ୡ୲୧୭୬ ୤୭୰ୡୣ
 

       = 
଼଴.ସ଼ ×ଵଶ

ଷଷଷସ.ସ
 = 0.2696 m = 269.6 mm 

With the help of the above value obtained We decided to use 270 mm petal disc because it is the nearest 
OEM disc available in the market. 
3.2 Reverse Gear 

Module, m = 
ଶெ௧

ఙௗ஼௩௞௒௭

భ

య 

Mt = 
௉×଺଴

ଶగே
 = 9.54 ×10ଷ Nmm 

K =
௕

௠
 = 10 

Y =𝜋 ×  𝑦   y = 0.514 -  
଴.ଽଵଶ

௭
 where no of teeth z = 9 

y = 0.4124  
Assume velocity factor Cv = 0.5 
Substituting above values we get, m = 1.907  
Standardize module we get m = 2 
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Check for designed stress σd 
Ft = σd×Cv×b×Y×m 
Also, Ft = 

ଶ ெ௧

ௗ
 

   = 1060 N 
Cv = 

ଷ.଴ହ

ଷ.଴ହା௩
  = 0.7 

Substituting these values, we get, σd = 29.20 Mpa 
Which is less than the value 36.56 Mpa therefore the module 2 is safe 
(a) Dynamic load 
Fd = Ft + 

௄ଷ×௩×(஼௩ାி௧)

௄ଷ×௩ା √஼௩ାி௧
 

K3 = 20.67 
Ft = 1060 N 
C = 549.84 
b = 20 mm 
thus Fd = 3.43 kN 
(b) Endurance Strength 
Fen = σen×b×Y×m 
σen = 83.5 Mpa 
b = 20 mm 
Y = 1.2964 
m = 2 
Therefore Fen = 4.3 kN 
(c) Wear Load 
Fw = d1 × b×Q×K 
d1 = 18mm 
b = 20mm 
K = 6 
Therefore Fw = 4.03 kN which is greater than Fd = 3.43 kN  
As the Endurance strength, Wear strength and Dynamic load are safe we can conclude that the gear design is 
safe. 

 
Fig 3.1 Reverse Gear Mechanism 

 

4. Thermal Analysis of Disc Brake 
4.1 Assumptions:  

1. The analysis is done taking the distribution of the braking torque between the front wheel and rear 
wheel is 73:27 

2. Brakes is applied on all the front wheel only.  
3. The analysis is based on pure thermal loading. The analysis does not determine the life of the disc 

brake.  
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4. Only ambient air-cooling is taken in to account and no forced convection is taken.  
5. The kinetic energy of the vehicle is lost through the brake discs i.e. no heat loss between the tyres 

and the road surface and the deceleration is uniform.  
6. The disc brake model used is of homogenous material.  
7. The thermal conductivity of the material used for the analysis is uniform throughout.  
8. The specific heat of the material used is constant throughout and does not change with the 

temperature.  
9. Heat flux on each front wheel is applied on one side of the disc only.  

4.2 Calculation for Input Parameters: 
1) Mass of the vehicle = 230 kg  
2) Initial velocity (u) = 16.67 m/s  
3) Vehicle speed at the end of the braking application (v) = 0 m/s  
4) Brake rotor diameter = 0.270m  
5) static front axle load / total motor cycle load=(γ)=1.78  
6) Percentage of kinetic energy that disc absorbs (90%) k=0.9  
7) Acceleration due to gravity g =9.81m/𝑠 ଶ 
8) Coefficient of friction for dry pavement μ=0.45  
(a) Energy generated during braking:  

K.E. = γk
௠×(௨ି௩)మ

ଶ
 

         = 1.78×0.9×
ଶଷ଴×(ଵ଺.଺଻ି଴)మ

ଶ
  = 51195.47 J  

Assume deceleration time is 5 second 
 (b) Braking Power: Braking power during continued braking is obtained by differentiating energy with 
respect to time  
Pb=

௄ா

௧
 

   = 
ହଵଵଽହ.ସ଻

ହ
 = 10239.09 J/s 

(c) Calculate the Heat Flux (Q): Heat Flux is defined as the amount of heat transferred per unit area per 
unit time 
 Q =

௉௕

஺
 

    = 
ଵ଴ଶଷଽ.଴ଽ

଴.଴ହ଻
 = 179633 W/𝑚ଶ 

 
Fig 4.1 Meshed Model 

 
Table 4.1 Thermal Analysis Result 

Name Type Min Max 
Thermal1 TEMP: Temperature at Step 

 No: 30(3 Seconds) 
2.402e+001Kelvin 
Node: 3112 

7.608e+001Kelvin 
Node: 704 
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Name Type Min Max 

 
disc plate-Thermal 2-Thermal-Thermal1 

 

4. Conclusions 
We have determined the braking force required for the vehicle and from this we found out the clamping 
force at the rotor thus we decided to use a double piston calliper with piston diameter 25 mm and also 
found that the effective rotor radius required is 270mm for front wheels. We conducted the FEA thermal 
analysis of the rotor and found that cast iron is safe for our application. It provides more coefficient of 
friction than steel rotors. For preventing wheel locking during braking same pressure should reach both the 
wheels thus we decided to use a master cylinder setup for our braking mechanism.  
We decided to use electrical based reverse mechanism as it is convenient and easy to handle. We choose a 
starter motor and ring gear combination because the pinion gear of the starter motor remains unattached 
until its powered. Thus, the reverse gear mechanism doesn’t affect the normal working of the vehicle. Also, 
the compact shape makes it easy to install on our vehicle without hindering the working of other parts. 
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ABSTRACT: A leaning reverse trike is a three wheeler vehicle, with two wheels at the front and one wheel at the 
back. The conceptual design of the project model is based on the study of several literatures related to reverse 
trike.Themechanismsusedforavailablereversetrikesareverycostlyandelectronicsbased.So we want to design the 
mechanism which can overcome the drawbacks of the existing design of a conventional vehicle. The main advantage 
of this mechanism is that it makes the vehicle more stable during high speed turns so that even a reverse trike can 
take a turn like a sports bike by leaning to its side. The results of experimental testing are 
presentedtoillustratetherealbalancingperformanceofthecombinedsteering and tilting approach used for the Leaning 
reverse trike that is very economical and fairly simple to drive. The mechanism is made into reality by using 4 A arms 
which are connected to a central block by using ball joints. The leaning reverse trike is also equipped with a reverse 
gear and a leaning lock mechanism ,to establish smooth reverse movement with out loosingbalance. 
 
Keywords: combined steering ,A arm. 

 
1. Introduction 
The rate of death of bike riders are increasing at an alarming rate. The main reason for this is due to 
overspeeding , slippery roads , steep curves etc. in order to reduce these accidents we decided to implement 
a new era of motorcycle by transforming a bike to trike , which will tilt as an ordinary bike but gives more 
stability and control at high speed and steep curves. If the vehicles lean into corners it makes it a perfect, 
virtual single-track vehicle and even though having three wheels it can be driven like a motorcycle, and the 
third extra wheel gives the vehicle more traction to make it safe even at high speeds. A tilting linkage is 
operably secured to a frame to allow a pair of spaced apart wheel to remain substantially aligned with the 
plane of the vehicle throughout its range of movements while still allowing the steering axes of each wheel 
to intersect the vertical Centre line of each wheel. In this journal we give the design and analysis process of 
leaning reverse trike. The parts that are designed include frame, centre block, A arms, knuckle joint,tie rod, 
suspension, swing arm, tyre, etc. Each part is analysed for stress and displacement. 
 
2. Methodology 
In this journal we would like to establish the designs of the parts of leaning reverse trike . The methodology 
we have followed are: 

 Problem identification 
 Marketstudy 
 Datacollection 
 Initial design ofparts 
 Analysis ofparts 
 Designrectification 
 Final assembly of parts using software 
 fabrication 

 

The idea of leaning front mechanism is derived from the existing models of Harley and also from Yamaha 
Niken. These expensive bikes are also equipped with leaning mechanism that is powered by hydraulic 
actuators which makes them very expensive and not affordable to ordinary people. But our design of trike 
uses A arms, springs and a Centre block to enable tilting and also a lock nut and leaning stopper is also 
provided to avoid over leaning. 
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3 Findings 
The design offrame 
After very long research and analysis the frame for the leaning reverse trike was finalised . The whole 
assembly of all parts including front mechanism and reverse gear will wear nearly 230 kg . So the frame is to 
be designed so as to withstand such a hignload . So taking into such design consideration we finalised the 
frame pipe to be of 30mm outer dia and 5mm thickness hollow pipe. The reason we used a hollow pipe I 
sthat it provides more strength at low weight. The engine we used is of apache RTR 180cc. 

 
Figure 3.1: frame 

 

Design of frontmechanism 
Sincethetrikeistobebuiltatlowerpricethedesignoffrontmechanismistobesuchthatitenablestiltingby making 
use of A arms and suspension alone and without any use of hydraulic mechanism. The main components of 
the front mechanism are 4 A arms ,centre block, pendulum mechanism and knuckle. 

 
Figure 3.2: front mechanism 

 

A arms 
The A arms are the key parts of the leaning reverse trike. There are 4 A arms . The length of the A arm is 
designed with a greater length of 400 mm so that it can accommodate all the parts .the designing of all parts 
is done by using solidworks and it is analysed using solidworks simulation. 

 
Figure 3.3: A arms 

 Centreblock 
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The design for centre block was finalised after many discussions . The centre block must provide room for 4 
A arms , steering bracket , pendulum mechanism and the tie rods. So it was necessary that the centre block 
shouldbelarge.theendsofthecentreblockwascoveredbya3mmthicknessMSplateontowhich the Aarms were 
mounted by using M 10 balljoints. 
Materialselection 
The material for frame and all other part sare finalized after research on various parametres like yield 
stress, young modulus etc. The materials used in the trike are MS steel, cast iron ,GI pipe etc . after 
conducting the analysis if the value of design stress Is less than yield stress divided by FOS. 

 
 

Analysis 
TheanalysisofthecomponentsaredonebyusingsolidworkssimulationandANSYS.VonMissesstressisused 
asacriterionindeterminingtheonsetoffailureinductilematerials,andthematerialsinthepresentedstudy 
forthepartsofthecentreblock,arm,andswinglinkareductilematerials,sothedesignofallpartsshouldbe on the 
basis of Von Misses stresses acting on theparts. 
The failure criterion states that the Von Misses stress should be less than the yield stress of the material by 
takingappropriatesafetyfactorintoconsideration.Thisindicatesforthedesignofaparttobesafetheabove 
condition must be satisfied. 
The frame is analyzed for front side and top impact load: 

 
Figure 3.4: Front impact analysis 

 
Fig 3.5: Top impact analysis 
 

The backbone of leaning reversetrikeisthecenterblock.itisthepartontowhichtheAarms are attached. so stress 
and strain analysis are mandatory on Centre block with maxload. 

 
Figure 3.6: analysis of centre block 
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The assembled view 
Each part of the vehicle has a specific design life which takes into account its operating load, speed, 
temperature, lubrication etc. Life of all the components together decides. The time period the vehicle should 
operate before major service is required. The assembled view of the trike is having parts like frame, front 
mechanism, seat, handle bar, swing arm, tyre , nut, bolt etc. all these parts together assembled by using 
solidworks assembly and mated in the same . Originally motorcycles had no rear suspension, as their frames 
were little more than stronger versions of the classic diamond frame of a bicycle. Many types of suspension 
were tried, including Indian's leaf spring suspended swingarm, and Matchless's cantilevered coiled-spring 
swingarm. SolidWorks is a solid modeling computer-aided design (CAD) and computer-aided engineering 
(CAE) computer program that runs on Microsoft Windows. SolidWorks is published by Dassault Systems. In 
an assembly, the analogue to sketch relations are mates. Just as sketch relations define conditions such as 
tangency, parallelism, and concentricity with respect to sketch geometry, assembly mates define equivalent 
relations with respect to the individual parts or components, allowing the easy construction of assemblies. 
SolidWorks also includes additional advanced mating features such as gear and cam follower mates, 

 
Figure 3.7: assembled view 

 

4. Results andDiscussion 
Theresultsofexperimentaltestingarepresentedtoillustratetherealbalancingperformanceofthecombined 
steering and tilting approach used for the Leaning reverse trike. The results of implementing mechanical 
leaningsystemtoareversetrikeareasfollowsItwasfoundthatthemaximumleaningangleineachdirection is 36 
degree fromthevertical.Thisallowstheridertotaketurnsconfidentlywithouthavingthefearoffalling or skidding. 
The costly electronic components of the traditional design are replaced by the mechanical linkages so the 
cost of whole vehicle is effectively reduced 
As the vehicle is developed in category of leaning reverse trike and combines the advantages of car and bike 
it is very much comfortable to drive 
Due to leaning the center of gravity of the vehicle is always balanced and the resultant forces and their 
reactions are lined up which increases the life of the mechanical components. The material used for frame is 
mildsteelandthemaximumyieldstrengthofthesteelis351MPa.Thevalueofdesignstressmustbelessthan 
thevalueofyieldstrengthdividedbyFOS.InourdesignweassumethattheFOSis5.Thereforethemaximum design 
stress must be less than351/5=70.2. 
If so we can assume the design to be safe .and after conducting the design and analysis using software like 
solidworksandANSYSwewereabletoprovethatthedesignstressisverymuchlessthanthespecifiedvalue hence 
the design is safe. 
After conducting the frontal impact test for frame the maximum von mice’s stress was .020111MPa. which is 
less than the design stress hence the frame is safe for frontal impact force. Also the displacement was found 
to be 7.34mm. which is safe. 
Thechoiceofmaterialsfora vehicleisthefirstandforemostimportantfactorforautomotivedesign.Thereis a 
variety of materials that can be used in automotive body and chassis, but the purpose of design is the main 
challenge here. The most important criteria that a material should meet are light weight, safety, life cycle 
considerations. The problems which occurred after first testing are fixed by making some modifications and 
are reassembled and again the testing of vehicle is done for finding the defects. Hence, after the second test 
the problems occurred at first phase of testing are not found. The minor problems which are found after the 
second stage of testing are overcome by reworking. On studying various vehicles and developing concept 
vehicle we came to a conclusion that leaning reverse bike has a great potential to bring new changes to the 
existing vehicleindustries. 
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Results of study on properties of differentmaterials 
Table 4.1: Material selection 

Material YieldElastic  
Modulus (Pa)

Poisson’s 
Ratio 

Density (kg/m3) 
Strength 
(MPa) 

AISI 1020 
Steel 

2e+11 0.29 7900 351 

AISI 304 
Steel 

1.9e+11 0.29 8000 206.8 

Alloy Steel 2.1e+11 0.28 7700 620 

Ductile Iron 1.2e+11 0.31 7100 621 

 

Table 4.1 displayed mean, the different properties of materials like AISI 1020 steel, AISI 304 steel , alloy 
steel and Ductile iron. The strength of ductile iron is higher but if we use for the design of trike weight will 
be increased tremendously and may not be easy to handle . Alloy steel was another option but the cost of 
alloy steel is high . So we compared AISI 1020 and AISI 304 steeel and found that AISI 1020 ie mild steel is 
having more strength so we selected MS for the design of trike. 

 
Figure 4.1: The Trike 
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ABSTRACT: The hydraulic excavators are one of the earth movers having a major role in the development of the 
infrastructure like excavation, road construction, building construction, ore mining, Coal mining etc. Excavators are 
generally equipped with a work implement or attachment for performing useful work. Such attachments include 
digging and material handling buckets, drills, and hydraulic hammers. The  project is about the design and analysis of 
a mini excavator backhoe.Normally backhoe excavators are working under poorest working conditions. Due to severe 
working conditions, parts are subjected to high loads and must work reliably under unpredictable working conditions. 
Thus, it’s necessary for the designers to not only deliver an equipment of maximum consistency but also of minimum 
weight and cost, keeping design safe under all loading conditions.The main parts of a mini excavator are the working 
parts in which high loads are applied. So it is necessary to do optimization on these parts. The main parts for 
optimization are Arm, Boom, and Bucket.Mainly optimization is done by material modification, thickness modification 
of Arm, Boom, and Bucket keeping design safe under all loading condition. The final result is compared and an 
optimized design is generated.The force analysis and strength analysis are importantsteps in the modeling of 
excavator parts. Finite Element Analysis (FEA) is the most powerfultechnique used for evaluation of  strength of the 
structures working under high loads. This paperfocuses on the modeling of the mini hydraulic excavatorbackhoe 
intended for light dutyexcavation jobs and its FE analysis for strength evaluation. 
 
Keywords:Backhoeexcavator,Static force analysis, FEA. 

 
 

1. Introduction 
In the era of globalization and tough competition the use of machines and material handling equipment is 
increasing for the earth moving and industrial works, significant attention has been focused on designing of 
the material handling equipment. Today hydraulic excavators are widely used for material handling in 
construction, mining, excavation, and forestry applicationsA compact or mini excavator is a tracked or 
wheeled vehicle with an approximate operating weight from 0.7 to 8.5 tons. It generally includes a backhoe, 
a cabin and features of independent boom swing. Excavators are fairly different from other construction 
equipment in that all movement and functions of the machine are accomplished through the transfer of 
hydraulic fluid. 
Presented work emphasize on FEA of such a developed mini hydraulic backhoe excavator attachment for 
light duty construction work.Structural design is always a very interesting and creative segment in a large 
variety of engineering projects. Structures, of course should be designed such that they can resist applied 
forces and loads, and do not exceed certain deformations. Moreover, structures should be economical. 
Theoretically, the best design is the one that satisfies the stress and displacement constraints, and results in 
the least cost of construction. Although there are many causes that may affect the construction cost, the first 
and most observable one is the amount of material used to build the model. Therefore, reducing the weight 
of the structure is usually the goal of structural optimization.The excavator mechanism must work reliably 
and consistently under unpredictable working conditions. Poor strength properties of the excavator parts 
like boom, arm and bucket limit the life expectation of the excavator. Therefore, excavator partsmust be 
strong enough to handlethe caustic working conditions of the excavator. 
Finite Element Analysis is the powerful technique for calculation of the strength of structure under known 
working load and boundary conditions [2]. Finite Element Analysis is also one of the best powerful 
technique that can be used for structural weight optimization. There are so many works done by other 
researchers in the field of FEA and optimization of the backhoe excavator machines. For our case we have 
implemented FEA approach for performing structural weight optimization of mini hydraulic excavator 
backhoe attachment using trial and error method and shape optimization method. 
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2. Methodology 
The methodology in this project involves producing a CAD model of th
attatchments using SolidWorks software. By conducting researches and reverse engineering 
aCADmodelisobtaind. Based on the literature review, review of industrial design experts and reverse 
engineering the proposed working range and dimensions of link mechanism are considered. The model is 
then converted into an IGES file format to import into a FEM software for additional analysis. The assembled 
model of the backhoe excavator is as shown in the figure.

Fig 1: Assembled 

For the design to be safe and sound the maximum deformation should be less than the minimum thickness of 
the component. The failure criterion that has been used is von misses criterion for failure. According to this 
criterion yielding of a ductile materials starts yielding when von mises stress reaches the value of yield 
strength of the material. That is von mises stress should be less than the yield strength considering 
appropriate value offactorof safety. The equation indicating the fail

Every proceedings in this project are justified using this equation and the factor of safety is considered as 2. 
The backhoe components and attachments that are to be undergone FEA are the arm, the boomand the 
bucket. Later FEA of backhoe assembly is also conducted. Material and thickness optimizations are 
implemented on the model to reduce the weight and cost of the components.
2.1 Analysis and Optimization of Arm 
The boundary conditions applied for analysis of arm are shown in
as shown in Fig 2 . The forces applied are FA=22489N ,F

Fig 2: Boundary condition for arm

The materials choosed for comparison and modification is as shown in the Table 1.  All
aluminum alloy are the safer materials. Comparing both, aluminum alloy has lower density. Thus, by 
choosing aluminum alloy weight can be reduced considerably.
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The methodology in this project involves producing a CAD model of the mini hydraulic excavator backhoe 
attatchments using SolidWorks software. By conducting researches and reverse engineering 
aCADmodelisobtaind. Based on the literature review, review of industrial design experts and reverse 

range and dimensions of link mechanism are considered. The model is 
then converted into an IGES file format to import into a FEM software for additional analysis. The assembled 
model of the backhoe excavator is as shown in the figure. 

 
Fig 1: Assembled model of backhoe 

 

For the design to be safe and sound the maximum deformation should be less than the minimum thickness of 
the component. The failure criterion that has been used is von misses criterion for failure. According to this 

a ductile materials starts yielding when von mises stress reaches the value of yield 
strength of the material. That is von mises stress should be less than the yield strength considering 
appropriate value offactorof safety. The equation indicating the failurecriterionis given as : 

 
 

Every proceedings in this project are justified using this equation and the factor of safety is considered as 2. 
The backhoe components and attachments that are to be undergone FEA are the arm, the boomand the 

of backhoe assembly is also conducted. Material and thickness optimizations are 
implemented on the model to reduce the weight and cost of the components. 

The boundary conditions applied for analysis of arm are shown in Fig 2. The forces are applied at the joints 
=22489N ,FB=7783.7N ,FC=11203N ,FD=22098N. 

 
Fig 2: Boundary condition for arm 

 

The materials choosed for comparison and modification is as shown in the Table 1.  Alloy steel and 
aluminum alloy are the safer materials. Comparing both, aluminum alloy has lower density. Thus, by 
choosing aluminum alloy weight can be reduced considerably. 
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Table 1. Material modification of arm
Material  Yield  strength 

 MPa 
AISI 304 Steel 206.8 
Alloy Steel 620 
Aluminum Alloy 490 
Dura nickel 344 

 

Fig 3 shows the results of the Von Misses stresses. The maximum 
plate 2 and side covers.The maximum stress is found to be 175.67 MPa, which is lower than the safe limit as 
shown in Table 1. 

Fig 3: Von mises stress of the arm

Fig. 4: Excavator arm

The Fig 4 shows the arm with different parts which are to be modified and name of the parts are mentioned 
in the Table 2. 

Table 2. Thickness Optimization of arm
Part No Part name Quantity

1 Top plate 1 1

2 Top plate 2 1

3 Side plate 2
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Table 1. Material modification of arm 
Von misses stress 
 in MPa 

Limiting Stress 
MPa 

Decision  

111.2 103.4 Not safe 
175.67 310 Safe 
112.56 245 Safe 
188.94 172 Not safe 

shows the results of the Von Misses stresses. The maximum stress is found at the junction between top 
plate 2 and side covers.The maximum stress is found to be 175.67 MPa, which is lower than the safe limit as 

 
Fig 3: Von mises stress of the arm 

 

 
 

Fig. 4: Excavator arm 
 

m with different parts which are to be modified and name of the parts are mentioned 

Thickness Optimization of arm 
Quantity Thickness before  Thickness after 

 modification 

1 10 8 

1 10 8 

2 12 10 
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stress is found at the junction between top 
plate 2 and side covers.The maximum stress is found to be 175.67 MPa, which is lower than the safe limit as 
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4 Bottom plate 1 10 8 
 

The reduction in thickness raised the equivalent stress from 175.67 MPa to 233.39 MPa. Since stress is still 
less than the safe limit, design is safe.By thickness modification the total weight of the arm is reduced from 
30.938 kg to  25.342 kg. So, we achieved 5.596 kg reduction in the weight of the arm. 
2.2Analysis and Optimization of Boom 
The boundary conditions applied for analysis of boom are shown in fig 5. The forces areapplied at joints as 
shown in fig5 . The forces applied are FA= 26432N ,FB= 22098N ,FC= 49315N. 

 
 

Fig 5: Boundary condition for boom 
 

The materials choosed for comparison and modification is as shown in the Table 3.  Alloy steel and 
aluminum alloy are the safer materials. Comparing both aluminum alloy has lower density. Thus, choosing 
aluminum alloy weight can be reduced considerably. 

Table 3: Material modification of arm 
Material Yield strength  

in MPa 
Von mises stress 
 in MPa 

Limiting Stress in 
MPa 

Decision  

AISI 304 Steel 206.8 122.2 103.4 Not safe 
Alloy Steel 620 154.55 310 Safe  
Aluminum Alloy 490 136.56 245 Safe  
Dura nickel 344 200.94 172 Not safe 

 

Fig 6 shows the results of the Von Misses stresses. The maximum stress is foundacting near the hinge 
connected to the swing link.The maximum stress is found to be 154.55MPa, which is lower than the safe 
limit. 

 
Fig 6: Von Mises stress for boom 
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