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ABSTRACT 

The compressive strength of cement concrete obtained after 28 days of moist curing is used in the quality 

control of constructions. However, for economical quality control, for reworking before the concrete gets 

hardened and for reducing the waiting time, finding the 28-day compressive strength at an earlier time with a 

reasonable accuracy is necessary.  The 28-day compressive strength of a concrete can be estimated early by 

finding the strength at an early age with accelerated curing. For the prediction of 28-day compressive strength 

previously established correlation curve between the early strength with accelerated curing and 28-day strength 

standard method is being suggested by IS: 9013-1978. Major research world has proved that substantial 

portion of compressive strength is attained due to accelerated curing and accelerated curing techniques can be 

used for early prediction of compressive strength of concrete. During review of literatures it is observed that 

there is limited work in the effect of curing period and curing techniques and the strength and performance 

aspect of concrete. In this work an attempt is made to study the relation between accelerated curing strength 

and normal curing strength and influence of type of cement, age and type of curing on different grades of 

concrete. 

 

Keywords: Concrete, Compressive strength, Accelerated Compressive strength, Accelerated Curing 

Accelerated Curing Tank, Ordinary Portland cement, Portland Slag cement, Portland Pozzolana 

cement. 

 

I. INTRODUCTION 

 

The role of concrete as the most versatile manmade building material is likely to continue for many more 

decades. While the basic ingredients of concrete normally remain the same, its properties change considerably 

with the proportioning of these ingredients.   With a variety of cement types available in the market the 

importance of designed mixes over the nominal mixes is on the increase these days.  A designed mix of concrete 

is highly desirable even for ordinary concrete works to achieve quality and economy.  In fact, the latest Indian 

standards do not recommend at all the use of nominal mixes for reinforced concrete works. In India, it is 

difficult to get materials from the same source throughout the construction period.  Each time when the 

materials (especially cement) change, a fresh design is to be done. Quality of concrete in construction works is 

calculated in terms of its 28 days compressive strength. This procedure requires 28 days of moist curing before 

testing. Actually it may take much more time for procurement of materials, preparations etc which is too long 

period to be of any value for either quality control on concrete construction or timely corrective measures.The 

need for having a reliable and fast method for evaluating controlled concrete in the field using accelerated 

curing techniques was recognized. Predicting 28-day compressive strength of concrete is an important research 
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task for many years. The compressive strength of cement concrete obtained after 28 days of moist curing is used 

in the quality control of constructions. However, for economical quality control, for reworking before the 

concrete gets hardened and for reducing the waiting time, finding the 28-day compressive strength at an earlier 

time with a reasonable accuracy is necessary. The 28-day compressive strength of a concrete can be estimated 

early by finding the strength at an early age with accelerated curing. For the prediction of 28-day compressive 

strength previously established correlation curve between the early strength with accelerated curing and 28-day 

strength standard method is being used suggested by IS: 9013-1978. 

In spite of all its advantages, the time factor is one major cause for the construction engineers to be hesitant to 

go for proper mix designs.  In India, it is difficult most of the time to get materials from the same source 

throughout the construction stage. When source of material change it is necessary to go for new mix design 

which causes delay in execution.  The method developed by the national council for building materials based on 

accelerated curing of concrete (IS: 9013-1978, reaffirmed in 2004) is apparently an exciting solution to this 

problem as it can produce the results in two to three days.  An inquest is made here to the reliability of this 

method on practical problems.It is established that a statistically significant correlation exists between its 28-

days strength and accelerated strength.   Hence, the mix design procedure is exactly the same as described  for 

normal design of concrete mixes and the only difference is that the 28-days can be determined on the next day 

(as described in accelerated test procedure) of casting of cubes and then can be compared with the required 

target strengths. 

 IS-9013 was originally formulated in 1978, when the cement available in the market was mainly OPC (IS-269).  

Now a lot of varieties of cements are available. During the detailed literature survey which is being explained in 

the following chapter the author feels that   it is worth doing the study for at least four categories of cement viz. 

OPC 53 grade (IS-12269),OPC 43 grade(IS-8112:1989), PPC (IS-1489-Part-1) and PSC (IS-455). It is also 

necessary to conduct the study for different grades of concrete.   

 

II. ACCELERATED CURING 

2.1 Accelerated Test Procedure 

After % humidity and 27+2 
0
C temperature for 23 hours + 15 minutes (time should be counted from the time of 

addition of water to the ingredients).  The specimens shall then be gently lowered into the curing tank containing 

boiling water and shall be kept in that condition for 3 ½ hours + 5 minutes.  Then the specimens shall be 

removed from the boiling water, removed from the mould and cooled by immersing in water (27+2 
0
C 

temperature) for 2 hours.  The specimens shall then be tested for compressive strength.  The age of the cubes at 

the time of testing shall be 28 ½ hours + 20minutes. 

Based on the method of accelerated curing of concrete (IS: 9013-1978), the national council for building 

materials has developed a method which can give the required design in a time in 2 days.  As per the procedure 

described in IS-9013, the cubes are transferred to the boiling water without removing it from mould.  For 

developing new correlation equation, 72 sets of specimen made with different grades of cement. 24 set of 

specimen with water cement ratio 0.45. 24 set of specimen with water cement ratio 0.50. 24 set of specimen 

with water cement ratio 0.55. It is established that a statistically significant correlation exists between the 28-

days strength and accelerated strength of concrete.  Tests conducted on different grades of concrete, and using 

different brands of cements from different parts of the country.  Based on this correlation, the 28 days strength 
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of concrete can be worked out based on its accelerated strength. The determination accelerated strength takes 

only a couple of days. The accelerated curing is done using a standard curing tank [conforming to IS: 9013-

1978reaffirmed in 2004]. 

 

2.2 Accelerated Curing Tank 

 

Fig 1: Sectional View of Accelerated Curing Tank 

Fig 1 shows sectional elevation of accelerated curing tank.  The boiling water method is used for rapid design of 

concrete mixes.  After the specimens are cast (150mm cubes), they should be kept in a humid environment (90% 

humidity and 27+2 
0
C temperature for 23 hours + 15 minutes (time should be counted from the time of addition 

of water to the ingredients).  The specimens shall then be gently lowered into the curing tank containing boiling 

water and shall be kept in that condition for 3 ½ hours + 5 minutes.  Then the specimens shall be removed from 

the boiling water, removed from the mould and cooled by immersing in water (27+2 
0
C temperature) for 2 

hours.  The specimens shall then be tested for compressive strength.  The age of the cubes at the time of testing 

shall be 28 ½ hours + 20minutes. 

 

Fig 2. Pictorial View of Accelerated Curing Tank 

Fig 2. shows accelerated curing tank.  Accelerated curing of concrete hastens the process of hydration of cement 

and as a result, a substantial proportion of the strength to be attained in 28 days under normal curing conditions 

is achieved within a shorter time. The rate and extend of hydration of cement under a particular curing regime 

depend mainly upon the chemical composition of cement, water cement ratio, and mix proportions, which are 

considered to be important parameters in the correlation of results from compressive strength tests on specimens 
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cured by accelerated curing method and normal curing method. The variability arising from the curing regime to 

be adopted is eliminated by standardizing them Fig.3  shows typical relation between accelerated and 28 day 

compressive strength of concrete as suggested in the IS: 9013 .The typical correlation curves is based on series 

of test result conducted at the Cement Research Institute of India. 

 

Fig 3. Typical Relation Between Accelerated and 28-Day Compressive Strength of Concrete 

(Boiling Water Method) 

 

III. MATERIALS AND METHODS 

3.1 Introduction 

The materials used in this study are cement, fine aggregate, coarse aggregate . All the materials used were tested 

as per standard procedures to assess their engineering properties and the results were compared with those in the 

relevant IS code (IS: 4031, IS1480, IS 2386 part III & part IV, IS 3495 part I) as explained in following 

sections. In this investigation four types of cement used. Standard consistencies, initial and final setting time, 

Fineness, compressive strength are experimented for assessing the properties of each type of cement. Specific 

gravity and particle size distribution are also experimented to assess the properties of aggregates. After material 

characterization was completed mix design process started 

 

3.2 Material Characterization 

3.2.1 Cement   

(a)  Ordinary Portland cement Grade-43 IS 8112: 1989 

(b  Ordinary Portland cement Grade IS 12269: 1987 

(c)  Portland Slag Cement IS 455: 1989 

(d)  Portland Pozzolana cement IS1489 (Part-1): 1991 
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Table 1 : Properties of Cement 

 

 

 

Sl. 

No. 

 

 

Characteristics 

Cement 

 

 

IS Limits 

 

 

OPC 43 OPC53 PPC PSC 

1 Fineness 5% 5% 6% 5.5% 
<10%,  

IS:1489-PART-I 

2 Standard consistency 29.44% 29.72% 31.94% 28.92% IS:4031(Part4) -1988 

3 Initial setting time( minutes) 
 

180 

 

225 

 

190 

 

256 

 IS:1489-PART-I 

 > 30 min 

4 Final setting time (minutes) 370 440 325 407 
IS:1489-PART-I 

 < 600 min 

5 Specific gravity 3.15 2.95 2.95 3.15 
IS:4031:1988 

3 to 3.15 

6 
Compressive strength at 7 days 

(N/mm
2
) 

25.22 37.20 23.33 26.92 

 

IS:4031:1988 

 

3.2.2 Aggregates 

Fine Aggregate : The fine aggregate used was M sand from nearest source. Common physical properties of 

aggregates such as bulk density, void ratio, porosity etc. relevant to the behavior of aggregates in concrete were 

assessed. 

Table 2: Properties of Fine Aggregate 

Characteristics Loose Compacted 

Specific gravity 2.70 2.75 

Bulk density 1593(kg/m
3
) 1602 (kg/m

3
) 

Porosity 0.428 0.382 

Void ratio 0.748 0.618 

Grading zone Zone II 

Fineness modulus 2.27 

Bulking Max bulking at 4% moisture  content 

Coarse Aggregates : The types of coarse aggregates 20 mm were used. The test conducted on coarse aggregates  

are specific gravity, bulk density, water absorption, porosity, void ratio, grading along with crushing strength, as 

per IS 2386-1970 Vol.III 
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Table 3. Properties of Coarse Aggregate 

Sl.No. Characteristic loose Compact IS Code 

1 Specific gravity 3.12 3.12 IS 12269-1987 

2 Bulk density 1502 1780  

3 Porosity 0.487 0.433  

4 Void ratio 0.949 0.762  

5 Water absorption 0.33%  

6 Fineness modulus 2.104  

7 

Crushing value 23.69% 

Not to exceed 30% 

for aggregate used 

for concrete used 

for wearing surfaces 

and 45% for other 

uses IS : 2386 

partIV-1963 

Abrasion 25.4% 

Impact 16.31% 

 

IV. EXPERIMENTAL STUDY 

 

Mix design process and tests conducted to achieve the objective of this investigation are explained in detail. 

After material characterization was completed mix design process started. To investigate the reliability of 

prediction of compressive strength at an early age cubes, of same sample were tested after two methods two  

methods of curing : 

1. Accelerated curing: Boiling water method as per the IS: 9013 as described in 2.2.1 of this report was 

adopted for one set of sample. 

2. Conventional curing: Another set of cubes tested after normal curing for 28 days by immersing in cold 

water at room temperature, after removing from mould after 24 hours 
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Table 4.  Details of Mix Design (Quantity of Materials per Cubic Meter of Concrete). 

 

Sl. No. 

 

Cement 

Type 

 

W/C 

Ratio 

 

Water 

Liter 

Fine 

Aggregate 

Kg. 

Coarse 

Aggregate 

Kg. 

 

Cement 

Kg. 

 

Mix proportion 

No. of  

specimen 

1 OPC 53 0.55 202 702.36 1324.40 364 1:1.93:3.64 6 

2 OPC 53 0.5 202 690.51 1301.90 400 1:1.73:3.25 6 

3 OPC 53 0.45 202 676.04 1274.60 444 1:1.52:2.87 6 

4 OPC 53 0.4 202 660.24 1245.23 462 1:1.42:2.69 6 

5 OPC 43 0.55 200 675.45 1140 363.63 1:1.86:3.14 6 

6 OPC 43 0.5 200 647.04 1139.15 400 1:1.62:2.85 6 

7 OPC 43 0.45 200 616.80 1133.25 444.44 1:1.39:2.55 6 

8 OPC 43 0.4 200 645.97 1118.17 425.53 1:1.52:2.62 6 

9 PPC 0.55 202 695.96 1124.64 388.46 1:1.79:2.9 6 

10 PPC 0.5 202 670.23 1120.48 420.83 1:1.52:2.66 6 

11 PPC 0.45 202 649.97 1114.84 448.89 1:1.48:2.48 6 

12 PPC 0.4 200 574.27 1101.62 500 1:1.14:2.20 6 

13 PSC 0.55 200 667.73 1126.96 363.64 1:1.84:3.10 6 

14 PSC 0.5 200 638.76 1124.57 400 1:1.60:2.81 6 

15 PSC 0.45 200 607.85 1116.8 444.44 1:1.37:2.51 6 

16 PSC 0.4 200 574.27 1101.62 500 1:1.14:2.20 6 

        Total Number of cubes casted =96 

Table 5.Slump 

 

V. RESULT AND DISCUSSION 

 

Results of the compressive strength test conducted as per the IS: 516 is being described through the following 

sections. Based on the mix design twelve mix proportions were   considered in this experiment. For each set six 

number of cubes casted first set of three cubes tested at 28 hour after accelerated curing process and second set 

of three cubes tested at 28 day after conventional curing process 

Sl.No. Type of 

Cement 

W/C Ratio 

0.4 

Slump in 

Mm 

W/C Ratio 

0.45 

Slump in 

Mm 

W/C Ratio 

0.50 

Slump in 

Mm 

W/C Ratio 

0.55 

Slump in 

Mm 

Perm.limits 

for medium 

workability 

Mm 

1 OPC43grade 7.5 8 8.5 9 7.5-10 

2 OPC53grade 7.6 8.1 8.2 9 7.5-10 

3 PPC 7.9 7.9 8.5 9.3 7.5-10 

4 PSC 7.8 8 8.6 9.5 7.5-10 
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Table.6.Compressive Strength 

Sl.no Type of 

Cement 

W C  Ratio Acc. Curing 

strength at 

@28 hr N/ 

mm
2
 

Predicted 

Strength 

N/mm
2
 

28 Normal 

curing strength 

N/mm
2
 

1 OPC 53 Grade 0.55 12.39 28.41 31.25 

2 OPC 53 Grade 0.55 12.78 29.05 31.75 

3 OPC 53 Grade 0.55 12.47 28.54 32.28 

4 OPC 53 Grade 0.5 15.18 32.98 39.32 

5 OPC 53 Grade 0.5 15.72 33.87 38.79 

6 OPC 53 Grade 0.5 15.13 34.53 38.25 

7 OPC 53 Grade 0.45 19.12 39.45 40.91 

8 OPC 53 Grade 0.45 20.05 40.97 41.78 

9 OPC 53 Grade 0.45 19.72 40.43 42.10 

10 OPC 53 grade 0.4 22.18 44.46 47.23 

11 OPC 53 grade 0.4 22.70 45.32 47.89 

12 OPC 53 grade 0.4 23.01 45.82 48.21 

13 OPC 43 grade 0.55 13.07 29.52 32.76 

14 OPC 43 grade 0.55 13.64 30.45 33.24 

15 OPC 43 grade 0.55 13.28 29.86 32.86 

16 OPC 43 grade 0.5 15.11 32.87 37.91 

17 OPC 43 grade 0.5 16.58 35.28 38.22 

18 OPC 43 grade 0.5 15.56 33.61 37.33 

19 OPC 43 grade 0.45 18.57 38..54 42.22 

20 OPC 43 grade 0.45 18.21 37.95 41.8 

21 OPC 43 grade 0.45 17.97 37.56 41.3 

22 OPC 43 grade 0.4 19.77 40.51 45.22 

23 OPC 43 grade 0.4 20.44 41.61 46.6 

24 OPC 43 grade 0.4 19.91 40.74 44.8 

25 PPC Flyash 0.55 9.55 23.75 25.14 

26 PPC Flyash 0.55 9.82 24.19 26.66 

27 PPC Flyash 0.55 9.66 23.99 27.23 

28 PPC Flyash 0.5 10.74 25.70 29.96 

29 PPC Flyash 0.5 9.45 23.59 32.76 

30 PPC Flyash 0.5 9.82 24.19 29.36 

31 PPC Flyash 0.45 16.53 35.19 39.76 

32 PPC Flyash 0.45 16.21 34.67 39.18 
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33 PPC Flyash 0.45 15.93 34.22 40.01 

34 PPC Flyash 0.4 18.53 38.47 43.21 

35 PPC Flyash 0.4 18.76 38.85 42.96 

36 PPC Flyash 0.4 18.21 37.95 42.78 

37 PSC 0.55 7.89 21.02 25.11 

38 PSC 0.55 8.01 21.22 25.2 

39 PSC 0.55 8.12 21.41 24.94 

40 PSC 0.5 10.92 25.99 28.66 

41 PSC 0.5 11.23 26.51 28.12 

42 PSC 0.5 11.52 26.98 28.93 

43 PSC 0.45 12.96 29.34 34.66 

44 PSC 0.45 13.21 29.75 34.04 

45 PSC 0.45 12.86 29.18 35.66 

46 PSC 0.4 19.21 39.59 42.43 

47 PSC 0.4 19.78 40.53 43.96 

48 PSC 0.4 18.96 39.18 42.98 

 

Fig.4. Experimental and Predicted Values of Compressive Strength for Different Grades of 

Concrete 



 

874 | P a g e  

  

Fig.5. Experimental and Predicted Values of Compressive Strength for OPC 53  

 

Fig 6 : Experimented and Predicted Values for OPC 43 

 

Fig 7: Experimented and Predicted Values for PSC 
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Fig 8: Experimented and Predicted Values for PSC 

 Fig 

Fig 9 : Fitted Line Plot for Linear Equation  

First attempt to fit a linear equation from the data of experimental study in a scattered plot (Fig.9) equation 

obtained   is as follows. 

R28=12.63+1.587 R1 

Even a preliminary observation would reveal that to get a realistic estimate of R28, the constant has to be reduced 

considerably. Observing that variation may not be linear, another attempt was made to fit binomial equation Fig 

5.3 gives an equation  

R28=8.926+2.118 R1-0.017R1
2  
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Fig 10 : Fitted Line Plot for Second Degree Equation. 

Equation obtained on a second attempt to fit a second degree equation (Fig.10) is as follows   

R28 =8.926+211.8R1-0.0017R1
2.

 

 Table- 7 : Comparison of Predicted Strength Between two Different Correlations: - 

Mix Accelerated 

Strength at 

28 hour  R1 

N/mm
2

 

 

 

28 day 

strength 

R normal 

 

N/mm
2 

 

Predicted Strength 

IS:9013 R28 N/mm
2
 

R28 =1.64* Ra + 

8.09 

 

Error 

% 

Predicted Strength 

New correlation 

R28-new N/mm
2

 

R28-new =8.926+2.118*R1 

-0.017 R1
2
 

 

 

Error 

% 

1 10.89 35.41 25.95 26.72 29.92 15.5 

2 15.11 41.19 32.87 20.20 36.94 10.31 

3 14.89 45.33 32.51 28.28 36.59 19.28 

4 22.52 51.41 45.02 12.4 47.74 7.13 

5 16.89 53.33 35.79 32.88 39.71 25.53 

6 21.63 56.15 43.56 22.42 46.55 17.09 

 

VI.   CONCLUSION 

 6.1 Introduction 

The main objective of this study was to check the reliability in prediction of 28 day compressive strength of 

concrete at an early age (accelerated curing techniques). Based on the experiment following conclusions were 

arrived. 

 Actual compressive strength after conventional curing is greater than the strength predicted(accelerated 

curing) using the correlation equation as per IS: 9013.  
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 Strength varies at different proportions in concrete with different types of cement. In the case of OPC53 

grade as strength increases the difference between the actual and predicted strength varies uniformly. As 

strength increases the difference between actual and predicted strength increases while OPC43 grade is 

considered.  Strength of concrete cubes using PPC and PSC varies in similarly. As strength increases 

difference decreases. Hence a single linear equation does not help in reliable prediction 

 As a result of accelerated curing of concrete a substantial portion of the compressive strength to be attained 

on 28 day under conventional curing is attained on accelerated curing at early age namely 28 hours in 

different grades of concrete.  A non linear relation exists between two values which may help in prediction 

of compressive strength. When attempted for a binomial correlation, new correlation equation arrived from 

results of this experimental study is R28=8.926+2.118 R1-0.017R1
2
 

 

6.2 Achievement of this Research 

Through this study it is proved that accelerated curing using boiling water method gives reliable results for 

predicting compressive strength at an early age. Regression equation suggested by IS: 9013 is not reliable in 

early prediction of compressive strength. Error in early prediction is minimized when attempted with binomial 

correlation equation. 
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Abstract -  Infill frame is a composite structure formed by the combination of moment resisting plane frame 

and infill walls which are mainly used to increase lateral stiffness. The project concerns about on the effect of 

lateral loadings on the of infilled reinforced concrete (RC) frame with and without soft storey which includes 

masonry as infill with and without opening, shear wall as infill . Symmetrical office building of (G+9) floors 

located in the seismic zone –IV is taken for modeling for the initial frame. The modeled and static  analysis is 

carried out in ETABS 9.7 on the models such as bare frame, masonry infill frame, masonry infill frames with 

10% ,20% , 30% centre and corner opening, shear wall infill frame and  compared on the basis of displacement, 

axial force, bending moment( top and bottom) of column. The result shows that how infill frames increase 

stiffness of the structure.  

 

Keywords: Equivalent diagonal strut, Infill frame, Masonry infill frame, Masonry strut, Soft storey  

  

1. Introduction 

 

Infill frame is a composite structure formed by the combination of moment resisting plane frame and infill walls 

which are commonly used in buildings. . They are mainly used to increase lateral stiffness and strength of 

reinforced concrete structure and they have significant effect on the seismic response of the structural systems. 

In multi-storey buildings, the vertical loads ie, dead or live, which are generally occurring, do not cause much of 

effects but the lateral loads due to wind and earthquake tremors are a matter of great concern and need special 

consideration in the design of the buildings. This lateral force can produce the critical stress in a structure, set up 

undesirable vibrations, and in addition, lateral sway of the structure which can reach a stage of discomfort to the 

occupants. Soft storey is one in which the lateral stiffness is less than 60 percent of that in storey above or less 

than 70% of average lateral stiffness of the three storeys above In order to prevent that infill walls are used. 

Infills can be of brick masonry, concrete and shear wall. 

Studies conducted in the paper is 

1.1 To understand effect of infill in RC frame structures and also effect of openings in the infill by changing its 

position. 

1.2 Create different models of the symmetrical office building having with and without soft storey at the ground 

and compare these models on the basis of deflection, axial force, bending moment ( top and bottom ) of the 

column. 
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2. Model Selected For the Study 

 

The symmetrical office building of both with and without ground soft storey, having G+9 floors of height 3 m is 

selected as model for the study. 

TABLE 1. Building Properties 

Type of building Symmetrical office building 

Zone  IV 

Number of floors G+ 9 floors 

Typical storey height 3 m 

 Ground floor height 3 m 

Live load 1.5 Kn/m² for roof 

4 kN/m² for typical floors 

Grade of concrete  M 25 

Grade of steel Fe 415 

Thickness of brick wall 230 mm 

Thickness of slab 150 mm 

Thickness of shear wall 200 mm 

Density of concrete 25kN/m
3 

Density of brick wall 20kN/m
3
 

Poison’s ratio for concrete 0.2 

Poison’s ratio for brick wall 0.15 

Response reduction factor 5 

Importance factor 1.5 

Damping of structure 5% 

 

3.Models Considered For The Study 

 

3.1.Building with ground soft storey 

3.1.1.      Bare frame (RC frame with infill masonry but effect of masonry infill not considered) 

3.1.2.      Complete masonry infilled RC frame  

3.1.3 .     Masonry infilled RC frame with 10% centre opening 

3.1.4.      Masonry infilled RC frame with 10% corner opening 

3.1.5.      Masonry infilled RC frame with 20% centre opening 

3.1.6.      Masonry infilled RC frame with 20% corner opening 

3.1.7.      Masonry infilled RC frame with 30% center opening 

3.1.8.      Masonry infilled RC frame with 30% corner opening 

3.1.9. RC frame using Shear wall as infill 
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3.2. Building without ground soft storey 

3.2.1. Bare frame (RC frame with infill masonry but effect of masonry infill not considered) 

3.2.2. Complete masonry infilled RC frame  

3.2.3. Masonry infilled RC frame with 10% centre opening 

3.2.4. Masonry infilled RC frame with 10% corner opening 

3.2.5. Masonry infilled RC frame with 20% centre opening 

3.2.6. Masonry infilled RC frame with 20% corner opening 

3.2.7. Masonry infilled RC frame with 30% center opening 

3.2.8. Masonry infilled RC frame with 30% corner opening 

3.2.9. RC frame using Shear wall as infill 

                                             

 Fig 1. Example for bare frame                                           Fig  2. Example for brick infill 

                                              

Fig  3. Example for brick                                   Fig 4. Example for brick infill with corner opening 

 infill with center opening 

                                            

4.Analytical Study 

 

The model of symmetrical office building with and without soft storey is created in ETABS 9.7. For easy    

representing the effect of inplane during lateral load infill wall is modeled by using equivalent diagonal strut 

method. 

According to FEMA [1], 

The infill frame model was assumed as an equivalent diagonal strut with frame the pin joint(hinge joint) at the 

corners of the RC frame. 

Width of Strut,                                                

      (1) 
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                        Where, λ1 =  

                                               (2) 

 

                                

Fig 5. Equivalent Diagonal Strut 

 hcol = Column height        between centerlines of beams, m 

 

                        hinf  = Height of infill panel, m 

                        Efe = Expected modulus of elasticity of frame material, kN/m² 

                        Eme =Expected modulus of elasticity of infill material, kN/m² 

                        Icol = Moment of inertia of column, m4  

                        Linf = Length of infill panel, m 

                         rinf = Diagonal length of infill panel, m 

                         tinf =Thickness of infill panel and equivalent strut, m  

                         θ =Angle whose tangent is the infill height-to-length aspect ratio, radians 

                         λ1 = Coefficient used to determine equivalent width of infill strut 

If openings  is given to the infill frames, then width of the strut is reduced, so that lateral stiffness and strength 

of the frame is also reduced. The reduction factor ρw is defined as ratio of reduced strut width to ratio of strut of 

fully infilled frame. 

               width of diagonal strut with opening , 

                                                    wdo = ρw wds     (3)                 

                  reduction factor,  ρw = 1- 2.5 Ar  (4)             

                      where,  

                                ρw  = Reduction factor 

                                Ar  = Opening area ratio 
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Fig 6. Example for Strut Model 

 

5. Result And Discussion 

 

5.1. Deflection Graph Of The Buildings With Soft Storey 

 

Graph 1. Deflection Vs Storey height  

 

The graph represents the deflection of building with bare frame and that of brick infill with respect to height 

of the building with soft storey when it is subjected to the load combination of dead load and earthquake 

load. In this graph, it is observed that due to the presence of ground soft storey, from the base of the 

building, the deflection value of the bare frame and brick infill is similar and also as the height of the 

building increases, difference in the deflection value of bare frame and brick infill are increasing.  
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Graph 2. Deflection Vs Storey height  

 

The graph represents the deflection of building with bare frame and that of shear wall with respect to height 

of the building with soft storey when it is subjected to the load combination of dead load and earthquake 

load. In this graph it is observed that structure which is of bare frame has more deflection than the structure 

containing shear wall. 

 

 

Graph 3. Deflection Vs Storey height 

 

Graph represents deflection of the building with brick infill of center and corner openings of 10%. From 

these graphs, it is observed that deflection of the brick infill with corner openings has least value than that 

of brick infill with center openings and will be similar in case of 20% and 30% openings. 

5.2.Axial Force Graph Of The Buildings With Soft Storey 
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Graph 4. Axial force Vs Storey height 

The graph shows different values of axial force with respect to storey height of building with bare frame, brick 

infill, brick infill with center and corner openings of 10%, 20%, 30% and shear wall. From this graph, it is clear 

that bare frame has the least axial force among them and as opening percentage decreases, the value of axial 

force increases with respect to the storey height of the building with ground soft storey from top to bottom ie., 

the structure with completely brick infill has highest axial force compared to other due to the self weight. In case 

of building with shear wall as infill, the value of deflection is more than that of building with brick infill of 

center openings but less than that of building with completely brick infill.  

 

5.3. Bending Moment Graph Of The Buildings With Soft Storey 

 

Graph 5. Bending moment (bottom) Vs Storey height 

Above graph represents bending moment (bottom) with respect to the storey height of the building with ground 

soft storey of bare frame, brick infill, brick infill with center and corner openings of 10%, 20%, 30% and shear 

wall. From the graph, it is clear that building with bare frame has the least bending moment and building with 



 

885 | P a g e  

brick infill has maximum, bending moment due to the presence ground soft storey. Comparing values of the 

building with completely brick infill and shear wall as infill, building with shear wall as infill has less bending 

moment than that of building with completely brick infill.  

 

Graph 6. Bending moment (bottom) Vs Storey height 

Above graph represents bending moment (top) with respect to the storey height of the building with ground soft 

storey of bare frame, brick infill, brick infill with center and corner openings of 10%, 20%, 30% and shear wall. 

From the graph, it is clear that building with bare frame has the least bending moment and building with brick 

infill has maximum, bending moment due to the presence ground soft storey. Comparing values of the building 

with completely brick infill and shear wall as infill, building with shear wall as infill has less bending moment 

than that of building with completely brick infill. 

5.4. Deflection Graph Of The Buildings Without Soft Storey 

 

Graph 7. Deflection Vs Storey height  

The graph represents the deflection of building with bare frame and brick infill with respect to height of the 

building without soft storey when it is subjected to the load combination of dead load and earthquake load. In 

this graph, it is observed that building with bare frame has more deflection than that of brick infill which means 

building with brick infill has more stiffness than that of building with bare frame. 
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Graph 8. Deflection Vs Storey height    

The graph represents the deflection of building with bare frame and shear wall with respect to height of the 

building without soft storey when it is subjected to the load combination of dead load and earthquake load. In 

this graph, it is observed that building with bare frame has more deflection than that of shear wall which means 

building with building with shear wall as infill has more stiffness than that of building with bare frame. 

  

Graph 9. Deflection Vs Storey height 

Graph represents deflection of the building with brick infill of center and corner openings of 10% with respect 

to storey height. From these graphs, it is observed that deflection of the buildings with brick infill with corner 

openings has less value than that of building with brick infill with center openings and will be similar in case of 

20% and 30% openings. 

5.5.  Axial Force Graph Of The Buildings Without Soft Storey    

 

         Graph 10. Axial force Vs Storey height 
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The graph shows different values of axial force with respect to storey height of building with bare frame, brick 

infill, brick infill with center and corner openings of 10%, 20%, 30% and shear wall. From this graph, it is clear 

that building with bare frame has the least axial force among them and as opening percentage decreases, the 

value of axial force increases with respect to the storey height from top to bottom ie., the structure with 

completely brick infill has highest axial force compared to other due to the self weight. In case of building with 

shear wall as infill, the value of deflection is more than that of building with brick infill of center openings but 

less than that of building with completely brick infill. 

5.6.Bending Moment Graph Of The Buildings Without Soft Storey 

 

 

Graph 11.  Bending moment (bottom) Vs Storey height 

The graph represents bending moment (bottom) with respect to the storey height of the building without soft 

storey of building with bare frame, brick infill, brick infill with center and corner openings of 10%, 20%, 30% 

and shear wall. From the graph, it is clear that building with bare frame has more bending moment and building 

with brick infill has minimum bending moment due to the absence of soft storey. Comparing values of the 

building with completely brick infill and shear wall as infill, building with shear wall as infill has less bending 

moment than that of building with completely brick infill. 

 

Graph 12. Bending moment (top) Vs Storey height 

 

The graph represents bending moment (top) with respect to the storey height of the building without soft storey 

of building with bare frame, brick infill, brick infill with center and corner openings of 10%, 20%, 30% and 

shear wall. From the graph, it is clear that building with bare frame has more bending moment and building with 

brick infill has minimum bending moment due to the absence of soft storey. Comparing values of the building 
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with completely brick infill and shear wall as infill, building with shear wall as infill has less bending moment 

than that of building with completely brick infill. 

 

6. Conclusions 

 

The purpose of this study is to understand the effect of infill such as brick and shear wall in R.C frame 

structures. The effect of opening in brick infill in R.C frame structure by changing the position of the openings 

(center and corner) is also studied. The percentage of openings is varied by 10%, 20% and 30%. The effect of 

with and without soft storey in buildings is also studied. 

Different models of symmetrical office building with and without ground soft storey of G+9 floors were created 

in ETABS 9.7 and perform linear static analysis. Equivalent diagonal strut method is used for modeling the infill 

wall for easy representation of effect of inplane during lateral load. 

From the results, concluded that  

 Infill panels strengthen and increase stiffness of the structure 

 In building with soft storey maximum deflection in case of brick infill is 22.962 mm and in case of shear 

wall is 23.7048 mm, also in building without soft storey, maximum deflection in brick infill is 21.1091mm 

and shear wall, the value is 22.5 mm. Thus deflection in shear wall is more than in brick infill. 

 The increase in the opening percentage leads to a decrease on the lateral stiffness of frame with infill. 

 From the result it shows that due to the effect of infill wall, there is a decrease in axial force of the column 

ie from building with brick infill to building with bare frame, 

 The value of bending moment are maximum in columns without considering infill wall effect due to the 

presence of soft storey. 

 Deflection is more in central opening than that in corner opening.  

 Building with brick infill has more stiffness than building with shear wall. 
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ABSTRACT 

For the dynamic response of pile foundation under coupled vibration single piles and 2 x 2 group piles with 

length to diameter ratios 10,15 and 20 have taken. For group piles, spacing to diameter ratios of 2, 3 and 4 for 

each length to diameter ratio were used. Formulation of the theory of plane strain model of Novak (Novak, 

1974) for horizontal and rocking vibrations to predict the dynamic response of single pile and pile group. Static 

interaction factors (El-Sharnouby and Novak, 1986) were determined to account pile-soil-pile interaction. By 

using Novak’s plane strain model with static interaction factor approach the frequency independent dynamic 

response of both single pile and group of pile for horizontal vibration and rocking were determined. Finally the 

predicted response of single and group piles were compared with the observed response reported in Manna 

(2009). 

 

Key Words: Dynamic Analsis1, Pile Foundation2, Static Interaction Factors 3, And Coupled 

Vibration 4 

 

I. INTRODUCTION 

 

Pile foundations are widely used in weak soil deposits for supporting various structures. In addition to static 

loads, pile-supported foundations and structures are subjected to dynamic loads such as machine-induced 

vibrations, moving traffic, ocean waves and earthquakes. In recent years, with the development in the offshore 

structures technology and the nuclear power industry and other applications, the dynamic behavior of pile 

foundation has received a renewed attention. 

The nature of the loading and soil-pile responses are quite different for different sources of dynamic loading. In 

machine foundations, the piles may be subjected to vertical oscillation, horizontal translation, rocking and 

torsion. Machines may cause only small amplitudes of vibrations, and soils may behave as elastic materials. The 

response of pile foundations under these dynamic loads is relatively more complex than for static loads. In the 

dynamic analysis of soil-pile-foundation, the interactions between piles and the surrounding soil represent one 

of the important topics of foundation dynamics. However this is least understood and is in urgent need for 

solution. Though a large number of analytical investigations on the dynamic response of pile foundation have 

been carried out over the last three decades, much has yet to be known about the effect of soil pile 

characteristics through systematic studies. At the same time, experimental investigation in the field on single 

pile and pile groups of different configuration in layered soils is also needed to validate the theoretical findings. 

However a very little information is available on observed dynamic behavior of pile foundations. This is mainly 

because of difficulties in conducting tests including a large number of variables both in soils and piles. 
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With the emergence of the new rather abstract theories for dynamic pile analysis, it became necessary to verify 

their validity by means of experiments. The full scale forced vibration tests in the field were conducted for both 

vertical and horizontal vibrations by many investigators [Jennings et al. (1984), Blaney et al. (1987), Han and 

Vaziri (1992)]. Field experiments with small prototype single piles and group of piles were conducted by Novak 

and Grigg (1976) and Han and Novak (1988) subjected to strong horizontal and vertical excitations. A series of 

dynamic tests were conducted with a group of 102 closely spaced piles for vertical, horizontal and torsional 

mode of vibrations by El Sharnouby and Novak (1984). These experimental results were evaluated by Novak 

and El Sharnouby (1984) to determine if the theories available could predict the behavior of the test pile group. 

Krishnamurthy et al. (1982) and Ghumman (1985) conducted dynamic tests on different model piles and pile 

groups in the laboratory to study the dynamic behavior of pile foundation. 

 

1.1 Objective and Scope 

An attempt is made to study the dynamic response of single pile and pile group of different configurations in 

layered soil subjected to coupled vibration by analytical study. The detailed objectives of the present study are 

as follows:  

1. Formulation of the theory of plane strain model of Novak (Novak, 1974) for horizontal and rocking vibrations 

to predict the dynamic response of single pile and pile group.  

2. Determine the static interaction factors (El-Sharnouby and Novak, 1986) to account pile-soil-pile interaction.  

3. Determination of the frequency independent dynamic response of both single pile and group of pile for 

horizontal vibration and rocking by Novak’s plane strain model with static interaction factor approach.  

4. Comparison of the predicted response of single and group piles with the observed response reported in Manna 

(2009). 

 

1.2 Experimental Study 

The site was located adjacent to the Hangar, Indian Institute of Technology, Kharagpur Campus, India (Manna, 

2009). Both disturbed and undisturbed soil samples were collected from three bore holes (BH) located at 

different places of the site. The subsurface investigation indicated that the test site consists of three different soil 

layers upto a depth of 2.80 m. The soil properties were determined by in-situ and laboratory tests. The 

laboratory experiments include natural moisture content (IS 2720 Part 2, 1973), specific gravity (IS 2720 Part 

3/Sec 1, 1980; IS 2720 Part 3/Sec 2, 1980) Atterberg’s limits test (IS 2720 Part 5, 1985; IS 2720 Par t 6, 1972), 

particle size distribution analysis of soil (IS 2720 Part 4, 1985) and triaxial test (IS 2720 Part 11, 1993). Two in-

situ tests, namely, crosshole seismic tests for determining the shear wave velocity (Vs) of soil layer and standard 

penetration tests (SPT) to determine N value were conducted. Crosshole seismic tests (ASTM D 4428/D 4428M, 

2000) were conducted in the field. 

Based on different field and laboratory observations the soil stratum was divided into three different categories 

as per Unified Soil Classification System (USCS). The soil profile consists of 1.20 m of soft yellow organic silty 

clay with low plasticity (OL) overlying 1.10 m thick layer of brown medium stiff inorganic clay with low to 

medium compressibility (CL). The third soil layer of red stiff inorganic clay with high compressibility (CH) 

mixed with gravel was found at the depth of 2.30 m and it extends upto the depth of 2.80 m. 
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The pile used in the study was a cast-in-place reinforced concrete circular pile. The diameter (d) of all the piles 

was 0.10 m. In total twelve sets of pile were used in this investigation. Three sets of single pile of three different 

lengths (L = 1.0 m, 1.5 m and 2.0 m) and nine sets of 2 2 group pile (Spacing s = 2d, 3d and 4d for each pile 

length L, where L = 1.0 m, 1.5 m and 2.0 m) were used for the investigation. The dimension of pile cap was 0.57 

mX0.57 mX0.25 m. 

 

II. THEORETICAL STUDY 

 

The approximate analytical technique developed by Novak (1974) derives stiffness and damping constants for 

piles and pile groups, with the help of which lateral response is determined. 

Lateral and damping constants for single piles with soil modulus constant with depth was derived by Novak 

(1974). Novak (1974) considered (1) horizontal alone, (2) rocking alone, and (3) coupled rocking and 

horizontal. Novak and El-Sharnouby (1983) extended these solutions to include parabolic variation of soil-shear 

modulus.  

The resonant frequency and amplitude of vibration of the foundation in coupled horizontal and rocking motion 

can be obtained by Beredugo and Novak (1972). With the total stiffnesses in coupled mode of pile foundation, 

the two resonant frequencies ωn1 and ωn2 can be obtained. 

 

2.1 Coupled Response of Pile Foundation  

The resonant frequency and amplitude of vibration of the foundation in coupled horizontal and rocking motion 

can be obtained by Beredugo and Novak (1972). With the total stiffnesses in coupled mode of pile foundation, 

the two resonant frequencies ωn1 and ωn2 can be obtained from the equation as given by where P = real 

amplitude of horizontal force, M = real amplitude of moment, Kuu, Kψψ, Kuψ = total horizontal, rocking and 

cross stiffness constants of pile foundation, Cuu, Cψψ, Cuψ = total horizontal, rocking and cross damping 

constants of pile foundation. 

 

2.2 Theoretical Response Curves  

A set of response curves were plotted for different excitation levels using plane strain approach of Novak 

(1974). Typical horizontal and rocking response curves of a single pile (L/d = 15, Ws = 12 kN) obtained from 

coupled vibration test - Type 1 with different excitation intensities are presented in Figs. 1(a) and (b) 

respectively for no contact condition of pile cap. The frequency versus amplitude response curves of pile group 

(L/d = 15, s/d = 4, Ws = 12 kN, Case 2) for both horizontal and rocking motion are presented in Figs. 2(a) and 

(b). 

Important observations made from Figs. 1 and 2 are summarized below:  

1. Two resonant peaks are observed at two different frequencies for both horizontal and rocking component.  

2. The second resonant peak is well separated from the first peak.  

3. The first resonant peak of the coupled response is dominated by the both horizontal translation and rocking.  

4. As the excitation moment increases the resonant amplitude increases but the resonant frequency remains 

same.  
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To study the effect of various influencing parameter, namely, spacing of pile in a group, length of pile, 

embedded conditions of pile cap, analytical results are presented separately for coupled vibration. It was 

observed that the resonant frequency increases with increasing pile spacing for both first and second vibration 

mode. However, the resonant amplitudes increases for first mode and decreases for second mode of vibration for 

increasing pile spacing. It is found that embedded pile cap condition produced higher resonant frequency and 

lower resonant amplitude than with no contact condition of pile cap. Both first and second resonant frequencies 

of pile increase for higher L/d ratio. However, both the peak amplitudes decrease for increasing L/d ratio. The 

effect of static loads on the resonant frequency and amplitude of piles were studied and it is observed that the 

both resonant frequency and amplitude decreased as the static load increased for all the cases. 
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2.3 Theory versus Experiment 

Stiffness and damping of single pile were calculated using the Novak’s plain strain approach and the static 

interaction factors used to account for pile group effect. For the piles, Young’s modulus (Ep) was taken as 25 x 

10
6
 kN/m

2
 in this analysis. The shear modulus of soil (Gs) was determined from Figure for parabolic soil 

profile. Based on the values of Ep/Gs ratio and pile length to diameter ratio, the vertical stiffness parameter 

(fw1), vertical damping parameter (fw2), horizontal stiffness parameter (fx1), horizontal damping parameter (fx2), 

rocking stiffness parameter (fq1), rocking damping parameter (fq2), coupled stiffness parameter (fxq1) and 

couple damping parameter (fxq2) were determined for floating pile and parabolic soil profile from Novak (1974) 

for L/d=10 and from Novak and El-Sharnouby (1983) for L/d ≥ 15. The theoretical response curves were 

obtained by considering static interaction factor between the piles for calculating the stiffness and damping 

parameters of pile groups. Static interaction factors were calculated at different pile length and pile spacing for 

Poisson’s ratio of 0.35 from Novak and El-Sharnouby (1986). Typical comparison between the experimental 

and theoretical response curves are shown in Figs. 3 and 4. It can be seen from the figures that the resonant 

frequency decreases as the exciting intensity increases for experiment. However the resonant frequencies remain 

constant as the exciting intensity increases for theoretical analysis. In most of the cases, the values of the first 

and second resonant amplitudes are more in case of experimental value than the analytical results. The first 

resonant frequency by analysis is very close to the experimental value.  

The typical comparison between the experimental results and theoretical results for different conditions of pile 

like for different spacing ratio (s/d), different embedded conditions of pile caps and for different length (L/d) 

ratios have been clearly given in the Tables 1, 2 and 3 respectively. It can be seen from Table 1 that as the pile 

spacing increases the both first and second resonant frequency increases while the both amplitudes decreases in 

experimental results and linear analysis. It can be seen from Table 2 that for embedded pile cap (Case 1), the 

values of both resonant frequencies are more and resonant amplitudes are less as compared to no contact 

condition of pile cap (Case 2). It can be seen from Table 3 that as the L/d increases the resonant frequency 

increases and the resonant amplitude decreases for most of the cases for both experiment and linear analysis. 
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III. CONCLUSIONS 

 

The main emphasis in this present work is to compare a huge number of dynamic test results of pile (Manna, 

2009) under coupled vibration with plane strain model of Novak (1974) with static interaction factor approach 

and check the accuracy of the theoretical model. The influence of pile-soil-pile interaction on the coupled 

dynamic behavior of pile groups has investigated using static interaction factor approach. It is found from the 

analytical investigation that many parameters like exciting intensities, static load, embedment of pile cap, 

different L/d and s/d ratio have an influence on the dynamic response of pile foundation under coupled 

vibration.  

A comprehensive study involving both model dynamic testing of pile foundation and theoretical analysis have 

been described in the paper. Coupled vibration tests with model reinforced concrete single pile and pile groups 

embedded in layered soil have conducted in the field. A large number of tests with different exciting moments 

and different embedded conditions of pile cap were considered. The measured data of single pile and group pile 

were compares with the theoretical value with one approach namely, the Novak’s frequency independent 

approach. The pile-soil-pile interaction on the coupled dynamic behavior of pile groups was investigated using 

static interaction factor approach. 

Some important conclusions that can be made from the study performed are as follows:  

1. Many parameters like exciting intensities, dynamic load, embedded of pile cap and L/d and s/d ratios have an 

influence on the dynamic response of pile foundation under coupled vibration.  

2. The resonant frequency decreases as the exciting intensity increases for experiment but the resonant 

frequencies remain constant as the exciting intensity increases for theoretical analysis.  

3. The values of the first and second resonant amplitudes are more in case of experimental value than the 

analytical results.  

4. The first resonant frequency by analysis is very close to the experimental value. 

5. The both first and second resonant frequency increases while the both amplitudes decreases as the pile 

spacing increases in experimental results and linear analysis.  

6. For embedded pile cap (Case1), the values of both resonant frequencies are more and resonant amplitudes are 

less as compared to no contact condition of pile cap (Case2).  

7. The resonant frequency increases and the resonant amplitude decreases as the L/d increases for most of the 

cases for both experiment and linear analysis.  

The experimental data presented in this paper could be analyzed to correlate different influencing parameters 

with dynamic behavior of pile foundation and these data may prove useful for future research purpose as well as 

for the practicing engineers. 

 

REFERENCES 

 

[1]  Barkan, D.D. (1962). “Dynamics and bases and foundations.” McGraw-Hill Book Co. New York.  

[2]   Bentley, K. J. and El Naggar, M. H. (2000). “Numerical analysis of kinematic response of single piles.” 

Can. Geotech. J., 37(6), 1368-1382.  

[3]   Blaney, G. W., Muster, G. L. and O’Neill, M. W. (1987). “Vertical vibration test of a full-scale pile 

group.” ASCE Geotech. Special Publication No. 11, 149-165.  



 

896 | P a g e  

[4]   El Sharnouby, B. and Novak, M. (1984). “Dynamic experiments with group of piles.” J. Geotech. Eng., 

110(6), 719-737.  

[5]   El Sharnouby, B. and Novak, M. (1986). “Flexibility coefficients and interaction factors for pile group 

analysis.” Can. Geotech. J., 23, 441-450.  

[6]   Han, Y. and Novak, M. (1988). “Dynamic behavior of single piles under strong harmonic excitation.” 

Can. Geotech. J., 25, 523-534.  

[7]   Han, Y. and Vaziri, H. (1992). “Dynamic response of pile groups under lateral loading.” Soil Dyn. 

Earthquake Eng., 11, 87-99.  

[8]   Hayashi, S. C., Miyazawa, N. and Yamashita, I. (1965). “Horizontal resistance of steel piles under static 

and dynamic loads.” Proc. 3rd World Conf. on Earthq. Eng., 2.  

[9]  Jaya, K. P. and Prasad, A. M. (2004). “Dynamic behavior of pile foundations in layered soil medium 

using cone frustums.” Geotechnique, 54(6), 399-414.  

[10]  Jennings, D. N., Thurston, S. J. and Edmons, F. D. (1984). “Static and dynamic lateral loading of two 

piles.” Proc. 8th World Conf. Earthq. Eng., San Francisco, 3, 625-632.  

[11]  Kaynia, A. M. and Kausel, E. (1982). “Dynamic behavior of pile groups.” 2nd Int. Conf. Num. Meth. 

Offshore Piling, Austin, Texas.  

[12]  Krishnamurthy, D. N., Tokhi, V. K. and Beg, M. R. (1982). “Effect of skin friction on the natural 

frequency of pile groups subjected to vertical vibration.” Proc. of Conf. Soil Dyn. and Earthq. Eng., 

Southampton, 457-470.  

[13]  Matlock, H., Stephen, H. C. F. and Bryant, L. M. (1978). “Simulation of lateral pile behavior under 

earthquake motion.” Proc. of the Spec. Conf. on Earthq. Eng. and Soil Dyn.,Pasanda, California, 2, 704-

719.  

[14]  Maxwell, A. A., Fry, Z. B. and Poplin, J. K. (1969). “Vibratory loading of pile foundations.” ASTM, 

Special Technical Publication, 444, 338-361..  

[15]  Nogami, T., Zhu, J. X. and Ito, T (1992). “First and second order dynamic subgrade models for soil-pile 

interaction analysis.” ASCE, Getech. Special Pub, No. 34, 187-206.  

[16]   Novak, M. (1974). “Dynamic stiffness and damping of piles.” Can. Geotech. J., 11, 574-598.  

[17]  Novak, M. and Aboul-Ella, F. (1978). “Impedance functions for piles embedded in layered medium.” J. 

Eng. Mech., 104(3), 643-661.  

[18]  Novak, M and Beredugo, Y. O. (1972). “Vertical vibration of embedded footing.” J. Soil Mch. Found. 

Div., ASCE, 98(SM12), 1291-1310.  

[19]  Novak, M and El Sharnouby, B. (1983). “Stiffness constants of single piles.” J. Geotech. Eng., 109(7), 

961-974.  

[20]   Novak, M and Nogami, T. (1977). “Soil pile interaction in horizontal vibration.” J. Earthq. Eng. and 

Struct. Dynam., 5(3), 263-282.  

[21]   Poulos, H. G. (1968). “Analysis of the settlement of the pile group.” Geotechnique, 18(4), 449-471.  

[22]   Prakash, S. and Sharma, H. D. (1969). “Analysis of pile foundation against earthquakes.” Indian Concr. 

J., 205-220.  

[23]  Wolf, J. P., Meek, J. W. and Song, C. (1992). “Cone models for a pile foundation.” ASCE Geotech. 

Special Publication No. 34, 94-113.  



 

897 | P a g e  

 

BIOGRAPHIES 

Shreeshail Basappa Heggond (M.Tech- Structural engineering) Working as Asst Professor in St.John 

college of engineering and technology palghar(E)  

Jaydeep Chougale  (M.Tech- Structural engineering) Working as Asst Professor in St.John college of 

engineering and technology palghar(E) 



 

898 | P a g e  

 COMPARISON OF OVERALL HEAT TRANSFER 

COEFFICIENT OF A NANO FLUID WITH WATER IN 

HEAT EXCHANGER  

  Prof B.Vishnu Prasad 
1 
, Prof B. Jaya Prakash 

2 
,  

 
Dr. V. Venkata Ramana

3
 

 
1,2

 Associate Professor, 
3
 Professor, Department of Mechanical Engineering, Ballari Institute of Technology and 

Management,  Bellary, 583 104, Karnataka, India. 

 

Abstract: Ultrahigh performance cooling is one of the important needs of present day industry. However for 

cooling purpose, low thermal conductivity is a prime limitation in developing energy efficient heat transfer 

fluids. To fulfill such requirements nano fluids play an important role. These nano fluids are engineered by 

suspending nano particles of sizes below 100 nm in heat transfer fluids (water, ethylene glycol, oil etc.). 

Innovative heat transfer fluids are produced by suspending metallic/non-metallic nano meter sized solid particles 

and many experimental works have shown that these nano fluids have substantial higher thermal conductivities 

compared to the base fluids and can change the thermal properties of the base fluids.  The aim of this paper is to 

summarize some developments in research on the stability of nano fluids, enhancement of thermal 

conductivities, and heat transfer characteristics of alumina (Al2O3) based nano fluids. The Al2O3 nano particles 

in the range of 70 to 230 mesh size were used to prepare nano fluids with different concentrations, analyzed for 

better heat transfer coefficient and to validate, experiments were conducted to study enhancement in the heat 

transfer coefficient with a heat exchanger. It is observed that the overall heat transfer coefficient is considerably 

increased. 

 

Key Words: Nano fluids, thermal conductivity, volume flow, turbulent flow, Nusselt number, Reynolds number 

 

I. INTRODUCTION 

The  idea behind  development  of  nano fluids  is  to  use  them  as  thermo  fluids  in  heat  exchangers  for  

enhancement  of  heat  transfer  coefficient  and  thus  to minimize the size of heat transfer equipments. The 

important parameters which influence the heat transfer characteristics  of  nano fluids  are  its  properties  which  

include  thermal conductivity, viscosity, specific heat and density. The thermo physical properties of nano fluids 

also depend on operating temperatures of nano fluids. Therefore accurate measurement of temperature 

dependent properties of nano fluid is essential. Thermo physical properties of nano fluids are prerequisites for 

estimation of heat transfer coefficient and the Nusselt number. Lee et al (1998), Das et al (2000), Xuan and 

Roetzel (2003), and Choi et al (2003)  have  investigated  on  properties  of  nano fluids containing  metals  and  

metal  oxides as nano  particles.  Their study focused on parameters which influence nano fluid properties. In the 

present work an attempt is made in terms of synthesization of Al2O3 nano fluid, and conduction of thermal 

analysis in a double pipe heat exchanger with it.  
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II. LITERATURE REVIEW 

Devdatta P. Kulkarni, Ravikanth S. Vajjha, and Debendra K. Das, Daniel Oliva [16] in their paper, “application 

of aluminum oxide nano fluids in diesel electric generator as jacket water coolant”, in a diesel electric generator 

(DEG) experimented on specific heat measurements of aluminum oxide nano fluid with various particle 

concentrations. Their results showed reduction in values with an increase in the particle concentration and 

temperature, along with reduction of cogeneration efficiency due to decrease in specific heat, which influences 

the waste heat recovery from the engine. However, they concluded that efficiency of waste heat recovery heat 

exchanger was increased for nano fluid, due to its superior convective heat transfer coefficient. 

Abu-Nada, et al. [2] used an efficient finite volume method to study the heat transfer characteristics of natural 

convection for Cu O/EG/water nano fluid in a differentially heated enclosure. His results show that the dynamic 

viscosity and friction factor increased due to dispersing the alumina nano particles in water. 

Hwang et al. [9] through experimental investigation of flow and convective heat transfer characteristics of 

Al2O3/water nano fluid, with convective heat transfer characteristics of Al2O3/water nano fluid with particles 

varying between 0.01and 0.3% in a circular tube of 1.812 mm inner diameter with the constant heat flux in fully 

developed laminar regime reported improvement in convective heat transfer coefficient in the thermally fully 

developed regime. 

A.A. Abbasian Arani, and J. Amani [18] in their research paper titled, “Experimental study on the effect of 

TiO2/water nano fluid on heat transfer and pressure drop”, investigated the effect of nano particle volume 

fraction (0.002 and 0.02) on the convection heat transfer characteristics and pressure drop of TiO2 (30 

nm)/water nano fluids, for Reynolds number (8000 and 51,000) on a horizontal double tube counter flow heat 

exchanger. The outcome is Nusselt number increases with increase in Reynolds number or nano particle volume 

fraction, also concluded that using nano fluids at high Reynolds numbers compared with low Reynolds numbers, 

have lower benefits. 

M. Mahbubula, R. Saidur, M.A. Amalina [19] in their research “Heat transfer and pressure drop characteristics 

of Al2O3-R141b nano refrigerant in horizontal smooth circular tube”, stated nano refrigerants are promising 

nano fluids as refrigerants. Their study focused to determine the heat transfer and pressure drop characteristics 

of Al2O3-R141b nano refrigerants for different volume concentrations. Their observations were heat transfer 

and pressure drop characteristics increased with the increased volume concentrations and concluded that an 

optimum concentration of nano particles with refrigerants (compromising the heat transfer performance and 

pressure drop characteristics) can improve the performance of a refrigeration system so as to increase the energy 

efficiency and cooling capacity. 

Most of the research works with nano fluids are related to thermal conductivity and heat transfer properties of 

nano fluids based on water or ethylene glycol. 

 

III. OBJECTIVE 

The main objective of investigation is to target a need to advance nanotechnology and to determine heat transfer 

applications for nano particles/nano fluids.  Research will help to understand the relationship of nano fluids and 

heat transfer rates at various operational conditions. Experimentation also helps to understand the relationship of 

deposition of nano particles and its effect on heat transfer rates. The purpose of this work is to determine the 
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effect of nano particles on heat transfer rates along with the effect of deposition on heat transfer rates using 

aluminum oxide nano particles at different concentrations, different flow rates, and at different temperatures. 

 

Estimation of Nano Particle Concentration: 

 

The  amount  of  Al2O3  nano particle  required  for  preparation  of nano fluid  is calculated using  the  law of 

mixture formula. The  weight  of  the  nano particles required  for  preparation  of  100  ml Al2O3  nano fluid  of  

a  particular volume concentration,  using distilled water as base  fluid  is calculated by using the following 

relation, 

% volume concentration =  

 

Synthesis of Nano Fluid: 

Components required:  Al2O3 nano powder, distilled water, 

 

Table No. 1: Analysis using surfactant 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

After sufficient analysis by comparing the time taken for complete sedimentation of nano particle, we choose 

combination of surfactant and nano particle which have larger time of sedimentation. The combination selected 

is alumina nano fluid and dextrin, but dextrin is not completely dissolvable in water, so starch combination is 

preferred. 

 

 

 

 

Distilled 

water in 

ml 

Al2O3nano 

powder in 

gm 

Surfactant starch in gm 

100 1 0.25 0.5 0.75 1 

Time taken to sediment 

in sec 

 

50min 

48sec 

55min 

23 sec 

1hr 

05min 

30sec 

1hr 

10 

min 

33sec 

                                             Surfactant dextrin in gm 

100 1  0.35 0.7 1 

Time taken to sediment 

in sec 

 

 48min 

56 sec 

1hr 

08min 

15sec 

1hr 

18 

min 

30sec 



 

901 | P a g e  

 

Table No. 2: Analysis using combination 
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Graph No.1: Showing increase of sedimentation time by increase of surfactant 
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Graph No.2: Showing various proportions of dextrin surfactant on constant 1% proportion of alumina 

nano fluid 

Distilled 

water in 

ml 

Al2O3 

nano 

powder 

in g 

Surfactant dextrin 

combination in g 

100 1.25 0.3 0.75 1 1.25 

Time taken to sediment 

in sec 

 

36 

min 

41min 

50 sec 

1hr 

10 

min 

1hr 

22 

min 

                                                                                

Surfactant starch combination in g 

100 1 1.25 

Time taken to sediment 

in sec 

 

1hr 
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variation of dextrin surfactant percent in 1.25% alumina nanofluid  

Graph No.3: Showing various proportions of dextrin surfactant on constant 1.25% proportion of alumina 

nano fluid 

The graphs were drawn based on the time and varied proportions two surfactants i.e., starch and dextrin in 

percents. The graphs clearly show that, with the increase of surfactant percent in the nano fluid increases the 

time taken for sedimentation of selected nano powder alumina. Now it is known that surfactant decreases the 

surface tension of base fluid and assists in proper dispersion of nano powder in the base fluid. 

 

HEAT EXCHANGER ANALYSIS METHOD  

 

The goal of heat exchanger design is to relate the inlet and outlet temperatures, the overall heat transfer 

coefficient, and the geometry of the heat exchanger, to the rate of heat transfer between the two fluids. The two 

most common heat exchanger design problems are those of rating and sizing. We will limit ourselves to the 

design of recuperators only. That is, the design of a two fluid heat exchanger used for the purposes of recovering 

waste heat. We will begin first, by discussing the basic principles of heat transfer for a heat exchanger. We may 

write the enthalpy balance on either fluid stream to give: 

 ------1       and     -----2 

 

For constant specific heats with no change of phase, we may also write 

-----3   and   -----4 

Now from energy conservation we know that Qc = Qh = Q, and that we may relate the heat transfer rate Q and 

the overall heat transfer coefficient U, to the some mean temperature difference ∆Tm by means of  Q = U A 

∆Tm -----5 

Where A is the total surface area for heat exchange that U is based upon. Later we shall show that ∆Tm = f 

( ) ---6 

 

It is now clear that the problem of heat exchanger design comes down to obtaining an expression for the mean 

temperature difference. Expressions for many flow configurations, i.e. parallel flow, counter flow, and cross 

flow, have been obtained in the heat transfer field. We will examine these basic expressions later. Two 

approaches to heat exchanger design that will be discussed are the LMTD method and the effectiveness - NTU 

method. Each of these methods has particular advantages depending upon the nature of the problem 

specification. 
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Overall Heat Transfer Coefficient: 

A heat exchanger analysis always begins with the determination of the overall heat transfer coefficient. The 

overall heat transfer coefficient may be defined as (Xuan and Roetzel specific heat is calculated as) 

------7 And then overall heat transfer coefficient as 

U = Q/A*ΔTm -----8 

Where,   

ΔTm is logarithmic mean temperature difference in 
o
C 

nf density of nano fluid., Cpnf  specific heat of Nano fluid.,  volume ratio. 

Subscript “f” gives base fluid. Subscript “p” gives nano particle. 

 

Logarithmic mean temperature difference: 

It is calculated by using equation, 

 

LMTD =  ------9 

Where, ΔT I = Thi -Tci, ΔTo = Tho-Tco 

Subscript “h” gives hot fluid. Subscript “c” gives cold fluid. And „i‟,‟o‟ gives inlet and outlet conditions. 

 

EXPERIMENTAL SET UP FOR ANALYSIS: 

 

F

HOT

WATER

INLET

T1

HOT

WATER

OUTLET

T2

COLD

WATER

INLET T3

COLD

WATER OUTLET

T4

HEAT EXCHANGER

V1

V2

V3

V4

V5

V6

V7

V7

F-FLOWMETER

T-TEMPERATURE IN CELSIUS

PIPE MATERIAL-GALVANIZED IRON

HOT WATER FLOW

V-ONE WAY BALL VALVE WITH NO.

 

Parallel flow: 

 

For parallel flow, valves v1, v3, v6 are kept open and other valves are closed, the v7 and v2 valves are only used 

for measuring flow rate of hot and cold fluids. During experiment geyser is kept on for 1hr later heating of water 

15 min are left for stabilization of fluid circuit. After that inlet and outlet temperatures of hot and cold water are 

taken using thermocouples T1, T2, T3 and T4. 

Counter flow: 

For counter flow, valves v1, v5, v4 are kept open. Above similar procedure is followed to analyze the difference 

in the two cases and readings are tabulated. 
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Further experiment analysis is done using the different flow rates of nano fluid, concentrations, at different 

temperatures of hot fluid. 

 

Observations: 

 

1. Outer diameter of inner pipe    do = 0.034mm 

2. Inner diameter of inner pipe    di = 0.026mm 

3. Length of inner pipe     L1        = 1.2m 

4. Thickness of inner pipe    t1 = 0.004m 

5. Outer diameter of pipe    Do = 0.076m 

6. Inner diameter of pipe    Di = 0.068m 

7. Length of pipe     L2 = 1.2m 

8. Thickness of pipe     t2 = 0.004m 

9. Specific heat if water at constant pressure   = 4.187kwatt/kg
o
k 

 

Table no. 3: Readings for parallel and counter flow analysis of normal water using the heat exchanger at 

room temperature 30
o
c 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table no. 4: Readings for parallel and counter flow analysis of (0.75% starch and 1% Al2O3) alumina 

Nano fluid using the heat exchanger at room temperature 30
o
C 

 

 

 

 

 

 

 

Parameter 

Hot 

water 

flow 

rate 

qh in 

lpm 

Cold 

water 

flow 

rate 

qc in 

lpm 

Hot 

water 

inlet 

temp 

t1 in 

o
c 

Hot 

water 

outlet 

temp 

t2 in 

o
c 

Cold 

water 

inlet 

temp 

t3 in 

o
c 

Cold 

water 

outlet 

temp 

t4 in 

o
c 

Parallel 

flow 
1.6 2.4 47 46 41 43 

Counter 

flow 
1.6 2.4 46 44 42 45 
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Table no. 5 Results after necessary calculations for normal water 

 

 

 

 

 

 

 

Table no. 6: Results for 1% alumina nano fluid with 0.75% starch surfactant 

 

 

 

 

 

 

 

 

 

 

Where, 

1. Heat transfer rate from hot water  qh=mh.cph(T1-T2) 

2. Heat transfer rate from cold water  qc=mc.cpc(T4-T3) 

3. Overall heat transfer coefficient U=Q/A*  

4. Effectiveness =  

 

 

 

 

 

Parameter 

Hot 

water 

flow 

rate 

Qh in 

lpm 

Cold 

water 

flow 

rate 

Qc in 

lpm 

Hot 

water 

inlet 

temp 

T1 in 

o
c 

Hot 

water 

outlet 

temp 

T2 in 

o
c 

Cold 

water 

inlet 

temp 

T3 in 

o
c 

Cold 

water 

outlet 

temp 

T4 in 

o
c 

Parallel 

flow 
1.6 2.4 46 44 40 43 

Counter 

flow 
1.6 2.4 46 44 41 45 

qh in 

k.w 

qc in 

k.w 

Averag

e Q in 

k.w 

LMT

D 

U 

(inner 

tube) in 

w/m
2o

k 

U 

(outer 

tube) in 

w/ m
2o

k 

Effecti

veness 

0.368 0.83 0.6029 2.164 2842.9 2173.8 2.27 

qhin 

k.w 

qc in 

k.w 

Avera

ge Q 

in k.w 

LMTD U 

(inner 

tube) 

in 

w/m
2o

k 

U 

(outer 

tube) in 

w/ m
2o

k 

Effectiven

ess 

0.367 0.11

1 

0.741 2.866 3042.7

4 

2326.63 3.032 
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CALCULATIONS 

 

Sample calculations for 1% alumina nano fluid with 0.75% starch surfactant. 

Volume fraction is, 

% volume concentration =2.51*10
-3 

 

Specific heat of nano fluid is,  

=2.51*10
3
*769+(1-2.51*10

-3
)*4186=4177.42 j/kgk. 

 

Heat transfer rate from hot water, 

=0.044*4177.42*(319-317=367.62watt. 

 

Heat transfer rate from cold water 

=0.0667*4177.42*(318-314)=1114.54watt. 

Average heat transfer is Q=(Qh+Qc)/2=(367+1114.54)/2=741.0743watt. 

Logarithmic mean temperature difference=LMTD=  = =2.886
o
k 

Overall heat transfer from inner tube is Q=UAiΔTm  where, U=Q/AiΔTm =741.0743/9.801*10
2
*2.886  

=3042.74w/m
2o

k 

Overall heat transfer from outer tube is Q=UAoΔTm 

                                                           U=Q/AoΔTm=741.0743/12.8176*10
-2

*2.886  =    2326.637w/m
2o

k 

Effectiveness is = =  =3.04. 

 

RESULTS AND DISCUSSIONS 

 

From the above it is understood that the effectiveness of nano fluid is 3.04 higher than normal water i.e., 2.27. 

Also from the table 4, 5 by comparison the overall heat transfer coefficients of nano fluid are found to be higher 

than that of normal water. Further the results obtained firmly conclude that use of nano fluid in the heat 

exchanger applications proved more efficient. 

 

Scope of the Project 

 

 The thermal conductivity is more for nano fluids compared to conventional working fluids, hence 

application of nano fluids enhance the efficiency of the heat exchanging devices. 

 For higher efficiencies the heat exchanging material should be either copper or aluminum.  

 In the present analysis the heat exchanging device i.e., the pipe material is galvanized iron. 

 The study preferred aluminum as the good heat exchanging material from the economy and efficiency 

point of view 
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 There are different nano fluids but alumina nano powder is of good thermal conductivity at lower cost. 

Hence this nano fluid will be affordable for higher efficiency and economical for industrial application. 

 

CONCLUSION 

 

• The convective heat transfer performance of alumina nano fluid flowing in the double pipe heat 

exchanger has been experimentally investigated. 

• Dispersion of nano particles into distilled water increases thermal conductivity and viscosity of nano 

fluid. 

• This augmentation increases with the increase in the particle concentration. 

• At mass flow rate of 140 - 150 LPM for hot water, and 240 LPM for cold nano fluid the effectiveness 

of heat exchanger is found to be 3.04 

•  Comparing the performance of heat exchanger with normal water and nano fluid. The results with 

nano fluid are best. 
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ABSTRACT 

Abstract: In the construction of multi-storey buildings the opening in beams are provided for utility ducts and 

pipes. Providing an opening in beam develops cracks around the opening due to stress concentration. In this 

paper the behaviour of R.C.C. beam with rectangular opening strengthened by CFRP and GFRP sheets were 

studied. This paper presents the behaviour of R.C.C. beam with rectangular opening strengthened by CFRP and 

GFRP sheets with different techniques. In this analytical study total nine beams were modelled ,one beam 

without opening (i.e. solid beam) and one beam with rectangular shear opening and one with flexural opening. 

These three considered as a control beams for comparison. The remaining six beams were externally 

strengthened by Carbon fibre reinforced polymer (CFRP) and Glass fibre reinforced polymer (GFRP) sheets 

with different strengthening techniques i.e. around the opening, inside the opening, inside and around the 

opening and double layer around the opening. These beams were analysed using ANSYS 14.5 . The effect of 

CFRP and GFRP sheets with different strengthening schemes on such beams were studied in terms of initial 

crack load, ultimate failure load, cracking pattern and deflection, From the analytical results it is concluded 

that the ultimate load carrying capacity of the R.C.C. beam with opening strengthened with GFRP sheets of 

different schemes were increased in the range of 3.74 % to 37.41% and beams strengthened with CFRP sheets 

increased in the range of 9.35% to 50.50%. Among all these techniques, the strengthening with CFRP around 

and inside the opening was found more effective in improving the ultimate load carrying capacity of beam. This 

investigation helps the practicing engineers to provide an opening in the beams without reducing its load 

carrying capacity. 

 

Keywords: Reinforced concrete beams, Beams with rectangular opening, CFRP, GFRP, 

Strengthening schemes, Ultimate load carrying capacity. 

 

I. INTRODUCTION 

 

Beam openings may be of different shapes, sizes and are generally located close to the supports where shear is 

dominant. In practical life it is quite often use to provide convenient passage of environmental services which 

reduce the story heights of buildings and weight of concrete beams as it improves the demand on the supporting 

frame both under gravity loading and seismic excitation which results in major cost saving. Openings should be 
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positioned on the concrete beams to provide chords with sufficient concrete area for developing ultimate 

compression block in flexure and adequate depth for providing effective shear reinforcement [1]. Hanson (1969) 

tested a typical joist floor i.e. a series of longitudinally RC T-beams representing square and circular openings in 

the web and found that an opening located adjacent to the centre stub (support) produced no reduction in 

strength [2]. The test data reported by Somes and Corley (1974) indicated that when a small opening (0.25 times 

the depth of the beam) is introduced in the web of a beam which is unreinforced in shear, the mode of failure 

remains essentially the same as that of a solid beam [3]. Salam (1977) investigated perforated beams of 

rectangular cross section under two symmetrical point loads [4]. Siao and Yap (1990) stated that the beams fail 

prematurely by sudden formation of a diagonal crack in the compression chord when no additional 

reinforcement is provided in the members near the opening (chord members) [5]. Mansur et al. (1991) tested 

eight RC continuous beams, each containing a large transverse opening and found an increase in depth of 

opening led to a reduction in collapse load. Mansur (1998) discussed about the effects of transverse opening on 

the behavior and strength of RC beams under predominant shear and stated that opening represents a source of 

weakness and the failure plane always passes through the opening, except when the opening is very close to the 

support so as to bypass the potential inclined failure plane. Abdalla et al. (2003) used fibre reinforced polymer 

(FRP) sheets to strengthen the opening region in his experiment [6].  

The studies are limited due to the problems in providing the materials and the proper conditions to conduct the 

experiments and scarcity of usage of materials which are constituted according to certain size and number of 

elements. Modeling of all these Processes unlimitedly in computer is dependent on the capacity of the computer 

being used. While modeling on the computer, properties and limit conditions of materials should be defined 

properly and completely [12].  

Finite element method is a numeric method which can solve complex and difficult physical problems) with 

acceptable approximation. As concrete is a material showing nonlinear behavior during loading, it is modeled in 

such a way that it will show a nonlinear behavior with (Ansys) finite element program which is the most 

advanced comprehensive reputable finite element analysis and design software package available for Structural 

Engineering Projects. The System combines the state of the art general propose structural analysis features of 

ANSYS with the high and civil engineering specific structural analysis capabilities of making it a unique and 

powerful tool for a wide range of civil engineering projects [7].  

The openings are usually provided in such beams to have an access for utility ducts like air conditioning, 

electricity or a computer network without further increases in ceiling head room. 

 

II.MODELING AND ANALYSIS PROCESS BY ANSYS  

2.1 General Information  

2.1.1 Dimension (Fig. 1)  

Reinforced concrete beam: 150 x 1200 x 250  

Post rectangular opening : 200x100x150 

2.1.2 Steel Reinforcement (Fig. 1)  

Top rebar: 2ø10mm  

Bottom rebar: 3ø10mm ,Stirrup: 2 legged ø8 mm @ 100 mm c/c 
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2.2 Element Types and Material Properties  

2.2.1 Concrete  

SOLID65 is used for the 3-D modeling of concrete. The element is defined by eight nodes having three degrees 

of freedom at each node i.e. translations in the nodal x, y and z directions. The most important aspect of this 

element is the treatment of nonlinear material properties [7]. The concrete is capable of cracking (in three 

orthogonal directions), crushing, plastic deformation and creep. Concrete was assumed to be both linear elastic 

and multilinear inelastic material. Compressive strength of concrete was 25 MPa and tensile strength was 

assumed 9% of concrete compressive strength. Poisson’s ratio of 0.2 was used.  

2.2.2 Reinforcing Bar  

LINK8 is defined by two nodes which has used for the modeling of reinforcing bar. The 3-D spar element is a 

uniaxial tension-compression element with three degrees of freedom at each node: translations in the nodal x, y 

and z directions. As in a pin-jointed structure, no bending of the element is considered. Plasticity, creep, 

swelling, stress stiffening and large deflection capabilities are included [7]. Reinforcing bars was assumed to be 

both linear elastic and bilinear inelastic material. Yield strength of longitudinal reinforcements and stirrups were 

415 Mpa. Poisson’s ratio of 0.3 was used.  

 

2.3 Loading and Boundary Condition  

To ensure that the model behave the same way as the experimental beam boundary conditions were needed to be 

applied at nodes in the supports. The supports were modeled to create fixed supports. The force P was applied 

on all nodes through the entire centre line of two points in top fibre of the beam at equal distance from the mid 

span. 

 

2.4 Meshing  

In this research a convergence study was carried out to determine an appropriate mesh density. Various mesh 

sizes were examined in ANSYS. It was observed that the obtained ultimate load for mesh size 25 mm (77021 N) 

is nearest to the ultimate load of experimental beam (80000 N) [6]. For this reason, the mesh size equal to 25 

mm was chosen for this study.  

Fig 1: Dimension of beam  
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Fig. 2: Loads,Supports & Meshing Done on Model 

 

III. RESULTS AND DISCUSSION 

 

3.1 General 

Here a total of nine beam models were analysed and the results were discussed. This section is divided into three 

parts. The first part comprises of result and discussion about control beam. The second part comprises of result 

and discussion of beam with GFRP wrapping in the opening. The third part comprises of the result and 

discussion of beam with CFRP wrapping at the opening. 

 

3.2 Control Beam-Analysis 

Here a total of three beams were modelled and analysed. i.e a normal beam without opening, beam with flexural 

opening , beam with shear zone opening. The Fig (3-15) shows model, deflection,stress distribution, crack 

pattern of all type of beam without the fibre polymer wrapping. 

 

Fig. 3: Model Of Normal R.C Beam 
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Fig. 4: Deflection Of R.C Beam 

 

Fig. 5: Stress Distribution In R.C Beam 

 

Fig. 6: Crack Pattern 

 

Fig. 7: Model Of Flexural Opening Beam 

 

Fig. 8: Deflection Of Flexural Opened Beam 

 

Fig. 9: Stress Distribution Of Flexural 

Opened Beam 
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Fig. 10: Crack Pattern Of Flexural Opened Beam 

 

Fig. 11: Model Of Shear Zone Opening 

 

Fig. 12: Deflection Of Shear Opening 

 

Fig. 13: Stress Distribution Of Shear Opening 

 

Fig. 14: Crack Pattern Of Shear Zone Opening 
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Graph. 1: Comparison Of Control Beams 
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3.2.1 Discussion of the Control Beam 

From the test results, it could be concluded that the ultimate load carrying capacity of the RC beam at shear zone 

with opening was maximum reduction but at flexure zone, it showed minimum reduction.The location of 

openings has a large effect, where this effect is the largest when openings location is at shear zone and a small 

effect when openings location is at flexure zone, so the best place for the location of opening in these beams is 

in middle of a beam. Also from the Gaph 1 the beam with shear opening shows the maximum deflection, thus 

the progress of the project was based on the improvement of the shear zone opening. 

 

3.3 Shear Zone Strengthened By Gfrp Sheet  

 A  numerical study is done on the shear behavior ofreinforced concrete beam containing openingsstrengthened 

by GFRP sheets.Three reinforcedconcrete (RC) beams containing openings weak in shear having same 

reinforcement detailing are modeled and tested under two point loading.The Fig (15-26) shows the various 

GFRp wrapping technique and its analysis. 

Table 1: Material Property Of GFRP 

FRP 

Composite  

Elastic 

modulus 

MPa  

Major 

Poisson’s 

ratio  

Tensile 

strength 

MPa  

Shear 

modulus 

MPa  

Thickness of 

laminate 

mm  

GFRP  Ex=21000  Vxy=0.26  600  Gxy=1520  1.3  

Ey=7000  Vxz=0.26  Gxz=1520  

Ez=7000  Vyz=0.30  Gyz=2650  

 

 

Fig. 15: Model Of GFRP Wrapped Inside The Opening 
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 Fig. 16: Deflection Of GFRP Wrapped Inside The 

Opening 

 

Fig. 17: Stress Distribution Of GFRP Wrapped 

Inside The Opening 

 

Fig. 18:Crack Pattern Of GFRP Wrapped Inside 

The Opening 

 

Fig. 19: Model Of GFRP Wrapped Around The 

Opening 

 

Fig. 20: Deflection Of GFRP Wrapped Around 

The Opening 

 

Fig. 21:Stress Distribution Of GFRP Wrapped 

Around The Opening 
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Fig. 22: Crack Pattern Of GFRP Wrapped 

Around The Opening 

 

Fig. 23: Model Of GFRP Wrapped Inside And 

Around The Opening 

 

 

Fig. 25: Stress Distribution Of GFRP Wrapped 

Inside And Around The Opening 

 

Fig. 26: Crack Pattern  Of GFRP Wrapped Inside 

And Around The Opening 

Fig 24:Deflection Of GFRP Wrapped Inside And 

Around The Opening 
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Graph 2: Comparison Of GFRP Wrapping Technique 

3.3.1.Discussion Of The  Beam Wrapped With Gfrp 

The numerical results presented in graph  it is clear that the presence of an opening not only reduced the load 

carrying capacity of the beam but also reduce the stiffness of the beam.The percentage of increase in load 

carrying capacity for the beams strengthened with GFRP(B4) sheet inside the opening was 15.49% and the 

beams strengthened with    GFRP (B5) sheet around the opening was 36.35%. The percentage of increase in 

load carrying capacity for the beams strengthened with GFRP (B6)  sheet inside and around the opening was 

46.10% respectively as compared to non-strengthened  beam  B3  (RC beam  with  rectangular post  opening). 

 

3.4 Shear Zone Strengthened By Cfrp Sheet 

An numerical study is done on the shear behavior of reinforced concrete beam containing openings strengthened 

by CFRP sheets.Three reinforced concrete (RC) beams containing openings weak in shear having same 

reinforcement detailing are modeled and tested under two point loading. The similar way of procedure done in 

GFRP wrapping technique is followed in case of CFRP wrapping. The CFRP strengthened beams are analysed 

in the similar way as done for GFRP wrapping, so only the graphical representation is shown here in Graph 3. 

Table 2: Material Property Of CFRP 

FRP 

Composite  

Elastic 

modulus MPa  

Major 

Poisson’s 

ratio  

Tensile 

strength 

MPa  

Shear 

modulus MPa  

Thickness of 

laminates 

CFRP  Ex=2.3e5  Vxy=0.22  3.5e3  Gxy=1.179e4  1 mm 

Ey=1.79e4  Vxz=0.22  Gxz=1.179e4  

Ez=1.79e4  Vyz=0.30  Gyz=6.88e3  
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Graph 3: Comparison Of CFRP Wrapped Inside And Around The Opening 

3.4.1 .Discussion of The  Beam Wrapped With  Cfrp 

The numerical results presented in graph , it is clear that the presence of an opening not only reduced the load 

carrying capacity of the beam but also reduce the stiffness of the beam.The percentage of increase in load 

carrying capacity for the beams strengthened with CFRP (B7) sheet inside the opening was 36.62% and the 

beams strengthened with    CFRP(B8) sheet around the opening was 59.18%. The percentage of increase in load 

carrying capacity for the beams strengthened with CFRP (B9)  sheet inside and around the opening was 63.87% 

respectively as compared to non-strengthened  beam  B3  (RC beam  with  rectangular post  opening). All the 

designation of the beam , mode failure, deflection etc.. are shown in TABLE 3. 

 

3.5 Comparison of Gfrp and Cfrp Wrapping Technique 

In this section both the wrapping technique has been compared and based on the comparison of the result 

obtained for GFRP and CFRP wrapping the conclusion have been  made. The following figures and graphs 

shows the difference in the ultimate load carring capacity and percentage of increase in the loading carring 

capacity. 
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Graph 4: Ultimate Load Carring Capacity Of Both GFRP And CFRP Strengthened Beams 

With Opening At Shear Zone 

Table 3: Designation And Details Of The Modelled Beam 

Designation 

on Beam 

Type of strengthened Ultimate 

failure 

Load in KN 

Increase in load 

carrying capacity 

in % 

Mode of 

Failure 

B1 Control beam 80.0 - Flexure 

B3 Non strengthened control 

beam (post opening) 

28.9 - Shear 

B4 GFRP wrapping inside the 

opening 

34.200 15.49 Shear 

B5 GFRP wrapping around the 

opening 

45.4072 36.35 Shear 

B6 GFRP wrapping inside and 

around the opening 

53.6216 46.10 Flexure 

B7 CFRP wrapping inside the 

opening 

45.600 36.62 Shear 

B8 CFRP wrapping around the 

opening 

70.800 59.18 Shear 

B9 CFRP wrapping inside and 

around the opening 

80.0 63.87 Flexure 
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Graph 5: Percentage Of Increase In The Ultimate Load Carring Capacity Of Both GFRP And 

CFRP Strengthened Beams With Opening At Shear Zone 

 

IV.CONCLUSIONS 

 

In this study an effort was taken to compare the strength obtained by the beams with post opening, when it is 

subjected to CFRP and GFRP wrapping technique.Following are the conclusions obtained from the graphs by 

comparing the both technique. 

1. The present numerical study is done on the shear behavior of reinforced concrete beams containing 

openings strengthened by GFRP and CFRP sheets. 

2. By an inclusion of rectangular post opening in the beam the load carrying capacity of the beam decreases 

by28.9% as compared to solid beam i.e. control beam due to decrease its stiffness. The diagonal cracks 

were developed due to stress concentration around the opening edges. 

3. Strengthening of the beam opening with CFRP and GFRP sheets around the opening is more efficient than 

strengthening of the beam opening with CFRP and GFRP sheets inside the opening. 

4. Strengthening of the beam opening by using CFRP and GFRP sheets both inside and around the opening 

increases the load carrying capacity significantly and in case of CFRP sheets percentage of increase in load 

carrying capacity is 63.87%, where as in case of GFRP sheets percentage of increase in load carrying 

capacity is 46.1%. 

5. From the overall study, it can be concluded that the strengthening with CFRP around and inside the opening 

is more efficient and is considered as best strengthening scheme. 

6. These techniques help the practicing engineers to strengthen the openings provided in existing building 
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