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Mu      = ultimate moment of resistance 
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= Force in the reinforcement

CHAPTER 1 -  INTRODUCTION

1.1 OBJECTIVE AND SCOPE OF THE PRESENT WORK
In numerous structures, continuity between two adjacent members is necessary even though the members meet at an angle. The internal forces generated at such a joint may cause failure within the joint before the strength of the beam or column, whichever is weaker, is attained.

The relative size of the members and the magnitude of the actions will affect not only the behavior but also the practical limits of detailing. Considerable lateral restraint exists in a joint that is long in the transverse direction. Such restraint can effectively suppress splitting cracks, which can develop at anchorages within the joint. 

A bar embedded in concrete cannot be pulled out if it has enough embedment in concrete. It may even reach its yield strength and fail in tension if sufficiently embedded. This length of embedment necessary to provide against pullout is called the anchorage or development length. The stress in the bar has changed from maximum at the start of the development length to zero at the end of the development length. The bond stress also has the maximum value near the surface and probably zero at the embedded end. When it reaches its yield strength, the concrete at the beam column junction cracks due to high bending stresses. Therefore an attempt has been made to check the bending stresses at the beam column junction and also to give a profile to the reinforcement such that the distribution of bending stresses is uniform. 

In Indian practice, the joint is usually neglected for specific design with attention being restricted to provision of sufficient anchorage for beam longitudinal reinforcement. This may be acceptable when the frame is not subjected to earthquake loads. There have been many catastrophic failures reported in the past earthquakes, in particular with Turkey and Taiwan earthquakes occurred in 1999, which have been attributed to beam-column joints. The poor design practice of beam column joints is compounded by the high demand imposed by the adjoining flexural.

The main objective of our project is to provide a curve & 90-degree profile to beam reinforcement at beam column joint and then check the distribution and effect of bending stresses.

CHAPTER 2 -  LITERATURE REVIEW

2.1 KNEE JOINTS

In numerous structures, continuity between two adjacent members is necessary even though the members meet at an angle. The corner joint of a portal frame the most common example. The internal forces generated at such a knee joint may cause failure within the joint before the strength of the beam or column, whichever is weaker, is attained.

The relative size of the members and the magnitude of the actions will affect not only behavior but also the practical limits of detailing. In a slab to wall connection it will be desirable to omit all secondary reinforcement. In a substantial column-beam joint, on the other hand, suitable ties and stirrups, similar to those used in the adjacent members, will be quite in order. Considerable lateral restraint exists in a joint that is long in the transverse direction (e.g., between a bridge slab and its supporting abutment wall). Such restraint can effectively suppress splitting cracks, which can develop at anchorages within the joint. In a portal frame, however, little lateral confinement will be available when members in the joint region, at right angles to the frame, are absent. The three-dimensionality of the resisting mechanism in joints should not be over looked.

The behavior of right angle corner joint is fundamentally affected by the sense of the loading. For this reason, such a knee joint will be examined separately for a moment that tends to close the right angle and for another that tends to open it.

2.2 CORNER JOINTS UNDER CLOSING LOADS 

A typical knee joint, subjected to a “closing” bending moment and the corresponding actions, appears in Fig. (2.1). The outer bars, being continuous; have a sufficient anchorage, and provided a splitting failure does not occur because of high bearing within the bend, the full strength of these bars can normally be developed.

The forces generated by flexure and acting against an idealized, free body, representing a square joint, is shown in Fig. (2.1 b). It is assumed that these forces are introduced into the joint core in the form of uniform shear stresses resulting from anchorage bond, as in Fig. (2.1 c); then a diagonal crack can be expected when the diagonal tension stress approaches the tensile strength f’t of the concrete

f’t =
T/bd = Asfy / bd = б fy=6√( f’c)

This condition would limit the flexural steel content to 

б ≤ f’t / fy
б ≤ 1.2 f’t / fy (by kemp & Mukherjee by considering the                 

                                             splitting tensile strength of the concrete f’t)

For knee joints of small members, slabs and walls in particular, adequate strength can be expected only under the following conditions:

1. The tensile steel is continuous around the corner (i.e., it is not lapped within the joint.

2. The tension bars are bent to a sufficient radius to prevent bearing or           splitting failure under the bar Nominal transverse bars placed under the bent bars.

3. The amount of tension reinforcement is limited to

б ≤ 6√( f’c / fy )
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Fig.  2.1       Actions and details of knee joints subjected to closing moment

(a) Typical cracks  (b) Internal forces  (c) Crack due to shear              (d)  Splitting crack    

2.3 CORNER JOINTS UNDER OPENING LOADS



The Previously discussed right angle cornered joint is more severely affected when the applied moments tends to open this angle. As Fig. (2.2 c) indicates, the compression forces near the outer corner give rise to a resultant that tend to push off the triangular portion of the joint. Only an internal tension force (√2T) would be capable of resisting this diagonal force. The crack patterns in test specimens, shown in Fig. (2.2 a), uniquely verify this behavior.
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Fig. 2.2 Actions on opening right angle joints.

(a) Typical cracks. (b) Internal forces.  (c) Forces pushing off corner of joint.

For continuous long joints, a relatively small amount of flexural steel is likely to be required, and for this secondary reinforcement is seldom used. 

2.4 REQUIREMENTS FOR SATISFACTORY PERFORMANCE OF   JOINT

1. A joint should exhibit a service load performance equal in quality to that of the members it joins.

2. A joint should possess a strength that corresponds at least with the most adverse load combinations that the adjoining members could possibly sustain, several times if necessary.

3. The strength of the joint should not normally govern the strength of the structure, and its behavior should not impede the development of the full strength of the adjoining member.

4. Ease of construction and access for depositing and compacting concrete are other prominent issues of joint design.

2.5 IS CODE RECOMENDATION
AS PER IS CODE 456: 2000(clause no. 26.2.2.5)

The bearing stress inside a bend in any other bend shall be calculated as given below:

Bearing stress = T / r (
Where,

                   T = tensile force due to design loads in a bar or group of bars

                   r  = internal radius of the bend = k Ф
                   ( = size of bar or, in bundle, the size of bar of equivalent area

For limit state method of design, this stress shall not exceed  

1.5 fck / (1 + 2(/a)

Where fck is the characteristic cube strength of concrete and a, for a particular bar or group of bars in contact shall be taken as the centre to centre distance between bars perpendicular to the plane of the bend; for a group or group of bars adjacent to the face of the member a shall be taken as the cover plus size of bar (().

For working stress method of design, the bearing stress shall not exceed

fck /(1+2 Ф/a)

AS PER IS CODE 2502: 1963 (clause no. 3.2.1)

Note 1 – k has a value of 2, in the case of mild steel conforming to IS: 432-1960 specification for mild steel and medium tensile steel bars and hard drawn steel wire for concrete for reinforcement (Revised) or TS: 1139-1959 specification for Hot Rolled Mild Steel and Medium Tensile Steel Deformed Bars for concrete Reinforcement; 3, in the case of medium tensile steel conforming o IS: 432-1960 or IS: 1139-1959; an 4, in the case of Cold Twisted Steel Bars For Concrete Reinforcement. In the case of bars above 25 mm, however, it is desirable to increase the k value to 3, 4 and 6 respectively.

2.6 STRESS-STRAIN DEFINITIONS
Strain is the amount of deformation of a body due to an applied force. More specifically, strain (e) is defined as the fractional change in length, as shown in Figure 2.6.1.
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Fig. 2.3  Definition of Strain


 
            Strain can be positive (tensile) or negative (compressive). Although dimensionless, strain is sometimes expressed in units such as in./in. or mm/mm. In practice, the magnitude of measured strain is very small. Therefore, strain is often expressed as micro strain (me),

When a bar is strained with a uniaxial force, as in Figure 2.3, a phenomenon known as Poisson Strain causes the girth of the bar, D, to contract in the transverse, or perpendicular, direction. The magnitude of this transverse contraction is a material property indicated by its Poisson's Ratio. The Poisson's Ratio n of a material is defined as the negative ratio of the strain in the transverse direction (perpendicular to the force) to the strain in the axial direction (parallel to the force), or n = eT/e. Poisson's Ratio for steel, for example, ranges from 0.25 to 0.3.

Shearing strain considers the angular distortion of an object under stress. Imagine that a horizontal force is acting on the top right corner of a thick book on a table, forcing the book to become somewhat trapezoidal (Figure 2.4). The shearing strain in this case can be expressed as the angular change in radians between the vertical y-axis and the new position. The shearing strain is the tangent of this angle. 



FORCE


(
                                   Fig. 2.4  Shearing Strain

Bending strain, or moment strain, is calculated by determining the relationship between the force and the amount of bending which results from it. Although not as commonly detected as the other types of strain, torsional strain is measured when the strain produced by twisting is of interest. Torsional strain is calculated by dividing the torsional stress by the torsional modulus of elasticity.

STRESS
When external forces are applied to a stationary object, stress and strain are the result. Stress is defined as the object's internal resisting forces, and strain is defined as the displacement and deformation that occur. For a uniform distribution of internal resisting forces, stress can be calculated (Figure 2.5) by dividing the force (F) applied by the unit area (A): 
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Plane Area, A


F

Fig. 2.5  Definition of stress
STRESS (() = F/A

2.7 VARIOUS INSTRUMENT USED 

2.7.1 The Strain Gauge
2.7.1.1 Theory

While there are several methods of measuring strain, the most common is with a strain gauge, a device whose electrical resistance varies in proportion to the amount of strain in the device. The most widely used gauge is the bonded metallic strain gauge.


          The metallic strain gauge consists of a very fine wire or, more commonly, metallic foil arranged in a grid pattern. The grid pattern maximizes the amount of metallic wire or foil subject to strain in the parallel direction (Fig. 2.6). The cross-sectional area of the grid is minimized to reduce the effect of shear strain and Poisson Strain. The grid is bonded to a thin backing, called the carrier, which is attached directly to the test specimen. Therefore, the strain experienced by the test specimen is transferred directly to the strain gauge, which responds with a linear change in electrical resistance. Strain gages are available commercially with nominal resistance values from 30 to 3000 Ω, with 120, 350, and 1000 Ω being the most common values.





 Fig 2.6 - Bonded Metallic Strain Gauge



	Fig 2.7  Typical metal-foil strain gages. 


It is very important that the strain gauge be properly mounted onto the test specimen so that the strain is accurately transferred from the test specimen, through the adhesive and strain gauge backing, to the foil itself.


A fundamental parameter of the strain gauge is its sensitivity to strain, expressed quantitatively as the gage factor (GF). Gauge factor is defined as the ratio of fractional change in electrical resistance to the fractional change in length (strain):




The gauge factor for metallic strain gauges is typically around 2.


2.7.1.2 Strain Gauge Bonding Procedure
The strain-gauge bonding method differs depending on the type of the strain gauges, the applied adhesive and operating environment.
(1) Select strain gage.

Select the strain gage model and gage length, which meet the requirements of the measuring object and purpose. 

(2) Remove dust and paint. 

Using a sand paper at the strain-gauge bonding site over a wider area than the strain-gauge size in order to wipe off paint, rust, if any. 
(3) Decide bonding position.

Using a pencil or a marking-off pin, mark the measuring site (reinforcement).
(4) Apply adhesive.

Ascertain the back and front of the strain gage. Apply a drop of adhesive (Feviquick or Araldite) to the back of the strain gage. Do not spread the adhesive. If spreading occurs, curing is adversely accelerated, thereby lowering the adhesive strength.

     (5) Bond strain gage to measuring site.

After applying a drop of the adhesive, put the strain gauge on the measuring site (reinforcement) while lining up the center marks with the marking-off lines.

     (6) Press strain gage.

Cover the strain gauge with the accessory polyethylene sheet and press it over the sheet with a thumb, do not lift it to adjust the position. The adhesive strength will be extremely lowered.

     (8) Complete bonding work.

After pressing the strain gage with a thumb for one minute or so, remove the polyethylene sheet and make sure the strain gage is securely bonded. The above steps complete the bonding work. However, good measurement results are available after 60 minutes of complete curing of the adhesive.

    (9) Application of waterproof material


As the strain gauge is used inside the reinforced cement concrete, therefore it is very necessary to make strain gauge water resistant. For this purpose we use Dr. Fixit (silicon Sealant) and apply over the strain gauge. 
2.7.1.3 Installation Diagnostics
All strain gage installations should be checked using the following steps: 
  

1. Measure the base resistance of the unstrained strain gage after it is mounted, but before wiring is connected. 

2. Check for surface contamination by measuring the isolation resistance between the gage grid and the stressed force detector specimen using an ohmmeter, if the specimen is conductive. This should be done before connecting the lead wires to the instrumentation. If the isolation resistance is under 500 mega ohms, contamination is likely


  
3. Check for extraneous induced voltages in the circuit by reading the voltage when the power supply to the bridge is disconnected. Bridge output voltage readings for each strain-gage channel should be nearly zero. 

  
4. Connect the excitation power supply to the bridge and ensure both the correct voltage level and its stability. 

5. Check the strain gage bond by applying pressure to the gage. The reading should be unaffected.

2.7.1.4 Strain Gauge Measurement

In practice, strain measurements rarely involve quantities larger than a few mill strain (e x 10-3). Therefore, to measure the strain requires accurate measurement of very small changes in resistance. For example, suppose a test specimen undergoes a strain of 500 me. A strain gage with a gauge factor of 2 will exhibit a change in electrical resistance of only 2 (500 x 10-6) = 0.1%. For a 120 Ω gage, this is a change of only 0.12 Ω.

          To measure such small changes in resistance, strain gages are almost always used in a bridge configuration with a voltage excitation source. The general Wheatstone bridge, illustrated in Figure 2.8, consists of four resistive arms with an excitation voltage, VEX, that is applied across the bridge
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Fig  2.8  Wheatstone Bridge

The output voltage of the bridge, VO, is equal to:

[image: image2.png]






          Equation, it is apparent that when R1/R2 = R4/R3, the voltage output VO is zero. Under these conditions, the bridge is said to be balanced. Any change in resistance in any arm of the bridge from this results in a nonzero output voltage.

Therefore, if you replace R4 in Fig. 2.8 with an active strain gauge, any changes in the strain gage resistance will unbalance the bridge and produce a nonzero output voltage. If the nominal resistance of the strain gauge is designated as RG, then the strain-induced change in resistance, DR, can be expressed as DR = RG·GF·e, from the previously defined gauge factor equation.
Assuming that R1 = R2 and R3 = RG, the bridge equation above can be rewritten to express VO/VEX as a function defined Gage Factor of strain (see Figure 2.9). Note the presence of the 1/(1+GF·e/2) term that indicates the nonlinearity of the quarter-bridge output with respect to strain.





    Fig. 2.9  Quarter-Bridge Circuit

Ideally, we would like the resistance of the strain gauge to change only in response to applied strain. However, strain gauge material, as well as the specimen material to which the gauge is applied, also responds to changes in temperature. Strain gauge manufacturers attempt to minimize sensitivity to temperature by processing the gage material to compensate for the thermal expansion of the specimen material for which the gauge is intended. While compensated gages reduce the thermal sensitivity, they do not totally remove it.

Table 2.1. Gage Factors for Various Grid Material
	MATERIAL
	Gauge Factor


	Ultimate Elongation (%)

	
	Low Strain
	High Strain
	

	Copper

Constantan*

Nickel

Platinum

Silver

40% Gold/Palladium

Semiconductor**
	2.6

2.1

-12

6.1

2.9

0.9

(100
	2.2

1.9

2.7

2.4

2.4

1.9

(600
	0.5

1.0

--

0.4

0.8

0.8

--




*  Similar to “Ferry” and “Advance” and “Copel” alloys. 

** Semiconductor gage factors depend highly on the level and kind of     
     
     doping used.
2.7.2 Strain Indicators
2.7.2.1 Theory

Syscon Instruments offers a range of strain measuring equipments for both static & dynamic applications. These instruments are designed to accept signals from all types of strain gauges commercially available. Gauges resistances varying from 100 ohms to 1000 ohms are accommodated by these instruments. Also gauges of different gauge factor GF (A term specifying the sensitivity of the strain gauge) can be connected right away with these instruments and measurements made without suffering any inaccuracy. A controlled called GF setting enables the user to make measurements directly with strain gauges of any sensitivity from 1 to 10. With these instruments the strain gauge inputs can be configured in 4 arms    (FULL BRIDGE), 2 arm (HALF BRIDGE), 1 arm (QUARTER BRIDGE)

.

Strain Indicator is designed with state of the art techniques. It accepts the small microvolt signals from the strain gauges and these signals are carefully processed and amplified in high gain, stable, low noise, low drift, instrumentation type amplifiers before the measurement is presented to the user. The measured strain values are displayed on 4½-digit bright red LED display directly in microstrains. With 4 ½ digital displays, up to 19999 microstrains can be measured with a resolution of 1 microstrain.

The instrument is designed to operate on 230V, 50Hz, single-phase AC power supply and is housed in an elegant tabletop type metal cabinet. 
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Fig  2.10
Quarter Bridge Circuit Used In Strain Indicator
2.7.3 Hydraulic Jack

2.7.3.1 Theory

Hydraulic jacks work on the basis of Pascal's Principle, named for Blaise Pascal. Basically, the principle states that the pressure in a closed container is the same at all points. Pressure is described mathematically by a Force divided by Area. Therefore if you have two cylinders connected together, a small one and a large one, and apply a small Force to the small cylinder, this would result in a given pressure. By Pascal's Principle, this pressure would be the same in the larger cylinder, but since the larger cylinder has more area, the force emitted by the second cylinder would be greater. This is represented by rearranging the pressure formula P = F/A, to F = PA. The pressure stayed the same in the second cylinder, but Area was increased, resulting in a larger Force. The greater the differences in the areas of the cylinders, the greater the potential force output of the big cylinder. A hydraulic jack is simply two cylinders connected as described above. 

          An enclosed fluid under pressure exerts that pressure throughout its volume and against any surface containing it. That's called 'Pascal's Principle', and allows a hydraulic lift to generate large amounts of force from the application of a small force.     


          Assume a small piston (one square inch area) applies a weight of 1 lbs. to a confined hydraulic fluid. That provides a pressure of 1 lbs. per square inch throughout the fluid. If another larger piston with an area of 10 square inches is in contact with the fluid, that piston will feel a force of 1 lbs/square inch x 10 square inches = 10 lbs.


[image: image4.wmf] 



Fig.  2.11  Hydraulic Jack
2.7.3.2 Components of Hydraulic Jack

Every hydraulic jack has six main components: 

1. A RESERVOIR to hold hydraulic fluid. 

2. A PUMP that draws fluid from the reservoir on it's up, suction or intake stroke then creates pressure on it's down/power stroke pushing the fluid through a... 

3. CHECK VALVE which after allowing fluid to pass from the reservoir to the pump now 'checks' off the return port to the reservoir and directs the pressurized fluid to the... 

4. MAIN CYLINDER where the... 

5. RAM PISTON is forced out or upwards as the main cylinder fills with pressurized fluid. 

6. After the jack has done it's job and it is time to release the pressure allowing the ram piston to return back into the main cylinder THE RELEASE VALVE is opened and the fluid is ported back into the reservoir. 

2.7.3.3 Working

A very simple hydraulic circuit consists of a pump, reservoir, a relief

valve, a 3-way control valve, connectors and lines and a single acting cylinder. The system can be used where the cylinder piston is restored to the original position by the mechanical force. When the control valve is in neutral force, the pump flow begins to pass through the valve and then comes back to the cylinder. When the valve is shifted, the oil is directed to the piston side of the cylinder resulting in the piston moving and causing the rod to extend.


When the valve is returned to the neutral position, the oil is trapped in the cylinder and the pump flow is returned to the reservoir. When the valve is shifted in the opposite direction, let’s the oil passes back to the reservoir. The relief valve helps to limit the pressure to an amount that you have the liberty to decide.

The hydraulic system with a double acting cylinder is quite different from a single acting cylinder system. The double acting cylinder system can exert pressure in both the directions. When the control valve is in neutral position, the flow is returned to the reservoir. When the control valve is shifted in one position, the oil is directed to the piston side of the cylinder. The oil from the side of the rod passes back to the reservoir through the valve.

CHAPTER - 3  DIMENSIONAL ANALYSIS
Dimensional analysis is a method of dimensions. It is a mathematical technique used in research work for design and for conducting model tests. It deals with the dimensions of the physical quantities involved in the phenomenon. All physical quantities are measured by comparison, which is made with respect to an arbitrarily fixed value. Some of the uses of dimensional analysis are as follows:

1) Testing the dimensional homogeneity of any equation of fluid motion.

2) Deriving equations expressed in terms of non-dimensional parameters to show the relative significance of each parameter.

3) Planning model tests and presenting experimenting results in a systematic manner in terms of non-dimensional parameters; thus making it possible to analyze the complex fluid flow problems.

Dimensional homogeneity means the dimensions of each term in an equation on both sides equal. Thus if the dimensions of each term on both sides of an equation are the same the equation is known as dimensionally homogeneous equation. The powers of fundamental dimensions (i.e. L, M, and T) on both sides of the equation will be identical for a dimensionally homogeneous equation. Such equations are independent of the system of units.

     
If the numbers of independent variables involved in a physical phenomenon are known, then the relation among the variables can be determined by the following two methods:

1) Rayleigh’s method, and

2)  Buckingham’s ( theorem

Rayleigh’s method – This method is used for determining the expression for a variable, which depends upon maximum three or four variables only. If the number of independent variables becomes more than four, then it is difficult to find the expression for the dependent variable.

Let X is a variable, which depends on X1, X2 and X3 variables. Then according to Rayleigh’s method, X is function of X1, X2 and X3 and mathematically it is written as X = f (X1, X2, X3).

This can also be written as        X = KX1a, X2b, X3c 

Where K is constant and a, b and c are arbitrarily powers.

The values of a, b and c are obtained by comparing the powers of the fundamental dimension on both sides. Thus the expression is obtained for dependent variable.

Buckingham’s ( theorem – The Rayleigh’s method of dimensional analysis becomes more laborious if the variables are more than the number of fundamental dimensions (M, L, T). This difficulty is overcame by using Buckingham’s ( theorem, which states, “If there are n variables in a physical phenomenon and if these variables contain m fundamental dimensions (M, L, T), then the variables are arranged into (n-m) dimensionless terms. Each term is called ( term.”
CHAPTER - 4  DESIGN & CALCULATION
DESIGN (using Fe 415 Steel)
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Fig. 4.1: Original Structure at 90 deg profile at joint
Diameter of steel bar (Ф)


          = 28 mm 




Effective depth of beam (d)


= 600 – 30 = 570 mm

Area of Steel Bar in tension (Ast)

= 4 x π/4 x 282 








= 2464 mm2

Area of Steel Bar in Compression (Asc)
= 2 x π/4 x 282








= 1232 mm2

For Fe 415 Steel 

Xu,l






= 0.48 x d 








= 0.48x570








= 273.6 mm

Xu






= (0.87x fy x Ast)/(0.36x fck x b)







= (0.87x415x2464)/(0.36x25x 












300)








= 329.49 mm

Here Xu > Xu,l, therefore it is a over reinforced section and the value of Xu as determined above is not correct. It can be determined from the equilibrium of internal compressive and tensile forces as follows. 






C = T  

Or,     0.36 x fck x b x Xu + (fsc-fcc) Asc = 0.87 x fy x Ast 


Xu =    [(0.87x415x2464)-(fsc-fcc) x1232] / [0.36x25x300]


Xu =
329.49-0.456(fsc-fcc)
(1)

To find Xu
TRIAL 1 :

Assume Xu = Xu,l 
=
273.6 mm

ecs

=
0.0035[273.6-44]/273.6




=
2.937x10-3
0.696(fy/Es)

=
0.696x415/2x105



=
1.444x10-3
fsc (from curve)
=
352 N/mm2

fcc (from curve)
=
11.15
N/mm2
(=0.446 x fck)

From equation no. 1,

Xu


=
329.49-0.456(352-11.15)




=
174.06 mm

fsc ,fcc
= Stresses in compression steel & concrete respectively corresponding to strain ecs=0.0035(Xu-d’)


d’ = effective cover to compression reinforcement

TRIAL 2 :

Asssume Xu
= Xu,l

=
174.06 mm

ecs


=
2.615x10-3
fsc


=
348 N/mm2
fcc


=
11.15 N/mm2
Xu


=
175.88 mm

Repeat the trial until the assume value is equal to calculated value

Finally Xu = 175.88 mm

ULTIMATE MOMENT OF RESISTANCE

Mu
=
0.36 x fck x b x Xu (d-0.42 x Xu)+(fsc-fcc)Asc(d-d’)


=
0.36x25x300x175.88(570-0.42x175.88)+(348- 




 
              11.15)1232(570-44)


=
453.88x106 N-mm

Mu,l
=
0.36 x fck  x b x Xu,l(d-0.42 x Xu,l)+(fsc-fcc) x Asc x (d-d’)

=
0.36x25x300x273.6(570-0.42x273.6)+(348-


                            11.15) x 1232(570-44)


=
554.472x106 N-mm

τc

=
0.732 N/mm2
100Ast/bd
=
100(2464/300x570)



=
1.44

τuc

=
0.7304 N/mm2
τc’

=
0.4552 N/mm2
τuc,max

=
3.1 N/mm2
Allowable value of maximum shear stress (τc.max)=1.9

V uc

=
τuc x b x d



=
0.7304 x 300 x 570



=
124.90 KN

V uc,max
= 
τuc,max
x b x d



=
3.1x300x570 = 530.1 KN

Jd

= d- [(0.36 x fck x b x Xu x 0.42 x Xu) + (fsc-fcc) x Asc x d’)/             

                                               (0.36 x fck x b x Xu)+(fsc- fcc) x Asc)]


           = 570-59.938

    

=  510.062

Under Yielding Condition

fy



=
415 N/mm2
Total Force   

=
fy x Ast




=
415 x 2464





=
1022.56 KN

Force in each bar (Fbt)
=
Total force / No. of bars





=
1022.56 / 4





=
255.64 KN

Bearing stress

=
 Fbt  / r Ф

Where, 
r

=
k x Ф (where k = 6, from IS 2502-1963)





=
6 x 28





=
168

Bearing stress

=
255.64 x103/
 (168x28)





=
54.34 N/mm2
Permissible value

= 
1.5fck /(1+2 Ф/a)





=
1.5 x 25/(1+2 x 28/58)





=
19.07 N/mm2
Hence Bearing stress
=
Fbt  / r Ф





=
255.64 x103/(168 x 28)





=
54.34
N/mm2


Max Bending moment
= 0.87 x fy x Ast x ( jd )





= 0.87 x 415 x 2464 x (510.62)





= 453.76 KN-m

                             453.76 = (w l2)/24                              

w
= 453.76x24 / 42

                = 680.69 KN/m

GRAPHICALLY CALCULATION OF R
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Fig. 4.2: Original Structure at curve profile at joint

TO FIND THE CENTRE OF GIVEN ARC



             
D                  E




       

C









F







A
           


O

Fig. 4.3: Graphical calculation on radius of arc

Let AB be the given arc.

In AB, draw two chords CD and EF of any lengths.

Draw perpendicular bisectors of CD and EF intersecting each other at O.

Then O is the required centre. 

Graphically value of 
r
= 650


Bearing Stress


= 255.64x103/(650 x28)






= 14.046 N/mm2 

Permissible value


= 19.07 N/mm2
DIMENTIONAL ANALYSIS CALCULATION
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Fig. 4.4: Model Structure

Factor



= 28/8





= 3.5

Size of beam 

= (300/3.5) x (600/3.5)





= 86 x 172

Length


= 4000/3.5





= 1143 mm

Size of column

= (300/3.5) x (500/3.5)





= 86 mm x 143 mm

Length of column

= 3000/3.5





= 860 mm

No. of 8-( bars

= 3

Ast



= 151 mm2
Total force


= 415 x 3x (π/4) x 82




= 62.58 KN

Force in each bar

= 62.58 / 3





= 20.86 KN

Bearing stress

= (20.86 x103)/(189 x 8)





= 13.79 N/mm2
Permissible stress

= {1.5x20}/{1+(2 x 8/16

                                  
= 15 N/mm2
Xu,l



= 0.48 x (172-15)





= 75.36 mm

Xu



= (0.87 x fy x Ast)-(fsc-fcc) Asc / (0.36 x fck x B)





= 0.87 x 415 x151- (fsc-fcc) x100.53





= 88.05 – 0.16233(fsc-fcc)
…………………(1)

TRIAL (1)

Assume Xu =  Xu,l = 75.36

ecs = 0.0035(Xu-d’)/ Xu

= 0.0035(75.36-19)/75.36


= 2.618 x 10-3
0.696 x (fy / Es) = -0.696 x 415/ (2x105)

Therefore, 

fsc = 348 (Using curve)

fcc = 0.446 x fck = 0.446 x 20 = 8.92

On putting the above values in equation 1, we get 

Xu = 33.0173 mm

TRIAL (2)
Assume Xu = Xu,l = 33.0173

ecs = 1.485 x 10-3
fsc = 280

fcc = 8.92

On putting the above values in equation 1, we get 

Xu = 44.053 mm

Repeat the trial until the assumed value is equal to calculated value.

Finally, Xu = 38.7 mm

j d = 157 - ((0.36 x 20 x 86 x 38.7) x (0.416 x 38.7) + (313-8.92) x 100.53 x   19( / ((0.36 x 20 x 86 x 38.7) + (313-8.92) x 100.53)(

= 157 – (385.785 x 103 + 30.569 x 103) / (54.532 x 103)


= 149.36 

Maximum B.M. = 0.87 x fy x Ast x (jd)




 = 0.87 x 151 x (149.36)




 = 8.143 KN-m

                   wL2/24 = 8.143

       

w         =149.6 KN/m

FOUNDATION
Unit weight of soil
(We)

=
20 KN/m3
Angle of repose (()

=
30o
Allowable B.C of soil (qo)
=
150 KN/m3 

Using M20 concrete & Fe415 steel

1. Depth of footing

h
= (qo/We ) x (1-sin(/1+sin()2  


= (150/20) x (1-sin30/1+sin30) 2


= 1 m

 2.
Footing Dimensions


Area of footing, L x B = (column load P + assumed self weight of 


 footing) / (qo)

                                               = (85.5+ 0.1x85.5)/150





      = 0.627 m2


L = B   

      = ((0.627 m2 )    (Assuming square footing)





      = 0.792 m





      = 0.8 m

3.
Thickness of footing (Based on moment)

 
Pu


      = net upward soil pressure


      = (1.5 x 85.5) / (0.8x0.8)



      = 200.4 KN/m2

Where, 1.5 is the partial safety factor

Bending moment about an axis passing through the face of the column

Mu


      = (200.4 x 0.8 x ((0.8-.086)/2) 2)/2


      = 10.22 KN-m

Xu,l / d
= 0.479  for steel of grade Fe 415

Therefore, 1000 d2 = Mu / (0.36 x fck x 0.479 x (1- 0.416 x -0.479))


       1000 d2 = 10.22 x 106 / (0.36 x 20 x 0.479 x  (1- 0.416 x -








                            0.479))

                          d
= 60.84 mm

Adopt    
     D 
= 100 mm

Therefore,         d
= D – 20 – (8/2) 

= 76 mm

3. Thickness (Based on one way shear)

Critical section is taken at a distance d away from the face of column

S.F (Vu)                 = Pu x 0.8 x (((0.8-0.086)/2)-d)

             

          = 57.24 - 160.32 d

(uc


= Shear strength of conc. in foundation slab



          = K x Shear strength of concrete




= 1.3 x 0.36    

                                         =  0.468 N/mm2
d        


= Vu/ ((uc x 800)

= (57.24 – 160.32 d) / (0.468 x 800)

                                         = 0.10704 m

Adopt         D 
= 135 mm


Therefore,  d
= 135-20-(8/2)





= 111 mm

We Know that,

Mu


= (10.22 KN-m) 
d


= 111 mm

Therefore,   Pt
= (100Ast)/(b x d) = 0.241  (From chart 13 S.P. 16)

Therefore, Ast required
= 215 mm2
No: 8-( bars 

= 5

Ast provided 


= 251.3 mm2

Spacing 
  

= 170  mm c/c

CHAPTER - 5  RESULT OF TEST ON MATERIALS

Specific gravity of Cement

	Total weight taken
	60 gm

	Initial reading
	1

	Final reading
	19.9

	Specific gravity=  total weight taken 

                                Final – initial 
	(60)/(19.9-1)=3.17


Specific gravity of fine aggregate

	Mass of pycnometer (M1)
	495 gm

	Mass of pycnometer with aggregate (M2)
	970 gm

	Mass of pycnometer with aggregate and water (M3)
	1610 gm

	Mass of pycnometer filled with water (M4)
	1305gm

	Specific gravity =      M2 - M1 

                      (M2 – M1)–(M3 – M4) 
	2.79


Moisture content of fine aggregate

	Mass of aggregate taken (M1)
	425 gm

	Mass of oven dry aggregate (M2)
	420 gm

	Moisture Content =(M1- M2)   x 100

                                   M1
	1.1 %


Specific gravity of coarse aggregate

	Mass of pycnometer (M1)
	495gm

	Mass of pycnometer with aggregate (M2)
	875 gm

	Mass of pycnometer with aggregate and water (M3)
	1550gm

	Mass of pycnometer filled with water (M4)
	1305gm

	Specific gravity =    M2 - M1 

                       (M2–M1)–(M3–M4)
	2.81


Moisture content of coarse aggregate

	Mass of aggregate taken (M1)
	495gm

	Mass of oven dry aggregate (M2)
	490gm

	Moisture Content =(M1- M2)   x 100

                                  M1
	1 %


Sieve Analysis of Fine Aggregate

	IS Sieve (mm)
	Retained wt. (g)
	Passing wt. (g)
	% Passing

	10.0
	0
	1000
	100

	4.75
	55
	945
	94.5

	2.36
	85
	860
	86

	1.18
	155
	705
	70.5

	600 mic
	120
	585
	58.5

	300 mic
	370
	215
	21.5

	150 mic
	155
	60
	6


The fine aggregate confirming to grading zone II of IS: 383-1970

CHAPTER - 6  MIX DESIGN AS PER INDIAN
STANDARDS:
	S.No.
	           Concrete mix design grade M-20
	Details 

	A.
	Design stipulations:

1. Characteristic compressive strength required in the field at 28 days ( fck )

2. Maximum size of aggregate.

3. Degree of workability.

4. Degree of quality control.

5. Type of exposure.
	20 N/mm2

All agg. (Angular)

0.90 (C.F.)

Good

Moderate

	B.
	Test Data or Materials:

1. Cement used- Ordinary Portland cement. Specific gravity of cement.

2. Specific gravity of coarse aggregate.

3.  Specific gravity of fine aggregate.

4. Water absorption.

(i) Coarse aggregate.

(ii) Fine aggregate.

5. Free surface moisture.

(i) Coarse aggregate.

(ii) Fine aggregate.

6. Sieve analysis.

(i) Fine aggregate.


	           3.17

2.81

2.79

1 %

1.1 %

            Nil

1%

Confirming to grading zone II of table 4 of IS: 383-1970 


C. Target mean strength of concrete:  

f mean  = fck + Ks

         


         = 20+1.65 X 4.0 

        


         = 26.6 N/mm2

Where as, f mean  = Target mean compressive strength at 28 days.

fck  = 20 N/mm2, characteristics compressive strength at 28 days 

 S   = 4.0, Standard deviation (from table 8 IS: 456 – 2000).

 K  = 1.65 (Tolerance factor).

D. Selection of water- cement ratio:


From fig. 46 of SP: 23 – 1982, the water – cement ratio required for the target mean strength of 26.6 N/mm2 is 0.48 


Maximum free water cement ratio = 0.55 for moderate exposure (from table 23 of SP: 23 - 1982) 

E. Selection of water and sand content:
From table – 42, for 10 mm nominal maximum size aggregate and sand confirming to grading zone – II, water content per cum. of concrete is equal to 186 kg and sand content as percentage of total aggregate by absolute volume is equal to 35 percent.

For change in values in water – cement ratio, compacting factor, the following adjustment is required.

	Change in condition (from table 44 of SP: 23)
	Adjustment required in

	
	Water content %
	% sand in total aggregate

	a. For decrease in water-cement ratio by (0.6 – 0.5 = 0.1)
	0
	-2%

	b. For increase in compacting factor (0.90 – 0.80 = 0.10)
	+ 3 %
	0

	                      Total
	+3 %
	-2%


F. Determination of cement – content:

Water – cement ratio = 0.48

Sand content as percentage of total aggregate by absolute volume

     = 35-2.0





     = 33.0 %


Water content 
     = 186 + 5.58

     = 191.58 liters


Cement = 191.58/0.48 = 39.13 kg/cum.

This cement content is adequate for “mild exposure” condition (Table – 23)  

G. Determination of coarse and fine aggregate content: 

From table – 41, for the specified maximum size of aggregate 10 mm the amount of entrapped air in the wet concrete is 2 %. 


Taking this into account and applying equation: 

V = [ W + C/ Sc + ( 1/P ) X ( Fa/Sfa ) ] X ( 1/1000 )

V = Absolute volume of fresh concrete. 

     

    = Gross volume (1 m3) minus the volume of entrapped air.

                    Sc = Specific gravity of cement.

W = Mass of water (kg) per cum. of concrete.

C  = Mass of cement per cum. of concrete.

p   = ratio of fine aggregate to total aggregate by absolute 


volume.
      fa, Ca = total masses of fine aggregate and coarse aggregate, ( kg. )       

                  
          per cum. of concrete respectively, and

              Sfa, Sca  = Specific gravities of saturated surface dry fine aggregate  
              

and coarse aggregate respectively.  

Entrapped air =  2  %

V = Gross volume – Entrapped air

   = 1 – 0.02

   = 0.98

Fine aggregate: 

0.98= [191.58 + ( 399.13/3.17 ) + ( 1/0.33 ) X ( Fa/2.79 )] X ( 1/1000 ) 

Fa = 609.98 kg/cum.

Coarse aggregate:

0.98 = [191.58 + ( 399.13/3.17 ) + ( 1/0.67) X ( Ca/2.81 )] X ( 1/1000 )

Ca = 1247.31 Kg/cum.

The mix proportion then becomes:

	Water
	Cement
	Fine aggregates.
	Coarse aggregates.

	191.58 lit.
	399.13 kg/cum.
	609.98 kg/cum.
	1247.31kg/cum.


H. Actual quantities required for the mix:

1. For water – cement ratio of 0.48

water = 0.48 X 399.13 = 191.58 lit. 

2. Extra water to be added for absorption in case of coarse aggregate at (1 %) by mass = (1 /100) X 1247.31 = 12.47 lit.

3. Water to be deducted for free moisture present in fine aggregate at 1 % by mass = (1/ 100) X 609.98 = 6.01 lit.

4. Actual water to be added = 191.58 + 12.47 – 6.01 = 198.04 lit

5. Actual quantity of sand required after allowing for mass of free moisture = 657.95 - 6.01 = 651.94 kg.    

6. Actual quantity of coarse aggregate required = 1247.31 – 12.47 = 1234.84 kg.

Therefore, the actual quantities of different constituents for this mix are:

Water 

= 198.04 lit.

Cement 

= 399.13 kg.

Sand 


= 651.94 kg.

Coarse aggregate  = 1234.84 kg.
CHAPTER - 7  OBSERVATION 
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Fig. 7.1 : Location of strain gauges in 90-degree profile
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Fig. 7.2: Location of strain gauges in curve profile
7.1 OBSERRVATION TABLE
Table 7.1 Strain Observation for curve profile of reinforcement

	LOAD (T)
	STRAIN (10-6)

	
	A
	B
	C

	2
	370
	385
	365

	4
	760
	767
	763

	6
	1172
	1193
	1186

	8
	1619
	1635
	1624

	10
	2087
	2111
	2106

	12
	2436
	2454
	2452

	14
	3953
	3959
	3955


Similar kind of work is carried out for 90-degree profile of reinforcement at beam column joint and the following observation data is taken from it.

Table No. 7.2 Strain observation for 90o profile of reinforcement

	LOAD (T)
	STRAIN (10-6)

	
	A
	B
	C
	D

	2
	440
	487
	494
	81  

	4
	875
	960
	976
	102

	6
	1300
	1440
	1458
	135

	8
	1723
	1988
	2004
	170

	10
	2168
	2304
	2346
	210

	12
	2677
	2908
	2987
	285

	13
	3790
	3857
	3916
	315


CURVE PROFILE OF REINFORCEMENT

Table No. 7.3 Stress and corresponding force For Strain Gauge – A
	LOAD (T)
	STRAIN (10-6)
	STRESS      (N/ mm2)
	FORCE IN REINFORCEMENT

(KN)

	2
	370
	70
	3.52

	4
	760
	145
	7.29

	6
	1172
	225
	11.31

	8
	1619
	320
	16.08

	10
	2087
	360
	18.09

	12
	2436
	395
	19.85

	14
	3953
	412
	20.71


Table No. 7.4 Stress and corresponding force For Strain Gauge – B
	LOAD (T)
	STRAIN (10-6)
	STRESS      (N/ mm2)
	FORCE IN REINFORCEMENT

(KN)

	2
	385
	77
	3.87

	4
	767
	152
	7.64

	6
	1193
	235
	11.81

	8
	1635
	327
	16.44

	10
	2111
	368
	18.50

	12
	2454
	385
	19.35

	14
	3959
	414
	20.81


Table No. 7.5 Stress and corresponding force For Strain Gauge – C

	LOAD (T)
	STRAIN (10-6)
	STRESS      (N/ mm2)
	FORCE IN REINFORCEMENT

(KN)

	2
	365
	65
	3.27

	4
	763
	145
	7.29

	6
	1186
	228
	11.46

	8
	1624
	322
	16.18

	10
	2106
	375
	18.85

	12
	2452
	400
	20.10

	14
	3955
	413
	20.76


90o PROFILE OF REINFORCEMENT

Table No. 7.6 Stress and corresponding force For Strain Gauge – A
	LOAD (T)
	STRAIN (10-6)
	STRESS      (N/ mm2)
	FORCE IN REINFORCEMENT

(KN)

	2
	440
	87
	4.37

	4
	875
	172
	8.64

	6
	1300
	260
	13.07

	8
	1723
	339
	17.04

	10
	2168
	372
	18.70

	12
	2677
	394
	19.80

	13
	3790
	411
	20.66


Table No. 7.7 Stress and corresponding force For Strain Gauge – B
	LOAD (T)
	STRAIN (10-6)
	STRESS      (N/ mm2)
	FORCE IN REINFORCEMENT

(KN)

	2
	487
	97
	4.88

	4
	960
	189
	9.50

	6
	1440
	289
	14.53

	8
	1988
	360
	18.09

	10
	2304
	379
	19.05

	12
	2908
	401
	20.15

	13
	3857
	412
	20.71


Table No. 7.8 Stress and corresponding force For Strain Gauge – C

	LOAD (T)
	STRAIN (10-6)
	STRESS      (N/ mm2)
	FORCE IN REINFORCEMENT

(KN)

	2
	494
	97
	4.88

	4
	976
	190
	9.55

	6
	1458
	290
	14.58

	8
	2004
	361
	18.14

	10
	2346
	382
	19.20

	12
	2987
	403
	20.25

	13
	3916
	413
	20.76


Table No. 7.9 Stress and corresponding force For Strain Gauge – D
	LOAD (T)
	STRAIN (10-6)
	STRESS      (N/ mm2)
	FORCE IN REINFORCEMENT

(KN)

	2
	81
	16
	0.80

	4
	102
	18
	0.90

	6
	135
	27
	1.36

	8
	170
	36
	1.81

	10
	210
	39
	1.96

	12
	285
	57
	2.86

	13
	315
	60
	3.02


Note:  * Stress value is calculated using stress- strain curve in S.P.16, Fig. 3 

* Force in reinforcement is calculated by multiplying stress by area of   


reinforcement.
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Fig. 7.3: Stress-strain curves for cold-worked steels 


(From Fig.3 SP 16:1980)

CHAPTER - 8  CHARTS

STRESS-LOAD CURVE 
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Fig: 8.1 For curve profile (Strain gauge A) (Ref: Data 7.2.1)
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Fig: 8.2 For curve profile (Strain gauge B) (Ref: Data 7.2.2)
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Fig: 8.3 For curve profile (Strain gauge C) (Ref: Data 7.2.3)
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Fig: 8.4 For 90 degree profile (Strain gauge A) (Ref: Data 7.3.1)
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Fig: 8.5 For 90 degree profile (Strain gauge B) (Ref: Data 7.3.2)
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Fig:8.6 For 90 degree profile (Strain gauge C) (Ref: Data 7.3.3)
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Fig: 8.7 For 90 degree profile (Strain gauge D) (Ref: Data 7.3.4)
CHAPTER - 09  CONCLUSIONS


    From the stresses obtained, in this project, for curve profile beam reinforcement at beam-column joint and the similar kind of work performed at DCE lab for 90 degree profile beam reinforcement, it can be concluded that            

1.
Stress values in the strain gauges for curve profile is slightly less (1-2 %) than that in case of 90 degree bend.

2.
Stress values in strain gauges B & C, for bars bent at 90-degree,    show that there is no reduction in stress due to the 90-degree bent provided in the bar. 


All the load transfer from the steel bar to surrounding concrete is   taking place between the strain gauges C & D, i.e., in the straight portion after the 90-degree bend, which is about 333 mm This is the   only place where the stress decay in the bar is taking place. 

Hence the provision for a sufficient long straight portion after 90- bend as provided for in IS: 13920-1993(Fig.10.1) appears to be very important.

3.
Even though, the stresses are more uniformly distributed in curve profile than in case of 90-degree profile, it is very difficult to provide the curve profile at the Beam-Column junction in practical situations. Therefore, the 90-degree profile is more appropriate for the beam reinforcement at the beam column junctions.
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Fig. 9.1 Anchorage of Beam Bars in an External Joint 

(From Fig.1 IS: 13920-1993)
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Fig. 11.1  FRONT PANEL OF STRAIN INDICATOR
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Fig. 11.2  BACK PANEL OF STRAIN INDICATOR
Fig 11.3  90-DEGREE BEND  PROFILE OF REINFORCEMENT
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Fig. 11.4  CURVE PROFILE OF REINFORCEMENT
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Fig. 11.5  SOLDERING OF STRAIN GAUGES WITH CONNECTING 
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Fig. 11.6  STRAIN GAUGE ATTACHED WITH REINFORCEMENT

[image: image20.jpg]



Fig 11.7  WIRE CONNECTING WITH STRAIN GAUGE

[image: image21.jpg]- A e e

¥

.

-

———— D -
——— I
= e ——""

mmm‘wwmm T RS R R

aige <o el W




Fig. 11.8  REINFORCEMENT PROFILE AT CORNER WITHOUT STRAIN GAUGE
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Fig. 11.9  REINFORCEMENT PROFILE AT CORNER WITH STRAIN GAUGES
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Fig. 11.10  LOAD APPLICATION ON STRUCTURE BY HYDRAULIC JACK
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Fig. 11.11  LOAD APPLICATION ON STRUCTURE BY HYDRAULIC JACK
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Fig. 11.12  CRACKS IN COLUMN
[image: image26.jpg]



Fig. 11.13  CRACKS IN COLUMN
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Fig. 11.14  CRACKS IN COLUMN
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Fig. 11.15  CASTING OF BEAM
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Fig. 11.16  WIRE COMING OUT FROM INSIDE BEAM COLUMN JOINT
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Fig. 11.17  CRACKS IN BEAM
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Fig. 11.18  CRACKS IN BEAM

Micro Strain = Strain x 10-6
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