Practical 3
Comparison of theoretical and experimental values of Principal stresses for a biaxial stress element.

Apparatus:
 Universal Testing Machine,
  I-Section
  Electrical Gauges
  Rosette

Theory:
In the earlier sections, data were given for the initial biaxial stress condition that existed on an element of a load-carrying member. Then the principal stresses and maximum shear stress were calculated either with the equations developed in previous Sections or by the use of Mohr's circle. It would be indeed convenient if we could obtain stresses, especially principal stresses, by direct measurement. This, however, is impossible. Hence, we resort to direct measurement of strain, which is possible, and subsequently compute stress in terms of strain from σ=Eε. 
A Single strain gauge oriented in the direction of a uniaxial stress is sufficient for computing the stress. For biaxial stress, we might suppose that two strain gauges would be sufficient; this would be true if the direction of the principal stresses were known, but this is not usually the case. To determine the direction of the principal stresses in addition to their magnitudes, we need three values of strain εx, εy and γxy.
The linear strains are obtained by using either of two combinations of three strain gauges: 1) three gauges set with their axis at 45o with each other, or 2) three gages whose axes are at 60o with each other. These combinations are known as strain rosettes. The three gauges are electrically insulated with each other and are used to determine the strain at the surface of structure to which they are attached. 

Procedure:
· In order to measure the strain єu of the given material, we connect a gauge to the surface of the material with a wire field.
· Then running parallel to AB, as the material elongates (deform), the change in length (extension) and Change in diameter (contraction) occur at the same time.
· This causes electrical resistance to change in current. By this current variation passing through properly calibrated gauge.
· The strain єu can be determined accurately. 
· The reading change continuously as the value of load increase.

Observations & Calculations:
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	Loads (kN)
	Єa
	Єb
	Єc

	10
	-82x10-6
	1x 10-6
	-30x10-6

	20
	-42x10-6
	3x10-6
	-53x10-6

	30
	-179x10-6
	-17x10-6
	-90x10-6

	40
	-198x10-6
	-7x10-6
	-126x10-6



                                           

   


1)  
              Load       =      10 kN
                 Єa  =  -82x10-6,   Єb =  1x 10-6 ,   Єc  =  -30x10-6
                       μ  =  .29  ,       E  =    200x109
 For 45o rosette,
                         Єx =  Єa  =  -82x10-6       ,       Єy   =    Єc   =    -30x10-6
                                 γxy  =  Єc-2 Єb +Єx
                            γxy  =  -114 x10-6       
Principal Strains:


                          ε1   =   εmax   =   6.64 x10-6
                          ε2   =   εmini   =   -118 x10-6

Principal Stresses:
                



σ1 =   - 6.06     MPa

σ2   =   -25.89   MPa







2) 
   
              Load       =      20 kN
                 Єa  =  -142x10-6,   Єb = 3x10-6 ,   Єc  =  -53x10-6
                       μ  =  .29  ,       E  =    200x109
 For 45o rosette,
                         Єx =  Єa  =  -142x10-6       ,       Єy   =    Єc   =    -53x10-6
                                 γxy  =  Єc-2 Єb +Єx
                            γxy  =  -201 x10-6       
Principal Strains:


                          ε1   =   εmax   =   12.41 x10-6
                          ε2   =   εmini   =   -207 x10-6

Principal Stresses:
                



σ1 =   - 10.42     MPa

σ2   =   -49.50     MPa






3) 
   
              Load       =      30 kN
                 Єa  =  -179x10-6,   Єb = -17x10-6 ,   Єc  =  -90x10-6
                       μ  =  .29  ,       E  =    200x109
 For 45o rosette,
                         Єx =  Єa  =  -179x10-6       ,       Єy   =    Єc   =    -90x10-6
                                 γxy  =  Єc-2 Єb +Єx
                            γxy  =  -253 x10-6       
Principal Strains:


                          ε1   =   εmax   =   -8.86 x10-6
                          ε2   =   εmini   =   -260.14 x10-6

Principal Stresses:
                



σ1 =   - 15.49     MPa

σ2   =   -57.11     MPa






4) 
   
              Load       =      40 kN
                 Єa  =  -198x10-6,   Єb = -7x10-6 ,   Єc  =  -128x10-6
                       μ  =  .29  ,       E  =    200x109
 For 45o rosette,
                         Єx =  Єa  =  -198x10-6       ,       Єy   =    Єc   =    -128x10-6
                                 γxy  =  Єc-2 Єb +Єx
                            γxy  =  --312 x10-6       
Principal Strains:


                          ε1   =   εmax   =   -3.13 x10-6
                          ε2   =   εmini   =   -322.83 x10-6

Principal Stresses:
                



σ1 =   - 21.13     MPa

σ2   =   -70.71     MPa






Comparison :

	Load  (kN)
	σ1   (MPa)
	σ2      (MPa)

	10
	6.06         (C)
	25.48       (C)

	20
	10.41       (C)
	49.50       (C)

	30
	15.49       (C)
	57.11       (C)

	40
	21.13       (C)
	70.71       (C)



