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To determine the shear force in simply supported beam experimentally and
compare it with the theoretical value.
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To experimentally determine the bending moment in a simply supported beam
and compare it with the theoretical value.
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Experimental and analytical study of deflections for unsymmetrical bending of a
Cantilever beam
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To experimentally determine the horizontal thrust in a two-hinged arch for a
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To obtain an influence line diagram for the horizontal thrust in a two
hinged arch experimentally and verify the same with calculated values.
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EXPERIMENT NO-1

OBJECTIVE:

To determine the shear force in simply supported beam experimentally and compare it with
the theoretical value.

INTRODUCTION

For any structural member subjected to-Transvers loads (i.e. for beams) clear understanding
of the "Bending Moment" and "Shear Force" is necessary. Although the two concepts are
simple, it would be advisable, particularly during the initial stages, to give the student as much
drill as possible from the point of view of imbibing these basic .concepts.

DEFINITION

a) Span. It is the centre-to-centre distance between two supports.

b) Load Position (X) - It is the distance of the load from the support at the left-hand
end.

C) Reaction (R): Itis the portion of the load which is taken up by one or the other
support

d) Shear Force (F): It is the unbalanced force created by loads and reactions acting
on one side of section in the member.

Fig. (1) indicates a simply supported beam with a concentrated load. Taking moments about
the point A

WxX = RBxL
s RB = WxX/L
Similarly. . . oo RA =W (I-X)/L

The shear force F from A to C shall be equal to RA in one direction and the shear force from C
to B shall be in the opposite direction and equal to Re.

DESCRIPTION

The long and short sections of the T.W. beam are connected by a hinge and will be leveled
with the help of spirit level provided. A spring balance with an adjusting screw is mounted
exactly at a distance of 20 cms from the centre of the hinge. After loading, the beam is
returned to its original level position by tightening the adjusting screw. Difference in spring
balance reading multiplied by distance of hinge from the axis of spring is the bending moment

at hinge.



MODEL DIMENSIONS

i) SPAN - The span is adjustable, maximum being 90 cms.
ii) The distance of spring balance assembly from the centre of the hinge is 20
cms. i.e. h=20..

EXPERIMENTAL PROCEDURE

FOR SHEAR FORCE.

1)
2)
3)
4)
5)
6)

7)

8)

9)

Level the universal frame with the help of the leveling screws.

Mount the supports on the frame.

Put the beam — assembly on the support.

Before putting the beam assembly do not forget to thread-ina few loading links on
either sections of the beam.

Level both sections of the beam accurately by using —

The level' bottle, support, and/or

The adjusting — screw cum spring — balance assembly.

Check the level of both beam portions. If necessary level it.

Connect the loading pan assembly at the hinge between the two sections or use
spring balance. (Ref. Fig. No.3).

Apply load (W) at some position (X). Both portions of the beam will be disturbed

from the original level position.
Return the beam to its original level position by applying suitable wts in the

loading pan assembly or tightening the spring balance screw.

10) Record the wts. applied in the loading pan assembly or measure difference in

initial & final reading on spring balance. This is the required shear force at the

section.

11) Repeat the procedure for other loads and load-position.



OBSERVATION TABLE - (C)

ii) Distance from left hand support to the hinge 'Y' =

cms.

S.| Load| Load Experimental Shear Force require| Theoretical | Percent| Remark
N. in kg position| to level the beam S.F. Error
incms | By |.B| F.R.| By Spring
loading Balance
pan Diff.
assembly (H.R.
ml.R.)
112 3 4 5 6 7 8




FOR INFLUENCE LINE FOR SHEAR FORCE

The procedure for shear should be repeated by keeping the value of the load constant and
varying its position on the span.

OBSERVATION TABLE - (D):

i) SPAN | e =cms

ii) Distance from left hand support to the hinge Y' ................. =
cms

iii)  Load applied "W'.......cceevrernes cms

Now plot the graph f X for influence line of shear force along the beam.

S.N. Load Experimental | ShearForce by Shear Remark
Position| loading pan spring balance Force
X' assembly in kg |.R F.R Diff. (F.R — For unit
.R) load -

F/N
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EXPERIMENT NO-2

OBJECTIVE:

To experimentally determine the bending moment in a simply supported beam
and compare it with the theoretical value.

INTRODUCTION

For any structural member subjected to-Transvers loads (i.e. for beams)
clear understanding of the "Bending Moment" and "Shear Force" is
necessary. Although the two concepts are simple, it would be advisable,
particularly during the initial stages, to give the student as much drill as
possible from the point of view of imbibing these basic concepts.

DEFINITION

e) Span: Itis the centre-to-centre distance between two supports.

f) Load Position (X): It is the distance of the load from the support at
the left-hand end.

g) Reaction (R): It is the portion of the load which is taken up by one or
the other support

h) Shear Force (F): It is the unbalanced force created by loads and
reactions acting on one side of section in the member.

1) Bending Moment (M) It is the unbalanced moment.

created by loads and reactions acting on one side of section in the
member.

indicates a simply supported beam with a concentrated load Taking
moments about the point A

WxX = RBxL

. RB - WxX/L

Similarly. .. ...cccecn.... RA=W (1-X)/L



The shear force F from A to C shall be equal to RA in one direction and the
shear force from C to B shall be in the opposite direction and equal to Re.

Now the bending moment at any point D, & at a distance Y from the left hand
supportis —

: o= Ry x v = BUXT

DESCRIPTION

The long and short sections of the T.W. beam are connected by a hinge and

will be leveled with the help of spirit level provided.

A spring balance with an adjusting screw is mounted exactly at a distance
of 20 cms from the centre of the hinge. After loading, the beam is returned
to its original level position by tightening the adjusting screw. Difference
in spring balance reading multiplied by distance of hinge from the axis of
spring is the bending moment at hinge.

MODEL DIMENSIONS

iii)  SPAN - The span is adjustable, maximum being 90 cms.
iv)  The distance of spring balance assembly from the centre of the
hinge is 20 cms. i.e. h = 20..

EXPERIMENTAL PROCEDURE

A) For Bending Moment

1) Level the universal frame with the help of the leveling screws.

2) Mount the supports on the frame.

3) Put the beam — assembly on the support.

4) Before putting the beam assembly do not forget to thread-in a few
loading links on either section of the beam.

5) Level both sections of the beam accurately by using —
The level' bottle, support, and/or

The adjusting — screw cum spring — balance assembly.



6) Assure that the spring assembly for shear force is disconnected.

7) Record the initial spring — balance reading for the zero-load
condition.

8) Apply load (W) at some position (X). Both portions of the beam will
deflect and the level position shall be disturbed.

9) Now by adjusting screw cum spring balance (tightening) = (screws)
bring the beam to its original/level position. Use level bottle for
horizontal position of beam.

10) Record the final reading or the spring-balance.

11) Repeat the procedure for other loads and load pésitions.

OBSERVATION TABLE

1. Span cms.

2. Distance from left hand support to the hinger 'Y'=  cms.
Distance of spring Balance assembly from the Centre of the hinge

='h' =il B cms
S.N. | Load Positio | Spring Differenc Bending Moment Percen| Remark
w | D load | Balance e t error
'X' in | Initial | Final Experiment | Theorotic
in |cms readin | readin | D=(FR- | al = Dxh in al * in kg.
Kg g IR in g FR in IR) kg. cms cms.
kg kg

=(R.NO.5
-R.N0.4)

1 2 3 4 5 6 7 8 9 10




Bending Moment (Theoretical) MD = Kg. cms.
(B) FORINFLUENCE LINE FOR BENDING MOMENT:
The procedure for bending moment should be repeated by keeping
the value of the load constant and varying its position on the span.
OBSERVATION TABLE (B) :

| Y o T- 1 o | () SO P PO cms

II.  Distance from left-hand support to the high 'Y’
III. Distance of spring balance assembly from the centre of the hinge

="h'=

S.N. | Load Spring Balance Difference |'M'Bending Moment Remark

Position | Initial | Final Dxh in kg|'M' for unit
on  in reading  reading IR) cms load m/w
cms LR mn FRin k

2 3 4 5 6 7 8

Plot a graph of m — X, It will give the influence line for bending moment,
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EXPERIMENT NO-3

OBJECTIVE:
To determine the deflection of a simply supported beam when it is centrally loaded.

EQUIPMENT:

Apparatus consist of a M.S beam which is supported on two supports Apparatus is centrally
loaded Actual deflection can be measured by the help of a dial gauge at the point of loading

Apparatus is supplied complete with weights and supporting stand.

INTRODUCTION AND THEORY:

Whenever a beam is loaded, it deflects from its original position. The amount, by which a
beam deflects, depends upon its cross section and bending moment.in modern design offices
there are two design criteria for a beam (a) strength (b) stiffness.

As per the strength criterion of the beam design it should be strong enough to resist the
bending moment and shear force. But as per the stiffness criterion of the beam design it
should be stiff enough to resist the deflection of the beam.

Consider a simply supported beam AB of length 1 and carrying a load W at the centre of the
beam C. From the geometry of the fig. we find that the reaction at A,

w
Ra=Rg = >
Consider a section X at a distance x from B. we know that the bending moment at this section

w
|V|x = RB.X = ?.X

El d2y/dx? =W/2.x (i)

Where E is the modulus of the elasticity of the beam material and | is the moment of inertia
of the beam section.

Integrating the above equation,

El dy/dx = Wx%/4 + C; (ii)

Where C; is the first constant of integration. We know when x=1/2 dy/dx=0
Substituting these values in equation (ii),

El dy/dx =Wx%/4 — WL2/16 (iii)

Integrating the equation (iii) once again,



El.y Wx3/12 — (WL?/16).x + C; (iv)

Where C; is the second constant of integration. We know that when X=0, Y=0 Substituting
these values in equation (iv) , we get C; =0.

El.y = Wx3/12 — (WL?/16).x (v)

This is required equation for deflection,at any section ,by which we can get the deflection at
any point on the beam .A little consideration will show , that the maximum deflection occurs
at the midpoint C. Thus for maximum deflection substituting X=1/2 in eq.(v)

ELyc=W/2 (1/2)3 — WL2/16(1/2)

WL3/96 —WL3/32 = -WL3/48

oryc = -WL3/48El (minus sign means that the deflection is downwards)
= WL3/48EI

EXPERIMENTAL PROCEDURE:

Measure the distance L between the two supports.

Note the initial reading of graduated scale

Put Load W on the centre of the beam. Now find Ra&Rb

Note Readings of deflection y from the dial gauge.

Calculate ycaiculated from the formulae.

Deflection should be same as obtained analytically and experimentally.
Calculate % error

7. Repeat the experiment by taking different values of W.

o W

OBSERVATIONS AND COMPUTATION SHEET:

Material of the beam is = Mild Steel
Length of the beam, L cm =
Thickness of beam ,t cm =

Breadth of the beam ,b cm =
bt3/12

Moment of inertia of beam | =
Modulus of elasticity of beam material E =2.0x 10% kg/cm?
SI. NO. Weight on beam W Deflection Deflection % Error

observed y Calculated y«




RESULT:
PRECAUTIONS:

e Apply the loads without jerk.
e Perform the experimental away from vibration and other disturbances
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EXPERIMENT NO-4

OBJECTIVE:

To study the behaviour of different types of strut and to calculate the Euler’s buckling load for
each case.

THEORY:

If compressive load is applied on a column, the member may fail either by crushing or by
buckling depending upon its material, cross section and length. If member is considerably long
in comparison to its lateral dimensions it will fail by buckling. If a member shows sign of
buckling the member leads to failure with small increase in load. The load at which the
member just buckles is called buckling or critical load. For a slender column, buckling load is
less than the crushing load. The buckling load, as given by Euler, can be found by using
following expression:

P= rl.-ZEl/le2
Where,

E = Modulus of elasticity = 2x 10°> N/mm? for steel | =
Least moment of inertia of column section. Le = Effective length
of column

Depending upon support conditions, four cases may arise. The effective length for each of
which are given as:

5. Both ends are fixed
Le=L/2
6. One end Fixed and other is pinned
Le=L/V2
7. Both ends pinned
Le=L
8. One end is fixed and other is free
Le= 2L
Where, Lis distance between points of fixity at top and bottom i.e. unsupported length

APPARATUS:

Apparatus consists of four spring steel columns, which are put along a vertical wooden board.
These four columns has different end conditions as given below:

1 Both ends pinned
2 Both Ends fixed
3 One end pinned and other fixed.



4 One end fixed and other end free.

SUGGESTED EXPERIMENTAL WORK:

Stepl: Pin a graph paper on a wooden board behind the column. Step 2:
Apply the load at the top of the columns increasing gradually.At certain stage of loading the
columns  shows  abnormal  deflections and gives the buckling load.
Step 3: Note the buckling load for each of the four columns. Step 4:



Trace the deflected shape of columns over the paper. Mark the points of change of curvature
of the curves and measure the effective and equivalent length for each case separately.
Step 5: Also calculate the theoretical effective lengths and thus buckling load by the

SI. | End conditions Euler’s Buckling Load Effective Length(mm)

No. Theoretical Observed Theoretical Observed

expression given above and compare them with the observed values.

RESULT AND DISCUSSIONS:

1. Calculate the Euler buckling load for each case.
2. Also calculate the theoretical effective lengths and thus buckling load by the
expressions given above and compare them with the observed values.

SAMPLE DATA SHEET:

Width of strip (mm) b=
Thickness of strip (mm) t=
Length of strip (mm) L=

Least moment of inertia 1=bt3/12
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Experiment No-5

OBIJECT:
To verify Clark Maxwell’s theorem by means of a mild steel beam.

APPARATUS:

Mild steel overhang beam, dial gauges, weights.
THEORY:

Clark Maxwell’s theorem in its simplest form states that the deflection of any point A
of any elastic structure due to a load P at any other point B is the same as the deflection of B
due to the same load P applied at point A.

It is, therefore easily derived that the deflection curve of a beam under unit load at
any point is the same as the influence line of deflection for that point when a unit load moves
along the beam. Thus application of the theorem to a beam can be verified. By this
experiment by plotting both the curves for any point.

PROCEDURE:

6. Aload of 1 Kgis placed either at the centre of the simply supported span or at the free
end of the cantilever so that the deflection may be appreciable.

7. Measure the heights of the upper edge of beam at the interval of 10 cms by means of
a dial gauge before and after loading and determine the deflection at 10 cms interval
before and after loading at each point separately. This shall be measured by moving
the dial gauge from one point to another and taking the heights before and after
loading at each point.

8. Now move a 1 Kg load along the beam at 10 cms interval and for each position of the
load, find the deflection of the point where the load was applied in stepl, above. This
deflection should be measured at each such point before and after the loading,
separately.



9. Plot the graph between deflection as ordinate and position of point on abssica and
compare the plot for graph drawn in step 2 and step 4. These are the influence line

ordinates for deflection of the beam.

10. The step 1 to 4 should be repeated for central load on simply supported beam or load
at free end of the cantilever.

OBSERVATION and CALCULATION

Distance Load at central Deflection Load moving along the Deflection
from the point/cantilever end of various beam of various
pinned Beam Beam points Beam Beam points
end (cms) | unloaded | loaded dial | (mm) (2)- | unloaded loaded dial | (mm) (5)-

dial gauge gauge (3) dial gauge gauge (6)

reading reading reading reading
(mm) (mm) (mm) (mm)

1 2 3 4 5 6 7
10
20
30
40
50
60
70
80
90
100

RESULTS

Comparision of column 4 and 7 and the plot of the two curves seem to be identical.

Hence they show the influence line curve for the defelection of the beam.
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EXPERIMENT NO-6

OBJECTIVE:
To verify Betti’s theorem by means of mild steel beam.

Betti’s theorem

Betti’s theorem, which was discovered by Enrico Betti in 1872, states that for a linear elastic
structure subject to two sets of forces {P i} i=1,...,m and {Qj}, j=1,2,...,n, the work done by the
set P through the displacements produced by the set Q is equal to the work done by the set
Q through the displacements produced by the set P. This result is also known as the Maxwell-
Betti reciprocal work (or reciprocity) theorem, and has applications in structural engineering
where it is used to derive the Boundary element method.

Betti’s theorem is used in the design of complaint mechanismsby topology optimization
approach.

Example

For a simplelet m=1 and n=1. Consider a horizontal beam on which two points have been
defined: point 1 and point 2. First we apply a vertical force P at point 1 and measure the
vertical displacement of point2, denotedArz. Next we remove force P andapply a vertical force
Q at point 2, which produces the vertical displacement at point 1 of Aqi. Betti’s reciprocity
theorem states that:

P Aqi= Q Ar2

TR T
- v )
P1 P2 P3 P4
| | | | | |

P1,P3, P2=P4 =0



P’2,P’a P'1=P’3=0
N1,N'3
P1A’1+P2N 24P3A’3+Pal’ 4 =P’ 1A1+P 2A2+P’3A3+P 2\ 4

sPA =5 P'A
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EXPERIMENT NO-7

OBJECTIVE:

To determine the horizontal thrust in a three hinged arch for a given system of loads
experimentally and verify the same with calculated values.

THEORY:

A three hinged arch is a statically determinate structure with the axial thrust assisting in
maintaining the stability. The horizontal thrust H in the arch for a number of loads can be
obtained as follows:

I I VRIS ”///////r/[///.

H

|

ax L
as

Taking moment about A

Ry xL=W,a, +W,a,, +W,a,
_Wia, +W,a,, +W,a,
- L

RB

Taking moment about B

_Wl(L—al) +W, (L —ay +W, (L -a;)

R, C

Taking the moment of all the forces on left hand side about C, we get



H x r+W1(%—al)+W2(%—azj= Ra x%

H =£{1[\N1(L_a1)+W2(L_a2)+W3(L_as)]_W1(£_al)_wz(k_asz
r2 2 2
1(RsL L
H:F[ 2 Ws(as 2 ) (1)

The value of horizontal reaction can be evaluated by Eq. (1).

APPARATUS:

The model has a span of 100cm and rise 25cm, with hinges at supports and crown. One of
the end rests on rollers. Along the horizontal span of the arch various points are marked at
equidistant for the application of load. A dial gauge with magnetic base is supplied with the
apparatus.

SUGGESTED EXPERIMENTAL WORK:

1. Use lubricating oil at the roller end of the arch so as to have a free movement of the
roller end. Balance the self-weight of the arch by placing load on the hanger for
horizontal thrust until the best equilibrium conditions are obtained. Under this
condition, the roller end of the arch has a tendency to move inside on tapping the
table. Note down the load in kgs.

2. Place a few loads on the arch in any chosen positions. Balance these by placing
additional weights on the hanger for horizontal thrust. The additional weights on the
thrust hanger give the experimental value of the horizontal thrust.

RESULTS AND DISCUSSIONS:

1. Find the horizontal thrust for a given set of load experimentally and theoretically.
2. Plot the observed and calculated values of influence line ordinates on the same graph
and comment on the accuracy obtained in the two cases.

SAMPLE DATA SHEET:

Span of the arch, L =

Central rise, h =

Initial load on the thrust hanger for balancing, kg

Table-1



SI. Load on hanger Total Distance Additional Calculated
No. member from load on from left load on value of H
roller end thrust | hand support thrust (kg)
hanger hangeri.e.H
Set No. | Load (cm)
(kg) (kg) (kg)
W1 a1=
Set | W, az =
W3 asz =
PRECAUTIONS:
° Put the weights in thrust hanger very gently without a jerk.
° Measure the distance of loaded points from left hand support accurately.

° Perform the experiment away from vibration and other disturbances.
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EXPERIMENT NO-8

OBJECTIVE:

To obtain influence line diagram for horizontal thrust in a three hinged arch experimentally
and to compare it with the calculated values.

APPARATUS:

The model has a span of 100cm and rise 25cm, with hinges at supports and crown. One of the
end rests on rollers. Along the horizontal span of the arch various points are marked at
equidistant for the application of load. A dial gauge with magnetic base is supplied with the
apparatus.

THEORY:

A three hinged arch is a statically determinate structure with the axial thrust assisting in
maintaining the stability. The horizontal thrust H in the arch for a number of loads can be
obtained as follows:

- .
I I L f//////////[///.

Taking moment about A

Rg xL=W,a, +W,a,, +W,a,
~Wa, +W,a,, +W,a,
- L

Rg

Taking moment about B



_Wl(L—al) +W, (L —ay +W, (L -a;)

R, C

Taking the moment of all the forces on left hand side about C, we get
L L L
Hxr+W,| ——-a, [+W,| ——a, |=R, x—
1(2 lj 2(2 2) A 2

H :l{i[\/\ﬁ(l—_aﬂ +W2(L_az) +W3(L_a3)]_wl(£_a1j_wz(£_asz
ro2 2 2

1(R;L L
H==|2--W,(a,-— 1
r[ o W@ -2 ) 1
The value of horizontal reaction can be evaluated by Eq. (1).

The influence line of any reaction at a point is a graph showing the variation of a
functions like reactions, moments, shear forces, stress or deflections at a point for
various positions of unit moving load. Therefore, to draw the influence line for H, a
unit load of 1kg is placed at varying distance x from either of the supports.

Let a load of 1kg be placed at a distance x from A.

X
Rg = m then, taking moment about C for all the forces on R.H.S. of C we have

L/2 L/2

(2)

Thus, the Eqg. (2) is the equation of a straight line and gives the influence line diagram
for the horizontal reaction H



SUGGESTED EXPERIMENTAL WORK:

a. Use lubricating oil at the roller end of the arch so as to have a free movement of the
roller end. Balance the self-weight of the arch by placing load on the hanger for
horizontal thrust until the best equilibrium conditions are obtained. Under this
condition, the roller end of the arch has a tendency to move inside on tapping the
table. Note down the load in kgs.

b. Place a few loads on the arch in any chosen positions. Balance these by placing
additional weights on the hanger for horizontal thrust. The additional weights on the
thrust hanger give the experimental value of the horizontal thrust.

c. To obtain the influence line for H, place a load of 2kg in turn on each hanger one by
one and find the balancing weight required on the thrust hanger.

1
d. Plot the ordinate representing > of the balancing weights on the load positions as

base. This gives the influence line diagram for horizontal thrust.

RESULTS AND DISCUSSIONS:

1. Find the horizontal thrust for a given set of load experimentally and theoretically.
2. Plot the observed and calculated values of influence line ordinates on the same graph
and comment on the accuracy obtained in the two cases.

SAMPLE DATA SHEET:

Span of the arch, L =

Central rise, h =

Initial load on the thrust hanger for balancing, kg =



Table-1

Initial load on the thrust hanger to balance self weight of arch =kgs

2kgs load at hanger |1 2 314 |5 |6 |7 |8 9
number

Balancing wt. on thrust
hanger (kg)

Net weights (kg)

Influence line ordinate
(net wt./2) observed

Calculated value of
influence line ordinate

PRECAUTIONS:
° Put the weights in thrust hanger very gently without a jerk.
° Measure the distance of loaded points from left hand support accurately.

° Perform the experiment away from vibration and other disturbances.



YT HATH- 09
3. R sifas aRfeufaat (Us dEiee ) 7 Née o & AR #1 HETTT |

ISIECES b

a3t @ ®Wfaws v @ BafEde (B ftwdar BwfAqc
) AT T T @ SABR A (FRiEhell SASRIAGE) & &9 # Fafieped foham aran
gl Rfewen Bifade & faeawor dqers i Rufaat &1 3udier & fFar
TehdT § STaTeh TeTeahall eITSeXTHeIC Bl gol ddel o [olU TR 2Tdl sl JTaRTRAT
gidr &, dica WA ifad RRufadl & 3R ) &3 3l & sifafRgaar & fov o
HARTT T gl

TR ot theT o STAER Pl SATeTed o ToIT IAT-37eT9T Aifser EATAAT & dgd 3ab 3Teldl-
31ereT faaid 3R & STeaTr 3fd &, o FeaTer & 3o [afer gant faeevoneas
&G & 1A AT T v 1

qel & A Nl & FATH el FITAIHT T TTATAF 38T 3e7eh MY 9T ofrey aifcret
3R (BTRSllecel oligd )l 3eTchl i1d ToIhIET HTARIRATIT H TATATIRT el &I &, AT
IMHAR W Aical & o Tifeahia 9 @ 31fARTd TIATCHS 373 HT HIRUT IodT &
AR 3T fALRIVOT & AT TATETH T 3TN foham ST & |




T () # Te@rT 10 uiée WX faaR X e 3l qeed el 3R daell (RRR ) &
TrI-A1T e 9T of S 7 T877 g1 WT A 3% 3R R fewhmr (Reolg) I=m §
AR MY 9T % TS § AT (Theres ) @ ST 91T §, T§ AT Ugoll 39 dem
Teehall sAfscfAeie g1 aaeR fufa ( saffed Haee ) & YR W 50 YR Hr
AT & FATIT @ Il Toldl § o Need W Fof alfdst el ( giRsloea RIR)
FI Al RT & §T T FAS &7 & Afod Thar Sreem; s9feiv I8 AT S1eam
o Qe W & AT afdsr @RSlece) gfafhar te gav & s § 31K safaw P2
H TR ¢ |

faeeIvor &1 AW 79T 39 Tefeard garT fRAT ST THRaT €, alfge W W FeaTer gfafhar
(@frer RuerereT ) A0 W & TR W Fral (eal) & TR A 30T (AFC) 9o
&I ST Wehdl &, 90 O 9T Feaer gfafear (@dfera Ruerer ) T =fy=0 &) e
UrS ST Fehcll § | EYOT T o T Ush aR Sid 9idfshar A g1 Sirell g dl gJehret
arer 3t (Afeser Ade ) 3 FAEN(RRR) & 3M@ (SR ) $r 3EET & orEr
1 ST 8, TS@8 ggehel aret 37EOT (IS HC) & AW gIed gl § St R [ (o)
A RATIATE| TE o] AR T FRAS & dgd U & Tdehd AN (ST Aqeh) &I
3TSI WE T Foedal AT g |







3 $T ARG # T (a) F FAW GiEd W TR &, dfter R & 3muR B
(Freres) &, ST o [T (c) & e arm &1 I8 e R &9 @ el =39 &
for sfafRaa §( Tfiewer saftf@ae 3 f2af) safor A9 gromt s@ g Seh
aIRU| S & wd WY A 3dAF 3R 9 TwrEr =3r ar, B & Ig AT Areen
fr g |RT & for &fas gfafead ( giRSeeca Ruae s § 3R safaw P/2
F W § | Ig &I &ar e fF v W & Fg & 9@ dohdr ( FdoR) FH
3eer &g &1 & faofaa (sewawae) & g §, sl sihat @ 3ot (Sfeser Ande )
Thd deo T@T ¢ 3R safaw sHa AW T &1 safaT I8 AR Jwen fF 93
W F &g A v QP &g &; T8 TAAcAS & § Ig Al & NR ¢ & fog
a 3N o W R (Ees) #Algg 8, ar & 7 (o) 7 G@mm mar g1 38 o W
FEeatR gfafhare (i Rueee ) oiéa R & i sof (voaaa »fa) &
ST T € 3R 38 a 3R @ & 9N H HAF ¥ ¥ g0’ o FuiRa e ar
Fhdl gl a 3R @ & IW T & 39 fed W HF A drell G drhdi
3GTEXUT & foIT, AT 3E13¢ g

+P(h/2) —Rcy b:O Rcy:+Ph/2

s W & YR W IEOT gidfhar, @S R ) R # faufea g w
el (R ) & & gl §, St fasied fog (SFelehdel Uise) & W & 3UR
R T gl ¥ O gl § 3R s&fAT (P/2)(h/2)= Ph/4 & SRT&X gl §1. U &R
gfafhar AT g Sl W, Wl & HGET & AU sweell 3R gt & g0 &
3NS5 AT SFaH) 3T § Ffae gant FuiRa fFe aa &1 59 axger
R ST & fIw gpepe arel 30T &1 IM@ FF (d) A fG7r a2 g1 [T (e) og
AR & FNATls & d6d Wicel & fahd 3eR (Seefs A9 ) #r gefidr g

3RIFA & TAI-37el9T TTATAAT & 3eImar, ar reer-37erer ufaat o1 off 3wierd dice
O T S FehelT &

o U AU TR, g fear gam
o T AU RN, gEy & JdeR F wen R gan |



HSATAT 141 YA fares -
1.91¢eT e T 3T AT (V3 F3AT ) T TTeT .

2.38 &g &1 TheT Y ST ST ofl9] T =il § (T8 &fcieT T FEaTer &l 3ferr
376197 o )

3%A F AR WHER (@Fades AT ) F ged A & fAr R/ AR 9 w
faffiear faigat o fagiaor ( Sivrelaet )l =i fQU 910 fqaRor & 3R 37erT-31efal
AT| SIS 35T T b B 3R 3o A Wt W v W W g R FARIS
Y 3N goloh 3 @ FEaTer g H A 3. I AT & fov wgfaa fig w
HR SE | 31T AT AT Al

4358 & 3dX 3R SR 39 H gl W W e HT 3R 390 (4), (5),(6) r
AU

55F & iR & 3dR 3T S AT & B & fiF W RAFe H 3R T (4) (5)
(6)

6.9f&1a ST (3earas )&t arvfiagy #¥ 3R IF M W dica A & fow faaia
T T Fhd A

7.1380a 3R grtd WA F o [Ifde BRT fr Rafaar ik s =ufaar & o
3T TROT (1) T (9) FT &Igy|

AC T 3 C @ fagargdr STl s JTSaT fagtgor(f@a)
URfAs | 3faA
AB X 37 ATl fag STl et JTSaT feToor (&)




BD WX 3i&h

D & glt fig

31Tl et Pfar

faaTaoT(fA=)




EXPERIMENT NO- 9

OBJECTIVE:
To study the behaviour of portal frame under different end conditions.
THEORY:

Structures are categorised as statically determinate or as statically indeterminate.
Determinate structures can be analysed by using the conditions of equilibrium whereas
indeterminate structures needs additional conditions to solve the portal frame is an
indeterminate structure to several degree of indeterminacy depending on the end conditions.

To know the behaviour of any frame it is advisable to know it’s different deflected shapes
under different loading conditions which can be worked by vertical work energy method
analytically.

Portal structures similar to the end portals of bridge have as their primary purpose the
transfer of horizontal loads applied at their top to their foundation clearance requirements
usually lead to the statically indeterminate structural layout for portals and approximate
solutions are used in their analysis.

Consider the portal shown in fig (a)all the members of which are capable of carrying

bending and shear as well as axial force. The legs are hinged at their base and rigidly connected



to the cross girder at the top this structure is statically indeterminate to the first degree and
hence one assumption must be made. Solutions of this type of structure based on elastic
condition show that the total horizontal shear on the portal will be divided almost equally
between the two legs ; it will therefore be assumed that the horizontal reaction for the two legs
are equal to each other and therefore equal to P?/2 . the remainder of the analysis can now be
carried out by statics , the vertical reaction on the right leg can be obtained by taking moments
about the hinge at the base of the left leg the vertical reaction on the left leg can then be found
by applying 2f,=0 to the entire structure. Once the reaction is known the diagram of the bending
moment and shear are easily computed, leading to the values of the bending moment as given
in fig (b). It is well visualise the deformed shape of the portal under the action of the applied
load.




Consider now portal similar in some ways to that of fig (a) but with the bases of the legs fixed,
as shown in fig(c) .this structure is statically indeterminate to the third degree so that three
assumptions must be made .As when the legs were hinged at their base, it will again be
assumed that the horizontal reactions for the two legs be equal and hence equal to P/2. It will
be noted that near the centre of each leg there is a point of reversal of curvature. These are
points of inflection, where the bending moment is changing sign and hence has zero value. It
will therefore be assumed that there is a point of inflection at the centre of each leg; this is
structurally equivalent to assume that hinges exist at point a and a’, as shown in fig (e).The
vertical reactions on this portal equals the axial forces in the portal legs and can be
determined by successively taking moment about a and a’ of all the forces acting on that
portion of the structure above a and a’. For example, taking moment about a gives

+P(h/2) —Rcyb=0 Rc,=+Ph/2

The moment reaction at the base of each leg equals the shear at the point of inflection in the
leg multiplied by the distance from the point of inflection to the base of the leg and therefore
equals (P/2)(h/2)=Ph/4. Once the reaction are known, the diagrams for shear and bending
moment for the member of the portal are easily determined by static. The diagram for
bending moment for this structure and loading are given infig(d) .Fig(e) shows the deformed

shape of the portal under the action of the applied load.



Beside above two different conditions, two different conditions can also be visualised on the

above portal namely

One end fixed, other hinged
One end fixed other on roller support.

SUGGESTED EXPERIMENTAL WORK:

. Select the end conditions of the portal frame.

. Select the point where loading is to be applied (first horizontal than
verticalseparately)

. To obtain the deflected shape of the frame measure the deflection at various
points at legs and the beam separately as detailed below.Fix the Dial gauge

and adjust them to zero on one of the leg at various points and measure the
vertical distance from end of these points. Now apply the load at the point
selected for loading. Note down the dial gauge reading

. unload the frame and shift the dial gauge to another leg and repeat the above (4),
(5).(6)

. Again unload the frame and shift the dial gauge to the beam of the frame and repeat
(4) (5) (6)

. Tabulate the observed reading and sketch the deflected shape for the portal frame
on the graph sheet.

. Repeat the above Steps (1) to (9) for various ends conditions and loading
conditions to obtain the deflected shape.

Points On AC Distance of point from | Dial gauge reading Deflections(mm)

C

Initial Final

Points on AB Dial gauge reading Deflections(mm)




Distance point
from A

Initial

Final

Points on BD

Distance point
from D

Dial gauge reading

Deflections(mm)

Initial

Final

COMMENTS:
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EXPERIMENT NO. 10
Objective:
To verify vertical deflection in curved ring beam using Castigaliano’s Theorem
Requirements:

The curved ring beam apparatus consists of a quarter, half and full ring placed side by side
and mounted on the same shaft and fixed to the base to impart rigidity to the structures. Each
ring carries a pan fixed at its top for keeping the weight. The dial gauge is fixed at the centre
over the shaft to measure vertical deflection under the load. The shaft can be rotated through
any desired angle in case the redial deflection is to be measured at any point.

Theory:

If the total strain energy ‘U’ of an elastic system subjected to statically applied forces W1, Wx,
Wi........... etc. then the first partial derivative of the total strain energy stored with respect to
any of these forces gives the actual displacement of the point in the direction of the force.
This is known as Castigaliano’s theorem.

In case of a curved ring beam, if the bending moment at a small element of length ‘ds’ be ‘M’
then the strain energy of the ring beam is given as.

Where, E is the Young’s modulus of elasticity and | is Moment of inertia of cross-section of
curved ring beam about neutral axis.
The integration is to be carried out over the entire curved length of the beam. The deflection

in the direction of a particular load according to Castigilaneo’s theorem is:

oU

5= sw

Case 1: Quarter curved ring beam subjected to point load W at free end (Figure-1)
The bending moment (M) at any general cross-section at a distance ‘x ‘from load ‘W’
M =W x R Sin®

Mz
The total strain energy stored in the quarter ring beam is U =fﬁ ds with limit of integration
isOtom/2
W2 R? sin%0
U= =5, —Rde
_mW?2WR3
T 8EI
U mWwWR3
6 = —=
SW  4EI

Case 2: Half curved ring beam subjected to point load W at free end (Figure-2)



The similar expression can be obtained as in case 1 but limit of integrationis 0 to

-]

5 =

W2 RZ Sin?

° R do

2E1

U _mWwR?
SW 2EI

Case 3: Full curved ring beam subjected to point load W at free end (Figure-3)

The similar expression can be obtained as in case 2 (limit of integration is 0 to 2m)

M=WR[— —
A

u=2

1 Sin0

e
were |25
f ., Rdo

Procedure:

1.

Measure the outer and inner diameter of the ring beam with the help of a thread and
calculate the mean radius.

2. Measure the breadth and depth of the ring beam using vernier caliperse at least at three
different location and find the mean value.

3. Place the dial gauge under the vertical pan of the quarter ring beam and set it to zero
value.

4. Place weight over the pan and note down the final reading of dial gauge. The difference
between initial (zero) and final reading of dial gauge gives the deflection under the load
at the free end of the ring beam.

5. Repeat the same procedure for half and full ring beams

6. Calculate theoretical deflections using formulae provided for case-1 to case-3

Measurements:

Mean radius of ring beam (R) = mm

Mean breadth of the ring beam (b) = mm

Mean depth of the ring beam (d) = mm
Observations:

Case 1: Quarter curved ring beam subjected to point load at the free end

S Load Dial gauge reading for deflection measurement Theoretical %
(Newton) i.e. Deflection (8) mm Experimentally Deflection Error

(mm)

Initial reading (IR) Final Reading (FR) 0=FR-IR

N IwWIN|F




Case 2: Half curved ring beam subjected to point load at the free end

S Load Dial gauge reading for deflection measurement Theoretical %
(Newton) i.e. Deflection (8) mm Experimentally Deflection Error
(mm)
Initial reading (IR) Final Reading (FR) 0=FR-IR
1
2
3
4
5

Case 3: Full curved ring beam subjected to point load at the free end

S Load Dial gauge reading for deflection measurement Theoretical %
(Newton) i.e. Deflection (8) mm Experimentally Deflection Error
(mm)
Initial reading (IR) Final Reading (FR) O0=FR-IR
1
2
3
4
5

% Error = (Theoretical value —Experimental value) x 100

Theoretical value

Sample calculation (one for each case):
Case 1:

Case 2:

Case 3:
Result:

Questions:

2. What is the utility of Castigaliano’s theorem?

3. What are the sources of errors in above experiment?

4. Establish expression for evaluating horizontal deflection in case of quarter ring when subjected to
horizontal load at the free end.

5. What is fictitious load? What is the use of this load?

6. Find the expression for evaluating deflection at the free end of a cantilever beam subjected to
point load ‘W’ at the free end using Castigaliano’s theorem.
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EXPERIMENT NO-11

OBJECTIVE:

To study the behavior of a cantilever beam under symmetrical and unsymmetrical
bending.

APPARATUS:

Apparatus consist of an angle of size 1” x 1” x 1/8” or in equivalent metric units of
length 80cm is tied as a cantilever beam. The beam is fixed at one end such that the
rotation of 459 intervals can be given and clamped such that the principal axis of its
cross-section may be inclined at any angle with the horizontal and vertical planes. Also
arrangement is provided to apply vertical load at the free end of the cantilever and to
measure horizontal and vertical deflection of the free end. A dial gauge with magnetic
base is supplied with the apparatus.

THEORY

A member may be subjected to a bending moment, which acts on a plane inclined to
the principal axis (say). This type of bending does not occur in a plane of symmetry of
the cross section, it is called unsymmetrical bending. Since the problem related to
flexure in general differs from symmetrical bending, it may be termed as skew
bending.

MY
One of the basic assumptions in deriving the flexural formula f :I— is that the

plane of the load is perpendicular to the neutral axis. Every cross-section has got two
mutually perpendicular principal axis of inertia, about one of which the moment of
inertia is the maximum and about the other a minimum. It can be shown that a
symmetric axis of cross-section is one of the principal axis and one at right angles to
the same will be the other principal axis.

For beams having unsymmetrical cross-section such as angle (L) or channel ([)
sections, if the plane of loading is not coincident with or parallel to one of the principal
axis, the bending is not simple. In that case it is said to be unsymmetrical or non-
uniplanar bending.

In the present experiment for a cantilever beam of an angle section, the plane of
loading is always kept vertical and the angle iron cantilever beam itself is rotated
through angles in steps of 45°,

Considering the position of angle iron wherein the plane of loading makes an angle ¢
with V-V axis of the section, which is one of the principal axes of the section. The
components of the vertical load P along V-V and U-U axis are Pcos$ and Psind
respectively.



The deflection AU and AV along U-U and V-V axis respectively are given by

H 3
AU = Psin ¢. L 1)
3El,,
3
AV = Pcosg. L 2)
3El,,

and the magnitude of resultant deflection Ao, is given by

A=(AU) +(AV ) (3)
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and its direction is given by



AV
=tan* —
P AU

(4)

where, B is the inclination of the resultant deflection with the U-U axes. This resultant
displacement is perpendicular to the neutral axis n-n but not in the plane of the load

P.
00' =A
OP =AV
o'Q =AX
oP =AU
0Q =AY
Pcosg.l’
' 3ElI
n gV _OP_ 3l
AU OP  Psingl?
3El,
|
:ﬂco‘t ¢
uu

(5)

For the angle section used in the present experiment I, and | can be known from
the tables of Bureau of Indian Standards hand book, for properties of standard
sections. Therefore for a given angle ¢, the magnitude of angle 3 can be found out.




The horizontal and vertical components of the deflection can be calculated on the
basis of the geometry available as shown in fig. It can be seen:

AX =Acos (¢ + f)
AY =Asin (¢ + f) (6)

Similarly,

AX =AU cos ¢ — AV sin g
AY =AU sin ¢ + AV cos S (7)

Therefore, the procedure of calculating the deflections would be

Calculate AU and AV using equations (1) and (2).

Compute A using equations (3).

Compute B using equations (4) and to check the values by using the equation (5)
Calculate the required values of AX and AY using equations (5) and (6) separately.

SUGGESTED EXPERIMENTAL WORK:

1.

2.

Clamp the beam at zero position and put a weight of 500gms (5N) on the hanger and

take the zero loading on the beam to activate the member.

Set the dial gauges to zero reading to measure vertical and horizontal displacement at

the free end of the beam.

Load the beam in steps of 1kg (10N) up to 4kg and note the vertical and horizontal

deflections each time.

Repeat the steps (1) to (3) turning the beam through 45° intervals. Problem of
unsymmetrical bending will arise only in those cases where the legs of the angle
section are in horizontal and vertical positions. In those cases both vertical and

horizontal deflections need to measure.

RESULTS AND DISCUSSIONS:

Compute the theoretical deflections and compare with those measured

experimentally.



SAMPLE DATA SHEET:

Material of beam =
Young’s modulus of the material (E) =

Span of cantilever beam (L) =
Sectional properties

Size =
I = cm?
lyy = cm?
luu = cm?
Iy = cm?
Area = cm?
SI. | Angle Load Observed deflection Measured deflections
No. | (degree) | (kg)(N) (mm) (mm)
AX AY AX AY
1. 0
2. 450
3. 90°
4, 1359
5. 180°
6. 2259
7. 270°
8. 3159
PRECAUTIONS:
° Take care to see that you do not exert force on the free end of the cantilever beam.

. Put the load on the hanger gradually without any jerk.
) Perform the test at a location, which is free from vibration.
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1.0

EXPERIMENT NO-12
TWO HINGED ARCH APPARATUS

OBJECTIVE:

To experimentally determine the horizontal thrust in a two- hinged arch for a

given system of loads and verify the same with calculated values

2.0 APPARATUS:

3.0

The model has a span of 100cm and rise 25cm. Both ends are hinged but one of the
end is also free to move longitudinally. A lever arrangement is fitted at this end for the
application of known horizontal inward force for measuring the horizontal thrust.
Along the horizontal span of the arch various points are marked at equidistant for the
application of load. This being a statically indeterminate structure of the first degree.
A dial gauge with magnetic base is supplied with the apparatus.

THEORY:

The two hinged arch is a statically indeterminate structure of the first degree. The
horizontal thrust is the redundant reaction and is obtained by the use of strain energy
methods.

Fig (a)



Fig. (b)

Two hinged arch is made determinate by treating it as a simply supported curved
beam and horizontal thrust as a redundant reaction. The arch spreads out under
external load as shown in fig. (a). This results in a horizontal displacement of support
B by Ai1. Here, deflection due to flexure only has been considered. Since the support
conditions dictate that that the final displacement at support B should be zero,

horizontal reaction H should be such that displacement A; caused by H must satisfy
the condition.

A +A, =0
A+ fxH=0

Where, f is the displacement caused by a unit force applied in the direction of H.

"H=--1 (1)

Therefore, it is required to calculate the horizontal displacement in arch caused by
external load as well as unit horizontal force.

The horizontal displacement in a curved member can be found by either Castiglano's
second theorem or the unit load method.



oM ds

SH=EMZ 2
A7 6H El

ds
=8 Mm—
A El

similarly f =[5m? =

therefore, H =— EI (2)

Where, M = Bending moment on any point on the arch due to given loading.

m = moment on any point on the arch due to a unit horizontal force applied
at B in the direction of H.

The expression given by Eq. (2) will become simpler provided the curve of the arch
axis is parabolic and moment of inertial of curve at any section varies as I= lo secO
where 0 is angle between the horizontal and tangent to the arch axis at that particular
point.

lo = moment of inertia at the crown
| = moment of inertia at any other section
m =y, ds=secOdx

it may be noted that the integration is to be carried out from 0 to L then Eq. (2) will

become

L

Mydx

T g

[5 y?dx

L mydx
and A = horizontal displacement —Jo El
0

For a concentrated load W at the crown it is found that

5 WLr
48 El,

(4)

Horizontal displacement A, =

Where, L is the span of the arch and r is the rise.



4.0 SUGGESTED EXPERIMENTAL WORK:

Stepl: Fix the dial gauge to measure the movement of the roller end of the model and keep
the lever out of contact.

Step2: Place a load of 0.5kg on the central hanger of the arch to remove any slackness and

taking this as the initial position, set the reading on the dial gauge to zero.

Step3: Now add 1kg weights to the hanger and tabulated the horizontal movement of the
roller end with increase in the load in steps of 1kg. Take the reading up to 5kg load.

Step4: Plot a graph between the load and displacement (theoretical and experimental)
compare. Theoretical values should be computed by Eq. (4).

5.0 SAMPLE DATA SHEET:
Table-1

Horizontal displacement

SI. No. Central load (kg) 00| 10| 20| 30| 40| 50

Observed horizontal
displacement (mm)

Calculated horizontal
displacement Eq.(4)

Weight w kg required
on the lever to balance
load

6.0 PRECAUTIONS:

o Apply the loads without jerk.
° Perform the experiment away from vibration and other disturbances.
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EXPERIMENT NO-13

TWO HINGED ARCH APPARATUS

1.0 OBIJECTIVE:

To obtain an influence line diagram for the horizontal thrust in a two hinged arch
experimentally and verify the same with calculated values

2.0 APPARATUS:

The model has a span of 100cm and rise 25cm. Both ends are hinged but one of the end is
also free to move longitudinally. A lever arrangement is fitted at this end for the application
of known horizontal inward force for measuring the horizontal thrust. Along the horizontal
span of the arch various points are marked at equidistant for the application of load. This
being a statically indeterminate structure of the first degree. A dial gauge with magnetic base
is supplied with the apparatus.

3.0 THEORY:

The horizontal movement of the roller end can be found by this method for any
position of the load on the arch.

W1

At L— z=alL

=2 =

Fig. (c)

The ordinate for the influence line diagram for H at any distance z = aL from L.H.S. can be
obtained as follows:
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‘@’ is the distance of the applied load ‘W’ from the left or right hinge.
Taking W=1kg,

Influence line ordinate are given by

5 a
ILO==—(L-a)L®+La-a?
5 -ak )

4.0 SUGGESTED EXPERIMENTAL WORK:

reading.

load is w kg.

2
i—x—z dx
L L

Stepl: Now move the lever in contact with hanger on ratio 4/1 position with a 1 kg load on
the first hanger & Set the initial reading of the dial gauge to zero.

Step2: Place additional 1 kg load on the first hanger without shock and observe the dial gauge

Step3: Restore the dial gauge reading to zero by adding loads to the lever hanger, say the



Step4: The experimental value of the influence line ordinate at the first hanger position shall
be 4w.

Step5: Repeat the steps 5 to 8 for all other hanger loading positions and tabulate.

7.0 SAMPLE DATA SHEET:

Influence Line Ordinate

SI.No. | Loadof 1 kgappliedto| 1 |2 |3 |4 |5 |6 | 7 8 9
hanger number

Weight w kg required
on the lever to
balance 1 kg load

Influence line ordinate
=4w

8.0 PRECAUTIONS:

o Apply the loads without jerk.
° Perform the experiment away from vibration and other disturbances.



