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‘”@. SUBJECT { CODE. STRUCTURAL ANALYSIS- I / CE403
N | LIST OF EXPERIMENTS
-3 1 To verify Maxwell- Bett’s Law.
T - 2 To détermine the flexural rigidity of the beam and verify it theoretically
*Q ' ‘ 4 g 'ﬂ'fo dctl:rmmc the deflection of a pin _pomted truss and to verify the results theoretically and
“ﬂ’ . gmplucally
_' 4 To verify strain in an externally Ioaded beam with the help of a strain gauge indicator and to

- © o fverify theomtlcally :
B iy |To study behaviour of dltfen:nt types of columns and find Euler’s buckling load for each case

2 : 6 ~ 1o suidy two hinged arch for the horizontal displacement of the roller end for a given system

SRl Aofhudihg and to compare the same with those obtained analytically.
7 |To study the behaviour ofa portal frame under different end conditions.
; -7'3 - |To find the value of ﬂexurai rigxd:ty (EI) for a given beam and compare it with theoretical
* 9 “" " {To determine the deﬂection of a pin connected truss analytically &graphically and verify the
-7 " |seme experimentally s
A 3005 To wmfy the Muller Breslau theorem by using Begg's deformator set
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STRUCTURAL ANALYSIS -I

LO ~ LAB OUTCOMES R
| 01 KKnowledge of flexural property of materials ,deflection of beams and
" column,

L02  Study of load, strain , stress, and buckling
103 ;S'tud;gi‘-z_irch, portal frames, flexural rigidity,
a ?
; .

L04  IDeformation of structures under various loads
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o -"E'xp'e'riment nol
Aim. . To verify the moment area theorem regarding the slopes and deflections of the beam.

A Apparatus - Moment of area theorem apparatus.

. g _‘1_ |
i BT {n
» Ie s ¢
Ul L
beid & :
e o :
) i :? / 0
' -“I e
'._'. Tl:em-_v,r
' o y Accordmg to moment areatheoreru ,

) - Sy l The change of slope of the tangents of the elastic curve between any two points of the
A g deflected beam is equal to the area of M/EI diagram between these twopemts

P LTy 2 el T deﬂecnon of any pomt relative to tangent at any other point is equal to the

£ g Syl '-moment of the area of the M/El diagram between the two pomt at which the deflection
o SlopeatB—Y2/b

B 4y Smee the tangent at C is honzontal due to symmetry,

) . SlopeatB=shaded area/EL= 1 /E1 [Wa2 /2 + WA (L/2 — )] Displacement at B with
' L _,-reSpect to tangent at C (yl + y2) Moment of shadecl area about B TEL -

il f - 1/EL[Wa2 /2 (b+2/3a) + Wa( L2-2)(b+ af2+Lf2)]

s s Proeedure' o g
P "'__:’.1 Mcasuma,bandLofthebeam .
~ ~ " 2. Place the hangers at equal distance ﬁ'om the supports A and load them with equal loads.

w e sk o 3, Measure the deflection by dial gauges at the end B (y2) and at the center C (y1)
b SRR 4 Repeat the above steps for dtﬁ'erent loads
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Observation Table:-

Length of main span, L (cm) = Length of overhang on each side, a (cm) = Modulus of ek
Sl.No. jloadateach [Central flection atSlopeatB  [Deflection at
Hanger (kg) Deflection ree end y2(Y2/b C=
i I Deflection at
B(yl)
- Calculation:-

. Calculate the slope at B as v2 / b (measured value).

2. Compute slope and deflection at B theorctically from BM.D. and compare
with experimental values,

3. Deflection at C = y](mecasured valuc).

4. Deflection at C = Average calculsted value

Result :- The slope and deflection obtained is close to the slope and deflection
obtained by suing moment ares method.
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EXPERIMENT NO.2

Aim .: - To determine the deflection of a pin connected truss analytically &
graphically and verify the same experimentally.

Apparatus; - Truss Apparatus, Weight's, Hanger, Dial Gauge, Scale, Verniar caliper.

2N e

A Py
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- ‘Theory :-'I'he_ldeﬂéctibn of a _nodel'of a truss under a given loading is |

determined by: 0=(TUL/AE)
Where 0 = deﬂection at the node point.
Tm Force in any member under lhc given loading.

= Forcc in any member under a unit load applied at the point where the deflection is
_ required. The unit load acts when the loading on the truss have been removed and acts
in the same direction in whlch the deflection is requlred

L = Length of any membcr.
A = Cross sectional area of any member.

 E = Young’s modulus of elasticity of the material of the member.

Hm, (L/AE) is the property of the member, which is equal to its extension per unit
Joad, It may be determined for cach member separately by suspending a load from it
and noting the extension. .

Bl . o
= A.M.mﬂ.. .‘_x\ e
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Procedure: -

(1) Detach each spring from the member. Plot extension against load by
suspending load from the spring and nothing the extension. From the graph,
obtain the extension per unit load (stiffness).

" (2) For initial position of the truss, load each node with 0.5 kg load to activate each-
member. Now place the dial gauges in position for measuring the deflections

S L and'note down the initial reading in the dial gauge .Also put additirial load of
B -lkg, at L1, 2kg, L2, and 1kg at L3, and note the final reading in the dial gauges.
y '+ Thedifference between the two readings will give the desired deflection at the

. nodal points. Central deflection y. -
.~ (3) Calculate the deflection for the three nodes L1, L2, and L3 from the formula given in Eq.

(1) and compare the same with the experimental values obtained in step 3.
(4) Draw the Willot — Mohr diagram for deflection and compare the deflection
. 50 obtained experimentally and analytically. '

' _ Observation Table:-

oy -_'Expeﬁmcntal D'eﬂeclibﬁ Values:

BNo. _NodeDeflcsion — L1~ 2 I3

W e, IIn,itiaIdial'_'g_'aug’e,,',j'-:_' 3 & X g 0

| ‘reading(mm) - - )¢

- @ - :|Additional loads - -

e k)
B [Final dial gauge -

[ [Reading (mm)

N S Deflection (3) -__(1)

___{mm)

o -Sil_hljile‘(ll-_fl'_lqulatidﬁ: i’fvl_.t%l-lﬂIn',r== iy
 Analytical déflection:= FUL/AE =

~ 'Result :-The theoretical and experiméngal deflection in various members is found same

Scanned with CamScanner



ey L L e i
B
. e ~ EXPERIMENT NO.3

S Alm To veril'y clerk Maxwell's reciprocal theorem

Apparatus. Clcrk Ma.xwell’s Reciprocal Theorem apparatus, Wel ght’s, Hanger,
B Dlal Gﬂuge. Scale, chlar caliper. "
5
2 .}1_4’:

'_“Theory -

‘Maxwell theorem m 1ts sunplest form states that deflection of any ‘point A of any
‘elastic structure due to load P at any pomt B is same as the deﬂectmn of beam due to

" sameload appliedat A"
e T leis, t.herefure easily denved that.the deflection curve for a po
" same as the deflected curve. of the structure when unit load is applied at the point for

: whlch the mﬂuence curve was. obtamed

int in a structure is the

B ! '. .., II-. d“m. .t 12 . 2 . .
i ;) Apply a load ellher at the centre of the smlply S“PPOTfed span or at the free end

' ' of the beam, the deﬂected form can be obtamed
e 11) Measure the helght ofthe beam at oenam distance by means ofa dial gauge
. ,. . before and aﬁer loadmg and detenmne the deﬂecnon before and aﬂer at each

pomt separately i _
) Now move a load a]ong the beam at certam dlstance and for each positions of

it S0 0 S S dit i S0 N A B

R IOA i
Al St '--the load the deﬂectlon of the pomt was noted where the load was applied in step 1
.,". g Tlus deﬂectlon should be measured at each such pomt before and after the loadmg,
% L sepamtely ' o | '

= 1v) Plot thc graph between deflectlon es ordmate and posmon of pomt on abssica the plot for gmph

R h __: drawn m step2 and 3 These are the inﬂueuce lme ordmates for deflecnon of the beam.
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_ Obsewaﬁnn Table:-

Pl&lﬂ!l(:e ' Load at cemml pomt/ - [Deflection - [Load moving along - Peﬂe_clion i
from the [cantilever end of various |[beam "~ pof ‘various
[pinned points points
g o) 2:3 o (mm) 5-6
. e Beam - [Beam Beam [Beam Eieam e
' - [unloaded. |loaded - unloaded unloaded [loaded
E ial gauge  [Dial - Dial gauge [Dial gauge [Dial gauge
ing loauge reading  reading  freading
o f@m2 - heading  (Mm)S (mm)5  (mm)6
o mm)3 o - : o

": _' Resnlt $- The Maxwell rec1procal theorem is venﬁed expenmenmlly and analyhcally

) Precgution: -

= 11) Perform the expenment ata locatlon,

" iii) Avoid external disturbance. -
V) Ensure that the supports are rigid. -

1) Apply the loads w:thout anyj crk.

whjch is awajr from any
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EXPERIMENT NO. 4.

Ann To study 1.he behavior of struts and column wnh varlous end condmons _
Appmtus model of struts and colurnns '

!
oL

J
:

i
. ! -
T mBath-:msﬁxﬂd | e (il'lO‘le"lI'.'- i'xed oﬂlcfl-m"“’d o

© ... (i) Bothendspirined .. - "' - (ivl One ead fixed otwer free . L I

......
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Theory:
Struts - a bar or a member of a structure in any position other than vertical,
subjected to an axial compressive load is galled a strut.

“Column ~ & bar or a member of a structure inclined at 90° to the horizontal
and carrying an axial compressive load is called a column.,

Procedure:
End condition ~ a loaded column and struts can have only one of the
following four end condition -:
(@ Both end hinged or pin jointed -
In this case the end of the column cannot have any lateral displacement but
can take slope when the column buckle on loading as shown in figure..
(®) Both end fixed -
In this case both ends are rigidly fixed. The end cannot have any lateral
displacement and also cannot take slope as shown in figure..
©) On end fixed and other hinged-
In this case one end of the column and struts is hinged and the other end is
fixed. The fixed end can neither more laterally nor it take any slope but the
hinged end can take slope when the column is loaded as shown in figure..
(@ One end fixed and other free- :
In this case one end is secured both in position and direction and the other
end is free to take any position and slope as shown in figure..
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EXPERIMENT NO. 5

I'- - Aim: To i'lnd out the elastie properties of a beam.
Appsntus:':S'trmn gauge Indicator, weights, hnnger, scale, verniar caliper.
Formula: - f=My
1
: Theory When a beam is loaded with some external loading, momenl & shear force
are set up at each strain. The bending moment at a section tends to

deflect the beam & internal stresses tend to resist its bending. This
internal resistance is known as bending stresses.

Following are the assumptions in theory of simple bending.

1. The matenal of beam is perfectly homogeneous and isotropic (1 e. have
: same elastzc properties in all directions.)

2. The beam materml is stressed toits elasnc limits and thus follows Hook’s law. I
g 3 The traosvetse section wlnch are plane before bendmg remams plane: |
after bending also. : )
4. The value of young’s modulus of elastlclty ‘E’issame in -

St .tension and compression.
The bending stress at any section can be obtamed by

beam equaoon f= (MfI) y
_Where,' M= moment at con_s;dered seqtioﬁ;

f = extreme ﬁber stresses at considered section.
I= Moment of inertia at that section. :

y= Extréme fiber distance from neutral axis.
fm.lx = maximum su'e'ss at' the farthest ﬂber i e at ymex from neutral axis,

D!gll&l strain mdlcator is used to measure lhe strain in static condmon It incorporates
Jbasic bridge balancing network, mtemsl dummy arms, .an- ampltﬁcr and a digltal
dlsplny to indicate strain va]ue BB i :

Scannéd W|th CamScanner



Szain can he calculased amalytically st the scction by using Hook's

law.

Disgrainindicator ts used 20 messure the extreme fiber & particular section. It basically
:a.wmbm bridge balancing network, intermal dummy arms, amplifier & digital

display o indicate strain value.

Two -Arm Bridge roguires two strain gauge and will display the straim value two
times of actaal. Four ~Arm Bridge requires four strain gange and will display the
~ Strain value four times of actal.

Procedure: -

1) Mount the beam with hanger, at the desired position and strain gauges, over
1 supports property and connect the strain ganges to the digita] indicator as
per the circust diagram.

) Coonect the digital indicator to 230(+/- 10%) colts 50 Hz single phase
A_C: power supply and switch *ON’ the spparares.

i) Select the two/four erm bridge =s required and balance the bridge to
display a “000" reading.

i) Push the *GF READ’ switch and adjust the gavge factor to that of the

strin gauge used (generally 2.00)
v} A;;ﬂyloadonth:hmgaincmuingiymﬂ note the corresponding strain value.

Obunm I)Widthofthcbmmodcl.B(cm)

2) Depth of the beam model, D (cm)
- 3) Span of the beam, L (cm)
4)ancm ofmuaofbcam,l
Y-:'—‘Dr’

S)h&odulusofelastmtyofbmmmenal,li

i

Ohurnhu'rlhle:

S.No | Load appliedon | Moment at the f max = (M/I) ymax | Theoretical | Observed
the hanger P | mid span section |- g Strain strain on the
(k) - . (kgem)=PL/4 - ~ |O=fmax |display

W W N v
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-S’a'n'l'ple Calculation: - For mnding [
T LodwgbedontiebugerPlg)
Moment at the mid span section (kg
cm) =PL/4 foaxeMD Yo,
* Theoretical Strain o
- =fmaxEObserved
) 'I.- stram on the dJSplay

o Result ; From observatlon table itis seen that, the theoretlcal and-
' -obsa:ved value of strmn is same. : :
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