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el s SUBJECT / CODE: STRUCTURAL ANALYSIS- I / CE403
G'L‘ a SNO LIST OF EXPERIMENTS J
&l .- 1 To verify Maxwell- Bett’s Law. J
G\L_ ) 2 To determine the flexural rigidity of the beam and verify it theoretically '

* 7| To determine the deflection of a pin jointed truss and to verify the results theofetically and
graphically. :

To verify strain in an externally loaded beam with the help of a strain gauge indicator and to .
verify theoretically .

To study behaviour of diﬁ'crcnr types of columns and find Euler’s bucklin'g load for each ca.éé _

" |To study two hinged arch for the horizontal displacement of the roller end for a given systcnj'
* |of loading and to compare the same with those obtained analytically. .

To study the behaviour ofa portal frame under different end conditions.

. |To find the value of ﬂexural :
- |value . 3 Heidity (ED for a given beam and compare it Wlth theorencal

= [To detennme the deﬂect:on of a pin connected truss
[rode e ana]yhcally &graphlcally and venfy the

oyt t_;_lc Muller Breslau theorem by using Begg’s deformator set
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STRUCTURAL ANALYSIS -I

LO LAB OUTCOMES £y e
o1 [Knowledge of flexural property of materials ,deflection of beams and
column,
02  Study of load, strain , stress, and buckling
Lo3 .Slud'\'- of arch. portal frames, flexural rigidity,
|
| -
104 Deformation of structures under various loads
‘: |
L__— |
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Experlment no.l

Aim: - To verify the moment area theorem regardmg the slopes and deﬂectlons of the beam.

Apparatus:_ - Moment of area theorem apparatus.

Deflecidshape W

e
|

Theory Bt : |
Aecordmg to moment area theorem h

| betweer: any two pomts of the _
The change of slope of the tangems of the elastlc curve
clieﬂe::ted bei.m is equal to the area of M/EI diagram between these twopoints. =
2. The deflection of any point relative to tangent at any other point is equal to the
moment of the area of the MEI dtagmm between the two pomt at wlnch the deﬂectxon

- is required.
Slope at B= Y2 f b _ |
5 Since the tangent at C is honzontal due to symmetry,

Slope at B= shaded area/. EI 1./ EI [Wa2 fi 2 & WA L2 - a)] Dlsplacement atB with
- respect to tangent at C= (y! + y2) = Moment of shaded area about B/EI . '

'_ —um [Wa2/2(b+z/3a)+Wa(m-a)(b+a/z+uz)]

i Meesurea,ba.ndLofthebeam

* 2. Place the hangers at equal distance ﬁ'om the supports A and load them w1th equal loads

3. Measure the deflection by dial gauges at the end'B (y2) and at th
b i R‘P"a‘ the above steps for different loads e e center C(yl)
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Observation Table;-

; h‘“ . o = ) 4
:% Length of main span, L (cm) « Length of overhang on cach side, a (cm) = Modulus of ¢lz
""ﬁ © S1.No. [Load at each  (Centrul Deflection  at Slope at B ’Dcflcajon a ]

" Hanger (kg) [Deflection  [Free end y2 Y2/b Cn [
:“1 o Y1 (cm) (cm) R E
. W B Byl l
‘ ]
|
A
A o Calculation:-

i ured value)
‘*‘-l - 1. Calculate the slope at B as y2/ b (meas ' :
.| ® 2. Compute slope and deflection at B theoretically from B.M.D. and compare
Sy with experimental values.

Deflection at C = y1(measured value).
Deflection at C = Average calculated value

rr

Result :- The slope and deflection obtained is close to the slope and deflection
obtained by suing moment area method.

f

3T

£
>

bt
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. U =Forcein any member under a unit load app

EXPERIMENT NO-2

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

analytically &

A_ppa_ratus: - Truss Apparatus, Weight's, Hanger, Dial Gauge, Scale, Verniar cahper

r i R IR i, , AR e S et dd
: SRR % HE D 7O

Theory :-The deflection of a node o

g s e T R N LA Oy M
L{,. / ' Ls ‘ : | |-|.
nr Truss Mol o

f a truss under a given 'loading_ is

determined by: 0 =(TUL/AE)

Where, 0 = deflection at the node point.

T =Force in any member under the given Joading.

lied at the point ‘where the deﬂectlon is

_ required. The unit load acts when the loading on the truss have been removed and acts

? . m the same direction in whlch the deﬂectwn is reqmred

Length of any member

' A Cross sectmnal area of any member _

' E Young s modulus of elastlclty of the materla.l ofthe member

2 _Here (UAE) is: the property of the member which is equal to its extensmn per umt

‘load. It may be détermined for each member sepa:atcly by SIJSpcndmg " 10ad fromit

; ':_" and notlng the extcnmon.
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: Pfoéedure; -

1)D . '
( )_ Su?;;? diﬁacilo angng from the member. Plot. extension against load by
e, e theg;: ek om the spring and nothing the extension. From the graph,
" (2) For initial xtension per unit load (stiffness).
o me’iubél 1305“1011 of the truss, load each node with 0.5 kg load to activate each
e r. Now place the dial gauges in position for measuring the deflections
iy note down the initial reading in the dial gauge .Also put additional load of
- lkg, at L1, 2kg, L2, and 1kg at L3, and note the final reading in the dial gauges.
Tt The difference between the two readings will give the desired deflection at the
- nodal points. Central deflectiony. '
. +(3) Calculate the deflection for the three nodes L
-~ (1) and compare the same with the experimen
" . (4) Draw the Willot - Mohr diagram for deflec
. so obtained experimentally and analytically.

1, L2, and L3 from the formula given in Eq
tal values obtained in step 3.
tion and compare the deflection

| I';Obser_\?'atio:n' Tﬁblg:-. g
oy : .. - Experimental Deﬂecﬁon Values
e . - 3

" BNo. TNode Deflestion
B T _I_n__itialdial"'gauge_,",'_r: 
e Add_it_io'na.l'loads wh

B - [Final dial gauge - -
- [ " [Reading(mm) ___
Moy, MG S Deﬂgctior_.l'(B)f(l) =

TR e

.

i

&= " Regult - The thoreticel and experimental deflection in verious members is found same.
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A Observatioh Table:-

- Distance

Load at céritj‘al poinv; :

- Deflection - ﬂLoad moving along -

“Deflection

- ffrom  the cantileverend . - of various [beam © lof ~‘various
osibodi %, _ 2. :
.C.I_l_d= .. [Beam. - [Beam .. g!m:?ms "Beam ~ [Beam (”?m)s";
_ lunloaded [loaded . - Junloaded inloaded [loaded
' IDial gauge [Dial © - |Dial gauge [Dial gauge Dial gauge
 freading  loauge reading  [reading -rgading' '
©(mm)2 reading - mm)s o (@m)S (mm)6
1 : =

" Precaution: - :
e " ii) Perform the experiment at a locatwn, WhJCh is 3“"‘5’ o

external dlsturbance
rts are rlgld

iii) _Avoid
v) Ensure thaI the suppo

1) Apply the loads w1thout any_]erk

. Result - Thc Maxwe]l reclprocal theorem is venﬁcd eXpenmentally and analytlcally

m any
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EXPERIMENT NO. 4

‘Aim: To study the behavior of struts and column with various end conditions.
Apparatus: model of struts and columns.

#M._r.l.dwfﬂﬂﬂa_ - ;
' . - " '.

g T O ek Need other ginoed

() One sad fixed other free \\i i

-~
et n-
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_ : TheOry. _ ,
_ Struts—abar ora member of a stmctui‘c in any position other than vertical,
¥ Subjected to an axial compressive load is palled astrut.
-Column - a bar or a member of a structure inclined at 90° to the horizontal

| 8 and carrymg an axml compresswe load is called a column.

" ‘Procedure:
- End condition - a loaded column
. following four end condmon -

" (@ Both end hmged or pin jointed —
~ In this case the. end of the eolumn cannot have any lateral dlsplacement but '

- can take slope when the column buckle on loadmg as shown in ﬁgurc

b (b) Both end fixed — -
In'this case both ends are’ ngldly fixed. The end cannot have any lateral

and struts can have only one of the

]

]

J

;

)

>

J

>

J

>

® - displacement and also cannot take slopeas shown in figure..

9 e () Onend fixed and other hinged- - :

2 e o g me T andstrutswhmgedandmeotherendls
laterally nor it take any slope but the

P

3

3

S

—

lu.mn is loaded as shown in ﬁgure

In this case one end of the column
ﬁxed The fixed end can. neither more
hmged end can take slope when the co.

B _ (d) One end fixed and other free-
-In this case one end is secured both in posmon and d1rectlon and the other

end is ﬁ'ce to take any posmon and slope as shown in ﬁgure
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| IApparatus _S'tram gauge Indicator,

Thfilry :~When a beam is loaded with some

- -

EXPERIMENT NO 5 |

Y &~ A1m To f'md out the elastic propernes of a beam

wclghts hanger scale, vermar callper

2 ]
external loading, moment & shear force

train. The bending moment: at a section tends to

- are set up at each s
nd to resist its bendlng Thls

deflect the beam & internal stresses te
mtemal resistance is known as bending stresses

Following are the assumptlons in theory of simple bendmg

1. The material of beam is perfectly homogeneous and isotropic (i.'e. have 1
same elastic properties in all directions.) - : 5
2 The beam material i is stressed to its elastic limits and thus follows Hook s I_'aw.‘ '

- 3 The transverse section which are plane before bendmg rcmams plane

~ after bending also.
4. The value of young L modulus of elastxcuy ‘E’is same m i

‘tension and. compression.
- The bending stress at any sectlon can be obtamed by

_beamequatlon f (M/I)y

3- 'Where M—moment atconsxderedsectlon. e £ PPN
e --f extreme ‘fiber shtssesateonmdered sectxon.
W I= Momentofmeruaatthatsectlon., o R

s ¥ Extreme ﬁber dnstance ﬁ'om neutral aXlS

WD ﬁ,,., mammum stress atthe fa:thest ﬁber 1 e. at ymax from neutral axxs

D:gnal stram mdwator is: used to measure the stram in. statlc condmon It mcorporates

" pasic bridge: balancing network, mtemal dumm arms
d:splaytomdleatcstrmnvaju& " . m amvhﬁer and a dlgltal
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- display to mdlcate strain value

ol display a ‘000’ reading.

- v) Apply load on

e SNo Loadapphed on Momentatthe

s S . :
: Dfll‘aél; can be calculated analytlcally at the sectlon by using HOOk’S Iaw
Distrainindicator is used to measure the extreme: fiber at. partlcular sectlon It basncally

_ lnCOrporates basic bridge balancing network mternal dummy arms, amphﬁer & dlgltal

two strain gauge and will dlsplay the strain value two, -

. Two -Arm Bridge reqmres
auge. and will dlsplay the

. times of actual. Four -Arm Bridge requires four strain g
| stl'am value four tnnes_ of actual. - |

<% Procedure S o ni
the desu‘ed posmon and stram gauges, OVer

1) Mount the beam thh hanger, at
train gauges to the di gztal indicator as

it supports properly and connect the s
* per the circuit diagram.
i) Connect the dlgltal indicator t

'A.C: power supply "and switch ‘ON’ the apparatus.
bndge as reqtured and balance the bndge to _

- iii) : Select the two/four arm
switch and adjust the gauge factor to. that of the '

0 230(+/- 10%) colts 50 Hz smgle phase

iv) Push the ‘GF READ’

& strain gauge used ( generally 2.00)

the hanger mcreasmgly and note the correspondmg stram value | »

. Qbservntlon - 1) Wldth of the beam model B (cm)

o -2 Depth of the beam model, D (cm)
" 3)Span of the beam, L (cm)
g 4) Moment of mema of beam, I

"‘_-_ll o

Ymax o D/2

- 5) Modulus of elastlcnty of beam matenal E .

EY Observatwn Table -l -"_ .

, ' fmx=(M/I) _jy,f,,x Theorencal Oleser\;ed e
R thehangerP deSpan section- [ e Straln " Y stramonthe
() ss (kg‘"'m)Pm i | @ ek display L

1

B v M
430
A
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Sample Calculation: - For reading No. ..........

Load applied oa the hanger P (kg)
Moment at the mid span section (kg

cm)=PL/4 ¢ _(MIDype

Theoretical Strain @
= f max E Observed
strain on the display

Result : - From observatic}n-tablc, it is seen that, the theoretical and
observed value of strain is same.
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EXPERIMENT NO. 6
Aim: - To determine the horizontal thrust in a three hinged arch for a ngen_
; _S}Vstem of loads expenmentally and venfy the same with calculated values.

'Apparatus: The model has a span of 100cm and rise 25cm with hinges at supports -
rizontal span of the end rests on

i and chain one of the end rests on rollers. Along the ho
- rollers. Along the horizontal span of the arch various points are marked at the
equidistance for the application of load. A dial gauge with magneuc base is applied
- with the apparatus. ' '
determmanon structure with the axial

Theory:- A three hmgcd arch is a statically
e horizontal thrust H in the arch for a

' thrust assisting in maintaining the stability th
'number of loads can be obtained as follows:

'Takmg m_oment_ abou_t Av
‘RgXL=Wla +
: w_zaz + W3a3 OI'R.B = Wla] +

. Waap+Waaz '

= Takmg momcnt about B N
o Ra=Wi(-a) +wz(L'-az)+ |
. w3 @)L
Ta.kmg the moment of all thie forces on Ieft ha.nd side about
C thetHXY‘f‘WI(m a|)+W2(L{2 a2)+

P RAXL/2 )
__“H=m[1/z[w.(L~a.)+wza:az)+wa(L-az) wl(fza.-a;) Wz(LfZ—al)}]
Thevaluc of honzonml macnoncanbeevaluated by Equ. 1)

_' wif 'Ihe mﬂw lmc of- any reactmn at a pomt is.a gmph showm ‘
T g the vanatlon of =%
& ___I.I:..:_._ﬁmctlons, momenis, shear forcers, stmss at deflections at a point for various posmons o
et '-‘.-'-';°f unit moving load. 'Iherefore to draw the influence lone for H, a unit load of 14 '
2 placed the influence Ione for H a umt load of 14g i is placed atv di e
_enthe: ofthesupports | L arying 1stancc from

:Ldnloadoflkgbeplacedatadlstanceﬁ'o : S s
-"for.all thefom on R_}LS of cwe have mA RB mmem
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=x2X12-Hr=0

| H = X/2T ocrevecsissansnessanss (2)
| Thus the equation (2) is the equ. Of a straight line and gives the influence line diag
of the horizontal reaction.
Procedure: -

F 1) Use lubricating oil the roller end of the arch so as to have 2 free movement of the
; ' ~ roller end. Balance the self weight of the arch by placing load on the hanger for
_ ~horizontal thrust until the fest equilibrium conditions are obtained. Note down the

loads 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 etpenmental value of the horizontal thrust.

a load of 2kg in twin on each hanger one

3) To obtam t.he mﬂuencc line for H, place :
on the thrust ha.uger

_' by one and find the balancmg we:ghts requu'ed

resenting 1/2 of the balancing weights on the Ioad positions as

4) Plot the ordmate represe
uence ]me chagram for horizontal thrust.

base. This gives the infl
k Calc_ulauon. - .
- spanof:he_a?ch'?r, o
I _'=1000m Cenl:ml rise, h
- =25cm | . .
. Inmal loadonﬂ:letbrusthangctforbalancmg kg =1.5kg
| Prmnﬂon. - - '
bt ) p]ot wmght in thrust hanger very gem.ly w:thout ajerk.
. . 2) Measm the dxstanoe of louded pomts from left hand support accurately.
3) Pm’form thse expcnmcm nmy ﬁ'om vibmtlon and other dlsturbance

“‘“ L B e st a0 B0 AR ST Ml B e A0 D
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EXPERIMENT NO.7

Ob]ectwe- Unianal tension test l'or

'steel Thcory

Uniaxial tensile tcst is known as a basic and universal engineering test to achieve

material parameters such as ultimate strength, yield strength, % elongation, % area of
arameters obtained from the

reductlon and Young's modulus. These important p
gineering matenals for any

- standard tensile testmg are useful for the selection of en
ns required. ‘The tensile testing is carried out by applying longltudmal or
ile specimen with known

gauge length and cross sectlonal area. perpcndlcular to the load

failure. The applied tensile load and extension are recorded during the

- applicatior
axial load ata spec:ﬂc extensnon rate to a standard tensi
__dim_ensibns (

direction) till
test for the calculatmn of stress and stram A range of universal standards provided

by Professmnal societies such as Amerlcan Society of Testing and Materials (ASTM),
tandard JIS standard and DIN standard provndes testing are selected based on

Brltlsh s
preferent:al uses Each standard may oontam a vanety of test standards. swtable for
. different matenals dllIlCIlSlOl'lS and fabncauOn
S uppoe Wi ponil ;‘ e 40 -f
1 SR L 1R s e s —
= b BT Lo
Il'l '- .’i' —‘: - " ¥ -‘m
: Y Nl 3 70 1,26 i yleld—
Y e SomRO 45 Wk B
i : im et -~} a0 §
"g— ] '
A 1 g
g 300
2] a0 :
g’” - 20
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nships of low carbon steel and aluminum alloy

Comparative stress-strain relatio
Apparatus :
Tensile specimens

Micrometer

e,

i

Unive_rsal testing machine

v 9

Stereoscope

: Proéedure
(1) The specimens prov1ded arc madc of alumlnum steel and brass.

Measurc and record spec1men duncnsnons (dxameter and gauge length) in 2

table prowded for the calculation of the engmeenng stress and engmeenng

 strain. Markmg thc location of the

~ gauge length along the parallcl Iength of each specunen for subsequent

observation of nccklng and stram measurement.
(2) Fitthe specimen on to the universal Testing Machine (UTM) and carry

on testing. Record load and extension for the construction of stress-strain

curve of each tested specimen.

" (3) Calculate Young's modulus,
. % elongation and % area of reduction of each spccuncn and record on the provided table

@) Analyze the fracture surfaces of broken speclmens usmg stereoscope, sketch

i anddcscrlbe the results.
_ _(5) Dnscuss thc cxpenmental results nnd gwe conc!usmns

yield strength, ultimate tensile strength, fracture strain,
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-~ Details . | Aluminium Steel . Brass

Dlamctcr (mm)

Wldth (mm)

,Thlckness (mm)

" [ Cross-sectional area (mm®)

Gauge len'gth (mm)

Young s modulus (GPa)

Load at yleld pomt (N)

chld strcngih (MPa)

Maximumi load N) "

~Ultimate tensile strength

(MPa)

% Elongatlon :

% Area of rcductlon _

Fracture stram

wofe Work hardenmg exponent (“) o

chun-e mode

Fracmre surfaces

Bl E"Pm"“‘“‘ data for tensile testing:
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