1. Basic Concepls

1.1 I ntroduction:

Structural Engmeen'ng.
|
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SOM, SA) (RCC ,PSC, STEEL)
Equilibrium L, Safely
Compatibility > Serviceability
Energy » Durability
~» Economy
> Aesthetic

1.2 What /s a Struckure ?
Any arrangement of members that can transfer load

acting upon it ko the Supports safely canbe termed as
Structure.

1.3 Meaning of Structura/ AnalySrs:
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1.4 Tdeatrsation of Structure:
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1.5 Planar and 3D Structure:

If 2-axes are Sufficient to define geometry and
ioadf'ng of a struckure then Fhat skruckure rs called
9D structure/ planar struckure.

If 3-axes are required ko define geomelry and Poading
of a struckure then that struckure is called 3D structure
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Rotation Clockwise
Forces Along axis
Moment Clockwise
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1.7 Types of Support :
Any arrangement tha b can restrict movement of any

point of a structure is called as support.

Reqction at support is always du€ to restriction of
moverment so direckion of reactien is always in CppoSIte
directian lo expected movemen! -
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* Note:

Inclined roller support and h:‘ngc Support beth dont
provide anymovement in x andy direckion but we
get one reackion for inclined roller and two reactions
for hinge Support.
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Two unknowns are Unknown 18 On?y R
either (Ry and Ry) becayse B rs known.

or (Rand @)

1.8 Types of Structural Member :
1)/:)1!"0[ MembeEr
‘ Unknown mmember forces=1

:I . Cﬂxral Tension or Compression) )

2) Bearm [ Frame Member,

i_—-—:. Unknown Member forces=3

' | I,)' (Axial Tension or Ccompressian,
' Shear , Mament)

3) Cable:

- ¢ Unknown Member Forces= |
# ¥ o T .
(Axial 'ensjon)
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1.9 Equilibrium and Static Equi}fbn'um-'

«Equt)ibrium:
If net fForce (force and mmoment) acting op a body is

zero i'n all drrections then body s in equih’bn'um‘
For €.9. Bodies in space , vehicle moving with consltant Speed

For 3D :- . For 2D (x-y plane)

F, - ’ ' rags
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ZFy=0  3My=o b % >M, =0
i -0
§pZ:L' ZMzzO .' j
e Static Equfh‘b . o
on & bodj r's zero and body SN

If net Fforce acting 5
rest | static state then only body can be classiFred under

stabre equilibrium condition.
For €9. Bu J'Idr"ngg . Bridgeg ele.

1.10 C'ompah’bih'ty:
The continuity or ood-At of material or member Or
components while befng deformed under foading s

called compatibility of structure.

1.10.1 Compatibtlity of Member.
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Compatibility IS not mainkained due ko Fracture b
member
e J' - P
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is not ™Marntarned betcause af sudden

Compah’bih'(y
C'hOnge in Slop€ at 8.
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1.10: 2 Cc.mpat-fb//i&g/cf ?uppf)tf-'

4 T

Compatibility s not maintained beécause of nNon.
zero slope at frxed Support.
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ComPal-l‘b:‘h'ty ’'s Nol maintained be&cause of NON 210
vertical deflection at C.

{153 Compaubm'ty of Joinl:
p

i
e A

FA0S T 4q0°

b .

C‘Ompah‘bi}ﬂy is not Maintdineq becauyse af Chc””lgf’
in angle between members at rigid jornts B ¢ C



Compatibility IS not maintained
because all 3 members are not
ntact at O!

1.11 Free Body Diagram: | i
It 's a 9raph:‘ca,l represe ntation of body with all forces
(nternal and external) acting apon it-

1 11.] .9&0[—((12/9 Determinale Stracture:
StepI: Make body free from all Loads and reactians.

Step11: Apply all toads and support réactions.

Steplir: Apply all internal forces at cut seckion to satishy
conditions of equilibrium.
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1.11. 2 Sfai'f"(*(liiy Tndeterminate Structure:
StepI: Make body Ffree Prorn all foads and reactions.

Stepii: Apply all external Loads and all possible support
reackions. (because s'uppart reactions are not kpowh) .

Step1ii: Apply all possible internal Porces atcCut secHon
(because member forces aQre not known)
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1.12 Static Indeterminacy:
If available equations from conditions of equilrbrivm
qre not sufficient to analysée the structure caompletely thed
such by pe of structure’s called statically indetermrnate

Structyre.

1.12.1 'Degree of Slatic Indeterminacy:
’nrernal forces and

Total number of unk nowns ( \ A
per of available equations

‘ — Total num
Support reactions)
from conditions of equih‘brium is ealled d@reec?
Stakbie indeterminacy.
112.2 Meaning of DsI
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lokal number af ynknown a

ble equations From condit
(Zx3=%)

»nln above FB8D,
ons

iis Toka] number of availa
of skatic equrlibiurm arc q fer 3 portions

. Conclusion:

From above FBD,
is required to be knao
unknowns (R, to Ryo
-nctc9 is 1.

In general, minimym number of unkneiwn
forces ( support reqac Lion or member forces) are
required to be known to caletulate all other ynknown
forces (,Supporf reacklons and member Pore es) o i

it is clear that only 1 unknown (Ry

wn to Cleculate al’ other
y so degree of static indefermi-



stackure is Dsy oF that sbucture.

112.3 "Procedure:
Stepl: Identify Skart joint .
- Stepir: Caleylate Totad number
and support reactons) at
tal numbelr 9
xtra equation s

of unknowns C rember foices

Hhat jornt.

L s Cavallable €guabons.
Steplil: Caleulate to e fyiil
Thrs IS skahic :‘ndefermr‘n%

Five or r)egqh‘ve_
ng at thokt joint.

Stept - Step 1T .
be pOSi
ber meeks

Stepry: Caleulate
at thalt joint. IF May
Slepv: Make mark On tach mem

o stepll to SkepV al all Jjornks.

teplv for oll jornks-

Stepvi: Repe
Stepvil- Add up values obtarned from 2
Ste : .
F This IS ps; of epkre structure.
e lsp be consider
Eree end of overhang portjon should also @
as J'oint_
Bx.1.
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m on ou
Iibrium equatio

¥ Note: ide any equi
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ZMz=0 does

e & ‘urrent at join
because all forces are Conce

o) P truss
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F2
= SWVlpa=0 e )
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eq.
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1.12.4 Effect ofF Internal Hff)ge-'

* Internal HiNge —
It s a Joint /N a skructure about whjch partafa
structyre may rotate. |
If skruckure I's in equilibrium then no parkoFa
struckure s rofating about hinge. I+ means. moment
about rnternal hfr)ye Prorn elther Stde must be z€r0-

Sfyzo

3 R,¥R,-wL=6 -----(D
SM, =0

= ZMaczo

= R4+WLx.§_ RixL = & ---- (i)
“M,.=o (Right)

L i - -(5v)
wxk, — — Rix= =0 {
# K2x4 R} 2

MC = (Lef’f)

L s e Ko B e i
s Q1XI+R4 W X 2)( a



By adding equertion ¢iv) and@) and réplacing R, 'p
Ferrms of Ri From equation Gi), we get equatior Gy, Tl
m™Mmeans . moment aboul hinge €4 ual to zero from both
sSides does not provide independent €quations,

Moment about hrnge equal to zero from all sides Js

equivalent to =Mzzo0

/’frmngement of Hrnge No of extra equalicn.

e i 2D 5
T — 1 ”
2 s

3 9

T i ! 3

-

I

In general for 2D Structuyre€

No. of extra B Na. ot members

equations at hinge = connecled thiouwgh —
hinge

1
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If axially Joaded member

: F hinge.
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R i )«(:j—’R, No extra eguation
Ry
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At fointC: ,
Hinae doesn’t provide any extra @9uation becauge

N Jds axial (cable)

At joint D=~
> M,=0 doesn’t provde any eguatfion becauye
all forpes are co ncurrent at D

R
ls
Ve
B 2
E =R =
Ex. 2. o‘ﬂ\& 2 )
¢
Ai , >§< \T_ D 1-3= @ seq. ABCDE-
g :@ {\@
Al joiniC:

Hinge doesn't provide any ex trer €quatbn beeause CEIS

axial (cable)

At joint E. "
sM,=0 doesn’t prOV
cancurrent at E.

Ra2
Je..
&

e any €quatfon becaust all

forcese arc
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1.12.5 External and Internal Static Indekerminacy.

D1
T v
External Internal
e For oD Structure:
DSIe = Tota)No- cf -3 DgI; = DSTyoimd — DS Le
ReacHons
e ’:OT BsD S&YQCHJ”E'
Dgl. - Total No.Cf — &
Reactions
. 633 3-(341) =
o “ r H—9 ¢t S Ato T
Seq.
A :l J DSIT(;[—-Q,O = 5
tal No
1 DSIQ = Tocjpf_l o
. : 1 0ONS
6-3=(3) 8 I _Jr‘ . H F 6-~3’:@ reac
% (3+3) = F=Tx 5
S
== 2 = o DSIL = DSIT@?‘QJ-_- ‘DgIe
- 5-3 =<
A Y | &
G3)-37%7 7%‘5 #, 1-3=(9
w2 @+3) -39 o



12.6 Concept of Link: ‘
1 La‘r)pk is a structural member connected throu h bmgfs

at both ends and subjected to ho loading in between
Fhep it has axial Force °0ly.

Axial mMmember.

Ex.1
(3+%)-3=0G)
A
A2 B1-3=(2 Seon Lok
’DS.ITO(GJZ@
Link /-::
ot D r JE
\ o
3-—3’:@ ;% 19} 5 @
(3+1)-3=(1)

ngeg af B and C don't provide ANy extra equakicn

because BC B axial (Link) .

E2.2. 5.3.9 4-30)
F-3 =
? . B =~ F3-3:0 o
f: E j—'- DSIq,q1= 2
B 4«-5-:@ G ‘3"3:
& 7 7777 i 5-3=0Q)
gt xtrq eguation

T and G dont provide any €

“ of ¥,D, .
Hinges & o ek

because gD and EG are
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{.19.8. Formula for DSI
Total No. of avallable

DST = Total No.of P

Un knoyuns

e For 2D:-
«Beams & Frames -

ps1= (3m+r) — (3j + Extra eqls due to release)

e Truss - |
DSI = tma4ry = (2D
« For 3D -
s Beams§ § Frameg -

DSI= (6mM+r) — (6j+ Extra eq™ due to release)

. THORS &
DSp = (m+nD — (3))



143 Stability of a Structure:

1.13.1 Difference between Movement and De

formation :

De formation t Movem&%& ;

¥ Note:
Structure s cons ldered A3 stable if there 1S NO

movement due to app!rcation of load.

1.13.2 Stability Check:
Step1: Calculake DST of
p DSI < 0 then struckd

a SEraetirg @ -
SteplI: I e I's unstable.
If DSI =0 then struckure IS unstable if
ay Al reactions A€ parellel
b> All reactions arc concurrent.
¢) By visual inspection.

1. Check Stability of V€7 1russ.

DsI=- -1 <O

so unstable.




Ex.2. (©) H ©)

DPSI= 2 >0

T Unstable because all reachons
are parelle].

PST =0

Unstable because all reactions
are conecurrent

Ex. 4. Check Stability of given truss:

D 4 ﬁ[@ psr= e
e . » Unstable by visual
/

I ingpeckion.

Rectangular panel of bruss makes Fruss unstable,



PSSz 9

Unstable by visual fnspeckion.

DSIzo

SFy=0 = Stable

e Note: Three collinear hinges makes sStructure unstable.

Ex.7.

DSI= 0
Unstable because supporting

forces of jnternal trifangle
are concurrent.




Ex. 8.

DSIz=o
Stable.

o i

e Note:
¢ Externally Unstable — Car without bra ke.

. Internally Unstable — Swing.

1.13.3 Deficient Truss.
(-perﬁ.ect TYU-S.S)
cpefrerent Truss)

k Unstable
™ >2j-3 (Redundant)

edom.-

1.14 Kinematic Indeterminacy | D€JTEE of Fre ORT
cum of all rndependent drsplacements af g)). Joites 94
struckure is called K1/DOF of structur€.

For visualisation 0N ly

Rigid ——>  Ston€

Tnextensible — -’Reinferc/nj Bar

Extensible—s 7 par of rubber.



Ex.1q9If members are Extensible

2 B> C:[\ 2
. J y KI: ¥ (A‘IB’ AYB: 88:
AIC! &Yc, QCJ
S‘D)
IR
Ex.1.b) If members are Inextensible.
"Dependenl:
&R oA
B ’}; C"\)% KT= 4 C A?B P 93 y :..A.:x._c_—._A,:E .B-:
0 1
A rtr D&
Fx. 2. |
oy Extensible
ﬂ
g > TD .,
4 / k1= 15 ( 8, PxB ,Dyg - B8
Doye »Dye, Bes
B 9 AZD;AYD; SDJ
P ngﬁ
8 : AIE" A\(E E] SEJ
Azp s Bp )

AQS-; g%a,






by Tnextens)ble
KI

' "-'-
\O)

s

xNote .
. Rotalion of member at jo{n[— of bruss 1S not con
as kinematic indekerminacy beaaus € member of truss

remalns S%ra;‘ght.
* Frame
Q

e Truss

6-8'= f(Axp.Dyp. D20 Aya) g-0'= f(Axp.Oyp. AxeAva)

¢ is considered as KI
(not 6-6")

e member is always z€ro.

« KI of Eruss with inextensibl

C C

A

A
5 ¥

76 move joint C 1O 5ol e/ongoﬁor) andcl
‘n member AC agnd BC respecH\/e’j- For
0

ble member, clongat n and cormpressian Qre
ed so joint C il not Yrove to C* It means

ts @b C s ZEMO.

corppres SN gre

requi red
inexkensi
not permitt
posSible displacemen



1.14.1 Types oF Releagse:
1) Bfndn'nﬁ Re lease.

N

-

Real Structure

Real Structure

Real Structure

YORN | SkN

j%@
o

3
L N -
N

e s

L

Representation.




-(311 6-3= = 1
3-3-0 g=@) : ® 3(3:@) .
© g g = 33=
Seq. A toH
T Delz 2
A s G| 2-3=C9)
7777 -A,”' ? )
G+3)-3 H
@
extensible
A
S Cé}ﬁ of =}, ® K1= 19
8 —— 2 > ? oL
26 5
Q'I (A’IBIAYB’ B »
Axcg, Dxco:Dye. be
pxg Dye, Bep. PR
C!' AIFrAYPISPJ&G’GfD
TR
h("‘
A . 77
rensible
G 2 I ET E Inexte
B 3 e P KT =12
2

X

(Azg, 08 ,Dzcg=228
\f—\_,__,-.?(——w

Agcn.Byc , Bcs
Axp=Drep, Op,
——e P —

Axp = Dxrcep s Ayg,
\/‘\r-\—-—-*—v-_.o_

Ocp, Beer, Dzp=9xco
e

i)



e Formula for KI -
eFor 2D -
» Bearms and Frames!:-

KI= (3J' 4 Extra displacements | - (r + No.of inextensi bfe)
dye to release rnembers

* Truss /=

KIz (Qj) _ ( r+ Ne.of inextensible member



1.15 Elastic Curve

1.15.1. Difference between elastic curve and deFlected shape-

T r 08

\

o 3

Deflected Shape Elasktie Curve

Al elastic curves are deflected shape but a)l deflected
Shqpes are not elad8tic curve.
~ 115.2 How to Draw Elastic Curve ¢
Stepl: By visual inspection.
StepIl: By sah‘sfymg compah‘br’h'ly cond i bons.

Steplrz: By making BMD and elasHc curve consistent.

* Note;
In all ecomin exagmples, all members Qre assumed to b¢

axially 10 extensible.

s Statically Determ Nate Beamns.:
Ex.1.

/ |

N (:2__-- IT
N

T

/
)’]
SIS

Boe

BMDV

¥ Note: lar . : Its Longitu-

Member always deflecks 1 5 'd:recHo‘r) e I 9\9 n

dinal tength pravided member is inextensible §dispIAeme
g Is small.
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xNote - Member never bend

. moment:
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Ex.6.

g B el

TR R ' 2.

BM midspan
w(£+3)"

/@N ) Rx—l"f- 2

+VEe

]

Ex.ry.

g e
TQ:O = -RxLt=0
3.

s R=o0




e Statically Indeterminate Beams -

Ex.q. P
4 | &
d\/ N
Ex.3. P
y |
Z)
(K
Ex.4. i
1R
Ex.5
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Ex. 8.
M
gﬂ\ wan .EE At b

= Sbah‘cally @etermmatg Frames :

HE ‘
Ex.1. 8 1 E—»! o ‘ 1
P lﬂvc __:)'Ei{-‘\" :
-
L
7777
Dpe= Dyg B B B Lga
3;5 2
= e = Plag a
SEE 2f1
~ Pi ;
2E 2 = L







Ex.3

o Sbah‘cally Indeterminate Frames:

Ex.1.
p' B//B'./ ;ijs‘fid// C'
't
Fx-a. lP
B

& :

Joint Bis NOT in
EC?UH I'britt m.

C

e 1 4 iointaqnd
IFf iwo members are meehnj at a rrg;d jointa

101 [astic

| int m ¢ that joint then €
subjected to no point oment a : . . :
Cquvg of Ehat ?gfnf_ will be ke )Cig_j or 7919.2 . 1:}93 s

not possible,



(

(1) (1D (1)

Rotation is
freeat B.
Rotation 15
partially restricted
atB
Rotation s fully
restricted at B.

Ex. 2,




BMD

Ex. 6.




16

BMD For Frames:

Stepr: Select reference face. | |
StepIl Write Bending Moment at any section by consldering
moment producng compression on reference face as

post hive |
Q&Pmi Pos'Hve Ber)d:'r)g Moment /3 P’OH@O} Oon r@ﬂerenc:"b)qace
sidle and negative 8M on apposite reference 7ace,

Ex. 1 J’P lP
FBD:- B
B
L C C
L
7 ol
R3
= Fxt©
=y R-L-—-'O - e C\) g ~ P
- VL. N
:>Q1“p: 0 | %

# Qtl:P --—-(;")

T Py

IMZ:O bl Gl mdaadid
H EMA:O QI \
=y R3+PL:O A 51,
R3=-PL
= P

erence face
ConSJ‘der:'03 outer face as rEF

FoT - . ;ch)
3 rension on reference
BM, = -Px (~Vv€ becoz

AL"I:O: BM:O
at =L , g =-PL



For AB :-
BM,= —PL (-ve becoz tension on veference face)

Ht- =0, QM:'pL
(1"_".].; BM:-pL

B

BMD -

PLL—"]

L’Q

G Ra " L2

EFI:O
é R1+R3:O
= Ra:—Rz
EF\J:O
= Ry- P13
'# R--,‘:_'P
SM,zO
S S Mpuz=o6
= A "

- a b o RaT L
R3L+’P2._O = 3 2

= Raz= -P)q



R

T I/T A

L |
: _x
: ge==s
AT | N
R U’/'w
7 1p
-y
BMD:-
]
© [
L R pT——

Considering outer Face as
reference face.

For CB:-

Bfo: " I ("
tension ©

face)

ve becoz
n 7

AL 2= 0. BM=0
Cae s Bl —=E
r= /2) o 2

8M. = —P.x (-ve be€coOz tension
% # en ref. face) .

Atx =0, BM=0
7 & o W BM = "’pL



