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Structural Analysis
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5:::;»", Structural mambers are joined together in various ways depending on l}:i ‘r;:;Pons in
. ’“‘“" SUPPOIt in 4 structure 1s a member which helps others member 1o resist lo s.ed g

ucture transfers the load to the ground and provides stability to the structure support ;

three types of supports most often specified are the roller support, the pinaed support and the
fxed support

Roller supports only resist perpendicular forces and they cannot resist parallel or horizontal forces
and moment. It means, the roller support will move freely along the surface without resistng
horizontal force. This type of support is provided at one end of bridge spans. The reason for proving
roller support at one end is to allow contraction or expansion of bridge deck with respect to
temperature differences in atmosphere.
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Pinned support or hinged support can resists both vertical and horizontal forces but they cannot resist
moment. It means hinged support is restrained against translation. The pinned support allows the
rotation only in one direction and resists the rotation in any other direction. The best example
where we can see the pinned support is the doors and windows of our houses and our knee joint.
Here the rotation happens in one direction but the translation motion is restricted.

DESIGN INTEGRITY, Call: 01633905761
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¢ Fixed supports are restrained 3Z4Inst buth rataton and tansl e 6 ey o el vetifal and
" horizontal forces as well as moment. The fixed supports also called 32 ngid support (v proddes the

greater stability to the structure as compared with all other supports

Equations of Equilibrium

A structure or one of its members is in equilibrium when {t mantans a balance of force and
moment. In general this requires that the force and moment equations of equilibnium be satiied

along three independent axes, namely,
£E=0, $EF=0, $E=0

IM,=0, TM, =0 SM=0

S

—

Figure: Internal loadings

For a plane structure lying in the x y plane and subjected 0 a coplanar system of forces and
coupies, the necessary and sufficient conditions for equilibrium can be expressed as,

TE=03F=03M =0

For space structure conditions for equilibriun can be expressed as,

CAZE=0. FE=0, TR=0

M =0, M, =0, M. =0
Statically Determinate structure: When all the forces in a structure is determined from
equilibrium equations (£ f,. 2 £,. ¥ M), the structure is known as statically determinate.

Statically Indeterminate structure: When the unknown forces in a structure are more than the
available equilibrium equations that structure is known as statically indeterminate structure,

Statically indetermirate structures can't be analyzed using statics cquations only; they require
other material properties, suchas deformations, in order to an lyze them.

Statically determinate beam
= Cantiliver beam
— Simply supported beam

.— Over hanging beam
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— Fixed beam

— Propped cantilevar
= Continious beam

e

\—\\T}A

E ]
2E 2N
Fived beam Propped cantilever Continuous beam

Determinacy

If a structure s supported by more than three reactions, then all the reactions cannot ge
determined from the three equations of equilibrium. Such structures are Ferfned stanclalez
Inceterminate externally. The reactions in excess of those necessary for equilibrium are ca 1
external redundants and the number of external redundants is referred to as the degree of external
indeterminacy. Thus, if a structure has R reactions of R >3, then the degree of externa
indeterminacy can be written as R

E=R-3 : |
A structure is called statically determinate externally if all of its ..support reactions can be
determined by solving the equations of equilibrium and condition.

Ifir=3n - Statically determinate structure
Ifir>3n - Statically indeterminate structure -
Ifr<3n - Statically unstable

n = the total parts of structure members. '
r = the total number of unknown reactive force and moment components
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r=3,n=1, 3 =3 (1) statically determinate
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r=5n=1,5-3(1) =2 statically indeterminate to the second degree
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r=6,n=2,6=3(2) statically determinate

DESIGN lNTEGleY. Call: 01633905761
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r=10,n= 3,10 -3 (3) = statically indeterminate to the first degree
PO i

r=9,n=3,9 = 3(3) statically determinate

w T 9,n =2, 9-6 =3 staticaily indeterminate to the third degree

Stabili
A structure is considered to be internally stable or rigid, if it maintains its shape and remains a
rigid body when detached from the supports. Conversely, a structure is térmed internally unstable
or non-rigid if it cannot maintain its shape and may undergo large displacements under small
disturbances when not supported externally. If a structure is supported by fewer than three
support reactions, the reactions are not sufficient to prevent all possible movements of the
structure in its plane. Such a structure cannot remain in equilibrium under a general system of

loads and is referred to as statically unstable externally.

If, r < 3 n — Statically unstable externally
If r > 3n — Statically unstable if member reactions are concurrent or parallel.

n = the total parts of structure members.
External Instability: Instability due to insufficient number or arrangement of external suppors.
Internal Stabilicy: Number and arrangement of membess s suzh that the truss does notchange its
shape when detached from the supports.

DESIGN INTEGRITY, Call: 01633905761
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U Reactron less than 3
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2. 1fall forces are concurrent
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3. Reactions are parallel

A B ‘/P C

¢

\\\\iﬁl\\‘ AN

Some example:
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The member is stable since the reactions are non-concurrent and noiparalal it ales statlally

determinate,

N ~ hinee
NN b -
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The compound beam is stable. It is 3

sa mdeternunate to the secon:

DESIGN INTEGRITY, Call: 0 1633905761
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The compound beam s utistable since the three reactiony are atl parallel.

l_-_—__—-!;‘;er_

The member is unstable since the three reactions are concurrent at &.

[ —

The structure is unstable sincer=7,n= 3, so that, r< 3n, 7 < 9.Also, this can be seen by inspection,
since AB can move horizontally without restraint.

Py

¥ P
r=6,n=2, 6 =3(2); statically determinate

r

DESIGN INTEGRITY, Call: 01633905761
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Baud slvustuie cllane Frame:

Extemnai indezermunacy = Re
E=r-3

Intermal indeterminacy = 3 x closed frames

l=3xaqa

Toalindeterminacy = External indeterminacy + Internal indeterminacy

T=E+/ =r—3+3a

Or. Degree ofstatic indeterminacy, T = Bm+r)-3j
3Sm+r<3jo Statically unstabje frame
3m+r=3j- Statically determinate frame
3m+r>3j o Staticallyindeterminate frame

T = number of support reactions
m = number of members
J = number of joints

6 &

T'=@Bm+7r)-3j=(3x3+3)-3x4=0
OrT=E+I=r-3+3a=3-3-3x0=0

Statically determinate structure

T=(3m+r)-3j=(3x3+4)-3x4=1
0r,T=E+1=r—3+3a=4—3—3x0=1

Statically indeterminate to 1st degree

. qvailable
action Cumpnnents = numoer Oquu‘\tlUIIS d
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1=(3m+r)—3j=(3x3+6)—3x4=3

Or,T=E+I=r—3+3a=6—3+3x0=3

Statically indeterminate to 3rd degree

TR !JN THY
l=(3m+r)—3j=(3x10+9)—3x9=12
Or,T=E+1=r—3+3a=9-—3+3x2=12

= ‘Statica!ly indeterminate to 12th degree

with i inoe
(a) Hinges within a member

The introduction of an internal hinge in a rigid frame provides an additional equation of
equilibrium at the hinge of M = 0. In effect, a moment release has been introduced in the member.
Degree of static indeterminacy, T = (3m +r) — (3j+h)

h = number of internal hinges .
O O O

“‘“‘\‘ TS T TR
T=CBm+r)—3j+h)=0CBx7+12)-3x8+3)=6

Statically indeterminate to 6th degree

DESIGN INTEGRITY, Call: 01633905761
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{(b) Hinyes ata joint " shown in Figur®

For two members meeting at a rigid joint there is one unknown moment
the introduction of a hinge 1s equivalent to producing one release.

M

=

For thrc_c members meeting at a rigid joint there are two unknown mo
and the introduction of a hinge into one of the members produces oné releas

a hinge into all three members produces two releases.

M- A
T\ fs
j [D——
) o b . .
M, + M, Y]
_ as shown in Figure;
moments ducﬁon Of a

For four mem.bers meeting at a rigid joint there are three unknown E
t}}e introduction of a hinge into one of the members produces one release, the.mtro_
hinge into two members produces two releases, and the introduction of 2 hinge }

nto all four

members produces three releases.
) )
M M i. ’ A
Ty N iy
A s —0—
ﬁ’_‘ q'./ -~ ~—
“!l -+ ""!2 +["!3
nto i of the n members meeting at a rigid joint pro duces i

In general, the introduction of hinges i
releases. The introduction of a hinge into a
Degree of static indeterminacy, T = B3m +7) — (3j + )

Where Cis the number of releases introduced.

1l n members produces (n — 1) releases.

o

ANRANINY AN
Degree of static indeterminacy, T = Bm+r)—-(Bj+C0)=Bx3+6)-Bx4+1)=2

Statically indeterminate to 2nd degree

DESIGN INTEGRITY, Call: 01633905761

1)

Scanned with CamScanner




»

! ‘& Raid sliuciude.Space frame)

ENeeAL snadete iy mady = Reaction compauenis =~ nuiber of equations available
L AR O ‘
Jatanal mdaiermmacny » 6 Cloxed frames
fwoxa
Tl mdetermimacy = Pxternal indeternunacy + lnternal tndeterminacy
Taf+imr—0c+da
DRegree of static indetermittacy, T = (6m+1r) =6
For iimees withinamember, ' = (6m +r) ~ (6] +h)
Farhinges atajoint T2 3m+ ) - @+ 0)

A = numdber of intematl hinges
C= number of reloases introduced

C=3 {1 — 1) 7 = members meeting at a rigid joint

e e v e g

%o
Decree of static indeterminacy, T =(6m+ 1) —6j = (6x8+24) -6x8=24

Or.T=E+l=r—6+6a=4x6—-6 +6x1=24

]

Staticallv indeterminate to 24th degree

S

A trussiscalled sta .
reactions can be determined by using

tic 111;' determinate if the forces in all its members, as well as all the external
- the equations of equilibrium.

External mmdeterminacy = Reaction components - number of equations available

E=r-3 )
asic truss element, which contains three members and
jnints, by adding two additional members for each additional joint, so the total number of

members min a simple trussis given by,

r of members for stability, m = 3+2(j—3)=2j-3
[=m—(2j-3)

Hence, numbe

Hence, internal indeterminacy,
Honce. inte

DESIGN INTEGRITY, Calk: 01633905761
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- =5 r-2
Total [ Internal and external) ndetermindey, I' = E 4/ 2 p =9 ¢tm -~ (2j-3)=m+ /

m x number of members
Fanumber of reaction components

J = number of Joints

Internal stability

——

Case Decisions
thm+r —’=71 Truss (s Internally stable and staticall ydeterminate,
i Em+r> 2/ Truss s Internally stable and statically indeterminate.
ltm+r<z) Truss s internally unstable,

m+r=8+3=11 <2i=2x6=12
m+r <2/, Trussis internally unstable

T=E+I=m+r—2.j=9+3—2x6=0
E=r-3=3_3-¢ |
I=T—E=q -

Statically determinate

>

- gl |
T=E+I=m+.r—2j=15+4—2x8=3
E=r-3=4_3_ 1
I=T-f=>
.Statitally indeterminalte to 3rd degree

K DESIGNINTEGRFTY}CaH:01633905761'
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m-*:r;lzl)}r= m=17,j=10,r =2 m=21j=10,r=3
Statically det : m+r<2j m+r>2j
MRSt Unstable Statically indeterminate

Space Truss

Minimum number of members
1 requi ili = =
Total lndeterminacy, T=E+1] =qm T?-Trssjt'ablhty'm =3-e

m = number of members
r = number of reaction components
J =number of joints

Case Decisions \
fm+r<3j Truss is internally unstable. \
Ifm+r=3j statically determinate - check stability \
Ifm++r>3j statically indeterminate - check stability \

T=E+1=m-.!-r—3j=12+9—3x6=3
E=r—6=9-6=3

I=T—E=0

Statically indeterminate to 3rd degree

Types ofloading

1. Concentrated load
2. Uniformly distributed load (UDL)

3. Uniformly varying load (UVL)
4.Couples

; DESIGN INTEGRITY, Call: 01633905761
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Figure: Concentrated load Flgure: Couples

T

| L
Figure: Uniformly distributed load Flgure: Uniformy varying load

for
unbalanced vertical
the magnitude anddire

The shear force at the cross-se cion
-section of a beam may be defined as the n
therightorleft of the section. A shear force diagram (SFD) represents e

of the total shear force acting across any section of a beam.

The bending moment at the cross section of a beam may be defined as the algebraic sum of the
moments of the forces to the right or left of the section.

The axial force diagram represents the magnitude and type (compressive/ tensile) force anywhere
along the structure.
o

v

On the left-hand face of the cut member the normal force N acts to the right, the in.te'ma\ shea'r
force V acts downward and the moment M acts counterclockwise. In accordance with Newton's
third law, an equal but opposite normal force, shear force and bending moment must act on the

right-hand face of the member at the section.

#4 |
Positive internal axial force, shear force and bending moment at a section.

s — v W

External forces causing positive axial force, shear force and bending moment.

- —

Negative Axial Force {Compression)

Positive Axial Force (Tension)

'DESIGN INTEGRITY, Call: 01633905761
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Negative Shear force

AN &

JAN | )C, JAY
I

> Positive Bending Moment

Negative Bending Moment

Tension is assumed positive for axial force, shear forces forming clockwise couple are considered
positive while a bending moment causing sagging shape is taken as positive.

Effects Action -
Loading Shear force Design shear reinforcement
Loading Bending moment Design flexural reinforcement
| w (x) Concentrated load UDL Triangular
v (x) Straight line, No slope | Sloped straight line Parabolic
! M (x) Sloped straightline Parabolic Cubic

Table: Nature of Load of SF and BM

DESIGN INTEGRITY, Call: 01633905761
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Shope tor Siopy for bundhyg

Ll shear foree Momant
r Comtand Linear
Uniformly :
disari ! foad Lincar rnr.lbolk
Uaiformly i
vary g lond Parabulic Cubic

Eorslope determination of SFD and BMD
Decreasing
Increasing
Positive (+)
Negative (—)
Increasing
Decreasing

Question: In a cantilever beam subjected to 15 kips load in.free end. Determine the maximum
bending moment and shear force. (BIFPCL-2015)

q A c 1'15 k
%) 10

15k

SFD

BMD
150 k-ft

Maximum bending moment = 150 kip-ft

Maximum shear force = 15 kip

e
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\_ Question: Find the reactions at supports for the

-

oE

N
0K 10 kﬂ\

Srt

Sh 5 ft

: £M4=Sx10+10—Rasln45x10=0

Re=6V2 k

YFy=0
Rar + Resin45 =0
Ray=6k

EFx=0
Rax+ 10 -Rpcos45=0
Rax=-4k

Question: Draw SFD and BMD for the following structure. (DNCC — 2016)
P P P

y | L]

j L/3 L/3 L3

SFD

BMD PL/3
PL

2PL

DESIGN INTEGRITY, Call: 01633905761
7 ~

foliowing structure (BWDB — 2018)
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Question: Draw Shear force and bending moment diagram for the following
(BCPCL - 2016)

L BJ,P | c_lp'

3 0.5L 0.5L
Solution: :
Ja [P clf
| 0.5L 05L
2P
) i
SFD D
BMD

1.5PL

~ Question: Draw shear force diagram for the following beam. (NHA — 2020)

2k 3k 4k 2k
N
7 S5m 5m Sm 5m
S]I- .- ¥
2k 3k 4k 2k
4 l v 1 l
4 5m ~ Sm 5m 5m
11k
9k A"
SFD/'
1%

DESIGN INTEGRITY, Call: 01633905761
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\'h Question: Draw SED und BMD for the following structure. (OMRTP — 2018)

20 kN 2 kN
. 5L 1 l 20 kN JIO
4 1m 1m 1m
120kN 20 kN 10 kN
lm Im
30kN YT

| ——— [ 10kN-m
* |40 kN-m

Question: Draw Shear force and bending moment dlagram for the following beamn.
(TGTDCL — 2018)

Ja B 13 £ c lz <
a 10° 10 N
3k
da B . [k
a 10 10’
Sk
2k
(+) [ %
SED (+)
BMD
; ()
. 20 k-fr
70 k-ft

TR IR e
ek

DESIGN lNTEGRl'I;Y. Call: 01633905761
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. pGCBL — 2018)
Question: Draw SFD and BMD for the following beam. (BPDB — 2016,C
A 160 kip B
VAN 40 ft 20 @
Solution:
A ]qo kip B
VAN 40 fr 20 ﬁ%
40k
+
SFD (+)
&, 20k
BMD
()
800 k-ft
Question: Draw SFD and BMD for the following structure. (WRGCL — 2014)
' 40K 10k
A - d B }
A "3 I O 3
40k 10k
A ! B |
A 3 3 O] 3
15 10
SFD

25

45

BMD
\ 30
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®H s Question: Draw the bending moment diagram of the beluw structure. (BPDB - 2015)
|k lz. K
A x B
A 6 18 a e &
Solution:
ak 4k
£ Y 3 Ae &
i
ft 2 4 \
> SFD
: \
12
EMD \\ \
d N
Question: Draw Shear force and bending moment diagram for the following beam.
(EED — 2019) - %y
20 kip 20kip.
A B ‘ C D l
0N 12 fr 8 fr 5 ft
&
SQ‘!!II- Qn.
20 kip 20 kip
A B \ c D
55 12 ft 8ft 5 ft
675k 5k
3
SED
: 0
P 1325k
81 k-ft
BMD

2
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Question: Draw shear force and bending moment diagram in the following
(PGCB — 2015, EGCB - 2015) : 4

A “N\60K-ft 8
A 4" ‘/ P 6 A
Solution; .

A N\&0k-ft 8

4 & < 3 A
SFD

6 <)
3%

BMD

tensile
Question: Draw the bending moment dnagram for the beam and show the main
reinforcement. (PGEL - 2014)

6 Kl 30 K-ft
A “s DC
i 10 a 10 !
6 K
[ (+)
SFD

30k-ft

BMD :
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/“5\ Question: Draw SFp and BMD for the fo!louing. beam (SUET M.Sc - 2¢13)
: 5 ki Ok
4— =
4 5 5 /
Selution;
5 kl 50 k-
4 N
A 5 S 7
Sk |
(+)
SFD
BMD
(-)
50 k-fr
75 k-ft

Question: Draw the SFD and BMD of the following beam. (TGTDCL - 2014)

10k 10k 2K/
AL l Byvyvyvvvovvveg teeveeyl
5 5 4 20° a
Solution:
10k 10k 2kM
N STITRITERIITRTIITTIL
5. 5' JAY 2¢ 2

| 27.5\ l
SFD é'

10 20 e
BMD ’/\,

2%
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Question: Draw the shear force and bending mo
(CPGCBL — 2015, MES — 2015)
WKN

1KN/m 10 KN
gﬂi%iiiﬂi l 8 __J
4 m m m m

Solution:

1KN/m 10KN 10KN

A&T}H,HH-Hr
a 2m

B
m A 2m

10

SFD

BMD

\\7

20

Question: Draw SFD and BMD of the following structure (PMO

5 k/ft

ment diagram of the

—2015)
15Kk

A SVIII T3V 4 v ey B
Ay X A(

. 5k/fit

A W%H%HN%H%%B
VANIRT A

15

SFD

T2

BMD

45

M CTARM MATTRANITY ol NAZNANAN e - .

29
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Ef & Question: Draw SFD and BMD for the following structure. (RRI — 2015)
5 1k 12k-ft
X L J A ‘\ B
N b 8 g = 8 O -
Solution:
1K 12k-t
R vvA ha B
FAY 7 O
R rat
25
SFD K
4
/ 2
BMD
/ /
1

Question: Draw SFD and BMD for the following section. (BEPZA — 2016)

1k/ft 125\-“ 5
. T T1A
oy iv‘tj‘vz‘_ & {: . 9
”{’ft 12K-ft
‘ 14 viA Y 8
, A ~ Q
I Ra :
h.25

- SFD\
BMD : _

f &8




!l‘#h
J beamt havi® "
d tiae

) _ o el
Question: Draw shear force and bending moment diagram ot t

‘L’ and carrying uniform load 'w’. (RAJUK - 2016)

Solution:

+-§;—:’J’-\ ‘J
e~ |

.w]_z/

wi?
12 12

am for the following be

] ) : am.
Question: Draw shear force and bending momentdiagr

20 kN

10 kN/m
(39399818 R1RRERY|

N
& S5m L/ Sm a Sm
» 30kN-m

20 kN
\J 10 kN/m
30 kN/m FEIENERN RN

@ 5m M 5m ,4; 5m

’ S0kN -\\\\\\\\\\§1

55 kN

SFD

25.5 kN

2.5 kN-m N

27.5kN-m

125kN-m T
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“& Question: Draw SFD and BMD for the foliowing beain. (WASA — 2017)
50 kH 180 k-ft 2K/t
| NHHHHHHH)
4' i
50k 180K-ft 2K/t
} *ﬂuuuunuu
Fa 4 4' A
! 48.34
f 8
SFD
1.66
. 9.6
. 19336 ———1186.72
- BMD 6.72-\\
16

Question: Draw SFD and BMD of the following figure (AB —2017)

400K
400K/ 200 k/ft
Y [ vy TvivsJyvyvvvyryy
. z A T u sy 2
>
Solution
400K
400 K/ft 200 «/ft
v TIiie bty eive vy
2 AT % AN 2
720 320~\~‘\\¥ 400
s \
480
] 800
//80 \
800 4007

DESIGN INTEGRITY, Call: 01633905761
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—2018)
raw SED and BMD for the following bearm- (wps — 20

19k 1k/ft

1k/ft i
i A 51 ] J 25' 5!

Solution;

Question: D

1k/Mt 10k 1k/ft

AX}_LL&_L_._LL:__LTS_EEB}IUEB
5' 25 5 5 A

10 5

SFD

375]_—Tsg~375

N

EMD

Question: Draw SFD and BMD for the following beam (BKB - 2018)

10KN-m 2KN/m 20 KN
VYTYVYYYITIYY '
L\ 2m Pa am im O im
Solution;
10 KN-m 2KN/m 20KN
' fvyvyvevvy Yy
\ 2m A 4m im A Im
20
S=3
132
le'\l
! 10
,f i 4 al\
i Og
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A h Question. Draw the S D, Bl D
F MD and defl MG
“ e ected shape ofthe thQﬁu g COBQ

| i 5k 0x
A;Li%_&jﬂ_{_'._i_%ofib “zt:”&ﬁ“;."r' o
5k
Sich, 0K
A TXTITIT +'v:)_viéih‘-"én D

NGNS

BMD /

Deflection e eE— i

Question: Draw SFD and BMD for the following fizure (HEX — 2513

1qu aure B
YY VY ¥ VVYI VY
A 5 5 5 A
Solution:
K gum 10X
YYVY YYTYYVY
A 5 5 5 A
115 ! p:l ]
! el < i
SFD, M= ! |
' _\ 5

- ) —
(49]
Y
ro
(S

——
—— e

DESIGN INTEGRITY, Call: 01633905761
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Question: Draw SFD and BMD for the folﬂawmgnm (DESCO — <
1k/ft

;
:\

4 10' 3
A

e
SFD
12;:§¥“~\\5K

@C

BMD

Question: Draw SFD and BMD of the following beam. (ISTT = 2015)

10 KN/m SOKN 23KN
NTITTXTTTTL 200KN-tp. B '
25m 15m /im A Zm
Solution;
10 KN/m - 55/‘1 ] ";':r.N
vy yy 2004%- ™y g Y
AW{{’;Z%:n : 15m /1m A 2m
25
SFD
4625
21.25 96 25
&7\
BMD Ay —
\ q \/
~85315 :50

50

NOCIoA VT CONITY ~ 1t A e - -
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/ Question: Draw SFD and BMD

6k
6 k-fr

_ 7019
for the following beam. (BEPZA

5 k/ft

iy

Ay & 5 dn °
Solution:
25k

SFD

35k 95k
BMD

15 k& -
21 k-ft \
62.5 k-ft
L— 2020)

Question: Draw SFD and BM

D for the following structure (BCMC
10 kN

10 kN —
05m|A B cl D
2Zm @ 2m Zm _A
Solution:
10 kN
10kN —
05m| A B c D
Z2m @ 2m 2m A
10kN
3.75 kN -
SFD S9!
Q)
6.25 kN
12kN-m
\\ =i /("]
N -IN
EMD  — : |

DESIGN INTEGRITY, Call: 01633905761 .
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Q\lestion Draw shear force and bending moment diagram for the

(BIWTA 2019)
5k 10
A C B
I T &
Solution:
Sk 10’
A c B
87 T &
10k
+)
SFD
)
5k
25 k-ft
\ (+)
BMD 01 sokf
25 k-ft

1101\

following frame,

Question: Draw SFD and BMD for the followmg beam. (NPCBL 2019)

3 A 1" r4
AN 5’ 5
Solution: _
Il!) k
A 1’ z B
A 5" 5 JA
10k [ o
3k
SFD ()
7k 0
-ft
20k M
20 k-fr | (+)
| i 015k 1)
I 35 k-ft
P nECIAN INTEGRITY. Call: 01633905761
32
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Question: Draw SFD and BMD for the following beain

ol 10K
Am\l\l\‘!\ B l

LK Y 5' & ¥
Solution:
’\ﬁmj\'}‘(\ I
Alw LA B l
a4 5 & 3
¢ t
9.5
\ 10
SFD
> 55
a\p: . = - v\ \/ -
| I 307

Question: Draw SFD and BMD for the following beam. (NPCBL — 2017)

[ ™ B
A‘: X ;m A A 2 T .&&

B
3m -~
t
SFD
L5
- 572
[ ~is
\_:__
BMD

32
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SL Quesnon. Draw shear force diagram and bending moment diagram for the following beam-

(PGCL -2017)
; 100K 12 kM
al 8 _ 11T
g’ g (@) Y 2 AN
Solution:
100K 12K/t
8' 8' [ 'S 17 D
104.45 \
SFD :
100 T~ liss
6.3
BMD /
800

Question: Draw SFD and BMD of the following beam. (JB —2017)

y 12 k/R
A 8 k/ft i
iy 3 x£31: c_ 10
8- 8» O 6- ' }21
12k/ft

St AT T ee?
A B C h 4 : Y
81 g' (@) 6 12 [

ﬂ 77.78——\
SFD
40 T— 3022
156 47
80
BMD} /
' LBZO
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’ Question: Draw SFD and BMD for the follo

2 e
)

!

— . YikN,

. i ine figure
Question: Draw Shear force and bending moment diagram of the following I

(BB AD — 2018)

4000 kg ;
ALK 6m O
Solution:
4000 kg
A B
FAN 6m (0]

SFD
2000

4000 kg-m

BMD

DESIGN INTEGRITY, Call: 01633905761
)
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2KN/m
3m (@)
A B
Solution;
2KN/m
Im
A B

m
SFD

1.154 KN-m

BMD

2KN

Question: Draw SFD and BMD for the following beam. (52 BMA)

Question: Draw SFD, BMD of the following Beam (LGED — 2019) |

\ 8 kN/m

6 kN
H\I\[\h\' faan |
| (TITTTTITR I 84d!
Sm 2m 2m

Solution:
(4-] 2.11 kN
SFD

BMD

12 kN

LS

355 kN-m|L—"

(*)

kN-m

32 kN-m

56

Scanned with CamScanner

3.89 kN




Draw shear force and bending moment of the following

(COETM.5c— 2020)
10k‘E

gYVYYYVY
S0ft

1
D

}

|

{

<4
1]
4 o
Q@ —
o —
‘_

l} \
f 3000 k£t
i IR S "
. Draw SFD & BMD for the following beam. (SGFL — 2021)
Question: Draw brd o
/7 5k-R ! Teifitid |
NEIVAN 1 5 g&\ 5
Alrarinms
s : 5k 4 k/f
G 5 4L 5 5 5"
6k
20k
SFD ;
| 2k
: 7k
EVD | H
. Skft 15k

37

Joaded structure:

N
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| Question: Draw SFD and BMD for the following beam. (PGCB — 2018, DPDC — 2019)

10k
A
D }\ E \20 k-fe ¢ h
- 2' R 3' — 3- {4 3' F
10k .
A ) B 20 ket
A —o—5—<¢
+— L3 >4 3 > < 3 3 ‘F
6K’
8]
- SFD
t 4K
12 K-t :
+
BMD )
32k-ft )
a5 ket

® Question: Draw SFD and BMD of the f&lilowin‘gstmctur& (DSEC —2016)

'Z?K . e D’
 BEIIIeiY '
%A 10 10 >~ @ 220 - a 10"
SO!Q;LO_DE SE ¥ %
20K 2 Kfit e .
' B LI EIEY
T 0 - 20 A w0

r“"'g‘b’\
SFO— T~y

100
o -
BM 200/

B

8

camam e wemve? N VY Aa Ssea -

Scanned with CamScanner

QUes




I LEL
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17)
o ollowing bea
Question: Draw SFD and pMD for tné , .
A__2Kr___ g su—g
4 'y v
Solution:

A 2K/t B - c

4' 4 A
7
\ .
SFD 1
8 \
BMD /
12 -
Question: Draw SFD and BMD for the below structure. (?W B —2014)
10k 2Kt "i“
A 25 A B B BA B =
10K 2K/t e
; 5 ¥
A5 25 A 2 AN 25A
23 A 12.
. 75
SFD
75 \
175 25 |
196.25
BMD )
=
625 o

DESIGN INTEGRITV ra -
39

rou

r-...._w-.-.vm fr

At -

x
3
2
1
!
|

&

g e
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¥ Question: Draw AKD, SED and HMD of the below frame (DECO = 2013)

2 k/Rt

L

6.

SFD

36 k-ft

N 36 kft

CRECTS
BMD

12k

ASD

Question: Draw SFD, BMD and axial force diagram for the structure. (SGFCL = 2317)

3 k/ft

J

2

4

y

y l 9

3l

135k-ft

N 135 k-ft

JANNAN ]

BMD

40

9k

ASD
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5 ce diagram for the
d dragram bending morment diagram and shear for &

estion: Draw Axal loa
ellon 2020)

following frame. (BADC =

10K
5
10°
Solution;
™ 10k
L1 50 k-ft
‘ G 10k )
AN AN NN\ TS
SFD BMD AFD

Question: Draw Axial load diagram, bending moment diagram and shear force diagram for the
following frame. (BCIC — 2019)

10K
6'

12

SR

() (10k

T 60 k-ft
Ol10k

SFD BMD AFD

il

{
4
3
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diagram for the

al : Lo ear force
Question: Draw Axial load diagram, bending moment diagram and sh

following frame. (BWDB — 2019)

10K
5
10’
LN NNNNNY
Solution:
+) 10k
_~"| 50 k-ft »
10k -
‘:FD BMD g

42—
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, in stiffenin
trance of 2 bri Fandass m;t:l'r:e frame tcg)

ver the en forces app i etop O

tal fo by wind, earthquake, and

tlyused 0
ported, fixed supported, or

fer horizon
he forces cause

n be pm sup

Frames: Portal frames are freqt:jen s
element in building design in order 0

the foundation. On bridges, these t"mmes r}f,s:)str:als i
unbalanced traffic loading on the bridge deck. Fo

supported by partial fixity.
r = -

A
CEEreT T aenve T SR DD

l , | ‘ _

! ! 1 R )
Approximate analysis of indeterminate structures ijs sometimes perfomed py. making
e members and/or reactions of the

of a structure is equal to the

assumptions about the distribution of forces among th

structures. The number of such assumptions required for the analysis tr :

degree of indeterminacy of the structure, with each assumption providing an independent
equation relating the unknown member forces and/or reactions. - '
1. An inflection point s located at the middle of each member ofthe frame. :

2. On each story of the frame, interior columns carry twice as much shear as exterior columns.

Assumptions about the Location of Points of Inflection

In the first approach, a qualitative deflected shape of the indeterminate structure is sketched and
used to assume the location of the points of inflection—that is, the points where the curvature of
the elastic curve changes signs, or becomes zero. Since the bending moments must be zero at the
points of inflection, internal hinges are inserted in the indeterminate structure at the assumed
locations of inflection points to obtain a simplified determinate structure. Each of the internal
hinges provides one equation of condition, so the number of inflection points assumed should be

equal to the degree of indeterminacy of the structure.

Pin Supported: A typical pin-supported portal frame is shown in Fig. Since four unknowns exist
at the supports but only three equilibrium equations are available for solution, this structure is
statically indeterminate to the first degree. Consequently, only one assumption‘must be made t
reduce the frame to one that is statically determinate. The elastic deflection of the portal is sh -
in Fig. This diagram indicates that a point of inflection, that is, where the momenlz h cos from
positive bending to negative bending, is located approximately at the girder’s midp:iningscggt?l
. e

moment in the girder is zero at this point, we can assume a hi i

' . : a hinge exists there a

deter'mme thereactions at the supports using statics. If this is done, it is foundlt\}? then meEEEd 9

reactions (shear) at the base of each column are equal and the other reactions arci1 tt}tlhe horclizontal
ose indicated

in Fig. Furthermore, the moment diagrams for this frame are indicateq in Fig
bl

®
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M F ——r——3.. T P—T £ 9
!
R \
Puint of H [mermal hinge
inflcetion ! h .
l" P 4
5' . AYBE BV:E
B.LL"_' By — ~.—m BA+—
i 1 & , —& 4 _
3 ) : 2 2 s
2 . '4' Bl’ ' A)..%" ’ Br.-? Sy 1
' Thvjafio;r:.s reamonzs: ;.-)f the frame can now be determined by applying the three equilibrium
, ST % LF and ¥M and one equation of condition, &, MAE = 0 or TMF* =0to
determinate frame. S By O
H(EMe=0 . 4 (U)-Ph=0 4 = % |
+ 12 Fr=0 - = L Fh S
. | > N 7 + By _70 By =7t &%
" £ BE _ FPh (L . p
| QML =0 T (5) = 3}'(") =0 B\ =3
| P - op
% f"AA’-—-;-:O A‘Y:EQ—- R
‘ i s ' . ‘. =y I'_'%'_.i
B ; q
: Pi
i Nk
moment \r'_g' :
diagram ' _ '
(d) (C) . Ph
1

_ . .+h two fixed supports are statically indeterminate to the third degree
F. ixed Supported- Eqrg?lssi:nll:;mowns at the supports. If the vertical members have equal lenggrths
since there-are a tol o oas, the frame will deflect as shown in Figure. For this case we will assume-
anfi c;oss.-secnc')na ar - ;t the midpoints of all three members and therefore hinges are placed at
points oli inflection occt ns and moment diagrams for each member can therefore be determined

_ ;he;e pomtg. T.he; iﬁcht;gme at the hinges and applying the equations of equilibrium to each of the

y dismembering ’

four parts.

i
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! 1 - Inteenal hingSS = nf g
/ +— a-=-=="""" v ¢
VAR
' : | B B] ™Mj
Bx 4—-8..1[. La 4_...'.!.49”,1 * %)
WM’ 7
By I 'A’y 2 | 1{}’
L —— 2 - )
To determine the six reactions, we pass a horizontal 's.ectlon_;a_a.thrqugh the hmge}f E and rg;:\;
shown in Fig and apply the equations of equilibrium (and .condltlon, if any) tothet ree po on
of the frame. Applying the three equilibrium_equations’ nd one equation of condition to the
portion ECDG, we compute the forces at the internal hinges Eand G to be,
. hY_ _Phy
+ (33, =0 E,(L)-p(-z-)_o B =gt
Ph | _Ph
+TXF/R=0 = -Ez+t?f,=o G,—-iT
. Ph{L h) N
15 = LIl -E |=]=0 E, ==—¢
+CxM, =0 21,(2) "(2 i
+—)ZFX=O P—";;—Gx=0 GX =§(_

The reactions at supports 4 and B can now be determined by considering the equilibrium of

portions AE and BG, respectively. For portion AE
- Z FX =0 A! =.§. —

= ' P
+1XF =0 A,=2—£¢

P(h
+CZM"=O, ~3(_)+M"=0 M"=PThD

75
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similarly: for portion BG

v -
;;.,;Z.F,-—O g P
1S5
+12A=0 B =PhT
f,=0 P L
+CIMs= —E(E)+M.==0 M.:ﬂ‘.
P vC _i__ D 4
e Ty

4%

Ph
T

momaent
diazram
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de
: on the assumptions ™E0
Question Mench Nlustrate wit S‘\ﬂ»h ]
ml melh

subjected to lateral loads.
Solution:

There are th
These assumptio

ree majur assumption
as are as follow:

is located at mid-height of each ;::nnmn
et e n the basis that

is located at the cen
is divided among all the col
column

1. Aninflection point
2. An inflection point
3. The horizontal shear
takes twice as much as exterior

dn-kthﬁ“""‘,"’"

i lnuxiotJ Experige
//““7——\.&-‘:&-@4‘““‘”’
#7 A slve ot F,

£l Y
U

e

F

— - —; et s 1 Gaaptmup SraucTuat
Eazzrior l Latesior l bmb!l Tos Sroagy Onir
FI

¥,
'bui'a&wiawl

fl b
“—— - -

N B e |
vailable for approximate analysis of bullding frame subjected to

ethods a
methed. (34th BCS)

Question: List the m
the assumptions for each

lateral loads. Mention

Solution:

The behavior of a structure subjected to horizontal forces depends on its height to width ratio. The

deformation in low-rise structures, where the height is smaller than its width, is characterized
{se building where height is several imes greater

predominantly by shear deformations. [n high r
than it lateral dimensions, Is dominated by bending action. To analyze the structures subjected

to horizontal loading we have two methods: Portal me and C
ading : H ethod and Cantilever meth
method for analyzing fixed-supported building frames requires the following a:fx::gg;):\‘;porm

2.Ahinge i ; '
hinge is placed at the center of each column, since this is assumed o be a polnt of 2
‘ ol zero moment. |

3. Ata given floor level the shear at
the interior column hin ’
. ¢4 1% twice that ; :
hinges, since the frame is considered o be a sup«:rpumiongo( ;;:::‘uc that at the exterior column
S.

The portal method is most suitable for buildings having low elevation and f
nd uniform framin
g.

-
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F
3 ;
-’ “
Exterior Ingex — Assume incerior columas
4 nor Exrerior take twice the shear force of
exterior columns and use
/-\
F, 2,_.'./ F/thmﬂnum' ium o
NP “— L sobve for F,
A » |
Exrerior j Interior Exrerior SoueLrED STaucTURE
-3 2F, F, Toe Stouey Oty ‘
v By Same for shear in second
storey columas

In cantllev.ex_' method, the following assumptions apply to a fixed-supported frame.
1.4 h_inge Is placed at the center of each girder, since this is assumed to be a point of zero moment.
2. Ahmge.}s placed atthe center of each column, since this isassumed to bea point of zero moment.
3. T?le axial stress in a column is proportional to its distance from the centroid of the cross-
sectional areas of the columns at a given floor level, Since stress equals force per area, then in the
special case of the columns having equal cross-sectional areas, the force in a column is also

proportional to its distance from the centroid of the column areas.

The cantilever method is therefore appropriate if the frame is tall and slender, or has columns with

different cross-sectional areas.

£, a '
£, -
L 2 mmantn ™ %
Column J Axial stress in columns
Ama A proportional ro distance
! from the neutral axis
. (Force = Stress x Area)
- . .
»” =A9; oy , = 0, (;;J,
) X : o +
F—
o l

1

{Centroid of Column Arcas)

gestion: What do youmean by inflection point? Write down the assumptions needed for
Q f building frame subjected to vertical load. (33th BCS)

analysis 0

lon: 1t which the deflection f the body ch
Sol the points 4t W ! éction curve of the body changes the sign of cury
Theset::ren s, we can say that the 1§1ﬂectlon points are the points where the shefr force ch:;:!; llt:
ther o from +ve 10 -ve and vice versa. In thfe approximate analysis of 3 rectangular fra
d":'dclted ro vertical loads the following assumptions are made for each girder of the frame; "
subjé '
: DESIGN INTEGRITY, Call: 01633905761
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| £ the girder. y g

nd 0
f the span from each €

28
<

24
&t

e

s

A " 1. The inflection points are located at one-tenth ©
2. The girder axial force is zero,

w )
T

' _JK .......... /‘ LJ‘ ; | l '

“"_-n.-‘d.m;::um,
t —

pproximate case e imposed B
: w
Question: How does the effect of earthquake load differ fromwind 103 '_
structures? (34th BCS)
‘those for

Solution; :
The lateral load resisting systems for earthquake loads are s!milar to e wind load is
are designed as if they are horizontally ;lpplied to the structural syster:t- ir'lllltantaneoué. The

considered to be more of a constant force while the earthquake load is alm(])l ight of the building, -
wind load is an external force, the magnitude of which depends upon t.l:le efs * The magnitude

the velocity of the wind and the amount of surface area that the wind "attac étural system-"an d
earthquake load depends up the mass of the structure, the stiffness of th.e stru hese two types of
the acceleration of the surface of the earth. It can be seen that the application of these |

loads is very different. _ S L i -
' 'Bx‘ri‘:é,hthdi;;gram of the following portal frame.

'

wind loads. Both

=

Question: Draw the shear force and bendmgm

(DMTCL — 2019)

B
12 ft
18 ft
L&
Soluti ;! 3 s i
; 10k
12 ft

18ft

DESIGN INTEGRITY, Call: 01633905761
49 4
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$E =4
Dy vy =Dy, =0
y =15k
21‘1.:4:_10:0
4 =10k

B, = ‘
M3=180k_€- SBx=1°kr\ N C;=10kc ‘
' By=15k| My = 180k—-f -

Ax .= 1ok A A . . -,"_;54?

AN o o
Ay=15kT . Dy=15ki

15k

180 k- ft

A 44

BMD

|-10k

SFD

o e
RN
7

Question: Draw the shear }'é}ée,’%;xial force and bending moment diagram of the following portal

ﬁ‘ame. ey Mk TN
10k 15’

i

10’

A A

Solution:
)_3j=(3x3+4)—3;c4=1

_ +r . .
posl = (3m . otatically indeterfninate to the 1stdegree. For this case we will assume horizontal
ture 1SS
The struc e.
' reactions areSAT 5

DESIGN INTEGRITY, Call: 01633905761
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10k 15 ft

a] o)

A, =D, =5k

IMp=-A4,x15+10x10=0

4, = 6.67 kip ’
YF,=-A,+D,=0 : ,
D, = 6.67 kip ”

Mp=50k-f

3,,.—.5.67;:[ 7 NG =5 = e
— 9 X

B, =5k 7R B=SK|\ 150 LyIC,=6-67k M) =50 k—F

Mg =50k—-ft| . B, =6.67k” M, =50k-£& .

ft
10f 10

L oreeeend

-5k -6.67k 50 kit

6.67 k -6.67k 5k 5k

w T

5/
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' p 2*4method

' The structure is statically indetermina
inflection occur at the midpoints of gir

B E c
—y C
10K | 75R 751
0 10ft
p| D=

IMp,=-Ay,x15+10x10=0

te to the first degree. For thisc¢
der and therefore hinges arep

A, = 6.67 kip |
LB ==Ay+Dy=0
D, = 6.67 kip
YMPE =D,x10—6.67x75=0
"D, =5k
YE =Ag+Dx—10=0
'le=5k . ‘
 sp Es=Sk E-=%k sa
10k| | f j
E, =667k E, =667k
10 108
Ar=5k |4 D,=Skz'§
— &
A, = 66Tk D, = 667 k'{ |
. \
—5k -667k
6.67 k ~ 667k 5k sk
¢ AFD - SFD

'DESIGN INTEGRITY, Call: 01633905761
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Anaiyze the following frame by portal method and draw SFD and BMD. (34th BCS)
c

Question:
B
r 15° 60 k
30 30
A D
TR TN
Solution:

post=(3m+71)-3j=(3x3+6)—-3x4=3

The sructure is statcally indeterminate to the third degree.
of inflection occur at the midpoints of all three members and
points.
posi=@Bm+r)-(Bj+h)=Bx3+6)—(3x4+3)=0

Now the structure is determinate. To determine the six reactions, we pass a horizontal section aa

through the hinges E and G, as shown in Fig, Applying the three equilibrium equations and one
equation of condition to the portion EBCG, we compute the forces at the internal hinges Eand G to

be,

For this case we will assume points
therefore hinges are placed at these

B 75 75¢C
o—

] _F 60k
15’ .
L\E GA15
A <3
15° 15’

Ar A D D |
My D Mz
A,I yl

IM;=E,x15-60x15=0
E, =60k
ZEy’:Ey—Gy:O

G, =60k

—. = W AAISNATMINNTTC 4

23
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" - ——prt— — a

L7

& IMEF =60x75-E,x15=0
E; =30k
YE =E, +G, —60=0
Gy =30k
B 75 , 75 ¢C
;.r DK
15’ s’
E,=30k [E G, =30k | @
—ly

E, =60k Gy = amlsil

The reactions at supports A and D can Tnow be determined by consxdermg the equihbnum of
portions AE and DG, respectively. ‘

B 7.5' 7.5 ¢
15
E, =30k |E g =30k |g
E, = 60 kT "
60k
:] ‘& E 30k
f
! A, -30kAD D,=.30kn|
i A, =60k D, =60k "
, e My =450 k_ﬁ' My =450k —ft
Now Draw SFD and BMD
T (+) | ' _~"4sor-g
250 kft
()] 30k () | 30k
450 k-ft -450 k-ft
NN\
NN TR )
TINES SFD BMD
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ind the shear force and bending moment diagram for the given portal frame by portal

Question: F
method. (GTCL = 2016)
21
20k 15
115
‘Jm\ (\J‘N
Solution:
75 k-ft
() 10k ' 75k-fe
10k |(+) 10k [(+)
75 k-ft 75 k-ft
SOVANTRL AN . V‘l “‘JA
- SFD BMD

Question: Draw the shear force and bendmg moment diagram of the following frame by portal
method. (PGCB — 2019) :

O-
S5m S5m| 10k

5m 5m
Sm Sm
TTeT
Solution;

10k () | |25kt
L 25 k-ft
()] 10k () |10k
Wi\“v"‘ 25 k-ft e 25 k-ft
SFD BMD

ﬁ/’-
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et 2 L

s an assemblage of straight members connected at their ends by fiexible
d configuration. Because of their light weight and high strength, trusses

Jruss: A truss
ng bridges and roofs of buildings-.

connections to form a rigl
are widely used, and their applications range from supporti

Truss Assumptlons

There are four main assumptions made in the analysis of truss.
- Truss members are connected together at their ends only.

- Trusses are connected together by frictionless pins.

- The truss structure is loaded only at the joints.

- The weights of the members may be neglected.

eatly simplified if one is able to first determine those .

force members may be necessary for the stability of
plied loading is changed.

Truss analysis using the method of joints is gr
members that support no loading. These zero-

the truss during construction and to provide support if the ap
Case 1: If only two non-collinear members are connected to a joint that has no external loads or
reactions applied to it, then the force in both members is zero.: 2

P
A7 TR

Case 2: If three members, two of which are collinear, ar'e,f'?:onqeé‘téd. to a joint that has no external
loads or reactions applied to it, then the force in the member thatis not collinear is zero.

Case 1

Casez.

DESIGN INTEGRITY. Call: 01633905741
5¥
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» Question: Write down three assumption of truss analysis. (PGCB — 2019)

Solution;

1. Truss members are connected together at their ends only.
2 Truss are connected together by frictionless pins.

3. The truss structure is loaded only at the joints.

4. The weights of the members may be neglected.

Analytical methods for the forces: The following two analytical methods for finding out the
forces, in the members of a perfect frame, are important from the subject pomt of view:

1. Method of joints.
2. Method of sections.

Method of joints: In this method, each and every joint is treated as a free Body in equilibrium as
shown in Fig. (@), (b). (c) and (d). The unknown forces are then determined by equilibrium
equations viz £ V=0 and E H = 0. i.e, Sum of all the vertical forcs and honzonml forces is equated

to zero.

o ; kN
. 2
4

/ ' / |
Q} ;’; ) S . 2 @

IR 1EN 1k
(a) Space diagram -
Method of sections: This method is parncularly convenient, when the forcesina few members of
a frame are required to be found out. In this method, a sectionline is passed through the member -

or members, in which the forces.,rare required to be found out as shown in figure. A part of the
structure on any one side of the section line is then treated as a free body in equilibrium under the

action of extema] forces as shown in figure.

®) Josat (1) @ Joiat (2 () Joint (3)

N 2K 2KN
A P l A
Cﬂ ¢ ‘k [ ]
‘_ / \“ 'l \\
< / ‘\'\ \\\
/ \ \
- B{~ = =y e
T A A -\
Q R, . R, @ &,
(b) Left pant () Right pant

(c) Spacc diagram

DESIGN INTEGRITY, Call: 01633905761
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1 of equilibrium ©F the Principles of

icati
_ The unknown forces are then found out by the applica

- staticsie, EM=0.
Question: Draw t_ypic.nl cros

. (pMO — 2015)
s section of a truss with different poruor (

Scanned with CamScanner

Question: Write down Five commonly used structural system °f bmldmg n Bangladesh. \

(PGCL — 2017) ,

Solution:

Five commonly used structural system of bg;lgiﬂ"gj_"s_gré given below

» Tensile structures

» Rigid frame
e Braced frame / Shear walled frame
e Truss structures

3 e Outrigger structures __,;:*-i:.

i » Tube structures ; e

Question: Determine th‘egde‘teg'r_xi_'jfﬁacy and stability of the truss. (BUET M.Sc — 2019)

AN AN
Solutjon:
Here, Number of member, m =19

Number of joints, j = 11
Number of reactions, r = 4

Now,m+r=23>2j=22

So the truss is indeterminate (15t degree) ahd stable

DESIGN INTEGRITY, Ca]l; 01633905761
50 |




', Question: Determine the member force of BD and BE r‘t.lelmgerfor the fdlidwing truss.
{  (RRI-2015) |
3
T
i / '
¥
A L + s r
3 d 2 2 ra l z 8
; ’ v

B/ ~
D £ From section a-a -

EMA =0
-Ryx8+40x2+60x4 +40x6=0
RH =70k K
q i ::.‘l" -
EFy =0 B T o ny S
Ry +Ry-40-60-40=0 G0 Ty RaxZeFeRds
R,=70k SR Feg= i 46.66 k
S EFy =0
3
70 'FBEX-JI—'—;'40‘ 0
Fgp=36.05k

A

TFy =0
2

Fap + Feg + 5 Fee = 0

FBD =- 66-66 k
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Question: Calculate member force AF for the bedow truss. (BEPZA — 2016)

C L D L /15
B .F/p
2L ’
2p
A
Solutjon:
&, ~C L ‘D‘. L
L .
CYB F
aa )
: 2P
&.ﬁA."
M =0
2PxL+Px2L-A«x3L=0
4
Ax-;P

I
g b =
= P 7 gAF 0
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: Ly Question: Find the axial forcmﬁurtﬁmmmnﬁmrmﬂamm((}mm_m)

B
4
6I
C
A = VD
< & 6 gg
12k
A
6'
Ev}:)
Ro| .
o F.
IMp=0 Tk Io.ask *
Rax14-2x6=0 7 |
Ra=0.86k ' y g 2FY=6
;’ZFYzo : 3
Ro+0.86-2=0 S T 086+ -Fa=0
RD=1.14k 7 \ FAB=‘1-43k(C)

IFx=0

4
FAC'*‘EFAB‘-‘- 0
Fac=1.144k(T)

Question: Find the member force AB, BC, AE. (HBFC — 2018)

8 e »80KN

Im ©@
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/ '
s,/ |g7sm
/ :

Al o0
I 0
im s0KN im -

TMa=0
80"0.75+50"2-RDX3=0

Ro=53.33KN

TF=0
Rp- Ra-50=0
Rya=3.33KN

YFx=0
Rxa-80=0
Rxa =-80 KN (T)

Takingjoint B

YFx=0
1

Fac- TZE FaB =0

Fac= 4.44KN

Fz
'R4A= 333kN

YFy=0

E’.ZE FasB - 333 = 0
1.25

Fas=5.55KN (T)

1 v .
—_— 3 =0
Fag+ 125 FA? Rua
| a
——%5655-80=0
Fae+ 125 X5 55-80
Fag=75.56 KN

Question: Determine the member forces of DE and BE (GTCL — 2018)

4CCOK 40COK 4CCOK <0COK 4C00K

D‘ ) 4 v

aﬂ

"J

F H

A/ Cc E G

K

20'

“ 20° 20 20 20

4 Y v v

20'

'

6CCC K 6CCC K 6CCOK 60COK 6000 K

63
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- Solution:

4000k 4000k 40C0k 300k 30CCk
m :
BY / UD F L&l 3 '
20
A cl I~ L
O GifE L6 | K O
V('i{ 1 (ln v v i
]RA 6000k 6000k 6000k 6000k 6000k ]fh
IMa=0
10000x (20 +40 + 60 + 80 +100) -RLx120=0
R = 25000 kip
ZFy=0 '
25,000 - (4000 + 6000) xS+ Ra=0
Ra = 25000 kip
Taking left position of section (i) - (i) Taking section (ii) - (ii)
L 4000k Res A
Be Rss Reo
) vz
. Rz
! " Ra E —
Rz
lsoonk
A C R:zAV
Ifh ‘ 1'6000 k IFy=0
— Res + Rep - 6000 = 0 |
IMe=0 V2 |
25,000x 20 -Reex 20 =0 -}-_x 212132 - 6000 + Reo = 0
2
Rce = 25000 ki
d Reo = 24000 kip
LFy=0
1
- — Ree - 6000 - 4000=0
25,000 G Ree

Ree = 21213.20 kip

ty

DESIGN INTEGRITY, Call: 01633905761
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nbers at the lcft hinge support from the -

Question: Find out the stress at member [ and the met , R &
following truss. (DESCO — 2019) 4-,::'
BlIOKN i
C ’i
/ I 4m 3
A D C ‘
4 3m 3m © ;
Solution; S |
T M, =0 (Clockwise +) Atjointd: . AtjointD:
10x3-Rcx6=0
Re=5KN -
Foc
Z Fy = 0 *'.'
Rav+Rey =10
Rar=5KN
LFx=0
Rax=0
e -
¥ o

Fa=625KN . °
Question: As shown in ﬁgure.iug'lov(r. m the trt]ss F=60 ‘ '
. . o AL , I'=06Utonsand B = 259, Fj
reactions components at Cand the force member AB and AD, (TGTDCLS. g:)nlc; ;he external
c B A T
65

60T
10’

dE__ 10

£5

DESIGN INTEGRITY, Caj; 016339ncme.
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-¢ Solution;

Cs C

Cvr

10

1o

tan25 =£B-
10
AB=4.67

Cy-60=0
Cy=60T

ZME=0

-C,x10+6x(10+4

C,=88.02T

Y Fe=0
E,=88.02T

9 Question: Find the bar forces of the member BC.' CF and CG. (BPDB — 2015)

67) -0

Atjoint D

Fce " Foa

F
CE D

X F=0
Fap Sin25-Fpg=0
Fap=20827T(T)

Atjoint B

Fcs B Fu

2F=0.
Fcg-Fap=0 -
Fap = 88.02T (C)

6K 6k 6K 6K
Av ‘ 81 Cl D1
9!
E F G H
12 12 12!
Solutjon;
Y Me=0
6x12+6x24+6x36-Rex24=0
Rg=18k
ZFy=0

Re+Rg-6-6-6-6=0

Re=6k

ée
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tB:
At joInt E: At joint A: At ’OIZ :
i L Fag ‘1 Fac
E ; A Fas 4—-—'5 s
I Fer I IF
6k BF
_ FAEI ‘ ]
5Fy=0 - 5 Fy=0
= x= =F
FAB“6I:( Fyp =0 ;’AB- BC
SF.=0 BC~
Fgrp =0 . > F,=0
Fpr=6k
At qint F: At joint G:
Frc Fes
| 13 : GL
Fe § 4, Fro A Fon
Fro ,
)X Fy =0 . ]8 K
SFas-6=0 | - LE =0
Fec =10k A ;8 - _Fclgzo
ZFX=0 . .:f:;CG-;"
sFFc.* Fgr +Fpg =0 ;
FFG = ‘8 k
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Influence Line

Consider the bridge in Figure. As the car moves across the bridge, the forces in the truss members
change with the position of the car and the maximum force in each member will be at a different
car location. The design of each member must be based on the maximum probable load each
member will experience. Therefore, the truss analysis for each member would involve

determining the load position that causes the greatest force or stress in each member.
1 x |

Beams Deck
A*T o

Bridge Truss Structure Subjected to a Variable Position Load =
Structural analysis for variable loads consists of two steps: - :

1. Determining the positions of the loads at which the response function is maximum
2. Computing the maximum value of the response function. .

Response Function = support reaction, axial force, shear force or bending moment.

An influence line is a graph of a response functid‘n of a structure as a function of the position of a
downward unit load moving across the structure. Influence lines for statically determinate

structures are always piecewise linear. . _

Muller-Breslau Principle

The influence line for a response function is given by the deflected shape of the released structure
due to a unit displacement (or rotation) at the location in the direction of the response function. A
released structure is obtained by removing the displacement constraint corresponding to the

response function of interest from the original structure.

This principle is valid oﬂly for the influence lines for response functions involving forces and
moments (reactions, shears, bending moments or forces in truss members) and it does not apply

to the influence lines for deflections. -
Releases:

Support reaction - remove translational support restraint. .
Internal shear - introduce an internal glide support to allow differential displacement movement.

Bending moment - introduce an internal hinge to allow differential rotation movement.

-
-
-
-
-

DESIGN INTEGRITY, Call: 01633905761
g |
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FEvavinvess
Srvrirees v

A

Sign convention R i ' " ‘th
: cted, consider the reaction
Ifthe IL for a vertical force reaction at a point on abeamis to be constructé ~
to be positive at the point when it acts upward on the beam. |
take the shear or moment at the point as +ve

If a shear or moment IL is to be drawn for a point, - entdla gram._

according to the same sign convention used for drawing shea}r anq'ﬂ_IQ

Question: Draw the influence lines for the vertical reactions at supports 4,, a{:d E, t.her.Bear
just to the right of support C, and the bending moment at point B of the beam shownin Fig.
- Hinge

A B . E
’- X N
e - D = 10
=10 ft—-10 ft -+——20 ft-——+ 20— &
. s - D E
ta)
A
k
\ . i : -10
I B__c | n_- E ,
A , , ‘ (e} Influence Line for A, (k)
A, = &y 1.0 1.0
(b R R ]
g : | 0
1.0 4 . B c D E
0 0/] (f . a
. ' ) Influence Line for S, , (k/k
A y c D E cx (%)

CLRE I
mo

-loo
(¢ Iafluene 1 o for

() Influence Line for Cy tkix)

My tk-fux)

DESIGN INTEGRITY, Call; 01633905761

e

Uuladeel .

Ty

e
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} Question: D

raw the influence lines for the vertical reactions at supports B

and D and the shear

| +7AN shen DANisatjustie the right of €

DESIGN INTEGR

ITY, Call: 01633905761

78
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and bending momentat point C of the beam shown in Fig.
A B C D
o iR
| l : |
3m l Im ‘ & un “
Solution: _ )
- ' Deflected shape
————— , pe mwmm . 4
3 e N A
A T (.u m -_’_—r"-'
IB AP TS o D {
B, e
Released structure for B,
4 ‘
3 .
A V:3
\.:\
yooo -
i . 0
A B c D -\
Influence line for B, (KN/KN) Influcnee line for D, (KN/KN)
- A1 Se e |
----- B ‘” Se~e . pd
A ol 7“~- . < A - |
Deflected shape
Released structure for S¢ o Deflected shape
Al A -
> B - Me ‘~~<:—
1 (] "\' ‘L f ( = bl SPY
4 i ! V) RAS b
A‘N |\l -~ Relcased structure for M
A B\]C D
"
-ic -
3 1C'
lofluence line for Se (KN/AN) A . n . 0
[ c D
Just to the [EN Justto the X
leftol € \\\l 2 o tight of C o =2 lafluence line for M- (kN - mkN)
A B " _D
.o C.' AR kN
| | s | ,
H.‘ = _i D,X = 3 = C -’;
,-f\ KN whea I kN isat justtothe leftof € s ‘ ‘
s iy iy
¢ Me-=2kN-m



&4 e
A RALATL LU LS A LL i o
P I TR I I N Y sV a3 A e R A LA A KA % e rrry

ns at support

cal reactio at point &

s for rti
Question: Draw the influence lines for the ve bending moment

moment at support 4, the shear at point B, and the

in Fig. .

Hinge

B _N\C D E____f
= <

" 5§ o]
—5R-——35ft —+-5ft —4-5ft =51

Solution;

AE——— Deflevted shape .
JT.'F' ‘~‘§“-‘ E . .
- ‘1.-! C E S d :
"“ " AN Deflected shaupe
! Releasad structure for A, L 2 //
. - ~
1.0 1.0 ", L A
L 7\(’ . ; (:}’,f\’g o ‘\\f' F
A c £~ -f:‘- - C SN
.5 $ " ke
Influence line for.-\_‘ thy =
: b
Deflected shupe ="
AN ,_——i'
-7 A
AL — T ; r
- c IE
Released structure for £
1.5
1.0
0 0 . , : B
A ' ) C
(? . £ F M= 10k.q ‘
Intleence line for £, (}x)
) E =0

¥

F
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o RN s

&

[k‘ﬂ\'\.Nd Sh.lpd /-'
~. o

A\
s){’ ~.\
l, "D \\‘ E
Defhevted shape 1 } : Jadlind F
----- > \“‘- /'I./ L- D ~
[ Bppl2 "~ E
A .‘ lrg ? '-"-_.‘~-F -
Retessed structure for Hp

Ss :
Rekasad siructure for Sg

25
1.0 1.0
]
i :
0 0/ . 1 0 F

: 0

0 . )
A B C - NF h T D .E\l
0.5

Influence line for 53 (k)
1k : =15 .
; 4 Influence line for Mp (k-FUk)
Al I o E r
R T | '
E =10 1 = ! E :
r A' ' F 5 - F

0 when 1 k isat just to the left of B
Mp=25 kit E.=05k

Sp= .
1 1 & when | K isat just to the right of B

In many practical applications, it is necessary to determine only the general shape of the influence
lines but not the numerical values of the ordinates. Such an influence line diagram is known as a
qualitative influence line diagram. An influence line diagram with numerical values of its ordinates

is known as a quantitative influence line diagram.
Response at a particular Jocation due to a single moving concentrated load

The value of a respons;é ﬁmc'tiop“ﬂue to any single concentrated load @an be obt?ined by
multiplying the magnitude of the Ioad by the ordinate of the response function influenceline at the

position of the load.

To determine the maximum positive value of a response function due to a single moving

concentrated load, the load must be placed at the location of the maximum positive ordinate of the
ereas to determine the maximum negative value of the

response function influence line, wh : _ ;
laced at the location of the maximum negative ordinate of

response function, the load must be p

the influence line.
Suppose that we wish to determine the be

distancex. Mg =Py

nding moment at B when the load P is located at a

Fa

Scanned with CamScanner



./"J
,—‘/ - )
!// ‘. '. | ‘
P F P | | ‘
rd F |
._'/f l C D '. ‘
A B l c DA L — :
= T |
—x (b) Position of Load P for Maximum
a Pusitive g
: ' P
' A
A B | cﬂ
. ; o (¢) Posttiva of Load P tor Maximuin
‘ Inflesnce line for My Negative My
23 (a) :
Maximum Positive bendlng moment at B
5 Place theload P at point B

Maximum bending momentat B, My = Py,

FEV Vi 0y
v

T2V vrveve

Maximum Negative bending moment atB
Place the load P at point D .

Maximum bending moment at B, M, = Py,

b4
WA 0wy
38280 3N

Question: For the beam shown in Fig, determine the maximum upward reaction at support (o
due toa 50 kN concentrated live load,

Hinge nge\
4 - .'./ 4 D \ — F
== B . | . AN
I ' 3 ' i e
.
4 m——I4 m— —[0 m r—34 m—i—d m
14
[ 1.0
i
SO I
O RRERA A
el TS g g
[ | S8 - F
A B e . . I
_ ~-04
Influence Line for ¢, (kN /kN)
S50kN
E A ¢ D E F
£ .“/
Hinge - : Hinge

Position of 50 Load kN for Maximum Upward G

DESIGN INTEGRITY, Call; 01633 905761
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) Maximum positive value ot C, due to the 5 ;
4 where the maximuin positive ord; “kN concentrated live load. we place the load at B,
nate (1.4 kN/KkN) of the influence line occurs

Maximum upward reaction at C
€= S0(+1.4)=+70kN=70kN?

. SAN
kN , IkN
m 1

. 2m ’
— r : A

)
:‘-'

\v— -
| LJ
F2m Im—]
Mp .
1.20
m
3 7
o : A}

N

influence line for My

P e

M;=8x1.20+3x0.4=108kN—m

Question: Define influence line. Why is it den? (40th BCS)

Solution;

An Influence line represents the variation of structural response function (support reaction, shear
ding moment or deflection etc.) dueto change in the position of a concentrated load on
cranes, conveyor etc.). A plot of the influence line vs. the load position
diagram. The influence line represents the variation of either the
flection at a specific pointin a member as a concentrated force
formulated one can easily determine the most

be designed for live load.

force, ben
the span (such as bridges,

is known as influence line

reaction, shear force, moment or de
that moves over the member. When the diagrams

critical live load position for which the structure must

on due to a uniformly distributed live load

e to a uniformly distributed load applied over a portion of the

ltiplying the load intensity by the net area under the

function influence line.

(or negative) value of a response function due to a uniformly

be placed over those portions of the structure where the
e line are positive (or negative).

Response at a particular locati

The value of a response function du
structure can be obtained by mu
corresponding portion of the response

To determine the maximum positive
distributed live load, the load must
ordinates of the response function influenc

T4
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\

of Cnilormly
for

(¢) Amapgement :
b — Distributed Live Load
I Maximumn Ncgalive My

Influence lins for My

Maximum positive bending moment at
M = w; (area under the influence line

1
Mg =wx E‘ x0.75Lxyg = 0.375w; ¥s L

Maximum negative bending moment at B
Mg = w; (area under the influence line be

1. ,
Mg =w; x 5% 0.25L x (=yp) = 0375w ¥p L

B
between A and C)

tween Cand D)

se function due toa uniformly

To determine the maximum positive (or negau‘ve) value of arespon
s of the structure where the

distributed live load, the load must be placed over those portion
ordinates of the response function influence line are positive (or negative).

Question: For the beam shown in Fig, determine the maximum upward reaction at support Cdue
to a 15 kN/m uniformly distributed live load. 2

Hinge Hinge
S &
A L ¢ D \ -
L I f ; :
H ; i )
4m 4 m— : 10 m ] '
ution: z 4 m——dm—
1.4
| 1.0
}
I |
I I
| 3 !
5 A' B C 0 E F
D\’/;-
-04

RRE L ey
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- ey

“ .

—s ,# -2 r‘&q@—;"m

o g -

T e ——— .

influence Line for Cy (kN/KN)
' 15 kN/m

QY e o S

\ ;

Hinge Hinge

Arrangement of 15 kN/mLoad for Maximum Upward C,
d D. Therefore, to obtain

rdinates of the influence line for C, are positive between points Aan
e e the ! uted live load over the

the maximum positive value of Cy, place the 15 kN/m uniformly distrib
portion AD of the beam.

Maximum upward reactionat C

¢, =15 [—;—:_c(+1.4)x18]=+189kN=189 KN T |
. at point Cin the beam
thar cam be desiclopec moving ad of 2000

Question: Determine the maximum positive stezr ot aw

shown in Figure due to a concentrated moving load of
Ib/ft. -

I-Z.S ft
101t

0.75

10

25

—0.25

influence line for Ve
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4000 1b
y 2000 tb/ft

ll!l\!!xrw

e Sy TP T £ Reorgr g TR I
30 T A B R TR TR Coraw R el
' g - N N TR T B i A b A LA ) e ety ik
. o vmrareimapageiiome o Jy <ot Fi Toe <L hmn SirviRene + e et Ty L SRl iy

.‘i—-_'{e__:-‘*z__ P2 =
ft ‘j

|
Maximum posmve shear at C due to 4000 Ib concentrated load

V. = 0.75x 4000 = 3000 Ib.
Maximum positive shear at C due to 2000 Ib/ft umform load

&Jl

. = 2000 [5(10 - 2.5)0.75] = 56251b

Total maximum shear at C,
Vecmax) = 3000 + 5625 = 8625 1b

79
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[owing series loading.

point C for the fol
1k 4

Question: Determine the maximum shear at ik

10 40 |
—0-25 . ‘ i +
influence line for V¢ '
1k 4k 4k \ |
/1 L AL : - -
m':""ﬁ': e e el P PR e 3 -'.““ "...‘:'-"LL;’_\.(
]
|—toft—~I57-5
Ve 0.75 625

0.5

—— 50 W IJ

-0.25

V. = 1x0.75 +4x0.625 + 4x0.5 = 5.25k

1k 4k 4k | N |
A J———J——-} |
Ft‘;r":- RS L ':‘->.3'f::15"‘2ﬁi:ﬂ ;
— C , — _ !
l l {
CS5fSA S B )
| 0o } Case2
Ve 12 0.625
5 |
"\I\JI() 15 \y
—~0.125 40 -
015 4.5 . ")

Vo = ~1x0.125+ 4075 + 4 0.625 = 5,375

NECIOA Yarmes ~—

17
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{
|

|

‘ 1k 4k 4k =
L__{_i__ | ]
I 'Sﬂl B »Cme‘_"

0.75

5 ‘\
10 X
L 30
|Ko.1'3‘0|.25 )

V.=1x0— 4x0125+4x05 25k

3 The maximum posmve shearatpointC=5.375k
' Question: Determine the maximum bending moment at point C for the following series loading.
2k 4k 3k . .
Pt , —;—* i e
|-10f—] 301t - | |
A Solution: ]
1|1C/7.‘5\
I 10 0
S influence line for M¢
= 2k 4k 3k
1 l———xo n——jmten—l
: £ 3)
Tl - B
o Casel
z M, =2x7.5+4x65+3x5=560k—f
."[c‘ s
T 60
4 | -"
6 10 16 40
»
DESIGN INTEGRITY, Call: 01_633905761
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T .

-

A Case 2 "
Mc =2x4.5+4x7.5+3x6=57.0k-

2k 4k 3k
1ftp-61t

4 Caseld _
Mc =2x0+4x3+3x7.5=34.50k-ft
Maximum moment at C = 570k -

ft (for case 2)

¢
;.“._i B ‘—_____—’ﬁ_
“—5m 1o m——
0.667
A
2 - (b) Influence Line for S, (KINVKN)
-0333

When 35.6 kN load is just to the right of B
44.5KkN 2225KN
35.6kN 66.75 kN

y ONOYON

4

(l
L B l s
! | |
| im Fam it 1Ay, |
Sm

. L5
1
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When 44.5kN load is just to the right of B

.5)(8 5
x-—- 66_ 6_ -+ . 5x4x~—8

DE
SIGN ]NTEGRITY, Call: 01633 905761

4

Scanned with CamScanner

(¢) Loading Position |

32 kN

5
b
4
!
A
o

e T




- T TR RARYYA

-

.

|

HSAN RRLY N

| 5.6 kN €6.75 kN
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=-356X3x —+ — 1 1
Sp =—356x "1 45X10x15+6675x85xﬁ+2225x6x—§=6928kN
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6m T Loading Position 2

When 66.75 kN load is just to the nght of B
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-t O
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25m U .5 m {¢) Loading Pusition 3

1 1 )
53 -—336!(15x-1—5-—445x35x1—-+6675x10x%+2225x75x-115--4168kN

When 22.25 kN load is just to the right of B

066,73 KN
H5 kN 235N
!

A c

L x o

lm:l . ! S5m | 10 m ! (f) Loading Position 4
S, 445x1 1 6675x25x 1+2225x10x 1“07‘1—2kN
B = T 15 15

Maximum pdsitive shear'at B occurs for the first loading position.
Maximum positive Sg = 82.32 kN

Questioh: Draw IL for moment at point A in below figure. (RRI — 2015)

Solution;

DESIGN lNTEGRlTY. Call; 01633905761
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| )
clon: Draw IL diagram for Ry, Vs andl . (OWVAAER

Ques
' 1]
A B (o B
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éL T ¢ 4 Mot
Solution:
A B C D
q 1 (\ﬁ !—-——-'*“"—'
4 y 4 y b 4
1
R4 , I—
1 1
Ve , — L g
/ 8 : !
M, — - | |
\ ; 5 .
ending moments at D (Mp) and B (Ms) and

Question: Draw influence line for shear at D (Vo), b

support reaction at A (Ra) for the beam in the ﬁgurg below. (PGCL — 2017,]B - 2017)

A B C Dl
N ¢ & DNy 3
Solution:
A B - c l?
A ‘ 6 AN
1
Vo
M
o 2.4
MB ‘ ]
\ .,
R, S—
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Question: Draw influence line diagram for Ra, Re, Vg, Ve Mcand Me. (AB - 2017)

A
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L) 20° T-zo- 2; 30 \J 20° {
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~2017)
; . (SGFL 20
f Question: Draw IL for Ra, Vou and Ms of the below structure (
A B Ji D
L sm @ sm - 5m /[y 5m
| | 1
A B . C D
A\ s5m @ 5m 5m \  Sm
] RA —————-"" ‘ K L‘:
Vor
Mg

Question: Draw the influence line diag"r‘a'rq for Ra, Rs and Rc (DMRTP — 2018)

G
A UB c&l

L for RA

IL for Rs /r—,—\

IL for Rc
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Question: Draw the influence line diagram Rc, Re, Re. (HBFC — 2018)

vt A j C D E F
L\23m 25m & 3m = 3m & 4m JAN

A B C D E
Asm  2Sm &k 3w T 3m W Am

P>

1.83
\ 1

IL forRc
1.75

IL for Rz /
1.45 / 1
0.625

IL f_orR?/

|0.75

74
e wrrts Lalls 01633905761

Scanned with CamScanner

Question: Draw infiuence line dia@mﬁm\%m%mwmmﬁmmﬂmm@m-'m)

-




Question: Draw IL for Ra Vs and Mz (50 BMA)
' k .
F G
A pD B E C
g 2m - - ~ 2m 2m Q-Zm Zm
1
Ra — —
1 ) 1
\
Vs I
2 \ 1 \1 A
g
Question: Draw the influence line diagram for Ra, Verand Mc (BIWTA = 2019)
A 8 c D
& o = ‘ ol
olution:
A % B ¢ D
iy o e i Q
ILof Ra \
=——
ILof Vezr —
ILof Mz

ot
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, Question: Draw [L for Ve (Right) and MA (BCMCL ~ 2020)

]l\ B C 0
3 O
m A 5m
Solution:
LS . :
4 2m am L 5m
1
Ver

//5.

My

2 .

Question: Draw the IL for rea.ction at point A. (TGTDCL - 2021)

A B C D E F
AT '5'@ 100 & 10
D E F

A B C
ANEET:: '5@ 10 5 A

R,

consists of a pair of 30 kips load acting 6’ constant apartona

uestion: A group of moving load
% below maximum reaction at support B.(GTCL-—2018)

beam shown below. Determine the

3ok 30K
-—> c D
A v 5 e ﬂ
A s v L=
60 ¢4—-——'—"""—'——+
Solution:

et ealls N1A33905761
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69
Co — efficient at C= 35 =115 .

= !
Co — efficient at left load = o ‘. , ‘
RB,max = 1.15x30+ 1.05 x 30 = 66 kip & menfét D w}fét . ;
. D influence line of reactionatA & B,shearat C&mo
uestion: Drawin ) / o |
a?t D if 100 kip load act on the hinge. g g o |
A C
;} 6. { 6' 5' 5 ]
't -
' !
D B |

Ra ’ T
] |
Rs
1
Ve

2.5

1100 kip load act on the hinge the moment at D will be zero

[ oy

NECICAT Iarmem - g7
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Questlon: Draw IL (qualltative) on shear and momentin a - aarea. (RPGCL — 2017)

A i 8 5" ]

- 1 JaY A
Solutlon;

A | B &

2'] : A A

Vi-a \

/
fi

Ma-a /\

Question: Draw influenceline diagram for Mcand Ve at nght for the follovwngbeam
(BUET M. Sc - 2018)

4A B

o ' C D
: “ | - i A
- 4A B c D
A ° A A
F
[ Mc
VoRp—7"—
Quéstion: Draw IL for shear at A, Band C (BKB - 2018)
! A > P 7 N
'”-_ﬂ"m"ff'— i FAg A0

Solution:
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Shear C (left)
Shear C (Right)
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The mom : -

'Mohr's tlizz::rfs'm'l?:;%i lts based on two theorems, also called 'moment area theorems' or

while the second or;e ) relst 0(;18 c-orrelates the slope change between any two points of the beam,

be presented after the foll a w? with the t?eﬂection at a point of the beam. The two theorems will

beam. deflected b owing scherflanc that will be used as a reference. It illustrates a simple
’ 'by some random loading and the corresponding bending moment diagram.

Theorem 1: The change of slo i ‘
. ) pe between any two points of the elastic curve is equal to the area o
the bending moment diagram, between these two points, divided by EL g

1-—&\:.\', 3
¢ 45-‘:

—

First moment area theorem,

Xz M
—dx

%= J,, EI

Xy

1 . '
Slope of B relative to A = &7 xarea of B.M. diagram between Aand B

e at any point, from the slope line, projected from another

Theorem 2: The deviation of the elastic curv
about the first point, of the bending moment diagram,

point, Is equal to the first moment of areq,
between the two points, divided by EL

9P
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" :
¢ Second momentarea theorem,

X; M
teh=X| —dx
Ix, El

; 1
Deflections at A relative to B = Tk first moment of area of B. M. diagram between Aand B aboutA

Question: Find the deflection for the following beam.

.L’«IP 6)/ BE
Load § /"7
T L -

2
w 3 m |
PI
ET

El A
= A - Px
X . _1_
First, by integration,
B M g Dy z
SlopeatA=6= | —dx= = | =£—L—
1 El 1 El El 2E1
Byx Tpxt Px po
- i =§=] —dx=]) —dr =53 =575
'Deﬂecnor.)atA 5 L 57 9 I dx [%,[}0 IE7

Second, by graphical Area moment method

SlopeatA = -EEI' x area of B. M. diagram between Aand B

S| A PL 1 P L?
opeatA =7l 7 = ZE
1
Deflections at A relative to B = Th first moment of area of B.M.diagram between A and B about A
. A relati B_PLLZL_PL’
Deflections at Arelative to B = 7 5 =7 = 7%y

1 :
SlopeatA = T area of B.M. diagram between Aand B

1 .
Deflections of A relative to B= Tl x first moment of area of B.M.diagram between A and B about A

27
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Question: Find the dullection fur the tllovdng Geasm:.

1
Slopeat A = gy Xarea of B. M. diagram between A and B

sl tA—l[LWL] WL o
opeatA=+r13 = 2El

1 o »
Deflections at A relative to B = Tk first moment of area of B, M. dizgremn butween A and 22000t A

flections at A relative to B = — (LWL)ZL-WL3
Deflections at A relative to =5 [\2 ?]—BEI

Question: Find the deflection for the following beam.

w/metre
8
AFQWE,
> N 7

1
Slope at A = — x area of B. M. diagram between A and B

El
. LA 1 1sz.2 wlt?
opea = e— =, —] = e——
P EI 3" 2 |T &

: . 1
Deflections at A relativeto B = 5 * firstmoment of area 6f B.M.d:azram between A and B aoout 4

) 1 [/1 wi\3L] wli*
Deflections atArelativetoB=— |( =L — | 2| = 2=
] El [(BL 2 )4 8EI .

og
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2 A .
z.“_*‘ Question: Find the deflection for the fallowing beam.

1
Slope at A = — x area of B. M. diagram betwesn A and C

El

1 [3wlL? 3
Slopeat A = — FwiL k| EE

El |3 8 2| .24E]

. 1 ' '
Deflections at A relative to C = Tk first moment of area of B. M. diagram between A and Cabout A

. 1 (/3 wi? L\5L] Swlit
Deflections at A relativeto C = i [(-3- - 5) .1_5] = S84E]

Question: Find the deflection for the following beam.

1 w

A

a —Js

— -
—— . . e e i s s it

Zero 1104 pownt

Slope atA = %i « area of B. M. diagram between A and C

1wl witt
SIOpeatAz-ﬁ WY T
1 a
: _ : 2 of B. M. diagram between A and Cabout A
Deflections at A relative to C = Th first moment of area of iag ‘
1 /1LWiy21 __WL‘ |
Deflections at A relativetoC = 7 [(.2- 57)3 =| = Gl

Ao
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Pue iy

question: Find the mid span deflection of the following beam. EI constant. (DPDC — 2014)

w
INEEEEEEEEETIR: H&iﬂe
A L A

Solution;

WL?

BEI

M

A a
Slope CA:

Lzp 2 (E) (n LZ) _y I3

Omia/a = | 779 =3 \2) \Ber ) 24E
LB
%4 = 24 EI

2
=—bl
Sb b
8 8 '
L/2 M 5 (L) (W L3) - M
_ —dx =7 \5) \2aE1) 384 El
9mid/A'_XA_L E[ 8 2
swi
Amidzm
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} Question: Using moment area method find deflection ina 10’ cantileygg,beam W“h fixed
support. A moment value of M = 32 k-ft free end shown in figure, where E = 2 x 108 kg/cm?and
", I=105 cm*? (DESCO — 2015)

B ' AP

M N
N

Given,E = 2x106kg/cm? 1= 105 cm*,
M= 32k—ft = 975.61k—cm,L = 10’ = 304.9cm

L M M\ ML
84 = ), EI 1] " El

ML MI? 4

Deflecti dto. =X 2 M L
eflection atend, tgz,4 = D edees EY2E S T
A fo Tk (2) ECE
_ 9756130492 .
T T2xi0fxi0s R MW

Questioh: Using moment area method determiné the deflectidn of the following beam.
(BCPCL — 2016)- ‘ . o

7 1 W
A B
o c %
j— 772 —— L7272 —
i
45!
Slope CA:
| B
A 5
6’3 :F Ac Q
fr
i { i34
;
() X
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