Strength of materials

& okl
et 1Y

U1

Scanne d with CamScanner




athematically

reaorunit strength. M

Stress; Stress is defined asthe strengthofa material per unita
stress may be defines as the force per unitarea.

g W

A

P = Load or force acting on the body
A = Cross sectional area of the body
Though there are many types are stresses, the following two types of stresses are important,

1. Tensile stress 2. Compressive stress
nd the body tends toincrease its

dingstrainis called tensile strain.
body tends to shorten its
called compressive

When a section is subjected to two equal and opposite pulls a
length, the dtress induced is called tensile stress. The correspon
When a section Is subjected to two equal and opposite pushes and the
length, the stress is called compressive stress. The corresponding strain is

- o v S o o0 (B S W S &

strain.
_— P

e il

Tensile stress Compressive stress

strain; When an external force is applied on a body, there is some change occur inthe dimension
he body to its actual length is called strain.

of the body. The ratio of this change of dimensionint
Strain= (change in length) / (original length)

AL Lf - L
Strain, & = T~ 1
j-.r\
F 1m F
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Hooke’s law; It states “When a material is loaded, within its elastic limit, the stressis proportional
to the strain”. Mathematically

Stress

Strain

g
—=E

= E = constant
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Actuadi Rupture Strength —\
U - Ultimate Strength —\ L

-
-

R - Rupture Strenath

- Yield Point

E - Blastic Limit
P - Propertional Limit

Strain,

Elasticity: The property of a material by virtue of which, it returns to its original dimension
during unloading is called elasticity and the materatis called elastic.

Plasticity: The characteristic of a materiat by which itundergres mnelastic strain beyond the strain
at the elastic limit is known as plasticity.

Creep: The property by virtue of which a materal undergos additsonal deformation (over and
, above that due to applied load) with passage of tune under sustained loading within elastic hmit

is called creep.

Relaxation; The decrease in stress in ste=lasa result of creep within steel under prolonged strain
is called relaxation.

Fatigue; Deterioration of a materi il under repeated cycies of stress or strain resulting in
progressive cracking that eventually produces frarture is call:d Fatigue.
is its ability to absorb energy without creating a

Resilience; The resilience of the matenal i
permanent distortion. The area under stress stoin cirve withun elastic limit is called modulus of

resilience.
o
O;p—— )
\Modulus of |
resilience
s 4
o &y

hn.g
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der
, 5. Area un
anical cnergy up to-failure 1S called toughnes

Toughness: Ability to absorb mech
stress strain curve up to fracture is called modulus of toughness:
o
Rupture
Modulus of
toughness
o €x €
Question: What is hooks law? What is modulus of elasticity? Show the qualitative stress strain

Id strength, lower yield strength and

diaegram of mild steel showing ultimate strength, upper yie
. . ot —2013,2017)

fracture point? (RAJUK — 2014, Army — 2014, WASA — 2014, BUET M. Sc.

Solution:

The stress applied to a material is proportional
stress on a metal bar of ten newtons per square centimeter causes it to be compressed by four
millimeters, then a stress of 20 newtons per square centimeter will cause thebar to be compressed

by eight millimeters. Hooke's law generally holds only up to the elastic limit of stress for that
material. .

to the strain on that material. For example, if a

The modulus of elasticity (also known as the elastic modulus, the tensile modulus, or
Young's modulus) is a number that measures an object or substance's resistance to being

deformed elastically (i.e., non-permanently) when a force is applied to it.

U l
| PARTIALLYPLASTIC ;! o . .
st “Tbstess Al o
1 o swain didgran Bastcimk uimats
il e!c P / Upper yie'd poiat D
ess P
R Zonventional stress-sirain 1 . Fracture o €
i D Hiagram or nomiral skress- . A . . breaking frongh
' e C' Lower yiad pair :
gr : strain diagram Strass L N_ﬂy J
- &/
* ; rupture strength /, Elastc 20ne Plasic zene
; (t1s e stress al ;,/'f}’
} faiur=) /Z/‘ Arsa 2 TodJlus of rasTiance
0 ' i
’ﬁq AT e € '{{/,A
0 Siain—

Linear rane

Fig: stress strain diagram of mild stegl
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uest];)ti: Define ducnluy Wh} itt Is l.ni;.)"o-rtant in eurﬁh&jﬁaké reslstant §tfﬁchxm?; g

Combined Bank — 2020) - - Ui " B ¢ ns B

- - Ductility indicates the ability of a material to deform in the plastic range without breaking, which -

. may t'ae expressed as percent elongation or percent area reduction from a tensile test Puctility .
des_cnbes the extent to which a material or structure can undergo large deformations without - - .

~ failing. The term is used in earthquake engineering to designate how well a building will endure "= -
large lateral displacements imposed by ground shaking. In the simplest of terms, a ductile -~ "
structure will bend and not break, which greatly reduces the risk of a catastrophic failure, -

A structure that is too stiff (often referred to as brittle) will be prone to failure under relatively
small deformation demands. An examnple of a brittle structure is an unreinforced masonry”
building, which will tolerate very little displacement before the onset of damage and failure.

- Aductile structure's ability to contort and tiiSSipate energy during an earthquakeis, therefore, also

advantageous as it will keep deforming without reaching ultimate failure or collapse. An example
of a ductile structure is a properly detailed steel frame with a degree of elasticity that will enable

it to undergo large deformations before the onset of failure.

Question: A 6 inch long copper wire is stretched to a total leném of 6.05 inches. What is the strain?

ution:
The change in anything is the final dimension minus the initial dimension. Here, the changein -
length is the final length minus the initial length: AL = L; — Ly = 6.05 - 6.0 = 0.05 in.

~1 AL 0.05

Strain,& = — = ——=0.0083
ain,& = — 5

Question: Find the modulus of resilience & toughness modulus from the following data.
(Combined Bank — 2020)

320 MPA |- cmmmcememmmmmmmnn = '
275 MPa |--------- : !
| E=70GPa
Stress ‘
: : Strain
0.005
Solution:
Oyi 275 x 108
yield = = 0.00392

Strain at 275 MPa, &yje1a = = 0% 100
1 1
X Oyiela X Eyield = 5 X 275x 10° x0.00392 = 539000 j/m?

Modulus of resilience = 5

1 320 | E.
Modulus of toughness = = x 275 x 0.00392 +-——2-—-—- x (0.005 - 0.00392) = 0.86 MPa

2
1. &
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Axial Deformation: ~ . nal to SN,
In the linear portion of the stress-strain diagram. the Fess 1> proportt
X ) .
Since o =1 and £ =1
Then S =Ex>
g
°" e Wi
Deformation of a body due to self — weight, § = 7AE
W = Total weight ’ -
inside diameter 0
Question: A hollow cylinder 2 m long has an outside chiar;:et:‘r 2:3 ;?lﬂ:l:engy‘l‘;;‘den Also find the
i is carryi 25 kN, find the stres i s
mm. If the cylinder is ng a load of i find e e for the s linder " terial is 100

deformation of the cylinder, if the value of mo
-GPa

. ‘ 3 2
Here, L = 2 m = 2000 mm, P = 25 kN = 25000 N,E = 100 GPa = 100x 103 N/mm

Area, A= g (D% — d?) .—-’;;- (50% — 30?) = 1257 mm?

P _25x10°
=22X20  19.9N/mm?
A
p _ 5_PL_25x103x2x103_0
Deformation, o = 4 p = 1257 x100x 10°

Question: A steel rod havinga cross-sectional area of 300 mm2 and alengthof 150 mis suspended
d. It supports a tensile load of 20 KN at the lower end. If the unit mass of

vertically from one en
steel is 7850 kg/m3and E = 200 x 103 MN/m?, find the total elongation of the rod.

Solution: _ )

Elongation due to its own weight:

4 mm

e 7850 x 9.81 x 300 x 150 g 3465.3825 N
10002

L =150 x 1000 = 150000 mm, 4 = 300 mm?, E = 200000 MPa

5 o PL _ 3465.3825x150000
1T 2AE~ 2x300x200000

Elongation due to applied load:

P =20 KN = 20000 N,L = 150 m = 150 000 mm, A = 300 mm? E = 200000 MPa 20KkM

5o PL _ 20000 x 150000
AE  300x200000

Total elongation: § = &, + §, =4.33 + 50 = 54.33 mm

w 0ST

= 4,33 mm
i

P -
»

=50 mm

DESIGN INTEGRITY, Cail: 01633905761
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Question A steel wire 30 ft long, hanging vertically, supports a lnad of

" weight of the wire, determine the req
"+ total elongation is ot ta exceed 0.20 in. Assume £ = 29 x 106 psi.

. A

i ' Based on maximum allowable stress, g = 1

“ 20000 = L
T 0.25mwd?

d =0.1784in : .
PL

0g=—

Based on maximum allowable deformation, 17

500x30 x12
0.20 = 555 7 a2 x 29x 10°

. d=0.1988 in
Use the bigger diameter, d = 0.1988 inch

- Question: An aluminum bar' having a cross-sectional area of (.5 in2 carries' the axial loads applied
at the positions shown in Fig. Compute the total change in length of the bar if E = 10 x 106 psi.

Assume the bar is suitably braced to prevent lateral buckling.

500 Ib. neglecting the |

uired diameter if the stress is nat to exceed 20 ksi and the -

7000 b ——>  €— 50000

—
4000 Ib

6000 Ib

L 4

s Wrd > &
d »<

3ft 5ft

"P, = 6000 Ib tension
P, = 1000 Ib compression
P; = 4000 Ib tension

-
6000 Ib |

| Zod0 b]=re—
6000 b Lt Py = 1000 Ib

P; = 6000 Ib

<« 70000 > —{5000 1§ —>
' S : P; = 4000 Ib

| R

6000 Ib

PL
5=—

AE
5=061-62+463

6000 (3x12) 1000(5x12) 4000 (4x12)

a o

5= 35 (T0x10% 05 (10x109) " 0.5 (10x105) 69 in(lengthening)

neerrn n\l’I‘l.‘l!DlTVlra"' N1A39NS761
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ch cross gectional area Is

uestion: A box plate is constructed with brass and steel ‘ s box is 10m and
t?rass 60.cm? andpsteel 40 cm? respectively. Length and unit weight qf :h;:)ur'anslum elongation 0
900 KN/m?, steel box is 4m and 400 KN/m also respectively. DEtermin® £5 5y
this composite bar if applied weight is 45 KN. Modulus of elasticity 0t
modulus of elasticity of steel Is 2 x 108 KN/m2. (RRI = 2015)

mat(_‘ria] V‘/hi

Solutlon; y77277727i
Weight of brass, Wz =y A;L; = 900x 0.006x 10 = 54 KN
Weight of steel, Ws = y 4,L; = 400 x0.004x 4 = 6.4 KN Brass [0 ™
4 —L'PL _ 514x4 " 105.4 x 10
AE " 0.004x2x10° ' 0.006x 1.1x 108 N
A=257x10"* +156x1073 Llam
4=10.001817 m = 1.817 mm
117271477278 1105'1, 45 KN
| |10m
v
54 KN !56
514
f51.4
4m
A4
6.4|KN
Y
45 KN I514

Question: A steel bar of cross section 500 mm? is acted upon by the forces shown in F ig. Determine
the total elongation of the bar. For steel, consider E = 200 GPa. (BEPZA - 2016)
D

A B C
SOKN 10KN
— 15 KN PLlls 45KN
D 0.6m < 1m > < 1.25m ~—>
Solution:
D
50KN SOKN  35KN
< P < 35KN - asK| 45 KN
. . > -
o im 7 D ¥ T

Given, A = 500 mm?
E =200 GPa = 200 KN/mm?

DESIGN INTEGRITY, Call; 01633905761
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_;.Totalelongation,A-— 8 + 8+ 43 = 2? Pj ZE'.Z P; IE‘.J' g T I LS

§ 1, _ 50x0.6x1000 35x1x1000+45x125x1000 | % S T
27 T500x200 500 x200 500 x 200

A =027 +0.30 +0.625 = 1.195 mm

Shearmg stress: If a plane is passed through a body, a force acting along this plane is called a
shear force or shearing force, It will be denoted by F;. The shear force, divided by the area over

which it acts, is called the shear stress or shearing stress. It is denoted by T . Thus
F, E

The ratio of the shear stress  to the shear strain y is called the shear mo‘aulus, :

f G is also known as the modulus of rigidity.
; Quesnon The shearmg stressin a piece of structural steel is 100 MPa lf the modulus of rigidity G
is 85 GPa, find the shearing strain y %

Solution:
Shear stress
Shear modulus = ——————
shear strain
T
G =-
buinpre Y
B e T 100x10°
=== —————=0.00117rad
Y =G~ 85x10°

Questlon- Asinglerivetis used to Jom two plates as shown in Fig, If the diameter of the rivetis 20
mm and the load P lS 30 KN, what is the average shearing stress developed in the rivet?

Puge—] = ! _l I
olution: ’

The average shear stress in the rivet is P/A where A s the cross-sectional area of the rivet.

30000
Shearing stress, T = e
. (7)x0022

7 =9.55x107 N/m? = 95.5 MPa
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naular configuration showninFig
a5 on the vertical face that may be
From empirical expressions
f751 N'mron

Question: A building that is 60 m tall has essentially the rectd
Horizontal wind loads will act on the building exerting pressur
approximated as uniform within each of the three “layers” as shown.
for wind pressures at the midpoint of each of the three layers, we have a pressure 0 _
the lower layer, 1264 N/m? on the middle layer, and 1530 N/m? on the top laver. Determine the
resisting shear that the foundation must develop to withstand this wind load.

e
\SUm

~< \.y
20m£ v
20 mi \
Zﬂmt \\\/ 1530 AN oo
i -~ \/ 1264 kKN o
P_; -~
_ \/ T RN m——
P, e
o
Pl . *—-,\n,‘—-: b”
Solution;

The horizontal forces acting on these layers are found to be
Py =20x50x781 =781000 N =781 KN

P, =20x50x1264 = 1264000 N = 1264 KN

P; =20x50x1350 = 1530000 N = 1530 KN

Now,} Fy =1530+ 1264 +781—-F,; =0 -

Fy = 3575 KN

3575

Fy
: — — = 2. N/ 2
Shearing stress, 1 = — = 30%x50 2.38 = 2.38 KN,/m
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\ Question: Describe different types of failure modes in rivets joints. (EGCB — 2020)

Solution:
Riveted joint may fail in various ways:

Tearing of plate at an edge: A joint may fail due to tearing of the plate at an edge. And this canbe

avoided by keepinitie mj:rin, m = 1.5 d, where dis the diameter of the rivet hole.
m B 9. -

————

|
1
|
1
|
I
|
V
{
i
i

. 1 } . U T S

} ” I j ¢ g_ !

‘l 1 ! . ; H ~'?-=.;'¢ .

¢ - ) 3 7 f
il ’_“ /:'?J;?a,"' ©p pi 1l i‘"f f | p
e S

i e

T : 7

I { S : I 4

[ i i [ ’
Tearing of the plate at anedge. Tearing of the plate across the rows of rivets.

Tearing of plate across the rows of rivets: Due to the tensile stresses in the main plates, the
main plate or cover plates may tear off across a row of rivets. In such cases, we consider only one
pitch length of the plate, since every rivet is responsible for that much length of the plate only.

Shearing of rivets: The plates which are connected by the rivets exert tensile stress on the rivets,
and when the rivets are unable to resist the stress, they shear off.

Figure: Crushing of a rivet

Figure: Shearing of rivets

the rivets do not actually shear off under the tensile stress, but

hing of rivets: Sometimes, e
s hole becomes ofan oval shape and hence the joint becomesloose.

are crushed. Due to this, the rivet

g
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Shear Fallure: The bolt could shear off, preserving

expensive type of failure because bolts are cheaper an

Tensile load, Ps = 1 As
For more than one bolt, Py = T Ap N
For more than one shear plane, s = n Tau Ag N

Where, Ag =; d? (d = diameter of bolt)
N = Number of bolts

n = Number of shear planes
P - === douy

QOne sh I
Ue;_!s] e:frp ane \

- .
il — ] —
) P

Two shear planes
P [1mmil \\ _
<—-£ s > T ] i

Figure: Shear Failure

the Integrity 0
d easier toreplace

Allowable Shear Stress for Bolts

Bolt Specification Ta
A307 low-carbon steel 12.0 kst
A325N, threads in the shear plane 24.0 ksi
A325X. threads excluded from the shear plane  30.0ksi
A490N, threads in the shear plane 30.0 ksi
A490X. threads excluded from the shear plane 37.5kst

Talt
§2.5MPa
165 MPa
207 MPa
207 MPa
260 MPa

Bearing Failure; The bolt could crush the plate where it bears against the plate.

If one or more of the plates is crushed by the boit, then the area that is crushed equals the bolt
d, times the plate thickness, t. Multiply this area by the bearing strength of the plate, and

we have the allowable bearing load for a joint with one bolt: P, = d t Gp_q .

diameter,

The allowable bearing load for a joint with multiple boltsis P, =d t gp_qN.

If the main plate is thicker than the sum of the thicknesses of two splice plates, then use the sum

of the splice plate thicknesses for t.

DESIGN INTEGRITY, Call: 01633905761
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o 7
- Zones where the plate 14 crushed by the bolt

7, ( ¢ ,.)

ffecns [ \h -, ol —
) P’

Figure: Bearing Failure

.

TR %y Ea) £ % ' g 7
M.ﬂhim_',-_;- 3 P

Question: Two A-36 steel plates are joined with two splice plates and eight 7/8 in. diameter A325
bolts. The plates are 6 in. wide and 1.5 in. thick; the splice plates are the same width, and 7/8 in.
thick. Bolt threads are excluded from the shear plane. Calculate the load that the joint can support
in order to resist shear failure.

e
3

‘,
1'-_::5;{
=

,A
AR B,
G

P o~ ,-- & |—

o ojo o I |7

P e, N

* 4—‘-1 7..—@ £ ] —g
; -.fr“@—@—w A

Iti:

_"_“_"“"“‘L’ From the Bolt Shear Strength table, A325 bolts with threads excluded from the shear plane havea

=™ 7 shear strength of 30 ksi. The problem is symmetrical, so either the four bolts in the left plate will

; fail in shear first, or the four bolts in the right plate will fail first. Therefore, we can erase half of
the diagram, and focus on four bolts,and N = 4. -

P /i 0o ©
~— -
O O P
3
P :m !
"—2'1': L P ] =P I

= F,

The load is carried by two shear planes per bolt, son = 2.

Ps=nte Ay N = 2x30x%x(0.875)2x4= 144 kip

Question: The lap joint shown in figure is fastened by four 0.75 in. diameter rivets. Calculate the
maximum safe load P that can be applied if the shearing stress in therivets is limited to 14 ksi and
the bearing stress in the plates is limited to 18 ksi. Assume the applied load is umformly
distributed among the four rivets,

-~ Considering shearing of rivets, s = n 7., Ag N

Scanned with CamScanner



119 [ i '9‘
Ps=4x14x — x (0.75)* = 24.74 kip | O DR - 4 i
. 4 . | &

Considering bearing of rivets, Pp = d t Gp_qu N

7 781 N 'n '

PP=0.75x§x18x4=47.25kjp —=F 2=0== =

'Hence, Maximum value of tensile load = 24.74 kip
“p* for the bolted connection? All plates

Question: What will be the maximum value of tensile load ee! .4 the
are 0.75" and bolt diameter 0.50 inch. Shearing stress in the rivets is limited to 20 ksiand t

bearing stress m the plates {s limited to 30 ksi. (RPGCL - 2017)

o:. |
P < o.o_—-'P
P*——ﬁlﬁ —1—:
Solution:

Considering shearing of rivets, Ps = n Tqy 4g N
T
P =2x20x - x 0.52 x 7 = 54.97 kip

Considering bearing of rivets, Pp = dtop_quN
P, =0.75x0.5x30x7 = 78.75 kip
Hence, Maximum value of tensile load = 54.97 kip

Question: Find vertical and horizontal force at B and Crivet. (NPCBL — 2017)

10 KN

1-250 mm ‘

?n

Solution: 0
P 1

P = Vertical force on one bolt = —=7 =5 kN

F = Horizontal force du.e to moment (P x )

Per_10x350,x125

0.2 = 14 kN
F =577~ T52+ 125

DESIGN INTEGRITY, Call: 01633905761

Scanned with CamScanner



>

RN T

: L RS S0 B R T P g & I . . 5 % . hgm fh FiG. ‘t’wm’

M Questions A brackst s riveted toa colurnn by 6 rivets of equal sizeas s Fig. | s 3
“load of 60 kN ata distance of 200 mm from the centre of the column. Find vertical andhonzonfal

'forceat rivets. o B L CE O e

8 { . : }‘—Zl‘l)mm'—-—.l
R - . -' Bawt, w, Ty ~ g
@ | @ :
7;{\.:1\ ' ,' 3
® 5 O v :
75 mm ! /‘,,- =
—L 1)) l 23] p /" ,‘ ]

Given,n = 6,P = 60kN = 60 x 103 N,¢ = 200 mm
Direct shear load on each rivet, '

—’I 50mm + 50 mm l-<——

Let Fy, F2, Fs, Fs, Fs and Fe be the secondary shear load on Fhe rivets 1,
I, I, b5, Is, Is and s from the centre of gravity (G) of the rivet system.

figure, we find that

ll =lz=13=l4=v752+502=90.1mm

I, =1l =50mm

2,3, 4,5 and 6at distances
From the symmetry of the

Lify = Horizontal force due to moment (P x €)

§5

oAt MITECDITV Call: N1A23AN87A1
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F,.—.P”1= Pel, =60x103:200x902.1=28846N
I G+ it 2+ 12+ 13 4x90.12+2x50
i

= I;ezzl] = ioxxgl(.)(_):zx i";’ : :g;l = 28846 N

I, 60x10° .
h= i'elz‘ = 40xx9;?lzxiog : 59321 = 28846 N
Pel- 6 3
=T " 4: 301.(1)2 tzgoxxsig = 16008 N

. _Pels 60x10°x200x90.1 ... oo
6§ 1Z  4x90.1%2 + 2x50%

load force of 25 kips and a live load
inch thick). All materials are
pe connection with threads

1 and consider f, = 30ksi

Question: Determine the nurnber of bolts to transit a dead
L8 x 8 x 1 connected toa gusset plate 1

force of 75 kips through two
A36 steel. The bolts are 0.5 inch diameter A35 steel in a bearing €7
excluded from shear plane. Use three bolts across the web of the chaanne

Apply ASD method. (JB — 2017)
uti
Design force = DL +LL = 25+75=100k

14
For 0.5 inch bolt, A = 7 x0.52 = 0.196 in?
F, = 30 (Threads excluded from shear planc)
R, = 0.196 x 30 = 5.88 k/shear surface

Two shear surface per bolts.
100

Numb fb i — =B = S
er of bolts required T %588 8.5 =useH
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" Centroid: The centroid ufa shape represants the point about which the area of the section is i
evenly distributed. If the area {s doubly symmetric about two orthogonal axes, the centrmd lm at

AL

-
N
~

‘the interamtion of those axes.

x = B xe . = DAYy
EiA( ¢ ZLAL

Centroidal Distance: The centroidal distance, Cis the distance from the centroid of a cross section
to the extreme fiber. The centroidal distance in the y direction for a rectangular cross section is

shown in the figure below:

h[ oI

X

L ! |
b |

' I
Area Moment of Inertia: The second moment of area, more commonly known as the moment of
inertia I of a cross section is an indication of a structural member's ability to resist

bending. I,. and I,, are the moments of inertia about the x and y axes respectively and are calculated

by:

f y?%dA I f 2dA
Where x and y are the coordinates of element dA ‘with respect to the axis of interest.

Parallel Axis Theorem: If the momeni: of inertia of a cross section about a centroidal axis is
known, then the parallel axis theorem can be used to calculate the moment of inertia about any

parallel axis:

]baratlel = Ic +A4 dz
Where I, the moment of inertia about the centroidal axis, d is the distance between the centroidal
axis and the parallel axis, and 4 is the area of the cross section
Section Modulus: The maximum bending stress ina beam s calculatedas o, = M c/l. ,whereCis
. is the centroidal moment of inertia,

the distance from the neutral axis to the extreme fiber,
and M is the bending moment. The section modulus combines the C and I, terms in the bending

stress equation: _
S=1/C

Using the section modulus, the bending stress is calculated as o, = M /S
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jeometric Properties of Line and Area Elements ==

(‘cn trow Locatan

~L = 28r

Centroid Location
_Aabrt

'v rsinf
179

3 g —of
3
Purateslic aren

Circular arc segment
I‘ = I,l-ﬁ nr!
1 ’rls“’
Quarter and semicircle arcs
l"—""-" /t\- 1Mu +h
' / .’\ 1, o, =g
: \ 1{2a% B}
— —3T i |
i —
Trapezoidal arca
b
i a
I f:l=§uh ’_,=;RrA
b
s |
[T 3 Le o
=7
Semipagbolic arca Circular urea
] - v /A =bh
. 1 - oCa K
T -\ = gub A 1 . rl._;bir‘
1 ce 4 LIS i G
‘:iu T ’ b= fehr?
g ———d M
E xpurabulic aren Rectungular area
T—' 1= ;bk
b
- i' - ¢ l t [
— = )=
A = ; ub F b ﬁ_l'?\ %h \ EH‘

Triangular urea
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" Question: Calculate Y and I for following

section. (BEPZA — 2016, RRI — 2015)

44 Solutlon: R
L 120am
1-;‘::.»33, £ = 0 [about y axis]
H _B0x20X90 + 208040 _ o u s anis]
' Box20+20x80 ot men
s B bh3 )
80 x 203 80’
§ fe== [_:'2_*.30 x20x (65~ 90)’] +[20’1‘2 +20 x80 x (65 — 40)*
' Iy = 1.05x 105 4 1.85 x 105 = 2.90 x 10° cm* [about x axis]
bh’ 20x80° B80x20° |
= = - S 4 v
by 12 12 + 1 = 9.06 x 10 cm* [about y axis] |
Question: Determine the moment of inertia of the following figure. (BUET M.sc—2018)
k ' A - -
50cm
7= /_30¢m v
' ) 75cm i
Solution: .
- ; . " bk
Moment of inertia of a triangular section about the base, [, = T
2
Ay, — A vy (0.5x75x50x 539)— (0.5x20x300x2T0)
y = = = 18.57
V=74, -4, (05x75x50) — (0.5%20%300) i

L= sz + 4, d%) - le + 4, dzz.,
3

X

36

I, = 218035.72 cm*

Second method: |

Moment of inertia of a triangular section about the base,

oo = BH® bR _ 75x50° 30x20°
12 12 12 12

é 4
2

= 781250 — 20000 = 761250 cm*
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75 x 503 50 21 [30x20 20\
I = +0.5x75x50x(-3——_18.57) + |52 +0.5x30x20x(18.57—?)




: - Question: Determine I, and [, fo

r the half circle. (BUET M.Sc— 2019)

2

1 Is cm
vold

<>
10cm 4cm

Radius of the half circlee R =10+ 4= 14 cm
Diameter of the half circle, D = 28cm
A, =0.5xmxr?=307.87 cm?

4R 4x14
vV, =5 —
‘ 3n 3n
A, =0.5x8x8= 32 cm?

=5.94cm

y=z=3=267cm

5= Axys — Ariy1 _ (307.87 x5.34) — (32x2.67) — E32m
4, — 4 307.87 — 32

x=0

I =l +A2d3) — (Lot A2 di)

8x 83
2] = [-%—6—- +32%(632- 2.67)21

b 4

mtx 28* :
= . N - 5-94
g 307eTx (632 )

[, = 14590.32 cm*

I, =1, — Iy |
; __anB" _ g8x83
Yy~ 128 36

I, =14972.18 cm*

Shear stress: Normal stress is a result of load applied perpendicular to a member. Shear stress
however results when a load is applied parallel to an area. The shear force, V, along the length of
ram. The shear force at any location along the

the beam can be determined from the shear diag
beam can then be used to calculate the shear stress over the bearn's cross section at thatlocation.
surfaces (the top and bottom of the beam), and itis maximum

The shear stress is zero at the free
at the centroid.

Sh AL
ear stress,T = T
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. The maximum shear stress for rectangular beam,t =15 — P T
.. Flexural stress: When a member is being loaded similar to that in figure one bending stress (or _ i
flexure stress) will result. Stress produced by the bending force in the body is what we call flexural gRE
. stress. Bending stress is maximum at top or bottommost fibreand it is zero at neutralaxis. -
The bending moment, M, along the length of the beam can be determined from the moment

diagram. The bending moment at any location along the beam can then be used to calculate
the bending stress over the beam’s cruss section at that location. The bending moment varies over

RSP

the height of the cross section according to the flexure formula below. -
Flexural stress, o = — —A%z ] oy Tt
Y F S
1 Y
L esion B ]
compression " X

Where M is the bendinig moment at the location of interest along the beam's length, 1 is
the centroidal moment of inertia of the beam’s cross section, and y is the distance from the beam's
neutral axis to the point of interest along the height of the cross section. The negative sign indicates
that a positive moment will result in a compressive stress above the neutral axis. :

s

Question: Show that shéa_r stress of a rectangular beam along the section in neutral axis is 1.5
times of average shear stress. (Combined Bank — 2020)

Qrer

@

olution:
Figure shows a rectangular section of a beam of widthb and depth d. Let Fjs the shear force acting -

at the section. Consider a level EF at a distance y from the neutral axis.

. - DESIGN INTEGRITY, Call: 01633905761
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0 ,;Thc shearsmss at thlslevel T8 Ay
Where A = area of the section above (shaded ared ABFE) = (‘i -y
n neutral axls

§ = Distance ofthe C.G of ared A frot

d y_y, 4.} B : R -
g=y+3 (‘"'?) y+"i"z‘+z’z(>’*z) G A
h of the section at the
whole section at the level EF

b = Actual widt gvel EF _ :

lsMOIofthe
F(’Z y)xbxz(ylf d’ 2 ‘ R
-21 T : .

Now, T =
bxl
with respect tO yis parabola.

we see that T increases asy decreases, the variation of T

2 2
Atthetopedge,y:—z-,'r ZFIF_—(E) =—2§ix0=0

2
F (d? F :

Atth i = —_—— - — — S e, ' R

e neutral axis,y =0.T 21( ) > xT=81

""‘:1-5'—"" : ‘

T= =

Average shear stress, T = -_—_______Shear force _ F .
7 »Tavg = Area of section bpd - : .

So,T = 1.5 Tapg 3 v . | t..‘

Which gives theshear stress atthe neutral axis wherey = 0, this stress is also the maximum shear &

stress. ®

Tmax = 15 Tavg

e stress of the bottom fiber of a T-beam subjected to a bending

Quéstion: Find the compressiv
entroidal axis A-A. (WRGCL - 2014)

moment of 100 kip-ftabout itsc

Solution:

30"
<+ —»
\E}"

16"

o
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Z : 0 [abouty axxs]
B0 30x4x18+10x16x8
12.286cm [about x axis)

¥=—""30x&+10x16

lxx - 12 s

10x 16? 20x4 .
[—-’1‘—2——— +10x16x (12286 —8)° ] + l 4+ 30x4x (18 — 12.286)2\
— 10430.46 cm* [aboutx axis]

= 3413.33 + 2939 16 + 160 +3917.97 =

- My _ 100x12x12286 _ _ 1 413
=T 10430.46 : '

-

[Consxder a section of T with web

Question: Compute the maximum tensile stress of the beam
dimension is 10 inx101in and flange dimension of20in x 5 in). ASA 2014)
6 kl
\
| 6" i
. Solutjon:
6 k\ o 20 .
| ' \ 4 A -
[ 5 T =}
BMD‘ 10
36 k-ft 0

Ee g S e

% = 0 [abouty 5xiS] |
20x5x12.5+10x10x 5 _ 875 in [about x axis]

¥=""70x5+10x10
bR
g = £ =+ Ad

20x5° 10 x 10°
=1z +20x5x(875- 12.5)% \ + {T +10x10x(8.75— 5)7'\

—_—

[xx

I, = 3854.16 cm* [about x axis)

c=y=875in
5 MC 36x12%875 _ (o0
f=-—T7="385416 :

DESIGN INTEGRITY, call: 01633905761

63
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o “;."'} Quésdon: Find the maximum c
< subjacted to bending moment of 100 k-ft about its axis B-B (PG

A

a2 box section of 10 x 1

ss in
e Stres cL — 2014)

flexural compressiv

" 10" __
A '
3.!
s
5" 16
8 ] B
-
3 .
3“1 v
Solution:
bh® by h} 3 3
_ _ 1h1=10x16 _6x10 _ 2913.33in*
12 12 12 12
Maximunm f - _ MC_100x12%8 _ 459y
aximum flexural compressive siress,f = = "291333 -
. - - si d
Question: Determine the bending stress and shear stress in a beam having 12" x 127 suze an
forceis 6 kip. (BIFPCL— 2015)

maximum bending moment 12 kip-ft and shear

Solution:
d\ d 5
Q=Ay=(bx-2—)-4-=(12x6)3=216m
bR 12x123 4
y= ke = 0.5 ksi

Bending stress, Sp = 1728

4 6x216 .
Shear stress, S5 = ”? =728 x12 = 0.063 ksi

22" subjected to a critical shear force 48 Kips.

Question: Find the shear stress of section 12" x
— 2015,DNCC - 2016, BFDB —2016)

(PGCB
Solution:

o 1
#=b (G-y) iy =y+ 3 (z-7)

When y =é :(ZJ, shear stress will be maximum
A=12 (—2—-—0) =132infandy’ =0+ 2 (%—0) =5.5in
Q = 132x5.5 = 726in’
bR _12x22% o
1z "1z n
: _ S Ve _ 48 x 726
Shear stress,os = 75— 10648x 12

= 0.273 ksi

DESIGN INTEGRITY, Call: 0163390576

b
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e ’”‘anwev- )

wpe
1

s:m.sw-m
rooe

P
PR v o
S A

4 distributed load 1 kip/ft above the beam. tfsize .

“Q‘\.lesﬂ‘on:k A 10’ simply supported beam, applie : _
of beam 10° x 107, find the maximum bending stress and maximum shear stress of that beam.
(RRI = 2015) ‘
A - L _ | i
Solution: bbby ﬂ
HereV-wL L 5 ki | Y
Ml 2y e |
Q= }'d e !
a=b (3-v) amdy =y + 3 (5-7)
When y = 0, shear stress will be maximum » T
. 10 1 10 9" 4 /A"A_'-'-'J 25-
A=10 (—2——0)=50in2and)"=0+i(—z——-O)=2.5in o i
Q= 5031( 2.5 =125in? !
bh®  10x103
= = - PR S 4—7—.
12 12 - = 833.33in 1

My 125x12x5

Bending;tress,Sb =7 ="g:333 = 0.90 ksi

Vo  5x125

Shear stress, S; = Th = 8333310 = 0.075 ksi

Question: Draw SFD and BMD and Masimurn shears tress for 127 x 127 beam. (WARPO - 2017)

Solution:
-\:’.Dk'fi
LB 2 $
v . 10 100 1k
[ T~
Q=AY
4—b(d ) andy' = +1(d )
Xt 2 y andy =Y 2 »

When y = 0, shear stress will be maximum
i2

_ 12 oyt Zandy =0 1 0\__
A=12 (—2—-—0)-—7_111 andy = +§(—2—— ﬁ—Bm

Q=72x3=216ln3
phd 12x123
_ _ =1728in*
I = 3 1728 in
1 ¢ Ve _ 1x216
S ear stress, s Ib - 1728 x12

= 0.0104 ksi

DESIGN INTEGRITY, Call: 01633905761

4
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Question: Calculate the shear stress and bending stress of the following beam of section 12°x

(MPL —2017,]0CL - 2018)

1wk h
——

10 ft.
Solution:
10 k
A N .
10 ft. "
SED 10K +
BMD
100 K-ft

Here,V = 5 kips,M = 100k — ft
Q=4y'

A=b (2 ay' =y+ = (3-7)
= (’2“")’) andy =¥+ 3 y
When y = 0, shear stress will be maximum .

12 _0)=72in?and ’-0+}-(}}--0)—3in
A—12(—5—0)—72m andy = >3 =
Q=72x3=216in’

3 3
1=b1’;_ =12;‘212 = 1728 in®
di _My_lOOlexG
Bending stress,Sp = = 1728
Sh . S_VQ_leZlG
eArSress,os =Ty ~ 1728x1Z

= 4166ksi

=0.104 ksi
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W Questlnh: For the timber beam and loading shown, draw the shear and bending-moment " AT
4; . dlagrams and determine the maximum normal stress due to bending if the beam size is 250 tqrnx it st g ]

> 160 mm. (HBFC — 2018)

v

et
o )

v .‘v
X

[0 frokN R R £ TR
* rod I,\ B cl‘uxN D v ) + £ . Sy oYy ,Jiq
R 33m Yin Im 2 ’ A e 12

All'o KN B c[wxn D
} Sm N o Tm B
i Rat Ro}
! e
' . SFD

>0
( FSKN-m
)

BMD //
‘ . SO KN-m

For the above BMD diagram, Mg, = SOKkN ~m

l bh? 1 nex
Now,§ = < "% x 0.08 x 0.25% = 833.33x10m* ; )

M 50x103 '
=—= = 6 kN/m?
Omax = ¢~ 833.33x10°° 60 x 107 kN/m

Maximum normal stress in the beam = 60000 MPa

mm by 106 mm beam is subjectéd to bending moment about both principal axls
ss. (SGFL - 2017)

=
= % Question: A100
of 1 KN-m and 2 KN-m. Find maximumbending stre

Solution:

100 x 1003 |
L=h=—"03 = 8.33 x 10° mm*

Mx=1kN—m<¥ix106N—mmn
M, =2kN—m=2x10°N—mm

M,C 10%x50
— — = 6 MPa
Oxx = T T 8.33x108

My C_2x10°X50 _ o

%y =], T 8.33x108
; - 2 G412 .
Ot Oy (T Ty 2T gy =18M
Omax = 2 * ( 2 2 "
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b, Determine the fo
yield point (c) uld

s 600 mm lengt
lus of elasticity (b)

R MBI AR
N, Question: A 16 mm diameter steel bar |
\3it-1; properties from the diagram: (a) modu :

3
T

A ehan
AWML

A3 (BUET M.Sc— 2019)

AR I
C P (KN)
i D
‘”ih
,\ ] E
} "1-
nt A ¢
2 A 2 ‘>
000184 0.00213 0.0031
0 Straim § wms ) -

xd? mx16°
Aread= ——=—7 = 20106 mm®

Length, L = 600 mm
Strain = Elongation/Length
Stress = Load/Area

Proportional limit = -7—‘—52—:;11—09-29' =. ?73.;)2 MPa g -
Modulus of Elasticity, E = slope 9f streSS—strain diagram within pro;forﬁonal limit
= 03.33’1[:324 = 2027;9.87 MPa fzoz.iz GPa G

Yield point = 8; g 11.320 — 431,54 MPa
Ultimate streﬁgth = i%%%gq= 62667 MPa

E

Question: Applied load on
rebar. (BIFPCL — 2015)

ution;

. , td? w254\ 2

Given,F = 50kip A= ——=7 —-5-‘—}) — 0785 in
. F 50 _
Ultimate strength, fy = e 0785 63.7 kst

For 60 grade steel, minimum f, = 60 kst
S this rebar is 60 grades steel.

DESIGN INTEGRITY, Cal_lé016339057 61

)
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Area of total steel = nRh -

b3

2 2

T A dm e e =

T Aot [(10”)2 —’(E)z

i:‘:Quﬂe':v:‘tion: A'hollow steel pivpe w.hicli.inside diameter 10 mm, wa
.the pipe is 15 mm. Determine the weight of the steel pipe inkg i
i 7850 kg/m3. (BIFPCL — 2015) :

nr2h=mnh(R?—-r?)

- Weight of steel = 518.36 x 10~? x 7850 = 0.00407 kg

~  Question: 2" x 2" cube load test. Fill the box. (BWDB — 2018) L

] =518.36 mm3 = 518.36x10~° m?

Question: The thickness of a brick wall is 250 mm, 2 m in height. Find the horizontal distributed
wind load for which the base shear is just negative. The unit weight of the masonry is given 1950

- kg/m3. (GTCL - 2016)

| Observed load | Actualload | Compressive strength | Avg. compressive strength
| 36.7KN _ _ =
- [__373KN 2209 psi
Solution:
Observed load | Actualload | Compressive strength | Avg. compressive strength
36.7 KN 38.54 KN 2166 psi 2188 psi
__ 37.3KN 39.30 KN 2209 psi
' - 8836
Actual load on specimen two = 2209x2x2 = 88361b = 548 = 39.30 kN
=) 393
| Load ratio = 373 = 1.05
Actual load 6n specimen one = 36.7 x1.05 = 38.54kN
. e - 3854x2248 .
Compressive load on specimen one = = 216604 psi

Cohéideringw kg/m uniformly distributed wind load acting on the wall.

For 1 m wall length,

0.25
YMy=(2x025x1)x1950x —— -wx2x1 =0

-~ w =60.94kg/m

y4

0.25m

WY gzl 2m

4=

DESIGN INTEGRITY, Call: 01633905761

Y2
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) Slender columns can be defimed 25 collunms it snalll @SS Setinms 0o “lmmmmammm
Generally, slender columns rowe osver stremygtin witm trp sheartt " quillurmm il

cross section, increasing the lngth crueses @ redluinm itn tfe mfgﬂ'" Sherrofkar
buckling at loads consideraliily s tihmm thasse reappuinet] oo RIS ffﬂilumﬂwm}lff%- A |
slender column is the one whmsemtim aﬁdﬂuﬁb&lh@ﬂh@im]mlmmmmmg

than 12. ;

F
-
L
Ltong
Compression F
Member Buckling

Effective length of the collmmm: The Bistame etween adjjpeet points of infeotion i caled
effective length or equivalent lemgith. Ikt s ooty meepprressentt oy L.
P ’l' r

|4
s AI. x
.
L=1L, l '
‘ n-2a *f
L |}
<>
Pinned ends Yy Focedlondty  ikodiomdlTiortiondis
K=1  fixedand ireeends K =M3F K177

(b) :
Slenderness ratio: It is the wztio mﬂmmgmnlﬁlhlgﬁlaﬁdimmﬂhmmummmmmmmmﬂhsmﬂ
gyration of the cross-sectiomall aremaff ttie qullamm.
L

> i
Tmin

Buckling and Buckling Load (Criippiimg doad axr ol Deneay: A Doz qrofhonno wefheem sufjectied
todirectload deflectsin ;amwmwmmismmmwmmmmwoﬂm ;
or load which causes the budﬂ&gmﬁﬁhmmﬂmk&mmmmmwmwmumngmﬂm_

critical load. Itis generallyrq;nmnmﬂﬁyﬂ"m.

Jo.
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¢ Euler Critical Load )
: nE1l

The Euler critical load, B, = I

Where [ is the smallest moment of inertia for the cross-sectional area of the column. For example,
if the column is a wide-flange beam, [, < [, so use L.

2

Critical buckling stress, o = Pﬂ == =d = mErt = E

A 12A L2 (:.)z

'tl'hhe qllxantity L/r is called the slenderness ratio of the column; the larger this value, the siend:
e column. '

.Considering effective length factor
n2El
(KL
n2E
KL 2
&)
Question: A steel bar of rectangular cross section 40 mm x 50'mm and pinned at each end is

subject to axial compression. If the proportional limit of the material is 230 MPa and E = 200 GPa,
determine the minimum length for which Euler’s equation may be used to determine the buckling

']oa'd.
zssg!ggion:

The Euler criticalload, P =

Critical buckling stress, g =

: bh® 50x40° . .
Moment of inertia, ] = =— =2.67 x10° m*
12 1
18 j260%10° _
Least radius ofgration,t=~J:E=" 2050 =115 mm = Q0115 m
. mE
Critical buckling stress, 0 = —ES}E
. w2 (200 x 10%)
230x10° = ( > ]
1)
0.0115

L=1135m
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ss section, pinned at each

angular steel bar 40 mm X s0mmin croa' S rming e buckling

uestion: Consider agaln a rect
: aris 2 mlong and E= 200 GP

end and subject to axial compression. The b
load using Euler's formula.

' ph? 50x40°
Moment of inertia, | = I == = 2.67x10° mm* = 2.67 x 10" m*
2El w?(200x10°) x (2.67 x1077) _ o
The Euler critical load, Fer =~ 27— = — 7 S 132 x103 N = 132KN
103
Por _ 132X10° _ c6 4« 106 Pa= 66 MPa

Critical buckling stress, Ocr = A = 0.04 x 0.05

Question: Asteel boxsectionis 100 mm x 60 mm x 10 mm having a lerigtb of3m, find slenderness

ratio. (51 BMA)
- 60mm
al. LIO; “e ) B
P 3 :
100 mm SO'mm
y[40 mm : ’\ “*
> . TN A"'-:,, ’
v "‘;',‘:"‘ = ‘-‘i
Solution: e, -

Slendernessratio is the ra_,tiq_c:)"f-' theeﬁediwﬂmgdndacmm(l,) and least radius of gyration (7)
about the axis under consideration-: .

Slenderness ratio = ———— = —=
rness ratlo = 7 ast radius of gyration 7

| 60 x100° 40x80°
Monet of inertia, [ = 5 -—I = 3293333333 mm®*

Area, A = 100 x 60 - 80 x40 = 2800 mm”

I

' : 3293333.33
Slenderness ratio, r = 7 - |

2800

= 39.29 mm

" Slend essratio—3X1000—76 35
okt =73929 '
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‘ ‘i sr buckling stress y 10, having sectional properties 7 =

\.. Question: Determine Euler buckling stress of 4 12 €t long colnmn ' ‘

¢ 2253"‘ & r, = 2.1in. Assume, pinned-pinned end for strong axis bucklingand fixed-pinned end for
weak axis buckling. Glven E = 29000 ksi. (DPDC = 2019)

Solution:
When column is pinned — pinned at its top and base for strong axis,
. . n?E  wx29000 .
Critical buckling stress, o,y = PR = 17x 12)2 = 249.31 ksi
&) =z

When column is fixed — pinned at its top and base for weak axis,
- z .
n2E w2 x29000  _ oo s

Critical buckling stress, 0 =
& r (kl.)’ (0.7x12x12)2

T i

So C_ritica] buckling stress, g, = 124.22 ksi (controls)

R J L .
T = shear stress developed in the outermost layer of the shaft in N/mm2

R = Radius of circular shaft in mm
_ G = Modulus of rigidity or torsiomal rigjdity of the shaft material.
L= Length of shaftin mm -
¢ = Angle of twist in the shaft

T = Torquein N — mm _
] = Polar moment of inertia of circular shaft in mm4

-

T =TorqueinN—mm = .
T = shear stress developed in the outermost layer of the shaft in N/mm2

D = Diameter of circular shaft in mm

. T D4 — d4
Strength of a hollow shaft, T = TR X )

d = internal diameter of the shaft in mm

w smitted sha
2nNT
Work done per second = 20 kN —m
2nNT :
kw

Power transmitted, P =
60
----- —cneew a0 01ET2GNTTET
7‘%3
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300 mm. The

A = No.of tevolutions per minute

T = Averape tarque in KN = ‘ " -
. - haft of iamé .
Question: Find the maximum torque that can be applied -.l;}\y “?ha;rmg stress not exceedlng 42
permissible angle of torque (s 1.5Y (n a length of 7.5 ‘f“& t 0‘1;'3) ‘
N/mm?, Take modules ol rigldity G = B4 N/munt (HBIC = z
. n D* nx 004 4
Polar moment of nertia,J = 32 = 32"“—-‘7/-%" 108 pn
TS = ..I-t- 0 —
Angle of twist. 8 = 180 x 1.5 = 0.0262
We know =g
e know, 7 ==
8GJ 0026 x 84.4 x 7.95 x 10°
= = =2.345x10° N — mm
T L (7.5 x 1000) 234_ :
Question: A hollow shaft of external and internal dimiehexsasm()mm?ndwmm is transTiting
power at 120 r.p.m. Find the mmmnﬁmdinﬁtummmmﬂk,mmmmmﬁmm exceed
50 MPa. : §
Here. D = 100 mm, d = 40 mm, N = 120 and't = 50 N/tmwee® |
z D% =gt
Torque the shaft can transmit, T = 16 XTX ( D )

m 100* — 40* '
= — =956x106 N— =95 -m -
T T x 50 x ( 100 x mm 6kN —m
S 2nNT 2 ntx120x9.56
Power the shaft can trangmlt.P_:—- 20 = 3 =120 kW

twisfﬁer meter length of a hollow shaft of 100 mm external and 60

Question: Find the aﬁgle of
mm internal diameter, if the shear sressismirwexaesd 35 MRa, Take G = 85 GPa..

Solution:
Given,L = 1m = 1000 mm,D = le,cﬂ:ﬁﬂmm,n=3§Smﬁ/:m?€,(E=%xmm//mnf

T=—xtx ——D4-d4 == x35 100" — 607 =598x 106 N
15 X7 ) =TgX3HBx 100 =5%8x — mm

T T
J =3 (D*-d%) =5 (100* — 60%) = 8.55 x 106 mm"*

T
Weknow,—:ﬂ
] L

,_TL__SSBx10fx1000 |
=76~ 855% 105785 108 — Bl =05

¥
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a,
0 S at 4
; SR W\ e
0 a— S —»0, ae- Lemr 0 Ged %

! . \ : . c\:f ; ‘;} T
} : i i 0 ; — i

- ‘ G)B | = é, f‘B i C é B

o, :

= tensile stress along x — x axis (also termed as major tensile stress) ’
gy = tensile stress along y — y axis (also termed as minor tensile stress) - :
@ = Angle which the oblique section AB makes with x — x axisin the clockwise direction.

Normal stress across the section AB,g, = % -; & _& ; e 4 cogzb = o

O — 0. 2
Shear stress across the section AB,t = —= > 2 sin29 -

. . a'x —
Maximum shear Stress, Tmexy = > d

Resultant stress,og = /02 + 72

-y Question: The stresses at point a machine component are 150 Mpa and 50 MPa both tensile. Find
“¥ the intensities of normal, shear and resultant stresses on a plane inclined at an angle of 559 with
the axis of major tensile stress. Also find the magnitude of the maximum shear stress in the

component. . .
s . -,,;.-.-‘-',:; LN ‘4 R
‘S-Qh!m - & o T Oy + Oy Ox — Oy
Normal stress on the inclined plane, o, = 2~ gz coseh
150 + 50 - 150.— 50 ..
=T T T ces(2x557) =117.1MPa
Shear stress o}; the inclined plane,r = = 2 = Siz0
150 — 50 '
T= > sm(2x55°)=47MPa

Resultant stress on the inclined plane, oz = /07 + 72
op = V117.12 + 472 = 126.2 MPa

Ox — 0Oy
Maximum shear stress in the component, Tpyg, = —
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o e grastty dari? (ARMY = 208
Question: What w yraty Ao ? Wiy nnea gra ity B

Selutlon:

A granty dam is a massive 3i
volumes of water. By using concrete,
thrust of water pushing aguinst it. Tees isw
the dam down to the ground, stopping water fromtopp
of a rectangular dam, retaining wa

< hold back large
rere and designed 0 ;

. toresist the horizontal
llyab'e ally holds

sed dam fabricated from ONe
dam. Gravity essenti

the weight of the dam is actud
. is why itis calied 3 gravity
ling itover.
rer on one of its

Rectangular Dams: Consider a unit length
vertical sides as shown in figure.

b y—
7 € o
Water » 1
e — ‘
] n
i K
G H l \\;
h -
& Samngthbitd & \
- YR !
J g A "'AK k] ] : =
’ S ‘\ Wiler Prosycs
"W' 2 Diagrzz=
l_ o ——
T mie | L |
o U
~ 1
Strss Dizgz2a
b = width of the dam
H = height of the dam

w = specific weight of the water

h = keight of water retained by the dam
w h?

Total pressure per unit length of the dam, P = =

s o

Maximum stress, Gz = - (4 ¥

.t

b
. W
Maximum stress, Gmin = 3

W = weizht of the dam
e = ecentricity
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<) Total pressure, P=

Question: What are the forces armthgummﬁaﬁ?(fm——mﬂ)
Solution:

In the design of a dam, the first sty iis thee disteenmimatiiom aff
structure and study their nature. Degpendiing wypom te situsti

following forces:

mmlsffnm\adﬁhihanEmtﬁz
mn,mdhmismﬂ:jjmmimdiz

Water pressure
Earthquake forces
Silt pressure
Wave pressure
Ice pressure

Uplift pressure ‘
The stabilizing force is the weight afftthe dimittsli,

Question: A concrete dam of rem@mmmmmlﬁghanﬂﬁmuﬁkmﬂﬁhSnmmpma
height 6f 13 m. Find (a) total prmmmmwmmmmmmm@m
cuts the base (¢) maximum and i imtrensities of stress at the hase. Assuame weight of water

and concrete as 10 and 25 kN/m? respectively.
(a) total pressure per meter length of the d=zm

w h? _1ox132
==

=BAS kN

(b) point where the resultant cuts the base i
Weight of the concrete per meter length, W=pbH=25x6x15=
Horizontal distance betw}een th_e centre of gravity of the dam

1 the bise.x= Eox =222 _163m
=_ _,___—-x—:
resultant cuts e gse.{‘v_w¥3 2250 3

2230 kX
section and the point where the

(c) Maximum and minimum intensities of stress at the hase.
Eccentricity, e=1.63 m

. ) ' W &
Maximum stress, Omax = 3~ (1+ ;) -

2250 6x1.63 2

Omax = = (1+ "6 ) = 986.25 kN/m? (Compression)
) w 6e

Maximum stress, Omin = Y ( 'y !

Trmin = 22650 (‘1 8 x;.63) = .236.25 kN/m? (Tension)

DESIGN INTEGRITY, Call: 01633905761
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Question. Figure shows the

(WARPO = 2017)
om

section of a graviny dam

RL=289

Fltaad RL =280

RL=2M

A 56m B

Uplift pressure at A = (285 - 205) x 981 =7618 EN/m?
Uplift pressure at B = (211 - 205) x 9.81 = 58.86 KN/m?

| L-’/?%a.eé

7848

Figure: Pressure diagram
Uplift pressure = 0.5 x (784.8 + 58.86) x 56 = 23 622.48 KN/m

Question: A wall resisting water pressure as the moment from the wall is 3 times moment from

the waterpressure. Find the height of the water level. (LGD —2018)
Water pressure, P =y h = 62.4h Ib/ft?

1 - -
Water force = B Ph=05x624xhxh=312 h? 1b/ft.

. .
Moment, Mw = 3 x31.2 h* =10.4 h31b — ft/ft.
Weight of wall, W = 15 x 6 x 1 x 150 = 13500 Ky/f.

Moment at A, Mc = 13500 x 3 = 40500 kb — fir/f.

B M _ 40500
'My 104 R3
2 h=109f

builtof concrete Calculate
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N % Flexible cords: When the load on the cord (or cable) is uniform horizontally, the cord is curvedto
form a parabola. An approximation of this situation is suggested by following Fig. where the
uniform load UV may be considered as the road bed of a suspension bridge supported from the

cable AOB by the hangers. In order that the curve AOB should be a parabola, an infinite number of
! hangers would be necessary.

Span, L e
Byl @
- aadhd Hanger iz
i /e ' Sag -
971
] | T
: Ul Uniform Load. wlb.per [t. . v
To prove that AOB is a parabola, choose as a free body a section of the cord OC.
L, =FcosB—-Q=0
Q = Fcos?
, LR =Fsinf —wx =0
*wx =Fsin@
w x?
IM,=Qy - >
) :
y= % Which is an equation of parabola

Now forming force triangle of the forces @, wx and F

) 3
wX

0
Q

F? = Q%+ (wx)?

F =yQ%+ (wx)?
From the above equation we see th
F’ occurs at the supports Aand B.AtB, x

12
o2y (ML
F’[Q +(2)]

atthe tension, F increases as x increases. Themaximumtension
= L/2, hence the maximum tensionis

nrelenN INTFGRITY, Call: 01633905761
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es of x and ¥ Assumey = |

from equation for any simultaneous valu

The value of Q may be found
alf span, we have,

d, thesag and x = L/2,theh

_wx?_w L?
Q=75 =%n
dv wl?
tanB = -d—; = .57-
, WX wl _ 4d
At the supports, tan8’ = —C_Z— = E_Q— =
Question: A cable is suspended between two points on the sameé Jevel with a span of 500 ft antdil z
sag of 50 ft. If the load is 2 1b per ft. uniformly distributed horizontally, find (a) thetension in
he cable at the supports.

cable at the low point (b) the maximim tension (c) the slope of t

o % 00*
' wl? 20x5
Tension i = = e =
ension in the cable, Q =3d 5250 1250 b

'S

212 2 x50\ Z
Maximum tension, F’ = [Qz'-}- (%—L-) ] L= [12502 + (—T—) ] = 134§ 1b

4d 4x50

9’ = tan™} 4 =500 =21.8°

sagat mid-span is

u_hifé’rm loaﬂ as shown. If the cable
(BWDB — 2020)

Question: A cable-supported roof carries a
the cable between points BandD.

set to 10 ft, whatis the maximum tension in
w = 0.6 kip/ft

i

L b sy g —t— 0]

Solution:
wi?  0.6x120%

Tensioninthe cordatC,Q = 8h - 8x10 = 108 kip

21/ 2
Maximum tensi ' =102 _W_L) - 0.6 x120 2
um tension, F [Q +( > ] = [1082 +( 2 ) —11384Kp

4
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A_CJPJC iSdStl‘le.t-‘mla.d with its ends at the same elevation and 200 ft apart. The load 1s
fistributed horizantally, When the sag is 5 9 of the span, the maximum tension is 2040

Qucstmn:
he load in pounds per foot?

t umtormiy ¢
Ib What ist

“lz L:
Jn- + 3

| 2 |

N
wi\? w2 L2
Fi= (a d ) *3
4161600 = 250000 x w? + 10009 xw?
w=4Ib/ft
Question: In the system of sheaves shown in zure, what force F will hold a weight 600 1b in
equilibrium? There are no frictional losses at the axes. (CUET M. Sc — 2020)

LSS

F F|
F| |2F
4F|  HF
8F
600 Ib

Now, 8 F = 600
F=751

{
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