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Unit VI Application based combined
loading & stresses

* Introduction to the Combined Loading and various stresses with application, Free Body Diagram and

condition of Equilibrium for determining internal reaction forces, couples for 2-D system, Combined

stresses at any cross-section or at any particular point for Industrial and Real life example for the
following cases: Combined problem of Normal type of Stresses (Tensile, Compressive and Bending
stress), Combined problem of Shear type of stresses (Direct and Torsional Shear stresses), Combined

problem of Normal and Shear type of Stresses
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Direct stress alone is produced in a body when it is subjected to an axial tensile or
compressive load. And bending stress is produced in the body, when it is subjected to a bending |
moment. But if a bedy is subjected to axial loads and also bending moments, then both the ||
stresses (i.e., direct and bending stresses) will be produced inx the hody.
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Method of Analysis:
1.Select the point on the structure where the stresses and the strains are to be determined.

2.For each load on the structure, determine the stress resultant at the cross section
containing the selected point..

3.Calculate the normal and shear stresses at the selected point due to each of the stress
resultant.

4.Combine the individual stresses to obtain the resultant stresses at the selected point.
5.Determine the principal stresses and maximum shear stresses at the selected point.
6.Determine the strains at the point with the aid of Hooke’s law for plane stress.

7.Select additional points and repeat the process.
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Example| The rotor shaft of an helicopter drives the rotor blades that provide the lifting

force to support the helicopter in the air. As a consequence, the shaft is
subjected to a combination of torsion and axial loading.

For a 50mm diameter shaft transmitting a torque I'= 2.4kN.m and
a tensile force P = 125kN, determine the maximum tensile stress,
maximum compressive stress, and maximum shear stress in the
shaft.

P

=

- -

T
Solution >
The stresses in the rotor shaft are produced by the combined
action of the axial force P and the torque T. Therefore the T

stresses at any point on the surface of the shaft consist of a
tensile stress o, and a shear stress .

P 125kN

The tensile 45—~ — =63.66 MPa P
stress A % ({}.USIH)Z
0.05
(2.4@?.1:1
The shear stress to is obtained ~ _Ir _ 2 J)_ 97 78 MPa
from the torsion formula forston =, 7(0.05)" T

32
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I:,n Knowing the stresses oo and to, we can now obtain the principal
[ stresses and maximum shear stresses . The principal stresses are
=S obtained from

1 |
The maximum in-plane shear

stresses are obtained using the
formula

Because the principal stresses o, and o, have opposite signs, the maximum in-plane
shear stresses are larger than the maximum out-of-plane shear stresses. Therefore,
the maximum shear stress in the shaft is 103MPa.

Will it fail if o,,;=480MPa?

e N O~ V35) - (135K-71)+ (71" =181.20Pa

103MPa DET = SF = _480MPa _ 2 65

181 2MPa
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Example
0L5m

T

_.?.I']m-___

13

J . -
Birs T
Bdﬂ"fm 1.2m

220 mm

A sign of dimensions 2.0mx1.2m is supported by a
hollow circular pole having outer diameter 220mm and
inner diameter 780mm (see figure). The sign offset
0.5m from the centerline of the pole and its lower edge
is 6.0m above the ground.

Determine the principal stresses and maximum shear
stresses at points A and B at the base of the pole due
to wind pressure of 2.0kPa against the sign.

Solution
Stress Resultant: The wind pressure against the sign

produces a resultant force W that acts at the midpoint
of the sign and it is equal to the pressure p times the
area A over which it acts:

W = pA=(2.0kPa)2.0m x1.2m)= 4.8kN

The line of action of this force is at height h = 6.6m above the ground and at
distance b = 1.5m from the centerline of the pole.

The wind force acting on the sign is statically equivalent to a lateral force W
and a torque Tacting on the pole.
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=1.5 .
b=15m The torque is equal to the force W W=4.8 kN

i;j‘\ times the distance b

T =Wb=(4.8kN)1.5m)

|
-
T T=T72kN—-m

W

h=6.6m

A} T
T
——

— —--—T__

The stress resultant at the base of the pole consists of a bending moment M, a
torque T and a shear force V. Their magnitudes are:

M = Wh = (4.8kN)(6.6m) = 31.68kN.m

T=7.2kN.m

V=W =4.8kN

Examination of these stress resultants shows that maximum bending stresses
occur at point A and maximum shear stresses at point B.

Therefore, A and B are critical points where the stresses should be determined.
Stresses at points A and B

The bending moment M produces a tensile stress g, at point A, but no stress at
point B (which is located on the neutral axis)
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(%

2) ~ (31.68kN)0.11m)

s [rz(d; —df)] i [7[(0.224 —0.184)}

64 64

= 54.91MPa

The torque T produces shear stresses r, at points A and B.
d,

T(?) _ (7.2kN.m)0.11m)

e [”(d; —d )] ) [”(0.224 —0.18" )]

= 6.24MPa

32 32

Finally, we need to calculate the direct shear stresses at points A and B
due to the shear force V.
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The shear stress at point A is zero, and the shear stress at T, =—
point B () is obtained from the shear formula for a circular

4_ g4
tube 27 2(4800) I=[J—)‘T % =4, ]

Ty apor = — —=0.7637MPa 64
i A 0.01257Tm" -
o= 5(’5:3 _-'13)
The stresses acting on the cross section at points A and B
have now been calculated. b=2(r,-1)

- r
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Stress Elements
For both elements the y-axis is parallel to the longitudinal
axis of the pole and the x-axis is horizontal.
— Point A :
l | [ ., o,=0
? 5, =, = 54.91MPa

¥
= T; = 6.24MPa

- T

L

2
Principal stresses at Point A o5 {mj#{&} .|.(1—m_)3

2 2
. Substituting o, , =27.5MPa +/- 28.2MPa
o, ==-0.7MPa

o, =55.7MPa and

-

The maximum in-plane shear c,—-0, | -
stresses can be obtained from Tuuwr = > + (fn- } = 28.2MPa

the equation

Because the principal stresses have opposite signs, the maximum in-plane
shear stresses are larger than the maximum out-of-plane shear stresses.

Then, 7, =28.2MPa.
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|_v Point B :

o, =0,=0

B | Ty =T +T ’II}':!“r = Ty + T :

J . ‘ x T, = 6.24MPa + 0.76MPa = 7.0MPa
Principal stresses at point B are

— o,=7.0MPa o,=-7.0MPa
And the maximum in-plane shear stress is
Tnax = 1-0MPa
The maximum out-of-plane shear stresses are half of
Note this value.

If the largest stresses anywhere in the pole are needed, then we must also
determine the stresses at the critical point diametrically opposite point A,
because at that point the compressive stress due to bending has its largest

value.
The principal stresses at that point are
o; = 0.7MPa and o, =-55.7MPa

The maximum shear stress is 28.2MPa.

(In this analysis only the effects of wind pressure are considered. Other loads, such as
weight of the structure, also produce stresses at the base of the pole).
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Example
d=%91n,

A tubular post of square cross section supports a
P, =32401b horizontal platform (see figure).
The tube has outer dimension b = 6in.
And wall thickness t = 0.5in.
The platform has dimensions 6.75in x 24.0in and

P, = 800 Ib supports an uniformly distributed load of 20psi acting
over its upper surface.

The resultant of this distributed load is a vertical
force

P, = (20psi)(6.75in x 24.0in) = 3240Ib

This force acts at the midpoint of the platform, which
is at distance

d = 9in. from the longitudinal axis of the post.

¥ A second load P, = 800Ib acts horizontally on the
b=6in. post at height h = 52in above the base.
~ Determine the principal stresses and maximum
b
t=0.5in. B,2 "™ shear stresses at points A and B at the base of the
b-3in. post due to the loads P, and P..
A
r=0.35in.
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Solution

Mi=Pd strass Resultants

The force P, acting on the platform is statically |
equivalent to a force P, and a moment
M, = P,d acting on the centroid of the cross section |
of the post. |

The load P, is also shown.

The stress resultant at the base of the post due to the

loads P, and P, and the moment M, are as follows:

(A) An axial compressive force P, = 3240Ib

(B) A bending moment M, produced by the force P;:
M, = P,d = (3240Ib)(9in) = 29160lb-in

(C) A shear force P, = 800Ib

(D) A bending moment M, produced by the force P,
M, = P,h = (800Ib)(52in) = 41600lb.in

Examinations of these stress resultants shows that both M, and M, produce
maximum compressive stresses at point A and the shear force produces
maximum shear stresses at point B. Therefore, A and B are the critical points
where the stresses should be determined.
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Stresses at points A and B
(A) The axial force P, produces uniform compressive stresses throughout the
post. These stresses are o, = P, /A where A is the cross section area of the

post
A =b?— (b - 2t)? = 4t(b-t) = 4 (0.5in)(6in — 0.5in) = 11.0in?
opy = P,/ A =3240Ib / 11.00in? = 295psi

(B) The bending moment M, produces compressive stresses oy, at points A
and B. These stresses are obtained from the flexure formula

oy =M;(b/2)/1

where Jis the moment of inertia of the cross section. The moment of inertia is
I=[b*-(b-2t)] /12 =[(6in)* — (5in)*] / 12 = 55.92in*

Thus, oy, =M, b/ 2I=(29160Ib.in)(6in) / (2)(55.92in*) = 1564psi
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(C) The shear force P, produces a shear stress at point B but not at point A.
We know that an approximate value of the shear stress can be obtained by
dividing the shear force by the web area.

Tpy = Py / A ,op =P, /(2t(b — 2t)) =800Ib / (2)(0.5in)(6in—1in)= 160psi
The stress 7, acts at point B in the direction shown in the above figure.
We can calculate the shear stress zp, from the more accurate formula. The

result of this calculation is 7, = 163psi, which shows that the shear stress
obtained from the approximate formula is satisfactory.

D) The bending moment M, produces a compressive stress at point A but no
stress at point B. The stressat A is

Oy =M, b/ 2I=(41600Ib.in)(6in) / (2)(55.92in*) = 2232psi.

This stress is also shown in the above figure.
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Stress Elements
Each element is oriented so that the y-axis is

vertical (i.e. parallel to the longitudinal axis of the |
post) and the x-axis is horizontal axis |

Point A : The only stress in point A is a |
compressive stress g, in the y direction |
Op = Opy * Oy + Oy

O = 295psi + 1564psi + 2232psi = 4090psi
g, = 9, + Oy + 9, = 4090 ps (COMPpression)

Thus, this element is in uniaxial stress.

A
. o— x  Principal Stresses and Maximum Shear Stress
o, =0

n o, = - o, = - 4090psi
Ty =0

Since the element is in uniaxial stress,
o; = o, and o, = g, = - 4090psi
And the maximum in-plane shear stress is
Tmax = (07 - 03) / 2 = 72 (4090psi) = 2050psi
The maximum out-of-plane shear stress has the same magnitude.
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Point B:

Here the compressive stress in the y direction is
Og = Op1 ¥ Oy l
og = 295psi + 1564psi = 1860psi (compression)
And the shear stress is |
g = Tp, = 160psi |
The shear stress acts leftward on the top face and ‘
downward on the x face of the element.

Principal Stresses and Maximum Shear Stress
Oy = 2

G, =-0g=-1860psi :[”f ;"J' ]J_rJ[”I ;”ﬁ ] +(r, P
Txy = - Tpz = - 160psi

Substituting o, , =- 930psi +/- 944psi

— | Tp=160psi o, = 14ps/ and o, == 1870psi

The maximum in-plane shear stresses can be obtained from the equation

Because the principal stresses have opposite signs, the maximum in-plane
shear stresses are larger than the maximum out-of-plane shear stresses.

Then, 7,,,, = 944psi. Taar = \/{ c; ] +(c, J =944 psi

Government college of Engineering and Research Awasari(kh), Pune 20

T —— T T ———— —_— . T . . ——————



|[Example
| Three forces are applied to a short steel post as
50 kN shown. Determine the principle stresses,
principal planes and maximum shearing stress
at point H.

Solution

s o kNlOO MM nDotermine internal forces in Section EFG.

z X
40 mmm @140 mm

V,=-30kN P=50kN V. =-75kN
M_ =(50kN)0.130m)—(75kN)(0.200m)
M, =-85kN-m

M, =0 M. =(30kN)0.100m)=3kN-m
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= = -3_2
Note: Section properties, 4=(0.040m)0.140m)=5.6x10""m

I, =1(0.040m)0.140m)’ =9.15x10™°m*
Evaluate the stresses at H.

o | - -6 4
1. = 1(0.140m)0.040m)’ = 0.747x10°m

a = 0.020 m |‘a Normal stress at H.

M. = 85kN ) ZZ’FO-O%"(‘)JJM = =+£+|M_,._|a__|Mx|b
M.=3kN-m l 7 A 5 7§
Ei

| ;f __ S50KN  (3kN-m)0.020m)
0.040 m 56x10°m?>  0.747x10"%m*
_ (8.5kN-m)(0.025m)

9.15x10"m*
=(8.93+80.3—23.2)MPa = 66.0MPa

Shear stress at H.

O = 47 =((0.040m)0.045m)}(0.0475m)

=85.5x10"%m’ = 0,040 m
. _Vo_ (751N)85.5x 100 ) 0.045 m
7Lt [0.15x10%m* [0.040m) 0.025 m
=17.52MPa
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Calculate principal stresses and maximum shearing stress.

Tmax = R=33.0% +17.52% =37.4MPa ”Mpﬂ:= 0 MPs te
Omax = OC+ R =33.0+37.4=70.4MPa L
Gpmin = OC—R=33.0-37.4=—7.4MPa I
tan 26, = cr _17.52 20, =27.96°

CD 330

0, =13.98°

- Tmax = 37 40MPa i -— Ty - -‘D‘-‘__
; Tinin

Omax = 0.4 MPa
Omin =—/-4MPa
0y =13.98°
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[Example

The cantilever tube shown is to be
made of 2014 aluminum alloy
treated to obtain a specified
minimum yield strength of
276MPa. We wish to select a stock
size tube (according to the table
below). Using a design factor of

=4,
- The bending load is F=1.75kN, the axial tension is P=9.0kN and the
torsion 1s 7=72N.m. What is the realized factor of safety?

Consider the critical area ( top surface).
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ght of alumanum wbing. b

| S U 276 I: umil werghl of sieel wbing, IbGT
i ¥ - n i mass, kgim
ﬂ-m E = GPH = G-DﬁgOGPa .'T T::‘:.'.|.”| 'Jl {cmm™ :I
i : 4 ) =ECOl NNl ol arca. |||: ||_'||'::
| 4 = second polar moment of area, in® (cm®
i & = radiuzs af gyroticm, in {cm) ; ‘ ; =
&= spgtiom modalis, e e ) s s s
1 Er -P MC ad = siee (O amd thickness, in (mm} ey : e e
| =4 — i ol
! X A I Size, in Wy iy A I k I J e 2t
1x} 414 1.128 [ERCE 0034 013 0047 QL&
M - — J gr1d 2,003 QSRR (0044 0,280 D.092 0.0
Maximum bending moment = 120F ' AEt ¢ Y e et e e

& x4 1.188 3338 0987  00%F 0450 0.244 0.377

IZDHIHIXL?SW)‘[E 2x| 0891 2470 0736 0325 0664 0325 0450 5
2

OkN 21 1463 4473 1374 0537 0625 053 1074

o = + ) 1129 3050 0933 0460 0841 0528 1319 ;
X A I IR 2,138 5,008 1787 1132 0800 0906 2278 |
Ix 2414 743 2040 2059 0978 1373 4017 ;

Ixz 1742 10.51 1093 2718 0938 1.612 5436

d PP 2717 7454 2246 4090 1350 2045 6180

T2x| — J 4% 5147 1452 4370 0RO 1.2BF 3544 14180

T ) — Size, mm m A ] k 4 J
o

J J J 12x 2 D450 0628 00B2 036 013 0.163

14 = 2 0687 QLEFS 0230 0.500 0.275 L440

16 3 0558 1225 0273 0472 0341 0.545

2 2 VA 0 % 4 1565 2010 D684 05B3 D484 1,367

JF?I-!" =\TJ + 3'1'_ 5w d 2.060 2438 1.5048 0.756 1.206 1015

* = 25«5 245 2140 1469 07% 1336 138

a0 = 4 3.850 3248 1EFF 09I 1 BES 5452

- - . E .-\. .¢J\.. .. . n F -~ & . i

For the dimensions of that tube [20 205 4925 3192 0% 2028 s3]

|ﬂ < d 3777 4773 BFIF 1351 415 |?43:I

42 % 5 4536 5809 10030 1330 4BPS 20355

n= SJ' _ 0.276 =457 0 = 4 4312 a.778 15.40% ].432 &, ] dad 30,810

O 0.06043 [s05  ss7 7oss  1ane 1e01 7247 3623
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Example

A certain force F 1s applied at D near the end of the 75-in lever,
which is similar to a socket wrench. The bar OABC 1s made of AIST |
1035 steel, forged and heat treated so that it has a minimum (ASTM) el
yield strength of 87kpsi. Find the force (F) required to initiate o
yielding. Assume that the lever DC will not yield and that there is no
stress concentration at 4.

Solution:

- 1) Find the critical section

The critical sections will be
either point A4 or Point O. As the
moment of inertia varies with
then point 4 in the 7in diameter
1s the weakest section.
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2) Determine the stresses at the (d}
critical section ~ .
M 32x Fx14i

o, = o AZ) XX 14y 6F
I md” md
64

3) Chose the failure [ d)

criteria. — _
z_:J“_:I'Tr‘z 2 —lﬁxewmz';’ﬁ_alF

The .AISI 103‘.5 1s a Tt 2(lin)’
ductile material. Hence, EvS
we need to employ the

distortion-energy

theory.
Oy = ,JE.F: + E.FJ,E -0,0, + 31';‘;, = \/D': +372 =194.5F
F= % _ 51009 = 416Ibf
Opy 1945
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Apply the MSS theory. For a point undergoing plane stress with
only one non-zero normal stress and one shear stress, the two non-
zero principal stresses (o, and o) will have opposite signs (Case 2).

_ S ’
T = 94 % _ v _4 || +72

2 2 2 )
. oc,—0325, =2 [Z"] +r__3x=\/ﬂ';+4ri

81000 = ((142.6F)3 +4x(76.4FY )y
F =388Ibf

i
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Example

A round cantilever bar is subjected to torsion plus a transverse load at
the free end. The bar is made of a ductile material having a yield
strength of 50000psi. The transverse force (P) 1s 500Ib and the torque
1s 10001b-in applied to the free end. The bar is 5in long (L) and a
safety factor of 2 1s assumed. Transverse shear can be neglected.
Determine the minimum diameter to avoid yielding using both MSS
and DET criteria.

Y
- Solution

1) Determine the critical section : Element

The critical section occurs at the
wall.

L8]
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o, +0; 3
0-1’2 - T i N ——

16PL
01, = g s

16
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d’ =

16PL)2 (16T
2

16
=g

o, =F[500x5¢J(500x 5)’ +10002J




26450 The stresses are in the wrong
d? B order.. Rearranged to

g, =

. _0,-0; _ 26450 —(-980.8) 13715 .4
MAE 2 2d° d’
S, 50000

n

O,—0, =27, = 25,000

d >21.031in
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Example

The factor of safety for a machine
element depends on the particular
point selected for the analysis. Based
upon the DET theory, determine the
safety factor for points A and B.

200-mam [,

This bar 1s made of AISI 1006 cold-drawn steel (S,=280MPa) and it is -

loaded by the forces F=0.55kN, P=8.0kN and T=30N.m

Solution:
Point A

Government college of Engineering and Research Awasari(kh), Pune
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Example

The shaft shown in the figure below is supported by two bearings and carries two V-
belt sheaves. The tensions in the belts exert horizontal forces on the shaft, tending to
bend it in the x-z plane. Sheaves B exerts a clockwise torque on the shaft when
viewed towards the origin of the coordinate system along the x-axis. Sheaves C
exerts an equal but opposite torque on the shaft. For the loading conditions shown,
determine the principal stresses and the safety factor on the element K, located on the
surface of the shaft (on the positive z-side), just to the right of sheave B. Consider
that the shaft i1s made of a steel of a yield strength of 81ksi

Suhda s
FoTooge» INED

() Posrsd vew of shat
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L] Flomenst K

(e} Normal view of force on hatt i 4.2 —
e wdh ea frws o hearas: (o) Enlarpod view of clemest K on froe of das

b 50l »sm  son  Shearing force = 1651b

Bending Moment = -15401b-in
Me M(r) —1540

C oD
—————— =8.031ksi

T SR O

4
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_0,-0; _895-(-0.92)

2 2

=4.935ksi

"% _%
Safety..Factor =n = L2 - /2 _g2
Ty 4.935
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DET.....0p =10, +0," — 0,0, =/(8.95F +(~0.92) —(8.95)(~0.92) =9.44ksi
Safety..Factor =n = = AL 8.58
Opy 944
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COMBINED BENDING AND DIRECT STRESSES

acting along the axis of the column as shown in Fig. 9.1. This load will
cause a direct compressive stress whose intensity will be uniform across
the cross-section of the column, ' '
Let o, = Intensity of the stress
A = Area of cross-section
P = Load acting on the column.

Then stress,

Consider the case of a column® subjected by a compressive load P lp
|
|
|
|
|
|
|
|
|

N Load F
" Area A - T

Now consider the case of a column subjected by a compressive load P
P whaose line of acticn is at a distance o %' from the axis of the column as Fig. 9.1
shown in Fig. 9.2 (o). Here ‘¢’ is known as eccentricity of the load. The eccentric load shown in
Fig. 9.2 (a) will cause direct stress and bending stress. This is proved as discussed below :

1. In Fig. 92 (b), we have applied, along the axis of the column, two equal and
opposite forces P. Thus three forces are acting now on the column. One of the forces is shown
in Fig. 9.2 (e} and the other two forces are shown in Fig. 9.2 (d).

9. The force shown in Fig. 9.2 (¢) is acting along the axis of the eolumn and hence this
foree will produce a direct stress. '

2. The forees shown in Fig. 9.2 (d) will form a couple, whose moment will be P x ¢, This
couple will produce a bending stress.

Ty
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Hence an eccentric* load will preduce a direct siress as well as a bending stress. By
adding these two stresses algebraically, a single resultant stress can be obtained.

Pl |P P
e S DO =
1 1 | T
| P | P
| | | |
| | | |
| | | |
L | | |
| | | |
() (k) {z) (<)
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RESULTANT STRESS WHEN A COLUMN OF RECTANGULAR SECTION IS SUB-
JECTED TO AN ECCENTRIC LOAD _
A column of rectangular section subjected to an eccentrie load is shown in Fig. 9.3. Let

the load is eccentric with respect to the axis ¥-Y as shown in Fig. 9.2 (). It is mentioned in
Ari. 9.2 that an eccentric load causes direct stress as well as bending stress. Let us calculate

these stresses.
Let P = Eecentric load on column
e = Eecentricity of the load
Op = Direct stress
o, = Bending stress
b = Width of column
d = Depth of column
Area of column section, 4 = b x d
Now moment due to accantric load P is given by,
M = Load x eccentricity
=FPxe
The direct stress (o) is given by,
Load (P} P
g = Area = A ki)
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This stress ic uniform along the cross-section of the column,

The bending stress o, due to moment at any point of the column section at a distance y
from the neutral axis ¥-Y is given by
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O, =% — X Wi
B 7 ¥ ({1)

where [ = Moment of inertia of the column section about
d. b
12
Substituting the value of I in equation (if), we get

M _ 12 M
d.6? 0 T dbe

12
The bending stress depends upon the value of ¥ from

the neutral axis ¥-¥Y =

crbzi xy

' the axis Y-V,

The bending stress at the extreme is obtained by

b
substituting ¥ = — in the above equation.

2
128 b 6M
N X A T W

6Pxe M=Pxe

=% d. b2 ( e
GPxe BPxe

Government college of Engineering and Research Awasari(kh), Pune

43




(v Area=bxd=A) % i
The resultant stress at any point will be the alge- T Ty
braic sum of direct stress and bending stress. o _L
If v is taken positive on the same gide of ¥-¥ as the ' _ (c)

load, then bending stress will be of the same iype as the
diract stress. IHere direct stress is compressive and hence
bending stress will alse be compressive towards the right
of the axis ¥Y-Y. Similarly bending stress will be tensile towards the lefl of the axis ¥-Y. Taking
compressive stress as positive and tensile stress as negative we can find the maximum and
minimum stress al the extremities of the section. The stress will be maximum along layer BC
and mintmum along layer AD.

Fig. 9.3

Let Dy = Maximum stress (i.e., stress along BC)

O, = Minimum stress (i.e., stress along AD)

Then o, = Direct stress + Bending stress

(Here bending stress is +va)

A | |
— g(]_q.ﬁxej . ...[911}

Direct stress — Bending stress
= {Iu — Uﬁ

I

~and
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=P_EP.E=P[1_EHE} : : 1"[9‘2)
| A Ab A b
These stresses are shown in Fig. 9.3 i¢c). The resultant stress along the width of the

column will vary by a straight line law. ‘ |
If in equation (9.2), o, iz negative then the stress along the layver AD will be tensile. If

M

& . iz zero then there will be no tensile stress along the width of the column. If o, is positive

then there will be only compressive stress along the width of the column.
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Problem 9.1. A rectangular column of width 200 mm 10 | 1240 kN
and of thickness 150 mm carries ¢ point load of 240 kN at an e

eccentricity of 10 mm as shown in Fig. 9.4(1). Determine the maxi- i
mum and mintmum stresses on the section. i |
Sol. Given l _ '
Width, b = 200 mm | |
Thickness, d = 160 mm |
Aren, A=hxd |
= 200 » 150 = 30000 mm?> |
Eccentric load, |
P =240 kN - SES T X
= 240000 N ¥
Eccentricity, T |
—_ =]
e =10 m_m A .,.H4_ ----- )
Let o, .. = Maximum stress, and mm T T
o,_.. = Minimum stress. l I
(i) Using equation {9.1), we get ‘r’g
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Eccentricity, ’ |
e=10 NLP .
Lot =M m'm d why o e |
Oppae = Maxunum stress, an i~ 1 |
a_. = Minimum stress. ] |
(i) Using squation {9.1), we get ¥ | |
¥
qm=£[1+6“) . Fig. 9.4 (i)
A b l |1 200 mm '4
2400 6 x 10 _
- . 1 + Crenin T
30000 200 =58 G rnax
= &1 + 0.3) = 10.4 N/m®. Ans. | =104
(i) Using equation {9.2), we get kS
P B xe Fig. 9.4 {ii}
(0] = — [1 - I
it A b J
240000 6 x 10
f 1 - . = — 1. = 5-6 2- ﬂl‘lﬁ;
30000 ( 200 } §1-03) Nmm
These stresses are shown in Fig. 9.4 (ii).
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If in Problem 9.1, the minimum stress on the section is given zero then
find the eccentricity of the point load of 240 kN acting on the rectangular column. Also calculate
the corresponding maximum siress on the section. |

Sol. CGiven : | | |
The data from Problem 9.1 is; |
b=200mm, d=150mm, P =3240000N, A =30000mm?
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Using equation (9.2), we get

P 6xe
o= —11-
° [ b)

o - 240000 (1_ 6 xe]
or = "20000 200
bxe bBxe

Fig. 9.5

ar 1- 200 =0 or 1=2E|{]
204
e = o = 33.83 mm. Ans.

Corresponding maximum stress iz obtained by using equation (9.1).
P P 14 Bxe
€ x 200

240000
30000 + 6 81+ 1) =16 N/mm

200

The stresses are shown in Fig. 9.5.
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Minimmum stress
: |< 200 mm >
lI:ijui-uir'l = D rsy 1 I
Let e = Eecentricity

T = T8
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W If in Problem 9.1, the eccentricity is given 50 mm instead of 10 mmi then
find the maximum and minimum stresses on the section. Also plot these stresses ai{mg the |
width of the section. |
Sol. Given : |., 200 mm " |
The data from Problem 9.1 1s : J— !
b =200 mm anven [y _ |
d = 150 ram 1 |
P =240000 N
A = 30000 mm? >
. 20 Mfmm
Eecentricity,
e = 50 mm \\
(¢} Maximum stress (o, _ ) is given by \\
equation (9.1} as Fig. 9.6
o= f— (1 + 6 e]
A b
240000 6 x 50
= 1 — 2 A
30000 [ + 200 ] =8{1 + 1.5) = 20 N/mm= Ans
{¢iy Minimum stress (o, ; ) is given by equation (9.2) as
P Bxe
ﬁmiﬂ. = I 1- b
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. 240000 {1 _5x 5“) - 8(1- 1.5)=—4 N/mm2. Ans.
30000 | 200

Negative sign means tensile stress.
The stresses are plotted as shown in Fig. 9.6.
Note. From the above three problems, we have

S . b o
(i} The minimum stress is zero when e = E‘ég mrm or = mm {ag b = 200). This is clear fronm
Problem 9.2. '

b :
{fi) The minimum stress is +ve (i.e., compressive) when e < rE This is ¢lear from Problem 9.1 in

200 .
which ¢ = 10 mm which is less than e (i.e., 33.33)

- b .. . .
(iii} The minimum stress is —ve (ie., tensile) when e > 5" "This is clear fromu Problem 9.3 in which
200

g = 50 mm which iz more than r (i.e., 33.33).
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The line of thrust, in @ compression testing specumen 15 mm diameler, 13
parallel & the axis of the specimen but ts displaced jram it. Calculate the distance of the line of
thrust from the axis when the muximum stress is 20% greater e |P
than the mean stress on a normal section. H

Sol. Given :

Diameter, d = 15 mm
Area, = E x 15”
= 176.714 mm?®
O,y = 20% greater than mean
120
=100 x mean stress
= 1.2 x mean stress.
Let P = Compressgive load on specimen
e = Eccentricity
Load P
Mean stress = Area = 176714 N/mm?
We know that moment,
M=Pxe
Now bending stress is given by
M _ 9
iy |
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M Py
EI&.=T“J' ) I

T min

RN Tares

Hence maximum bending stress is given by, ] i

M a —
ptin P I Fig. 9.7
{jb = ] o [_ E] _ &

bo ! R

Maximum bending stress will be when y = =
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_ M. 4
== I 9 |
g |
=z M KE ('_' I-E_d‘i) |
gt 2 64
64 |
32 M
= #=
*
' 32Pxe
=TT { M=Pxeg)
. Direct stress due to load is given by,
_E__P
%= A 176714
Maximumn stress = Direct stress x Bending stress
o = P . 32FPxe )
o max = 176714 | ad® | (@)
But O,0r = 1-2 ¥ Mean stress (given)
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=12 x 1?51.:"?14 i) [ Mean stress = ITE.'IMJ !
Equating equations (i) and (i), we get |
P N 32 Pxe —12x | |
176714 nd? 176.714
32xFPxe _ 1.2 P F 02 e

. or s T 176714 176714 ~ 176.714 -
02
or d2xe _ (Cancelling F to both sides)

nd?  176.714

. 02 xmxd® B 0.2 x 7w x 15°
T 832x1768714 32 x 176714

= 0.375 mm. Ans.
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Sal. Given ;

Inner width,

. Inner depth,

A hollow rectangular column of external depth I m and external width

0.8 m is 10 em thick. Caleulate the maximum and minimum stress in the section of the column
if o vertical load of 200 kN is acting with an eccentricity of 15 cm as shown in Fig. 9.8,

External width, B=0.8m=800mm
External depth, D =1.0m= 1000 mm
Thickness of walls, #=10¢m =100 mm

b=B— 2% 100
= 800 -~ 200 = 600 mm
d=D-2xf

= 1000 - 2 x 100 = 800 mm
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Area, A=BxD-bxd P

= 800 x 1000 ~ 600 x 800 ¥
= 800000 — 480000 |
. = 320000 mm? |
M.0Q.I. about ¥-Y axis-is given by, |
1000 x B0O® 800 x 600° e
I=—45"""1 T 1 — |
- = 4266 % 107 - 14.4 x 107
- = 98,26 x 10° mm*
BEeccentric load, P = 200 kN = 200,000 N

Eccentricity, e = 15 cm = 150 mm
We know that the moment,
M=Pxe T
= 200,000 x 150 Il
= 3000000 Nmm T
The bending stress is given by, 800

S SN W

g
3
+3
g
3
1

%

100 mm

: —
e GO0 TN =

.
|

Maximum bending stress will be when Y P

F 9
= 160 mm .
y =+ 400 } .

T

N\

=
&
|
LANARLAVTRAARNNAN
|
|
_ SO
l
i
x\\\x\\\\*}\\\\\\\\x
|
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M
= —— X
Ty, 7 (+ 400) ;—L S i
30000000 )
=+ a26x100 0 t
| = + {1.4246 N/mm? e
Direct stress is given by, ' \‘\.\‘
. P _ 200000 ~d 4
07 A 320000 Fig. 9.8 |
= 0,625 N/mm?
Maximum stress =0+ 0, = 0.625 + 0.4246
= 10498 N/'mm? {Compressive). Ans.
Minimum stress = 0, ~ 0, = 0.623 - 0.4246
= 0.2004 N/mm? (Compressive). Ans.
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- A short column of external dinmeter 40 cm and internal diameter 20 em
carries an eccentric load of 80 kN. Find the greatest eccentricity which the load can have with-

out producing tension on the cross-section.

Sol. Given :
External dia., D =40 em = 400 mm
Internal dia., d = 20 cm = 200 mm
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Area of cross-section,

_T nz e
A= 1 (I — d=)
= % (4002 — 2002) = 30000 x © mm?
Momernt of inertia
o i gt
I o4 (DA — dt)

= % (400%— 200%) = 3.75 x 108 x 7 mm*

Eccentric load, P =80 kN =30000 N
Let ¢ = Eccentricity when there is no tension.

P 80000 -
A 30000 x = o

Now direct stress, o,=

We know that mement,
M=Pxe=80000xe¢e
Now bending stress (o) is given by

M _op
Iy

Mxy
a, =

{
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The bending stress will be maximum when '

¥= f% =% % = = 200 mm
Maximum bending stress is given by, ~J 4
M x(=200) _ M x200 Fig. 9.9
M - |
80000 = e x 200
=

375x 10% x =
Now minimum stress is given by,

Opin = Y0~ Y
80000 80000 x e x 200
T30000xm  375x10% xm

There will be no tensionif o, , =0
For no tension, we have

80000 80000 x e x 200
T 30000xm 3.75x 10° x x

I"(Ei.]
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There will be no tensionif g, =0
For no tension, we have

80000  BOOUOxex 200

T 30000 xm 8.75% 10° x n

0000 _ 80000 x g x 200
o 30000 xw  3.75x10% xx
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1. Ahollow circular column having internal dia 400 mm and thickness 100 mm
Is used as a column. If slenderness ratio is 90. One end of column is
restrained against position and direction while other end is restrained against
position. Calculate actual length of the column.
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