13-1. Determine the critical buckling load for the column.
The material can be assumed rigid.

F = k(L6); Fz=k('2L-9)
(=0 POW-RY -FG) =0
P(O)(L) - kL2 8 - k(%)zo =0

Require :

kL 5kL Ans
4

Pc,=kL+—4—-=
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13-2. The column consists of a rigid member that is pinned
at its bottom and attached to a spring at its top. If the spring
is unstretched when the column is in the vertical position,
determine the critical load that can be placed on the column.

(+ £M, =0, PLsin 8- (kL sin 6)(L cos 6)=0
P =kL cos €

Since 8 is small cos€ =1

P.=kL Ans
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13-3 The leg in (a) acts as a column and can be modeled
(b) by the two pin-connected members that are attached to
a torsional spring having a stiffness k (torque/rad).
Determine the critical buckling load. Assume the bone
material is rigid.

(a) ()
P
L
8// 7
Ay k(26)
1
L
(+2‘M,A =0 —P(G)(E) +2k8 =0
Require :
P, = 4—15 Ans
L
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*13-4. The aircraft link is made from an A-36 steel rod.
Determiné the smallest diameter of the rod, to the nearest
ilg in., that will support the load of 4 kip without buckling. The

ends are pin connected.

——————18in —————

4
I= X8 2d
42 64
K =10
2
P, = n°El
(KLY
4 = B0 EL
((1.0)(18))*
d = 0.551 in,
9
Used = —j .
l6m Ans
Check :
0. = P _ 4
et il :E(ngrz) = 16.7ksi < oy

Therefore, Euler's formula is valid.
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13-5 A square bar is made from PVC plastic that has a
modulus of elasticity of E = 1.25(10%) psi and a yield strain
of ey = 0.001 in./in. Determine its smallest cross-sectional
dimensions a so it does not fail from elastic buckling. It is
pinned at its ends and has a length of 50 in.

Oy = Egy = 1.25(10%)(0.001) = 1.25(10°) psi

_ 7EI
(KLY

cr

125016 @y = Z 2910 7a%)
(1.0(50))

a=174in. Ans
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13-6. A rod made from polyurethane has a stress-strain dia-
gram in compression as shown. If the rod is pinned at its ends
and is 37 in. long, determine its smallest diameter so it does
not fail from elastic buckling.

o)
[}
- €(inin)
0.00
£=-2-800) 2.667(10°) psi
£ 0.003
. TE
cr (KL)Z
8(103)” (d/2)z = w
(1.0(37))2

d=258in. Ans
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13-7. A rod made from polyurethane has a stress-strain dia-

gram in compression as shown. If the rod is pinned at its top

and fixed at its base, and is 37 in. long, determine its smallest o)
diameter so it does not fail from elastic buckling.

8(10°) _ 6y
E= —56; =2.667(107) psi L ctoAn)

(=]

nEl
Pcr - (KL)Z

7 2.667)(105) &)/

3 2 =
8(10°)x (d/2) [0.DENP

d=181in. Ans
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*13-8 An A-36steel column has a length of 5 m and is fixed
at both ends. If the cross-sectional area has the dimensions
shown, determine the critical load.

I= 1—12(0.1)(0.05’) - é(o.osxo.of) = 0.86167 (10%) m*

_ TEI _ 7(200)(10°)(0.86167) (10™)
&P [0.5)S)?

272 138N

= 272kN  Ans

cr

P _

Our = =5 A = (0.1)(0.05) - (0.08)(0.03) = 2.6 (10”%) m?
_ 272138
2.6 (10%)

Therefore, Euler's formula is valid.

= 105 MPa < oy
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13-9 An A-36 steel column has a length of 15 ft and is
pinned at both ends. If the cross-sectional area has the

dimensions shown, determine the critical load. ;ussl&"lo_s in,
05in~f—  §in,
{O,Sin,
L= 1o - L1256 = 93.67in" !
T 12 12 = ebim
1 1
5 = 2(1—2)(0.5)(83) + -1—2(6)(0.53) = 42729 in* (controls)
- m*El _ 7 (29)(10°)(42.729)
(KLY [(1.0)(15) 12)1?
= 377kip Ans
Check :

A = (2)(8)(0.5) + 6(0.5) = 11 in®

A 11
Therefore, Euler's formula is valid

= 343ksi < oy
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13-10 Solve Prob. 13-9 if the column is fixed at its bottom
and free at its top.

1 3 1 3 . 4

L = —@8)7%) ~ —(1.5)6%) = 93.67
12( )(T7) 12( )(67) in

L = 2(—1—15)(0.5)(83) + 115(6)(0.53) = 42.729 in* (controls)

2 2 3

P EI _ n>(29)10)42729) o, , Kp  Ans
(KL)? (2.0(15) (12))2

Check :

A =2(8)(0.5)+6(0.5) = 11 in”

ac,=£=g4;‘-4=8.58ksi< Oy
A 1

Therefore, Euler's formula is valid.
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13-11 The A-36 steel angle has a cross-sectional area of
A = 2.48 in? and a radius of gyration about the x axis of r, =
1.26 in. and about the y axis of ry, = 0.879 in. The smallest
radius of gyration occurs about the z axis and is r, = 0.644 in,
If the angle is to be used as a pin-connected 10-ft-long col-
umn, determine the largest axial load that can be applied
through its centroid C without causing it to buckle.

y

The least radius of gyration :
r, =0.644in. controls.

©E
Ocr = '(zl:)‘;; K=10

3
_ m29U0) _ 8.243ksi < oy  OK
1020
[ 0644

P, =0, A = 8243 (248) = 204kip  Ans
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*13-12 Determine the maximum force P that can be
applied to the handle so that the A-36 steel control rod AB
does not buckle. The rod has a diameter of 1.25 in. It is pin
connected at its ends.

- ™
¢ af 1 14 1
¢
! Fae 4
(+ IM: = 0; Fp()-P3) =0
2
P = -3'&3 (1)
Bucking load for rod AB :
I= 1‘:—(0.6254) = 0.1198 in*
A = 7(0.625%) = 1.2272in’
_ mEl
cr (KL)2
3
Fup = P, = (29)(10°)(0.1198) - 26.46 kip
[1.0B3)(12)F
From Eq. (1)
P= '—2(26.46) =17.6kip Ans
Check :
G = Fer o 2648 ) 6ksi < oy OK
A 12272

Therefore, Euler's formula is valid.
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13-13 The two steel channels are to be laced together to
form a 30-ft-long bridge column assumed to be pin con-
nected at its ends. Each channel has a cross-sectional area
of A = 3.10 in? and moments of inertia I, = 55.4 in%, I, =
0.382 in*. The centroid C of its area is located in the figure.
Determine the proper distance d between the centroids of the
channels so that buckling occurs about the x—x and y’—y’ axes
due to the same load. What is the value of this critical load?
Neglect the effect of the lacing. E;, = 29(10°) ksi, oy = 50 ksi.

o~
1

2(55.4) = 110.8 in®

&~
]

2
2(0.382) + 2(3.10)(;—1) = 0.764 + 1.554°

In order for the column to buckle about x~ x and y—y axes
at the same time, I, must be equal to Z,

L =1

0.764 + 1.554° = 110.8

d = 843 in. Ans

Check :
d > 2(1.231) = 2.462in. OK

_ PEI_ 7 (29)(10°)(1108)

P,
2 2
(KL) [1.0(360) ]
= 245kip Ans

Check stress :

P, 245
O = =2 = 28 _395ksi

A 20310 sy

Therefore, Euler's formula is valid.
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13-14 A column is constructed using four A-36 steel angles
that are laced together as shown in Prob. 13-13. The length
of the column is to be 25 ft and the ends are assumed to be
pin connected. Each angle shown below has an area of
A =2.75 in? and moments of inertia of I;. = I,. = 2.22 in®.
Determine the distance d between the centroids C of the
angles so that the column can support an axial load of
P = 350 kip without buckling. Neglect the effect of the lacing.

0,932 in_| 2068 in.
: ki d
0.932in, 471
o
2.068 in. C c

O, = — = ———— = 31.8%ksi < oy OK

Therefore, Euler's formula is valid.
_mEI

Pcr— 2
(KL)

_  (29)(10°)(8.88 + 2.75 d%)

350 .
[1.0 (300) ]

d = 6.07 in. Ans

Check dimension :
d > 2(2.068) =4.136in. OK
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13-15 . A column is constructed using four A-36 steel angles
that are laced together as shown in Prob. 13-13. The length
of the column is to be 40 ft and the ends are assumed to be
fixed connected. Each angle shown below has an area of 0.932in, 47

A =275 in? and moments of inertia of [, = I, =222 in% 258 m‘ T C
Determine the distance d between the centroids C of the g "
angles so that the column can support an axial load of
P = 350 kip without buckling. Neglect the effect of the lacing.

0.932in] 2-“3 in,

2
L =L =4[222+ 2.75(-;)] = 8.88 + 2.754°

O, = — = ——— = 31.8ksi < oy OK

Therefore, Euler's formula is valid.

3 2
P = 7:2E12 . 350 = 2 (29)(10°)(8.88 + 3.7511 )
(KL) [0.5 (12)(40) ]
d=473in. Ans
Check dimension :

-d > 2(2.068) =4.136in. OK
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*13-16. The W12 X 87 structural A-36 steel column has a
length of 12 ft. If its bottom end is fixed supported while its
top is free,and it is subjected to an axial load of P = 380 Kip,
determine the factor of safety with respect to buckling,

Wi2x87 A =256in® I =740in* I = 241in’ (controls)
K=20
. 3
P, = 2El _ 79004 _ $31.63 kip
(KLY [20(12)(a2)P

P, 831.63
S = <L =—"—"" =219 Ans
FS P 380
Check :

PCI'

Ocr -
A
831.63 oK

= ——— =325ksi < oy
25.6

From Mechanics of Materials, Sixth Edition by R. C. Hibbeler, ISBN 0-13-191345-X.
© 2005 R. C. Hibbeler. Published by Pearson Prentice Hall,
Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may be
reproduced, in any form or by any means, without permission in writing from the publisher.




13-17. The W12 X 87 structural A-36 steel column has a
length of 12 ft. If its bottom end is fixed supported while its
top is free, determine the largest axial load it can support. Use
a factor of safety with respect to buckling of 1.75.

W12x87 A=256in° [ =740in' I =241in* (controls)

K=20

e = e = 00 - 831,63 ki
F KLY  20012)(12)p P

P=—=—"-"—=475kip Ans

=~=—==186ksicoy OK
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13-18. The 12-ft A-36 steel pipe column has an outer diam- -
eter of 3 in. and a thickness of 0.25 in. Determine the critical
load if the ends are assumed to be pin connected.

.1._'_

A = m1.5% - 1.25%) = 2.1598 in®
I= g(l.s‘ - 125% = 2.0586 in*

K=10
- 7El - 7 (29)(10°)(2.0586) _ 284kip  Ans
(KLY? [(1L.o)(12)(12)
Check :
oo =2 B4 ki< oK
A 21598
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13-19. The 12-ft A-36 steel column has an outer diameter
of 3 in. and a thickness of 0.25 in. Determine the critical load
if the bottom is fixed and the top is pinned.

2.1598 in”

. 4
2.0586 in —‘L_

A= 215 - 1259

T . e 4
I=—(15 -125
4( : )

K= 07

2El _ 2(29)(10°)(2.0586)

Pi= ——= =58.0kip Ans
(KL) [0.7)(12)(12))
Check :
0o = P = 380 268ksi < oy oK
A 2159
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