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

Equilibrium: The disturbing force F can be determined by summing moments
about point A.

C+=M,=0; P(LO) - F(é) =0

F =2P6

Spring Formula: The restoring spring force F; can be determine using spring
formula F; = kx.

k(L) <120

Critical Buckling Load: For the mechanism to be on the verge of buckling, the
disturbing force F must be equal to the restoring spring force F.

kL6
2P0 ==
kL
P o — T Ans.
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13-2. Determine the critical load P, for the rigid bar and P
spring system. Each spring has a stiffness k.
Equilibrium: The disturbing forces F; and F, can be related to P by writing the
. e . . . L
moment equation of equlibrium about point A. Using small angle ananlysis, where 3
cosf = landsinf = 0, k :‘
L 2 \!n\!‘\\!n\!n\!n\!n\!
+3XM, =0 Fol = |+ F\zL|)—PL6 =01
4 2( 3> 1(3 ) L
g
Fy,+2F,=3P6 (@8] t[ k
Spring Force. The restoring spring force (F Np)l and (F .Y,;)z can be determined using L
the spring formula, T
2 1 AR
F,, = kx,where x; = 51‘0 and x, = ELG,Fig. b.Thus, —“ﬂ"
2 2 1 1
(Fyp) = kxy = k<§ L0> = JkLo (Fyp)r = kxy = k<§ LB) = JKLO

Critical Buckling Load. When the mechanism is on the verge of buckling the
disturbing force F must be equal to the restoring force of the spring F, . Thus,

Fy=(F,) = %kLo Fy=(F,), = %kw

Substituting this result into Eq. (1),

1 2
—kLo +2(ZkLo) =3P
S kLo <3 e) 0

P, = gkL Ans.

5o

o
h

er-

1
=516

bu]r~

(b)
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13-3. The leg in (a) acts as a column and can be modeled P
(b) by the two pin-connected members that are attached to a
torsional spring having a stiffness k (torque/rad). Determine y

the critical buckling load. Assume the bone material is rigid. —
L L
C+EXM, =0; —P(@)E +2k6=0 3

Require: k (

(G
—/
|
I

P,=— Ans.

(a) (®)

*13-4. Rigid bars AB and BC are pin connected at B. If
the spring at D has a stiffness k, determine the critical load
P, for the system.

Equilibrium. The disturbing force F can be related P by considering the equilibrium a
of joint A and then the equilibrium of member BC,

Joint A (Fig. b)

+12F, =0 Fapcosp — P =0 FAB:m | | P
D

Member BC (Fig. ¢) a
sin ¢(2a cos 0) = 0 L’?

EMc = 0; F(acos0) — cos ¢ (2asin 0) —

P P
cos ¢ cos¢

F = 2P(tan 6 + tan ¢)
Since 6 and ¢ are small, tan 6 = 6 and tan ¢ = ¢. Thus,

F =2P(6 + ¢) 1)
Also, from the geometry shown in Fig. a,

2a0 = ad ¢ =260
Thus Eq. (1) becomes

F =2P(0 + 20) = 6P0

Spring Force. The restoring spring force F, can be determined using the spring
formula, F, = kx,where x = af, Fig. a. Thus,

F,, = kx = ka0
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13-4. Continued

Critical Buckling Load. When the mechanism is on the verge of buckling the
disturbing force F' must be equal to the restoring spring force Fxp.

F =F,,
6P.0 = kab
ka
P,=— Ans.
cr 6 ns.
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*13-5. An A-36 steel column has a length of 4 m and is

pinned at both ends. If the cross sectional area has the
dimensions shown, determine the critical load.
25 mm
Section Properties: e
A = 0.01(0.06) + 0..05(0.01) = 1.10(107*) m? 10 mm
_ -1 3 1 3) — ~6) 4
1= I, = 35 (001)(0.06°) + - (0.05)(0.01°) = 0.184167(10™°) m 55 mm

Critical Buckling Load: K = 1 for pin supported ends column. Applying Euler’s 25 mm% ‘k 25 mm
formula, " ’
mm
_ @El
cr (KL)2
77 (200)(10%)(0.184167)(10~°)
HCE
= 22720.65N = 22.7kN Ans.

Critical Stress: Euler’s formula is only valid if o, < o,.

P 22720.65
A 1.10(107%)

Ocr =

= 20.66 MPa < o, = 250 MPa O.K.

13-6. Solve Prob. 13-5 if the column is fixed at its bottom

and pinned at its top. {
Section Properties: » (n m
A = 0.01(0.06) + 0.05(0.01) = 1.10(10"*) m? T
10 mm

_g 3 1 3\ — —6) 4

I = I, = 35 (001)(0.06%) + - (0.05)(0.01°) = 0.184167(10~°) m
25 mm

Critical Buckling Load: K = 0.7 for one end fixed and the other end pinned [

column. Applying Euler’s formula, 25 mm% ‘k 25 mm —
B 77_2 EI 10 mm
cr (EL)2
77 (200)(10%)(0.184167)(10~°)
[0.7(4)F
= 46368.68 N = 46.4 kN Ans.

Critical Stress: Euler’s formula is only valid if o, < 0.

P .
g = Lo o OB |SMPa < o, = 250 MPa OK.
A 110(10°%)
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13-7. A column is made of A-36 steel, has a length of 20 ft, l | 6in.
and is pinned at both ends. If the cross-sectional area has 025 .
the dimensions shown, determine the critical load. ’ T
The cross sectional area and moment of inertia of the square tube is 5.5in.
A = 6(6) — 5.5(5.5) = 5.75 in?
1 1 025 in.
I =-—(6)(6% — — (55)(5.5%) = 31.74in" [— — —]
12 12 0.25 in. 0.25 in.
The column is pinned at both of its end, k = 1. For A36 steel, E = 29.0(10%) ksi and
o, = 36 ksi (table in appendix). Applying Euler’s formula,
PEI 729.0(10%)](31.74)
“(KLy [120)(12) ]
= 157.74 kip = 158 Ans.
Critical Stress. Euler’s formula is valid only if o, < o,.
P, 15774 . .
= = = 27. < = K.
Tor =4 575 274 ksi < o, = 36 ksi O.K
*13-8. A column is made of 2014-T6 aluminum, has a l | 6in.
length of 30 ft, and is fixed at its bottom and pinned at its 025 in.
top. If the cross-sectional area has the dimensions shown,
determine the critical load.
5.5in
The cross-sectional area and moment of inertia of the square tube is
A = 6(6) — 5.5(5.5) = 5.75 in? 025 in. N =
0.25 in. 0.25 in

1 1 )
I= 5(6)(63) - E(S.S)(S.53) = 31.74 in*

The column is fixed at one end, K = 0.7. For 2014-76 aluminium, E = 10.6(10°) ksi
and o, = 60 ksi (table in appendix). Applying Euler’s formula,

2EI m[10.6(10%)](31.74)
(KLY [0.730)(12) P
= 52.29 kip = 52.3 kip Ans.

Critical Stress. Euler’s formula is valid only if o7, < 0.

P, 523 . .
=g I g, < = K.
Ter = 575 9.10ksi < o, = 60 ksi OK
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*13-9. The W14 X 38 column is made of A-36 steel and is
fixed supported at its base. If it is subjected to an axial load
of P = 15 kip, determine the factor of safety with respect to _
buckling.

=~

From the table in appendix, the cross-sectional area and moment of inertia about

weak axis (y-axis) for W14 X 38 are
20 ft

A =112in I, =26.7in*

The column is fixed at its base and free at top, k = 2. Here, the column will buckle
about the weak axis (y axis). For A36 steel, E = 29.0(10°) ksi and oy = 36ksi.
Applying Euler’s formula,

mEI,  7[29.0(10%](26.7)

P = = = 33.17 ki
(KLY 2 20)(12)] P

Thus, the factor of safety with respect to buckling is

P, 33.17
Fs=-=>"1_99 Ans.
5= = 15 ns

The Euler’s formula is valid only if o, < o,

P, 33.17 . .
T = j = W =296 ksi < o, = 36 ksi O.K.

13-10. The W14 X 38 column is made of A-36 steel.
Determine the critical load if its bottom end is fixed
supported and its top is free to move about the strong axis
and is pinned about the weak axis.

[
|

From the table in appendix, the cross-sectional area and moment of inertia about
weak axis (y-axis) for W14 X 38 are I
20 ft

A=112in* I, =385in* I,=267in*

The column is fixed at its base and free at top about strong axis. Thus, k, = 2. For
A36 steel, E = 29.0(10%) ksi and o, = 36 ksi.

PEI,  ]29.0(10%)(385)
P, = L= = 47828 kip
(KLy) 2 20)(12) ]

The column is fixed at its base and pinned at top about weak axis. Thus, k, = 0.7.
mEI,  %29.0(10%](26.7)

T (KL [0.720)(12) P

270.76 kip = 271 kip (Control) Ans.

P,

The Euler’s formula is valid only if o, < o,

P, 270.76 . .
= — = = . < = LK.
O 12 2417 ksi < o, = 36 ksi OK
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13-11. The A-36 steel angle has a cross-sectional area of y
A = 248in? and a radius of gyration about the x axis of n
ry = 1.261in. and about the y axis of r, = 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 column, 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, = 0.644 in. controls.
7E

Oy = (ﬁ)z; K =10

- [1.0(1201]2 - U= Oy o

0.644

P, = o0, A = 8243 (2.48) = 20.4 kip Ans.
*13-12. An A-36 steel column has a length of 15 ft and is 8 in.— |

pinned at both ends. If the cross-sectional area has the
dimensions shown, determine the critical load.

3 T0.5 in.

0.5in.—~ -~ ¢in.

= b ().5 in.
I, = i(S)(T‘) - i(7.5)(63) = 93.67 in*
12 12

1,=2 (%)(0.5)(83) + % (6)(0.5%) = 42.729 in* (controls)

 @PEL m(29)(10°)(42.729)

Pe = ELy ~ 1005127

= 377 kip Ans.

Check:
A = (2)(8)(0.5) + 6(0.5) = 11 in?

P
UC,:f:%:34.3ksi<o‘V

Therefore, Euler’s formula is valid
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*13-13. An A-36 steel column has a length of 5 m and is 10 mm
fixed at both ends. If the cross-sectional area has the

dimensions shown, determine the critical load. } 1
50 mm — ~—10 mm
1 1 — —
1= 35 (01)(0.05%) — £ (0.08)(0.03%) = 0.86167 (10~%) m* T
o mEl_ (200)(10%)(0.86167)(10°)
© (KLY [(0.5)5)P?
= 272138 N
= 272 kN Ans.
Pcr . _ — -3 2
T = 5 A = (0.1)(0.05) — (0.08)(0.03) = 2.6(107%) m
272 1
27737%: 105 MPa < o,
2.6 (10°3)

Therefore, Euler’s formula is valid.

13-14. The two steel channels are to be laced together y oy

to form a 30-ft-long bridge column assumed to be pin |
connected at its ends. Each channel has a cross-sectional 0.269 in. 1.231 in.
area of A = 3.10 in”> and moments of inertia /, = 55.4 in*, *,‘ L‘

I, =0382 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
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. ! !
Eg = 29(10°) ksi, oy = 50 ksi. —d

I, =2(55.4) = 1108 in*

2
1, =2(0382) +2 (3.10)(%) = 0.764 + 1.55 d*

In order for the column to buckle about x — x and y — y at the same time, Iy must
be equal to 7,

0.764 + 1.55d> = 110.8

d = 843 in. Ans.
Check:
d > 2(1.231) = 2.462 in. OK.
 7EI 7 (29)(10°)(110.8)
“ (KLY [10G60)]
= 245 kip Ans.

Check stress:

P 245 .
O = f = 2(.10) =39.5ksi <o,

Therefore, Euler’s formula is valid.
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13-15. An A-36-steel W8 X 24 column is fixed at one end
and free at its other end. If it is subjected to an axial load
of 20 kip, determine the maximum allowable length of the
column if F.S. = 2 against buckling is desired.

Section Properties. From the table listed in the appendix, the cross-sectional area
and moment of inertia about the y axis for a W8 X 24 are

A = 7.08in? I, =183in*
Critical Buckling Load. The critical buckling load is
P = Paow (F.S) = 20(2) = 40 kip

Applying Euler’s formula,

m* EI,
P =—"
(KLY
72[29(10°)|(18.3)
ey
L = 180.93in = 15.08 ft = 15.1 ft Ans.

Critical Stress. Euler’s formula is valid only if o, < oy.

P 40 . .
O = f =708 5.65ksi < oy = 36 ksi O.K.

*#13-16. An A-36-steel W8 X 24 column is fixed at one
end and pinned at the other end. If it is subjected to an axial
load of 60 kip, determine the maximum allowable length of
the column if F.S. = 2 against buckling is desired.

Section Properties. From the table listed in the appendix, the cross-sectional area
and moment of inertia about the y axis for a W8 X 24 are

A = 7.08in I, =183in*
Critical Buckling Load. The critical buckling load is
P.. = Paow (F.S.) = 60(2) = 120 kip

Applying Euler’s formula,

w’El,
P,=—"
cr (KL)Z
7 [24(10%)](18.3)
120=—— " —
(0.7L)
L = 298.46in = 24.87 ft = 24.9 ft Ans.

Critical Stress. Euler’s formula is valid only if o, < oy.

—P"’—@—1695k‘< = 36 ksi O.K
U"’_A_7.08_ . st < oy = S1 K.
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*13-17. The 10-ft wooden rectangular column has the
dimensions shown. Determine the critical load if the ends o
are assumed to be pin connected. E, = 1.6(10%) ksi,
oy = Sksi.
Section Properties:
10 ft
A = 4(2) = 8.00in? 4in T [
Lk
1 3\ — 4 21in.
I, = E(z)(4 ) = 10.667 in
[l
1
I, = E(4)(23) = 2.6667 in* (Controls /)
Critical Buckling Load: K = 1 for pin supported ends column. Applying Euler’s
formula,.
_ @El
cr (KL)2
_ 7(1.6)(10°)(2.6667)
[1(10)(12)]
= 2.924 kip = 2.92 kip Ans.
Critical Stress: Euler’s formula is only valid if o, < 0,
P 2.924 . .
Oy = f = %00 = 0.3655 ksi < o, = 5ksi OK.
13-18. The 10-ft column has the dimensions shown.
Determine the critical load if the bottom is fixed and the T
top is pinned. Ey, = 1.6(10%) ksi, oy = 5 ksi.
Section Properties:
A = 4(2) = 8.00in’
10 ft
1 3 .4 4in. |
I, = 35 @)(4) = 10667 in % \DL
2in.
1 N 4
I, = 5(4)(2 ) = 2.6667 in* (Controls!) o
Critical Buckling Load: K = 0.7 for column with one end fixed and the other end
pinned. Applying Euler’s formula.
_ @El
cr (KL)Z
7 (L6)(10°)(2.6667)
T 0.7(10)(12)P
= 5.968 kip = 5.97 kip Ans.
Critical Stress: Euler’s formula is only valid if o, < 0.
P 5.968 . .
O = f =500~ 0.7460 ksi < o, = 5 ksi OK.
1048



13 Solutions 46060 6/11/10 11:56 AM Page 1049 $

© 2010 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.

13-19. Determine the maximum force P that can be
applied to the handle so that the A-36 steel control rod BC
does not buckle. The rod has a diameter of 25 mm.

Support Reactions:
C+IM, =0 P(0.35) — Fpesin45°(0.25) = 0
Fpe = 1.9799P

Section Properties:
(0.025%) = 0.15625(1073) 7 m?
(0.0125%) = 19.17476(10~°) m*

Critical Buckling Load: K =1 for a column with both ends pinned. Appyling
Euler’s formula,

wEl

P.=Fp =—"—

cr BC (KLBC)Z

2 9 -9
7°(200)(107)[ 19.17476(10
1.9799P = (200 [ 5 ( )}
[1(0.8)]
P =29870N = 29.9 kN Ans.

Critical Stress: Euler’s formula is only valid if o, < o,

P, 1.9799(29 870)
AT 0.15625(10 )7

O =

= 120.5 MPa < o, = 250 MPa OK.
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#13-20. The W10 X 45 is made of A-36 steel and is used P
as a column that has a length of 15 ft. If its ends are assumed

pin supported, and it is subjected to an axial load of 100 kip, =
determine the factor of safety with respect to buckling.

Critical Buckling Load: 1, = 53.4 in* for a W10 X 45 wide flange section and
K = 1 for pin supported ends column. Applying Euler’s formula, 15 ft

_ @El
cr (KL)2

7 (29)(10°)(53.4)
P
471.73 kip

Critical Stress: Euler’s formula is only valid if o, < 0, A =133 in” for the
W10 X 45 wide-flange section.

P, 47173 . .
Ty = >y = 33 = 3547ksi < o, = 36 ksi O.K.
Factor of Safety:
P, 47173
FS=—= =472 Ans.
5= T 10 7 s

e13-21. The W10 X 45 is made of A-36 steel and is used
as a column that has a length of 15 ft. If the ends of the
column are fixed supported, can the column support the

— v

critical load without yielding? T
Critical Buckling Load: I, = 53.4 in* for W10 X 45 wide flange section and
K = 0.5 for fixed ends support column. Applying Euler’s formula, I 15 ft
2
7 El
P o = 2
(KL)
7 (29)(10%)(53.4) ol

[0.5(15)(12)]

N —

1886.92 kip

Critical Stress: Euler’s formula is only valid if o, < 0,. A = 13.3 in? for W10 x 45
wide flange section.

P 1886.92 . .
O = f =33 141.87 ksi > o, = 36 ksi (No/) Ans.

The column will yield before the axial force achieves the critical load P, and so
Euler’s formula is not valid.
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13-22. The W12 X 87 structural A-36 steel column has a P
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 v
buckling.
W12 x87  A=256in> [,=740in* I, = 241in*(controls)
K =20 12 ft
2ET 2(29)(10%)(241
Py = TEL_m @A) _ oy i
(KL)”  [20)(12)(12)]
P,  831.63 RS
FS. = P - 3%0 2.19 Ans.
Check:
L Pa
cr A
831.63 .
= W = 32.5ksi < o, O.K.
13-23. The W12 X 87 structural A-36 steel column has a P
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. v _
W12 x8  A=256in> I,=740in* I, =241in*  (controls)
K =20
12 ft
2E] 2(29)(10%)(241
P = = > = T @)A0N 2) = 831.63 kip
(KL) (2.0(12)(12))
P, 831.63 .
P = FS 175 475 ksi Ans. 1
Check:
P 831.63 .
O = Z = W = 32.5ksi < T, O.K.
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#13-24. An L-2 tool steel link in a forging machine is pin P P
connected to the forks at its ends as shown. Determine the
maximum load P it can carry without buckling. Use a factor
of safety with respect to buckling of F.S. = 1.75. Note from
the figure on the left that the ends are pinned for buckling, 1

|

whereas from the figure on the right the ends are fixed.

~— 1.5in. /1 0.5 in.

1
. Il
24 in. 1
1
\
\
\

"

Section Properties:

o

Q| —————=—"———__1@

A = 15(0.5) = 0.750 in?

1 3 .4
I, = E(0.5)(1.5 ) = 0.140625 in

~

_ 1 3) — s 4
1, = 35 (15)(05°) = 0015625 in
Critical Buckling Load: With respect to the x — x axis, K = 1 (column with both
ends pinned). Applying Euler’s formula,

_ @El
T (KL)?

72(29.0)(10%)(0.140625)
[1e4r

= 69.88 kip

With respect to the y — y axis, K = 0.5 (column with both ends fixed).

_ @El
cr (KL)Z

 7%(29.0)(10°)(0.015625)
- [0.524)2

= 31.06 kip (Controls!)

Critical Stress: Euler’s formula is only valid if o, < o,.

P 31.06

= = —— = 41. i<o,= i K.
Ta = 075 41.41 ksi < o, = 102 ksi OK
Factor of Safety:
FS=-—*2
P
31.06
1.75 = 5
P = 17.7 kip Ans.
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¢13-25. The W14 X 30 is used as a structural A-36 steel P

column that can be assumed pinned at both of its ends.

Determine the largest axial force P that can be applied

without causing it to buckle. E O

From the table in appendix, the cross-sectional area and the moment of inertia
about weak axis (y-axis) for W14 X 30 are

A=885in*> I,=196in I 25 ft

Critical Buckling Load: Since the column is pinned at its base and top, K = 1. For
A36 steel, E = 29.0(10%) ksi and o, = 36 ksi. Here, the buckling occurs about the
weak axis (y-axis).

wEl,  2[29.0(10%(19.6)
P=P, = = =

(KL) [1(25)(12) ]

= 6233 kip = 62.3 kip Ans.

Euler’s formula is valid only if o, < o,

P 2.
O = f = % = 7.04ksi < o, = 36 ksi OK.

13-26. The A-36 steel bar AB has a square cross section.
If it is pin connected at its ends, determine the maximum
allowable load P that can be applied to the frame. Use a
factor of safety with respect to buckling of 2.

C+3M4=0; Fpesin30°(10) — P(10) = 0

FBC =2P
+
—>3F, =0 F, — 2P cos30° =
F,=1732P
Buckling load:
P, = F4(F.S.) = 1732 P(2) = 3.464 P
L =10(12) = 120 in.
1 3 s 4
I= 5(1.5)(1.5)‘ = 0.421875 in
m EI A A Fae
Pcr = (KL)2 -5
4
2(29)(10%)(0.421875
3464 p = T EUO)OASTS)
[(1.0)(120)]
P = 2.42kip Ans.
P. = F4(F.S.) = 1.732(2.42)(2) = 8.38 kip
Check:
Py 8.38 .
=g __=_ _3 < K.
T =, 15(13) 3.72ksi < o, O.K
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13-27. Determine the maximum allowable intensity w of w
the distributed load that can be applied to member BC l l l l l l l l
without causing member AB to buckle. Assume that AB is ) 0 —
made of steel and is pinned at its ends for x—x axis buckling
and fixed at its ends for y-y axis buckling. Use a factor I 1.5m | |
of safety with respect to buckling of 3. Eyq = 200 GPa,
oy = 360 MPa.

30mm —] —

20 mm

s

Moment of inertia:

ﬁ“[i Afa

30 mm

I, = 11—2 (0.02)(0.03%) = 45.0(10)m* x

1 _
I, = 5(0'03)(0'023) = 20(1077%) m*

X—X axis:
P, = F,p(FS.) =1333w3) =40w
K = 1.0, L =2m 20

7772EI ‘_"-“_1'“"—"'
cr (KL)2

dow = T CO)E5.0)(107) o6beTW o 13330
Uw =
(LO)2)P

w = 5552 N/m = 5.55kN/m (controls) Ans.

y—y axis
K =05, L =2m

0 a2 (200)(10%)(20)(10™°%)
Uw =
[(0.5)2)F

w = 9870 N/m = 9.87 kN/m

Check:

*Pcr*ﬂ*WOMP < 0K
T T4 T (0.02)003) TS Ty o
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#13-28. Determine if the frame can support a load of w
w = 6 kN/m if the factor of safety with respect to buckling l l l l 1 l 1 l
of member AB is 3. Assume that AB is made of steel and is D) 0 -
pinned at its ends for x—x axis buckling and fixed at its ends C B |
for y—y axis buckling. £y = 200 GPa, oy = 360 MPa. I L5m ! 05 m‘
Check x—x axis buckling: 5
m
1 . 30mm -
I, = 35 (0.02)(0.03)" = 45.0(10"°) m* . mm
L)ZO mm
K =10 L=2m y = )
—= Afa
o mEI 7(200)(10°)(45.0)(10~%) =30 mm
¢ (KL (L0)(2))
P, =222kN

CH+IMc=0;  Fup(l5) —6(2)(1) =0

Fap = 8kN

Prega = 8(3) = 24 kN > 22.2kN

No, AB will fail. Ans.

¢13-29. The beam supports the load of P = 6 kip. As a
result, the A-36 steel member BC is subjected to a
compressive load. Due to the forked ends on the member,
consider the supports at B and C to act as pins for x—x axis
buckling and as fixed supports for y-y axis buckling.
Determine the factor of safety with respect to buckling
about each of these axes.

C+3M, =0 FBC<%>(4) — 6000(8) = 0

FBC =20 klp

x—x axis buckling:

wEl m(29)10)H)1)E)

P, = = = 1789 ki
* (KLY (10(5)(12))? P
178.
Fs. = 159 _ g4 Ans.
20 sovo b
Ad &t | 4
y—y axis buckling: Alpy 2 T ~
p _ mEL _ T @O
(KLY (0.5(5)(12))* '
79.51
F.S. = W = 398 Ans.
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13-30. Determine the greatest load P the frame will |P
support without causing the A-36 steel member BC to [ 41t | 41t

buckle. Due to the forked ends on the member, consider the b ‘ i,
supports at B and C to act as pins for x—x axis buckling and 9 |
as fixed supports for y—y axis buckling. T F A

3ft

C+3M, =0, FBC<§)(4> ~P®) =0

FBC =333P

x—x axis buckling:

_ EL T)1P)HME) .
BT NS ()

Pcr

y—y axis buckling:

2Bl TR)A)HB)) . 4 ‘ r
Pa = kD = sy Otk ‘-ﬁ ) Mg?‘% e
A (]

Thus, 1 F“
333 P =179.51
P =239 kip Ans.

13-31. Determine the maximum distributed load that can
be applied to the bar so that the A-36 steel strut AB does
not buckle. The strut has a diameter of 2 in. It is pin
connected at its ends.

The compressive force developed in member AB can be determined by writing the
moment equation of equilibrium about C.

CHEMc =0, Fap?) —w@B) =0  Fup=3w

4 ft
A =m(12) = 7in? 1="% = Tipt
4 4
Since member AB is pinned at both ends, K = 1. For A36 steel, E = 29.0(10%) ksi i
and o, = 36 ksi. 77 B
=y 7[29.0(10%) |(/4) T
= Bw=————— T
(KLY [14)(12)]
w = 32.52 kip/ft = 32.5 kip/ft Ans.
aw
The Euler’s formula is valid only if o, < o,
o= ————7
P, 3(32.52) , ,
O = = ——— =31.06ksi < o, = 36ksi O.K. & —
A T O
X
2 ft If¢

(&)
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*#13-32. The members of the truss are assumed to be pin
connected. If member AC is an A-36 steel rod of 2 in.
diameter, determine the maximum load P that can be
supported by the truss without causing the member to buckle.

Section the truss through a—a, the FBD of the top cut segment is shown in Fig. a. The
compressive force developed in member AC can be determined directly by writing
the force equation of equilibrium along x axis.

BSF, =0,  Fue @) —P=0 Fu =§P(C)
_ 2 2 _T o T
A=m(1") = win 1 4(1) 4 n

Since both ends of member AC are pinned, K = 1. For A-36 steel, E = 29.0(10°) ksi

and o, = 36 ksi. The length of member ACis Ly = V3% + 4> = 5.

2EL 5 m[290010°)|(m/4)

.= ; P =
Co(KL?T 3 [1512)
P = 3747 kip = 37.5 kip Ans.

Euler’s formula is valid only if o, < o,

s

5 (3747)

T =L ="—— =19.88ksi < o, = 36 ksi OK.
o
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¢13-33. 'The steel bar AB of the frame is assumed to be pin
connected at its ends for y—y axis buckling. If w= 3 kN/m,
determine the factor of safety with respect to buckling about
the y-y axis due to the applied loading. Ey = 200 GPa,
oy = 360 MPa.

4m

The force with reference to the FBD shown in Fig. a.

C+SMe=0;  3(6)3) — Fap (%)(6) =0 Fu3=15kN

1
A =004(0.08) = 3210 )m> I, = D (0.08)(0.04%) = 0.4267(10®)m*

The length of member AB is L = V/3? + 4> = 5m. Here, buckling will occur about
the weak axis, (y-axis). Since both ends of the member are pinned, K, = 1.
mEI,  @*[200(10°)][0.4267(107%)]

P, = = = 33.69 kN
(K, Ly)? [1.0(5)

Euler’s formula is valid only if o, < o,

P,  33.69(10°)
A 32(107%)

= 10.53(10°)Pa = 10.53 MPa < o, = 360 MPa  OK.

Ter =

Thus, the factor of safety against buckling is

P, 33.69
F.S = =227 995 Ans.
S=F., " 15 s
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13-34. The members of the truss are assumed to be pin
connected. If member AB is an A-36 steel rod of 40 mm
diameter, determine the maximum force P that can be
supported by the truss without causing the member to buckle.

By inspecting the equilibrium of joint E, F 5 = 0. Then, the compressive force
developed in member AB can be determined by analysing the equilibrium of joint

A, Fig.a.
3 5

+15F, =0, Fuc 5)-P= Fac =3P (T)
5 (4 4

LsF =0, §P(§>—FAB=0 Fag =3P

A= 7(0.02%) = 0410 7 m?> = %(0.024) = 40(1077) 7 m*

Since both ends of member AB are pinned, K = 1. For A36 steel, £ = 200 GPa and

o, = 250 MPa.
P2E] 4 72 [200(10%)[40(10~*)m |
cr :W; EP = [1(2)]2
P = 46.51(10°) N = 46.5kN Ans.

The Euler’s formula is valid only if o, < o,

4 3
b 3465D00)

L= =~ 4935(10%) Pa = 49.35 MPa < o, = 250 MPa OK.
T T A T 04107 (10° Pa Sy a

fie= ,\

A

<€

()
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13-35. The members of the truss are assumed to be pin
connected. If member CB is an A-36 steel rod of 40 mm
diameter, determine the maximum load P that can be
supported by the truss without causing the member to buckle.

Section the truss through a—a, the FBD of the left cut segment is shown in Fig. a. The
compressive force developed in member CB can be obtained directly by writing the
force equation of equilibrium along y axis.

+1SF,=0;, Fey—P=0 Feg=P(C)
A =7(0.02%) = 04107 m?> [= %(0.024) = 40(10~%)7r m*

Since both ends of member CB are pinned, K = 1. For A36 steel, E = 200 GPa and

., = 250 MPa.
_ 7PEI 7 [200010%)][40(10*) ]
o = (KL)2 ’ - [1(15)]2

= 110.24(10% N = 110 kN Ans.

The Euler’s formula is valid only if o, < o,

P 110.24(10°
Oy =—"= # = 87.73(10°) Pa = 87.73MPa < o, = 250 MPa  OK.
A 0410737
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*#13-36. If load C has a mass of 500 kg, determine the
required minimum diameter of the solid L2-steel rod AB
to the nearest mm so that it will not buckle. Use F.S. = 2
against buckling.

Equilibriun. The compressive force developed in rod AB can be determined by
analyzing the equilibrium of joint A, Fig. a.

SF, =0; Fypsin15° — 500(9.81) cos 45° = F,p = 13400.71N

Section Properties. The cross-sectional area and moment of inertia of the solid
rod are

A=%d2 1:Z<1>4:£d4

Critical Buckling Load. Since the rod is pinned at both of its ends, K = 1. Here,
P, = F 45 (F.S.) = 13400.71(2) = 26801.42 N. Applying Euler’s formula,

mEl,
P. =
cr (K L)Z

wz[zoo(log)}{% d“}
[@F

d = 0.04587 m = 45.87 mm

26801.42 =

Use d = 46 mm Ans.

Critical Stress. Euler’s formula is valid only if o, < oy.

P, 26801.42
o, =—"=—"—"=1613MPa < gy = 703 MPa OK.

A T
% (0.046%)

fas  500(981)N
(A4)
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¢13-37. If the diameter of the solid L2-steel rod AB is
50 mm, determine the maximum mass C that the rod can
support without buckling. Use F.S. = 2 against buckling.

Equilibrium. The compressive force developed in rod AB can be determined by
analyzing the equilibrium of joint A, Fig. a.

SF, =0; Fupsinl15° — m(9.81) cos 45° = F g = 26.8014m

Section Properties. The cross-sectional area and moment of inertia of the rod are

A =7 (005%) = 0625(10 %) m?

1= 7 (0.025%) = 97.65625(10")rm*

Critical Buckling Load. Since the rod is pinned at both of its ends, K = 1. Here,
P, = F,5(F.S.) = 26.8014m(2) = 53.6028m. Applying Euler’s formula,

w?El,
P =—"
cr (KL)2
772{200(109)}{97.65625(10’9)77}
53.6028m =
@y
m = 706.11 kg = 7.06 kg Ans.

Critical Stress. Euler’s formula is valid only if o, < oy.

P,  53.6028(706.11)

= 1928 MPa < oy = 703 MPa OK.
A 70625(107?)

Ter =

15°
46°

F
? Fe m9s)
(4)
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13-38. The members of the truss are assumed to be pin
connected. If member GF is an A-36 steel rod having a
diameter of 2 in., determine the greatest magnitude of load
P that can be supported by the truss without causing this
member to buckle.

Support Reactions: As shown on FBD(a).

Member Forces: Use the method of sections [FBD(b)].

+SMp=0; Fgpr(12) — P(16) = 0 Fgp = 1.3333P (C)

Section Properties:
A=7 () =7in’
_ T4\ _ .4
1= (1) = 02507 in

Critical Buckling Load: K = 1 for a column with both ends pinned. Applying
Euler’s formula,

mEl
Pcr = FGF =7 v
(KLgr)
2 (29)(10%)(0.250
13333p = T GU0)0.250m)
[1(16)(12)]
P = 4573 kip = 4.57 kip Ans.

Critical Stress: Euler’s formula is only valid if o, < 0.

P, 13333(4.573) , ,
Oy = 8 = 2R 94 ksi < o, = 36 ksi OK.
A T Y

%N |

Téft T
’D
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13-39. The members of the truss are assumed to be pin
connected. If member AG is an A-36 steel rod having a
diameter of 2 in., determine the greatest magnitude of load
P that can be supported by the truss without causing this
member to buckle.

Support Reactions: As shown on FBD(a).

Member Forces: Use the method of joints [FBD(b)].

3
+1SF, =0 P=CFag=0  Fag=16667P (C)

Section Properties:

L = V16 + 122 = 20.0 ft

A==(2) =7min

ENE]

1 =" (1) = 02507 in*

Critical Buckling Load: K = 1 for a column with both ends pinned. Applying
Euler’s formula,

2
7 El
Pcr = FGI" = o7 2
(KLGF)
2 (29)(10%)(0.250
Leoe7p = T GN0)O0.250m)
[1(20)(12)]
P = 2342 kip = 2.34 kip Ans.

Critical Stress: Euler’s formula is only valid if o, = o,

P, 1.6667(2.342) . .
O = =————=124ksi < o, = 36ksi O.K.
A T Y

/eft L it ) /Ut.
A,af (& F ‘Wﬁf

)
¥
A
rs i
Al A
Fis
P
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*13-40. The column is supported at B by a support that ‘ L |
does not permit rotation but allows vertical deflection.
Determine the critical load P,. EI is constant.

Elastic curve:

d2
EI®S =M=-Pv
dx

&v P
a2 EI"

. P P
= [ — x|+ o
v Clsm{ Ix} Czcos{ 14

Boundry conditions:

Atx = 0; v=20

0=0+Cy; C,=0

Atx = L; %20

%=C1\/gcos[ %L]}=O; C, %#0

cos{ 54:0; gL:n<%> n=135

Forn =1; %=4L;

cr:ﬂjlszl Ans.
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¢13-41. The ideal column has a weight w (force/length)
and rests in the horizontal position when it is subjected to the l l l l l l l l l l l l l P
axial load P. Determine the maximum moment in the column 0 [—
at midspan. EI is constant. Hint: Establish the differential —O
equation for deflection, Eq. 131, with the origin at the mid
span. The general solution is v = Cy sin kx + C, cos kx + | L |
(w/(2P))x*— (WL/(2P))x — (WEI/P*) where k* = P/EI.
Moment Functions: FBD(D).
L
C+3M, =0. wx (%) — M(x) - (%)x —Pv=0
_Wie2 WL
M(x) = 5 (x*— Lx) - Pv [1]
. . . . Aonp F T l """ e
Differential Equation of The Elastic Curve: - jF
T~ &

d*v '% z ] wi
El—=M WL s

dxz ()C) A,, 2 (’} % L

dv w 2
EIE—E(;C — Lx) - Pv
™ P 5
P Ay T )
The solution of the above differential equation is of the form wWE x

P P w wL wEI TP Tl
=Cysin{ y[—=x )+ [—=x |+=—=xX*— —=x — — x4
v C151n< E1x> C2c05< E1x> PR 2p 7 [2] P
v
i P

and E2 Q)" M)
x ’

dv P P P . P w wL oy

av L I L I I A

ax G \/; €os <\/ EI x) Gy grsn (\/ E1X> P* 2p 3]

The integration constants can be determined from the boundary conditions.

Boundary Condition:

At x = 0,v = 0.From Eq. [2],

wEIl wEI
O:szipz C, = P
L dv
Atx = T 0.From Eq.[3],

0= | Lcos ([TL) - WL [T g (([TLY oo (LY i
"WEI EI 2 P? EI EI 2 P\2 2P
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13-41. Continued

Elastic Curve:
_W|EL, [P Ly ([P ) EL P\, ¥ _L _El
VSRl T WE 2 )WV EY) TPV EY) T2 T2 TP
L
However,v = v, at x = X Then,
_wlEL P [ EL) B [P LY L EI
Vmas = p | p NN 2 )M \NVE2) TP \NEI2) T8 TP
_wEL| ([P L)_PL
P? EI 2 8EI
. . L
Maximum Moment: The maximum moment occurs at x = X From, Eq.[1],
wl| L? L
Mmax = 3 |:7 - L<5>:| - Pvmax
_wL? | wEL P L)_PL_
8 P | *°\NVEr2) ~ 8EI
[P L
< m) - 1:| Ans.

[
|
=
=
~
w
o
(e}

midpoint and the axial load P. Determine the maximum
moment in the column at midspan. E/ is constant. Hint:
Establish the differential equation for deflection, Eq. 13-1. L\o je—
The general solution is v = Cy sin kx + C, cos kx — czx/kz, 2

13-42. The ideal column is subjected to the force F at its lF

where ¢2 = F/2EI, k* = P/EI. | L ‘ L |
\ 5 \ 5 \
Moment Functions: FBD(b).
F
C+=M, = 0; M(x)+5x+P(v) =0
F
M(x)=—5x—Pv [1]
Differential Equation of The Elastic Curve:
d*
EI ﬁ = M(X)
) F
d“v F l
av_ o Ay
w2 x — Pv 5+P : Y P
v P F - )
v
— v =0 £ s
a2 EIY T T2EIT AT >
I,L,'
The solution of the above differential equation is of the form, P
” . TS
_ . P P _F P
v=C sm< El x) +C, cos< El x) 2P [2] _{_ T L
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13-42. Continued

dv P P P . P F
ax © E“’S(\/Ex)’CZ\/ES‘“( E1x> P B3]

The integration constants can be determined from the boundary conditions.

and

Boundary Conditions:

Atx = 0,v = 0. From Eq.[2],C;, = 0

L dv
Atx = Tdx 0. From Eq.[3],

Elastic Curve:

_E[E ([FL\ ([P F
VEopN e S WE2)"WEY) 2p”
[ E ([P (7).

“op|\NP Er2)"™\WNE*) "

However,v = v, at x = X Then,
_F | JEL_ ([P LY. [ [PL)_ L
Umax = 5p |\ p E12)"\NEI2) 2

. L
Maximum Moment: The maximum moment occurs at x = 5 From Eq.[1],

F (L
Moy = _E (E) = Pupax

_FE _([FL R
TN P MMWE2 ns-
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13-43. The column with constant EI has the end
constraints shown. Determine the critical load for the
column.

Moment Function. Referring to the free-body diagram of the upper part of the
deflected column, Fig. a,

C+=IM, = 0; M+ Pv=20 M = —Py

Differential Equation of the Elastic Curve.

d2
EI % =M
dx

2.
El% = —Pv
X

d*v P -0 P

dv P
a2 EI

The solution is in the form of

v = Cysin < E}c) + C, cos <\/§x> (1)
% =C % cos <\/§x> - Cz\/g sin( E%x) 2) x 0

Boundary Conditions. At x = 0,v = 0.Then Eq. (1) gives M

0=0+C, G, =0

d
Atx = L,f; = 0.Then Eq. (2) gives P

d
[P [P
O*Cl ECOS( EL)

C; = 0 is the trivial solution, where v = 0. This means that the column will remain
straight and buckling will not occur regardless of the load P. Another possible
solution is

P, = Ans.

1069



13 Solutions 46060 6/11/10 11:56 AM Page 1070 $

© 2010 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.

#*13-44. Consider an ideal column as in Fig. 13-10c, having
both ends fixed. Show that the critical load on the column
is given by P, = 4#’EI/L> Hint: Due to the vertical
deflection of the top of the column, a constant moment
M’ will be developed at the supports. Show that
d*v/dx* + (P/EI)v = M'/EI. The solution is of the form
v = Cysin(VP/EIx) + Cycos(VP/EIx) + M'/P.

Moment Functions:
M(x) = M' — Pv

Differential Equation of The Elastic Curve:

d™
EI % = M(x
I (€]
2
ETY - P
dx

P

+t v = .E.D.

ax*  E1" T EI (QED.)
The solution of the above differential equation is of the form
P P M

= Cysi —x )+ x|+ 1

v Clsln(AE1x> Czcos<AE1x> P [1]

and

dv | P | P [P . | P
E = Cl E COS< Ex) - C2 E Sll’1< Ex) [2]
The integration constants can be determined from the boundary conditions.

Boundary Conditions:

Atx = 0,v = 0.From Eq.[1], C, = 7]‘;
dv
Atx = O’E = 0.From Eq.[2], C; = 0

Elastic Curve:

el

dv M [P < P>
= — - S1n —

and

dx P NEI EI

d L
However, due to symmetry de = 0 atx = —.Then,

2
‘ PILY|_ P(L) _ _
sm|: E1<2>:| =0 or E1<2> = nm wheren = 1,2, 3,...
The smallest critical load occurs when n = 1.
47’El
> =73 (QED)
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*13-45. Consider an ideal column as in Fig. 13-10d, having
one end fixed and the other pinned. Show that the critical load
on the column is given by P, = 20.19E1/L>. Hint: Due to the
vertical deflection at the top of the column, a constant moment
M’ will be developed at the fixed support and horizontal
reactive forces R’ will be developed at both supports. Show
that d*v/dx* + (P/EI)v = (R'/EI)(L — x). The solution
is of the form v = Cysin(VP/EIx)+ C,cos(VP/EIx) +
(R'/P)(L — x).After application of the boundary conditions
show that tan(\VP/EIL) = VP/EI L. Solve by trial and
error for the smallest nonzero root.

Equilibrium. FBD(a).

Moment Functions: FBD(D).

M(x) =R'(L —x)— Pv

Differential Equation of The Elastic Curve:

d*v
El ﬁ = M(X)

d*v ,
EIE=R(L—X)—PU

dv P R’

a2 E1Y T EI

(L - x) (QED)

The solution of the above differential equation is of the form

. | P | P R’
folsm< E1x>+CQCos< E1x>+ P (L —x) [1]
dv [P [P [P . P R’
i C, £l cos< Ex) -G I sm< E1x> P [2]

The integration constants can be determined from the boundary conditions.

and

Boundary Conditions:

R'L

Atx = 0,v = 0. From Eq.[1], C2:7P
dv R [EI
Atx =0, = 0. FromEq.[2], C; = — [~
tr =057 = 0. From Eq[2], €1 = 5[5

Elastic Curve:

R ﬂsin ix 7ﬂcos Lx +5(L7x)
YT PNP El P EI P

R' EI . P P
= F|: ?sm< Ex) - Lcos<\/; x> + (Lx):|

| ®

x"l
M=RL

(a)
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13-45. Continued
However,v = 0 at x = L. Then,
EI . P P
=, /7sm< 5l L> Lcos< 5l L)
P P
—L|=,/—L .E.D.
ta“( El ) El (QED)
By trial and error and choosing the smallest root, we have
P
L = 4.49341
EI
Then,
20.19E1
o T T2 (Q.ED.)
13-46. Determine the load P required to cause the A-36 lin P
steel W8 X 15 column to fail either by buckling or by ~
yielding. The column is fixed at its base and free at its top. y
Section properties for W8 X 15:
A=444in*> I,=480in" I, =341in*
ry =329in. d =811in.
Buckling about y—y axis: 81t
K =20 L =8(12) = 96 in.
mEL,  7%(29)(10°)(3.41) .
pP=pr,= 5= > = 26.5kip (controls) Ans.
(KL) [20)%)] Iy
P 26.5 .
Check: o = f =aa 5.96ksi < o, O.K.
Check yielding about x—x axis:
P ec KL | P
Tmx = |1 s\ 5V EA
P 265 .
A a4 5.963 ksi
Mm%
&= ( 22) = 0.37463
r (3.29)
KL | P 2.0096) | 26.
— == (%6) ? > = 04184
2r NEA  2(3.29) N 29(10°)(4.44)
Omax = 5.963[1 + 0.37463 sec (0.4184)] = 8.41 ksi < o, = 36 ksi OXK.
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13-47. The hollow red brass C83400 copper alloy shaft is
fixed at one end but free at the other end. Determine the
maximum eccentric force P the shaft can support without
causing it to buckle or yield. Also, find the corresponding
maximum deflection of the shaft.

Section Properties.

20 mm

A = m(0.03% - 0.022) = 0.5(107)rm?
Section a —a

_m 4 4) — -6 4
=7, (003" = 0.02') = 0.1625(10¢)r m
\f 0.1625(10°°
== — (10 = 0.01803 m
A 0.5(107%)a
e=015m ¢ =003m

For a column that is fixed at one end and free at the other, K = 2. Thus,

KL =2(2)=4m

Yielding. In this case, yielding will occur before buckling. Applying the secant

formula,
=P e KE JZ
Omax = A rxz sec er EA
6y _ P 0.15(0.03) 4 2
70.0(10°) 05(107) T 0018032 %] 2(0.01803) 101(10°)[0.5(10 )]
70.0(10°) = 7<1 + 13.846 sec8.8078(10-3)\/13>
0.5(1073)m

Solving by trial and error,

P =5.8697 kKN = 5.87 kN Ans.

Maximum Deflection.
— o seel  [E- KLY _4
Vmax = €| S EI 2

= 0.15] sec \/ 38697(10°) ﬁ) -1
101(

10°)[0.1625(106) | \2

= 0.04210 m = 42.1 mm Ans.
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*13-48. The hollow red brass C83400 copper alloy shaft is
fixed at one end but free at the other end. If the eccentric
force P = 5 kN is applied to the shaft as shown, determine
the maximum normal stress and the maximum deflection.

Section Properties.

20 mm

A = m(0.03% - 0.022) = 0.5(107 ) m?
Sectiona -a

1 =7 (003" ~ 002%) = 01625(10 ) m*

7 0.1625(10)mr
r=.]—=4/————7—=001803m

A 0.5(1073)a
e=015m ¢ =003m

For a column that is fixed at one end and free at the other, K = 2. Thus,
KL =2(2)=4m

Yielding. Applying the secant formula,

_p[, e (KL [P
Tmax = 7y 25\ 27V EA

_ S0 || 0s003) 4 J 5(10°)
T 05(10)a | 001803 ] 2(001803) V 101(10°)[0.5(1077) ]
= 57.44 MPa = 57.4 MPa Ans.

Since o .x < oy = 70 MPa, the shaft does not yield.

Maximum Deflection.

_ | P KLY
Vmax = €| sec El 2

= sec 5(103) /i -
- \/101(109)[0.1625(106)7]\2> '

= 0.03467 m = 34.7 mm Ans.
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¢13-49. The tube is made of copper and has an outer P i 2m i P
diameter of 35 mm and a wall thickness of 7 mm. Using a y
factor of safety with respect to buckling and yielding of T

F.S. = 2.5, determine the allowable eccentric load P. The
tube is pin supported at its ends. E., = 120 GPa, oy =
750 MPa.

Section Properties:
A= %(0.0352 — 0.021%) = 0.61575(1073) m?

I= %(0.01754 - 0.0105% = 64.1152(107%) m*

-9
r= Lo [OA152007) _ 610004 m
A 0.61575(1073)
For a column pinned at both ends, K = 1.Then KL = 1(2) = 2 m.

Buckling: Applying Euler’s formula,
2EI ™ (120)(10°)[64.1152(107)|

= = 18983.7 N = 18.98 kN
(KLY 2

Pmax:Pcr:

Critical Stress: Euler’s formula is only valid if o, < o,.

Pe 18983.7
= te O 3583 MPa < o, = 750 MP OK.
T T T4 T 061575(107%) A= a

Yielding: Applying the secant formula,

o _ Pmax 1 +ESGC (KL) Pmax
e A r? 2r EA

so{108) = — Lo L, 0014(0.0175) 2 \/ P
 0.61575(10°%) 0.010204 *°\ 2(0.010204)\ 120(10%)[0.61575(10 )]

P
6\ _ max
750(10°) = 06157510 (1 + 2.35294 sec 0.0114006V/ Py )

Solving by trial and error,

Poax = 16885 N = 16.885kN  (Controls!)

Factor of Safety:

Prax 16885

P=%s =25

= 6.75 kN Ans.
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13-50. The tube is made of copper and has an outer P | i 2m i P
diameter of 35 mm and a wall thickness of 7 mm. Using a
factor of safety with respect to buckling and yielding of
F.S. = 2.5, determine the allowable eccentric load P that it
can support without failure. The tube is fixed supported at
its ends. E, = 120 GPa, oy = 750 MPa.

Section Properties:

- _
A= (0.035* — 0.0212) = 0.61575(107%) m?
T -
1= (0.0175* = 0.0105%) = 64.1152(107°) m*

-9
p= Lo [ORIS2007) G 616004 ms
A N 0.61575(1073)

For a column fixed at both ends, K = 0.5. Then KL = 0.5(2) = 1 m.

Buckling: Applying Euler’s formula,

mEl m(120)(10%)[64.1152(107%)]
Piax = P = (KLY I =759350N = 75.93kN

Critical Stress: Euler’s formula is only valid if o, < o,

Py 759350
A 0.61575(107%)

Ocr =

= 1233 MPa < ¢, = 750 MPa O.K.
Yielding: Applying the secant formula,

o _ Prax 1+ ESGC (KL) Pax
meeA r? 2r N EA

] Proax 0.014(0.0175) 2 Ponax
750(10°) = — 1+ — sec o —
0.61575(107%) 0.010204 2(0.010204) V' 120(10°)[0.61575(102)]

P -
750(10°) = W‘(“loﬂ) (1 + 235294 sec 5.70032(107*) \/P)

Solving by trial and error,

Py = 50325 N = 50.325kN  (Controls!)

Factor of Safety:

Prax 50325
p =m0 5 kN Ans.
FS. 25 0 ns
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13-51. The wood column is fixed at its base and can be P y

assumed pin connected at its top. Determine the maximum

eccentric load P that can be applied without causing the v L .

column to buckle or yield. Ey, = 1.8(10°) ksi, oy = 8 ksi. X —4%,\:
- E—— RN 2 D

10 ft

Section Properties:

1 1
A=104) =40in*> I, = - (4)(10%) = 33333in* I, = E(10)(43) = 5333 in*

1, /333.33 .
ry = 1" 0 - 2.8868 in.

Buckling about x—x axis:

mEl 7 (1.8)(10°)(53.33)

P=P,= = = 134 ki
T (KL? T [(0.7)(10)(12)P P
P, 134 .
Check: o = 7 = ﬁ = 3.36 ksi < oy O.K.

Yielding about y—y axis:

(1K) )
Tmax = 7y 25N\ 2 NEA

ec 5(5)

2 28868

KL\ [P _0710)0(12) [ P
(?)\/F ©2(2.8868) V 1.8(10%)(40) 0054221VP

8(40) = P[1 + 3.0 sec (0.054221\/P)]

By trial and error:

P = 73.5kip (controls) Ans.

1077



13 Solutions 46060 6/11/10 11:56 AM Page 1078 $

© 2010 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.

*#13-52. The wood column is fixed at its base and can P y

be assumed fixed connected at its top. Determine the

maximum eccentric load P that can be applied without \ L .
causing the column to buckle or yield. E,, = 1.8(10%) ksi, W+ . j4%X

oy = 8 Kksi.
P F—t\
)‘] 10 in.

10 ft

Section Properties:

1 1
A=104) =40in> I, = D (4)(10% = 333.33in* I, = 6(10)(43) = 53.33 in*

[1, [333.33 .
ry = TV o - 2.8868 in.

Buckling about x—x axis:

w2 El 7 (1.8)(10°)(53.33)

—p = = = 263 ki
T (KL? T [(05)10)(12)P P
P, 263 .
Check: o, = f =0 " 6.58ksi < o, OXK.

Yielding about y—y axis:

_ £<1 N Em(ﬁ /L))
Tmax =4 2 2 VEA

ec 55
o 2.88687

KL\ [P 05010)(12) [ P B
<7> EA 2(2.8868) \ 1.8(10°)(40) 0.03729VP

8(40) = P[1 + 3.0 sec (0.038729\/P)]

By trial and error:

P = 76.5 kip (controls) Ans.
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¢13-53. The W200 X 22 A-36-steel column is fixed at its
base. Its top is constrained to rotate about the y—y axis and
free to move along the y—y axis. Also, the column is braced
along the x—x axis at its mid-height. Determine the
allowable eccentric force P that can be applied without

causing the column either to buckle or yield. Use F.S. = 2
against buckling and F.S. = 1.5 against yielding.

. . . . 5 m
Section Properties. From the table listed in the appendix, the necessary section
properties for a W200 X 22 are
A = 2860 mm’® = 2.86(107%) m? ry=223mm = 00223 m

by 102 9

1, = 20.0(10°) mm* = 20.0(10%)m?* ¢=— == 5lmm=005m N
e = 0.1m

Buckling About the Strong Axis. Since the column is fixed at the base and free at
the top, K, = 2. Applying Euler’s formula,

e 772[200(10")“20.0(10'6)}

= = = 98.70kN
“(KL)? [2(10))*
Euler’s formula is valid if o, < oy.
p, 98.70(10%)
Oy =—7=—"7—-= 3451 MPa < oy = 250MPa OK.
A 286(107)
Then,
P, 9870

Py = 5g =5 = 4935kN

Yielding About Weak Axis. Since the support provided by the bracing can be
considered a pin connection, the upper portion of the column is pinned at both of its
ends. Then Ky, = 1 and L = 5 m. Applying the secant formula,

Pmax ec (KL)Y Pmax
i R Ty
y y

P 0.1(0.051 1(5 P
250(106) _ max ( 2) sec ( ) max
2.86(1073) 0.0223 2(0.0223)N 200(10%)[2.86(1073)]
Poo [
250(10°) = —* |1 + 10.2556 sec 4.6875(10*3)\/13“1&,(}
2.86(1072) L
Solving by trial and error,
Proax = 39.376kN
Then,
P 39.376
Paiow = 1'?" =15 - 26.3kN (controls) Ans.
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13-54. The W200 X 22 A-36-steel column is fixed at its

base. Its top is constrained to rotate about the y-y axis and

free to move along the y—y axis. Also, the column is braced 5
along the x—x axis at its mid-height. If P = 25kN,

determine the maximum normal stress developed in the

column.

Section Properties. From the table listed in the appendix, necessary section

properties for a W200 X 22 are O
A = 2860 mm’ = 2.86(107%) m? ry=223mm = 00223 m =

by 102
— 6 4 _ =6\ 4 - — — —
I, = 20.0(10 )mm = 20.0(10 )m c= > T, T 51 mm = 0.051 m

e =0.1m

Buckling About the Strong Axis. Since the column is fixed at the base and free at
the top, K, = 2. Applying Euler’s formula,

2 772[200(109)“20.0(10"6)]

= = = 98.70kN
(KL’ [210)F
Euler’s formula is valid only if o, < oy.
P, 9870(10%)
oy = "= = 3451 MPa < gy = 250 MPa OK.

A 286(107)
Since P = 25kN < P,,, the column does not buckle.

Yielding About Weak Axis. Since the support provided by the bracing can be
considered a pin connection, the upper portion of the column is pinned at both of its
ends. Then K, = 1 and L = 5 m. Applying the secant formula,

r 1+ e¢ sec (KL) [ P
o= — = A i S
A ry’ 2r, VEA

2.5(10°) 0.1(0.051) 1(5) \/ 25(10°)
= + sec
2.86(107%) 0.0223* 2(0.0223) N 200(10%)[2.86(107%) |
= 130.26 MPa = 130 MPa Ans.

Since 0 ,,x < oy = 250 MPa, the column does not yield.
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13-55. The wood column is fixed at its base, and its top P x
can be considered pinned. If the eccentric force P = 10 kN 150 mm")* 25 mm
is applied to the column, investigate whether the column . Paz5o M
is adequate to support this loading without buckling or Y [INS= s '7’5
yielding. Take £ = 10 GPa and oy = 15 MPa. e
75 mm “\ 75 mm
M‘ |

Section Properties.

A = 0.05(0.15) = 7.5(107) m?

. ) B | N
I, = E(O'OS)(O'153) = 14.0625(10"°) m*

I,  [14.0625(10°°)
o= = L = 0.04330m
A 7.5(107%)

I, = 11—2(0.15)(0.053) = 1.5625(10")m*
e=015m ¢=0075m

For a column that is fixed at one end and pinned at the other K = 0.7.Then,
(KL), = (KL), = 0.7(5) = 3.5m

Buckling About the Weak Axis. Applying Euler’s formula,
~ mEl, 7710(10°)][1.5625(10°°)]

o = = = 12.59 kN
(KL),? 3.5?
Euler’s formula is valid if o, < oy.
p, 1259(10%)
O = —— = = 1.68 MPa < oy = 15 MPa O.K.

A 75(107%)
Since P, > P = 10kN, the column will not buckle.

Yielding About Strong Axis. Applying the secant formula.
_Pl e oo KD [P
Tmax =4 r2 2, VEA

10(10°) { | 0150.075) 35 10(10°)
SecC
7.5(10%){ 0043300 | 2(0.04330) ' 10(10%)[7.5(1073)]

= 10.29 MPa

Since o < oy = 15 MPa, the column will not yield. Ans.
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#*13-56. The wood column is fixed at its base, and its
top can be considered pinned. Determine the maximum
eccentric force P the column can support without
causing it to either buckle or yield. Take E = 10 GPa
and oy = 15 MPa.

Section Properties.

A = 005(0.15) = 7.5(107%) m?

1 -
I, = 5(0'05)(0‘153) = 14.0625(10"°) m*

A 7.5(1073)

I, = %(0.15)(0053) = 1.5625(10")m*
e=015m ¢=0075m

For a column that is fixed at one end and pinned at the other K = 0.7.Then,
(KL), = (KL), = 0.7(5) = 3.5m

Buckling About the Weak Axis. Applying Euler’s formula,
mEl,  «[10(10°)][1.5625(10°°)]

o = 5 = 5 = 12.59kN = 12.6 kN Ans.
(KL), 35
Euler’s formula is valid if o, < oy.
p, 12.59(10%)
O = —— = = 1.68 MPa < oy = 15 MPa O.K.

A 75(107%)

Yielding About Strong Axis. Applying the secant formula with P = P, = 12.59kN,
P o KD [P
Tmax =y r2 2r, VEA

wot)] | ooy [ a5 [l
7_5(1073% 0043307 | 2(0.04330) V10(10°)[7.5(107%)]

13.31 MPa < oy = 15 MPa OK.
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¢13-57. The W250 X 28 A-36-steel column is fixed at its
base. Its top is constrained to rotate about the y—y axis and
free to move along the y—y axis. If e = 350 mm, determine
the allowable eccentric force P that can be applied without
causing the column either to buckle or yield. Use F.S. = 2
against buckling and F.S. = 1.5 against yielding.

6m
Section Properties. From the table listed in the appendix, necessary section
properties for a W250 X 28 are \%/-««
A = 3620 mm? = 3.62(107) m? r, =105 mm = 0.105m
d 260
— 6 4 _ —6) 4 _a_ U _
1, = 1.78(10°)mm* = 1.78(10~%)m ¢=2 =" =130mm=013m
e=035m

Buckling About the Strong Axis. Since the column is fixed at the base and pinned at
the top, K, = 0.7. Applying Euler’s formula,

_ @El, [200(10°)][1.78(107°)]

P, = = = 199.18 kN
“ (KL),? [0.7(6)F
Euler’s formula is valid only if o, < oy.
P, 199.18(10%)
Oy = —F=————="5502MPa < gy = 250 MPa OK.
A 362(107%)
Thus,
P, 199.18
Paow = 5 s =5 = %959%N

Yielding About Strong Axis. Since the column is fixed at its base and free at its top,
K, = 2. Applying the secant formula,

o _ Prax 1+ ESGC (KL)‘( Prax
meA ry? 2r, NV EA

P 0.35(0.13) 2(6) P
250(10°) = —"—| 1
(107 3.62(1073) T o105 ) 20105) 200(10%)[3.62(1072)]
250(10°) = &(1 + 4.1270 sec (0.0021237) V Pryay )
3.62(1073)

Solving by trial and error,

P = 133.45kN

Then,

P 133.45
Paiow = 1"‘5“ =5 =889 kN = 89.0 kN (controls) Ans.
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13-58. The W250 X 28 A-36-steel column is fixed at its
base. Its top is constrained to rotate about the y-y axis and
free to move along the y-y axis. Determine the force P and
its eccentricity e so that the column will yield and buckle
simultaneously.

Section Properties. From the table listed in the appendix, the necessary section 1
properties for a W250 X 28 are W
A = 3620 mm’ = 3.62(10 %) m? r, = 105 mm = 0.105m

1, = 1.78(10°)mm* = 1.78(10~¢)m* c= g = ? =130mm = 0.13m

Buckling About the Weak Acxis. Since the column is fixed at the base and pinned at
its top, K, = 0.7. Applying Euler’s formula,

w1, 0] [L(10-)]

P, = = = 199.18 kN = 199 kN Ans.
77 (KL),? [0.7(6)] "
Euler’s formula is valid only if o, < oy.
p, 199.18(10°)
o, =—2=—"" ) _55020MPa < oy = 250 MPa OK.

A 362(107)

Yielding About Strong Axis. Since the column is fixed at its base and free at its top,
K, = 2. Applying the secant formula with P = P, = 199.18 kN,

Pl e o KD [P
Tmax =g r2 2r, VEA

250(109) 199.18(10°) |, €013) 2(6) \/ 199.18(10°)
= +
3.62(107%) 0.105" " 2(0:105) \ 200(10°)[3.62(10"7)]
e = 0.1753m = 175 mm Ans.
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13-59. The steel column supports the two eccentric
loadings. If it is assumed to be pinned at its top, fixed at the
bottom, and fully braced against buckling about the y-y
axis, determine the maximum deflection of the column
and the maximum stress in the column. Egy = 200 GPa,
oy = 360 MPa.

Section Properties:

A = 0.12(0.1) — (0.1)(0.09) = 3.00(107%) m?

1 1 -
1, = 7 (0.)(0.12°) = = (0.09)(0.1%) = 6.90(107) m*

I, [690(10°9
= o [O20007D _ 647958
" TNA T V3000107 m

For a column fixed at one end and pinned at the other end, K = 0.7.
(KL), = 0.7(6) = 42 m
The eccentricity of the two applied loads is,

130(0.12) — 50(0.08)
o = 200-12) = 50(0.08)

180 = 0.06444 m

Yielding About x-x Axis: Applying the secant formula,

e[, e (&L [P
Tmax = "4 2N\ 2r, VEA

130 kN 50 kN
120 mm —f__ | |- 80 mm
|
= m

100 mm

10 mm —{f———}-— 10 mm
¥ 0=
f

6m y—”: 100 mm — ¥
A

10 mm

X

180(10%) [
= — |1
3.00(107%)

= 199 MPa
Since o,y < 0, = 360 MPa, the column does not yield.

Maximum Displacement:

Umax = e|:sec<\/g%> - 1:|
=0 06444|:sec< % <£>> — 1:|
' V 200(10%)[6.90(107%)] \ 2

= 0.02433 m = 243 mm

| 0.064440.06) 42 180(10%)
0.047958> 2(0.047958)\ 200(10%)(3.00)(10~3)

Ans.

Ans.
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stress in the column. Ei = 200 GPa, oy = 360 MPa.

Section Properties:

A = 0.12(0.1) — (0.1)(0.09) = 3.00(107%) m?

1
6
Fy = 4 IL =, /%1073) = 0.047958 m
A 3.00(107°)
For a column fixed at both ends, K = 0.5.
(KL), = 0.5(6) = 3.00m

The eccentricity of the two applied loads is,

130(0.12) — 50(0.08)
¢ = —2) 7 ADTE)

120 = 0.06444 m

Yielding About x-x Axis: Applying the secant formula,

e[ e (KL [P
Tmax = 4 25N 2r, VEA

1 1 N
I, = —2(0.1)(0.123) - E(0.09)(0.013) = 6.90(10°) m*

#13-60. The steel column supports the two eccentric 130 kN 50 kN
loadings. If it is assumed to be fixed at its top and bottom, 120 mm —|_ | |- 80 mm

and braced against buckling about the y—y axis, determine |

the maximum deflection of the column and the maximum E

~180(10%) .
©3.00(1077)

= 178 MPa
Since 0y, < 0, = 360 MPa, the column does not yield.

Maximum Displacement:

— o secl  [E KLY _
Umax = € EI 2

= 0.01077 m = 10.8 mm

180009 (3)) _

. 0:06444(0.06) o 3.00 180(10%)
0.047958? 2(0.047958)\ 200(10%)(3.00)(10~3)

Ans.

Ans.

100 mm
10 mm —| 10
\FTﬁF mm
+
I6m y—“: 100 mm — ¥
4
10 mm

X
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13-61. The W250 X 45 A-36-steel column is pinned at its
top and fixed at its base. Also, the column is braced along
its weak axis at mid-height. If P = 250 kN, investigate
whether the column is adequate to support this loading.
Use F.S. =2 against buckling and F.S. = 1.5 against
yielding.

Section Properties. From the table listed in the appendix, the necessary section
properties for a W250 X 45 are

A = 5700 mm? = 5.70(107%) m? ry=112mm = 0.112m
d _ 266
- 6 4 _ —6) 4 —Z = -
1, = 7.03(10°)mm* = 7.03(10~%)m ¢=2 =" =133mm=013m
250

The eccentricity of the equivalent force P’ = 250 + el 312.5kN is

250
250(0.25) — == (0.25)

e = =0.15m
250+2?TO

Buckling About the Weak Axis. The column is braced along the weak axis at
midheight and the support provided by the bracing can be considered as a pin. The
top portion of the column is critical is since the top is pinned so K, = 1 and
L = 4 m Applying Euler’s formula,

w1, la00(u0)[708(10-)

P, = = = 867.29kN

(KL),? CE

Euler’s equation is valid only if o, < oy.
P, 867.29(10°)

Oy =—2=—"" "L _ 1516 MPa < gy = 250 MPa OK.
A 570(107%)
Then,
P, 86729
Piiow = g =5 = 43365 kN

Since Pl > P’, the column does not buckle.

Yielding About Strong Axis. Since the column is fixed at its base and pinned at its
top, K,=07 and L =8m. Applying the secant formula with
Phax = P'(F.S.) = 312.5(1.5) = 468.75kN

Pl"nax ec (KL)X P
Tmax = A 1+ ?SGC 2rx 7EHZX

468.75(10%) 0.15(0.133) [ 0.7(8) 468.75(10°) J
= +
5.70(1073) 0.112° 2(0.112) N 200(10°)[5.70(1073)|

= 231.84 MPa

Since o < oy = 250 MPa, the column does not yield.

P,
4 P
— T
250 mm 250 mm

nE
V5| &
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e13-62. The W250 X 45 A-36-steel column is pinned at its P, P
top and fixed at its base. Also, the column is braced along 4 W
its weak axis at mid-height. Determine the allowable force 250 mm l—‘ \
P that the column can support without causing it either E
to buckle or yield. Use F.S. =2 against buckling and
F.S. = 1.5 against yielding.

—
250 mm

-

Section Properties. From the table listed in the appendix, the necessary section
properties for a W250 X 45 are

A = 5700 mm? = 5.70(10%) m? r=112mm = 0112 m L+

266

1, = 7.03(10°)mm* = 7.03(10~%)m* ¢=2 == =13mm=013m 4m

= 125Pis

INIL I ST

The eccentricity of the equivalent force P’ = P +

P
P(0.25) — Z(O'ZS)
e=————p = 0.15m
P+ —
4
Buckling About the Weak Axis. The column is braced along the weak axis at
midheight and the support provided by the bracing can be considered as a pin. The
top portion of the column is critical is since the top is pinned so K, =1 and
L = 4 m.Applying Euler’s formula,

~ mEl, [200(10°)][7.03(10"°)]

= = = 867.29 kN
¢ (KL’ (L)
Euler’s equation is valid only if o, < oy.
p, 867.29(10°)
g =—2L=—"" L _ 15216 MPa < gy = 250 MPa OK.
-3
A 570(107%)
Then,
’ PCr
Paow = ES.
867.29
1'25Pallow = T

Paow = 346.92 kN

Yielding About Strong Axis. Since the column is fixed at its base and pinned at its
top, K, = 0.7 and L = 8 m. Applying the secant formula,

o P | e N KL), [Pha
max A e’ 2r, EA

1.25P 0.15(0.133) 0.7(8) 1.25Pmax J
250(10°) = e
(1% 5.70(1073) T o2 SeC[2(0112) 200(10%)[5.70(1072)]
250(10°) = %(1 + 1.5904 sec (0.00082783) \V/ Ppyy )
5.70(1072)

Solving by trial and error,
Pax = 40175 kN
Then,

401.75
Palow = s - 267.83 kN = 268 kN (controls) Ans.
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13-63. The W14 X 26 structural A-36 steel member is 15 k'H
used as a 20-ft-long column that is assumed to be fixed at P 10 in.
its top and fixed at its bottom. If the 15-kip load is applied |

at an eccentric distance of 10 in., determine the maximum i ==

stress in the column.

Section Properties for W 14 X 26 ﬁ 20 ft

A=769in> d=1391in. r, =5.65in.

Yielding about x—x axis:

P ec KL | P
=—|1+— == = = 0.
O max A{l e sec(zr EA)}’ K =05

P 15 ec 10(13291)
== =1, ksi; — =———5 = 2178714
A" 769 M0BksE s =6y 787

5(20)(12
KL [P _05C002) [ 15 _ ) ie7004
2r\VEA 2(5.65) V29 (10%)(7.69)

Tmax = 1.9506[1 + 2.178714 sec (0.087094)]

= 622ksi <o, =36ksi OK. Ans.

*13-64. The W14 X 26 structural A-36 steel member is
used as a column that is assumed to be fixed at its top and ) 10 in.
pinned at its bottom. If the 15-kip load is applied at an H

eccentric distance of 10 in., determine the maximum stress [|—=&

in the column.

Section Properties for W 14 X 26 ‘ 20 ft

A=769in> d=1391in. r, = 565in.

Yielding about x—x axis:

P ec KL | P
=—|1+— 22 =) = 0.
Tmax = {1 e sec(zr A )}, K =07

P15 Lo(**
= = 19506 ksi; oy = ( 22)
7 (563

A 769

0.7 20)(12
KL [P _07C002) [ 15 _ g5
2rNVEA ~ 2(565) N 29(10%)(7.69)

Omax = 1.9506[1 + 2.178714 sec (0.121931)]

= 2.178714

6.24ksi <o, =36ksi OK. Ans.
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¢13-65. Determine the maximum eccentric load P the P 100 mm a P
2014-T6-aluminum-alloy strut can support without causing 150 mm 3" | [ ”“5_150 mm
it either to buckle or yield. The ends of the strut are f L
pin-connected. a

3m

50 mm
f
100 m¢m

N . . . Section a —a
Section Properties. The necessary section properties are

A =0.05(0.1) = 5(107%)m?

1, = %(0.1)(0.053) = 1.04167(10°) m*

7 41667(107°)
o= =y = 002887 m
A 5(107%)

For a column that is pinned at both of its ends K = 1. Thus,
(KL)y = (KL), = 1(3) =3m

Buckling About the Weak Axis. Applying Euler’s formula,
mEl,  7°[731(10°)][1.04167(10°°)]

- = 83.50kN = 83.5kN Ans.
(KL),? 3? "

Pcr:

Critical Stress: Euler’s formula is valid only if o, < o7y.
p, 83.50(10%)

= 1670 MPa < oy = 414 MPa OK.
A 5(107%) '

Ocr =

Yielding About Strong Axis. Applying the secant formula,

P KL P
Omax = — | 1 + %sec[( )x i|
X

A 2r. VEA
83.50(10%) ., 015(005) 3 [ 83.50(10%)
= +
5(10) 0.02887° **“| 2(0.02887) \'73.1(10°)[5(10 )]
= 22927 MPa < oy = 414 MPa OK.
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13-66. The W8 X 48 structural A-36 steel column is fixed 75kip ¢
at its bottom and free at its top. If it is subjected to the A0y
eccentric load of 75 kip, determine the factor of safety with M
respect to either the initiation of buckling or yielding. y

12 ft

Section Properties: For a wide flange section W8 X 48,
A=141in* r,=36lin. [,=609in* d=850in.
For a column fixed at one end and free at the other and, K = 2.
(KL)y = (KL), = 2(12)(12) = 288 in.
Buckling About y—y Axis: Applying Euler’s formula,

mEl,
(KL)}

P="rP,=

2(29.0)(10°)(60.9)
2882

210.15 kip

Critical Stress: Euler’s formula is only valid if o, < o.

P, 21015
A 141

Ocr =

= 1490 ksi < o, = 36 ksi O.K.

Yielding About x-x Axis: Applying the secant formula,

. _ Pmax 1+ ESCC (KL)x Pmax
max 4 2 2r. VEA
1.50
36 = Pmax| +8(T) oo 288 [ Pom
14.1 3.612 2(3.61)N 29.0(10%)(14.1)

36(14.1) = Pogy (1 + 2.608943 sec 0.0623802V Pyyay )

Solving by trial and error,

P = 117.0kip (Controls!)

Factor of Safety:

P 1170
ES. = 5% = = = 156 Ans.
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13-67. The W8 X 48 structural A-36 steel column is fixed 75Kip ¢
at its bottom and pinned at its top. If it is subjected to the ~
eccentric load of 75 kip, determine if the column fails by

yielding. The column is braced so that it does not buckle v
about the y-y axis.

P y
X

12 ft

Section Properties: For a wide flange section W8 X 48,

A=141in> r,=36lin. d=850in.

For a column fixed at one end and pinned at the other end, K = 0.7.

(KL), = 0.7(12)(12) = 100.8 in.

Yielding About x-x Axis: Applying the secant formula,

_P| e [KD. [P
Tmax =7y 2%\ 2r, VEA
[, 8(15°) o 1008 [T
14.1 3.61% 2(3.61)N 29.0(10%)(14.1)

= 19.45ksi < o, = 36 ksi OK.

Hence, the column does not fail by yielding. Ans.
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#13-68. Determine the load P required to cause the steel
W12 X 50 structural A-36 steel column to fail either by
buckling or by yielding. The column is fixed at its bottom
and the cables at its top act as a pin to hold it.

25 ft

Section Properties: For a wide flange section W12 X 50,

A=147in*> r,=518in. [, =563in* d=1219in
For a column fixed at one end and pinned at the other end, K = 0.7.
(KL)y = (KL), = 0.7(25)(12) = 210 in.

Buckling About y—y Axis: Applying Euler’s formula,
2

7°El,

(KLY

P =P, =
~ 77(29.0)(10°)(56.3)
B 2102

= 365.40 kip

Critical Stress: Euler’s formula is only valid if o, < 0.

Py 3654 . .
A 147 24.86 ksi < o, = 36 ksi O.K

O =

Yielding About x-x Axis: Applying the secant formula,

_r 1+ Esec (KL)X\/E
Tmax =y ) 2r. VEA
36 = £ 1+ 2(%) sec 210 P
14.7 5.18? 2(5.18)V 29.0(10%)(14.7)

36(14.7) = P(1 + 0.454302 sec 0.0310457\/P)

Solving by trial and error,

Pax = 343.3 kip = 343 kip (Controls!) Ans.
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¢13-69. Solve Prob. 13-68 if the column is an A-36 steel
W12 X 16 section.

Section Properties: For a wide flange section W12 X 16,

A=47lin*  r,=467in. [, =282in* d=1199in.

For a column fixed at one end and pinned at the other end, K = 0.7.

(KL), = (KL), = 0.7(25)(12) = 210 in.

Buckling About y—y Axis: Applying Euler’s formula,
w?El y

P=P,=—=

cr ( K L)%,

_ 77(29.0)(10°)(2.82)
- 2102
= 18.30 kip = 18.3 kip, Ans.

Critical Stress: Euler’s formula is only valid if o, < 0.

P, 1830 . .
L= = — =3, < =
Oer a7 3.89ksi < o, = 36 ksi

Yielding About x-x Axis: Applying the secant formula,

P 1+ e sec (KL). [P
oo = £« L
me A 2 2r, VEA

1830 1+2(%)m< 210 [ 1830 )
471 4.67° 2(4.67)N 29.0(10%)(4.71)

= 6.10ksi < o, = 36 ksi O.K.
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13-70. A column of intermediate length buckles when the
compressive stress is 40 ksi. If the slenderness ratio is 60,
determine the tangent modulus.

2E, KL
o= )’2; <—>:60

(ﬂ r
;
w0="Ek
(60)*
E, = 14590 ksi = 14.6 (10%) ksi, Ans
13-71. 'The 6-ft-long column has the cross section shown o(ksi)

and is made of material which has a stress-strain diagram
that can be approximated as shown. If the column is
pinned at both ends, determine the critical load P, for the 05

LD 1.

column. 551 T
0.5 in.

Sin.
25 4+ ——
3in.

il

0.5 n.

Section Properties: The neccessary section properties are

A =2[0.5(3)] + 5(0.5) = 5.5in? ‘ L e (in/in)
0.001 0.004
_ 1 3 1 3) — ;4
1= 2[5 05)(3 )J + 35 9(0.5°) = 23021 in
==, /% — 0.6470 in.
For the column pinned at both of its ends, K = 1. Thus,
KL 1(6)(12)
— =" =1112
ry 0.6470 ?
Critical Stress. Applying Engesser’s equation,
’E ’E
go = = T = 07969(1073) E, )
Koy 11129
(%)
From the stress - strain diagram, the tangent moduli are
25 ksi N .
= = =0 <
E)i = 501 25(10% )ksi 0 <o <25ksi
£, = o Z DS 10(10°) (ki) 25ksi < o = 40 ksi
(B2 =0 004 — 0.001 (ksi) S o=
Substituting (E,); = 25(103) into Eq. (1),
o = 0.7969(10’3)[25(103)} = 19.92 ksi
Since o, < oy = 25 ksi, elastic buckling occurs. Thus,
P, =0, A =1992(55) = 109.57 kip = 110 kip, Ans.
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*#13-72. 'The 6-ft-long column has the cross section shown o(ksi)
and is made of material which has a stress-strain diagram
that can be approximated as shown. If the column is fixed
at both ends, determine the critical load P, for the column.

Section Properties. The neccessary section properties are

A = 2[0.5(3)] + 5(0.5) = 5.5 in? }
0.001

I= 2[% (0.5)(33)J + %(5)(0.53) =23021in*

Ly 23021 .
r, = AV 55 0.6470 in.

For the column fixed at its ends, K = 0.5. Thus,

KL _0560)12) _

r, 0.6470

Critical Stress. Applying Engesser’s equation,

From the stress - strain diagram, the tangent moduli are

25 ksi o .
(E)1 = Goo1 = 25(10°)ksi 0 =0 < 25ksi
£, = O BN 10(10°) ksi 25ksi < o = 40 ksi
(2 =0 004 — 0.001 ~ * BoosTE

Substituting (E,); = 25(10%) ksi into Eq. (1),
Oo = 3.1875(10‘3){25(103)} = 79.69 ksi

Since o, > oy = 25 ksi, the inelastic buckling occurs. Substituting (E,), into Eq. (1),
Oo = 3.1875(10’3){10(103)] = 31.88 ksi

Since 25 ksi < o, < 55 ksi, this result can be used to calculate the critical load.

P, = oy A = 31.88(5.5) = 17531 kip = 175 kip Ans.

T
0.004

0.5 in.

0.5 in.

5in.

0.

.S in.

3in.

€ (in./in.)
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¢13-73. The stress-strain diagram of the material of a o (MPa)
column can be approximated as shown. Plot P/A vs. KL/r
for the column.

350

200+ ——

Tangent Moduli. From the stress - strain diagram,

200(10°
(Ez)l = ( )

———~ = 200GPa 0 = o < 200MPa ; ; e (in/in.)
0-001 0 0.001 0.004
(350 — 200)(10°)

=— ‘- <o =
(E)» 0.004 — 0.001 50GPa 200MPa < o = 350 MPa

Critical Stress. Applying Engesser’s equation,
P w’E,

Tera (KL)Z
r
If E, = (E;); = 200GPa, Eq. (1) becomes
p w200(10°)]  1.974(10°)

! ()

)

MPa

A (KL>2
r
P . .
when o, = 2= 200 MPa, this equation becomes
7200(10%) ]

(5 (P

r

200(10°) =

KL _ 99346 = 993 P _ 04935109
r A - /S_L_ 2 MFA
/\/

If E, = (E,), = 50 GPa, Eq. (1) becomes

P ”2{50(109)] _04o3s(10) Roo

A (kLY KLY
r r
P
2 = oy = 200 MPa, this

equation gives

P _ 119409
—_— ———M
AT (ke M

when o, =

L
I od

PP S ——— |

7[50(10°) ]

- 497

200(10°) =

D
O

r

% = 49.67 = 49.7

P KL
Using these results, the graphs of 1 vs. e is shown in Fig. a can be plotted.
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13-74. Construct the buckling curve, P/A versus L/r, o (MPa)
for a column that has a bilinear stress-strain curve in
compression as shown. The column is pinned at its ends. 260
140
€ (mm/mm)
0.001 0.004

Tangent modulus: From the stress—strain diagram,

E) = 140(106) = 140 GP
(Edv="g001 — a
‘AZ(MF&)
. (260 — 140)(10°) 0GP
(B2 = 0004 — 0001 a £ 229500Y
AT T Hg
Critical Stress: Applying Engesser’s equation, v ‘A£= J-ﬁf(:)a:.J
P w’E, .
U'crz = <£>z [1] ? .
r 531 493 3

Substituting (E,); = 140 GPa into Eq. [1], we have
p w140(10%)]

a (L)z

~ 1.38(10°)

tF

PN N

When r = 140 MPa,£ =993
A r

Substitute (E;), = 40 GPa into Eq. [1], we have
7240(10%)]
o
0.395(10°)
=————MPa

(7

TN

Whenﬂ = 140 MPal,£ =531
A r

1098



13 Solutions 46060 6/11/10 11:56 AM Page 1099

—p—

© 2010 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.

13-75. The stress-strain diagram for a material can be
approximated by the two line segments shown. If a bar
having a diameter of 80 mm and a length of 1.5 m is made
from this material, determine the critical load provided the
ends are pinned. Assume that the load acts through the axis
of the bar. Use Engesser’s equation.

E, = 200009 _ 200 GP
YT 0001 a

. 1100 (10%) — 200 (10°) 150 GP
2770007 — 0001 a

Section properties:

I =—c% A= 7c

25
1 ¢t o 004

I Y ()
A a2 2 m

Engesser’s equation:

~

KL 10(15)
ro 002 75

mE, wE,

Ocr = (%)2 - (75)2

= 1.7546(107%) E,

Assume E, = E; = 200 GPa
oo = 17546 (1073)(200)(10°) = 351 MPa > 200 MPa
Therefore, inelastic buckling occurs:
Assume E, = E, = 150 GPa
oo = 1.7546 (1073)(150)(10°) = 263.2 MPa
200 MPa < o, < 1100 MPa
Critical load:

Py = 0o A = 263.2 (10%)(7)(0.04%) = 1323 kN,

o (MPa)
1100
200
0.001 0.007 € (mm/mm)
D(MPa)
e e /'
/ |
/S |
|
[
|
A
200 -+ .
LE 1
- —ll- Elmmjmm)
o'o0s o-007
OK.
Ans
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#13-76. The stress-strain diagram for a material can be
approximated by the two line segments shown. If a bar
having a diameter of 80 mm and a length of 1.5 m is made
from this material, determine the critical load provided the
ends are fixed. Assume that the load acts through the axis of
the bar. Use Engesser’s equation.

5 <20 _wer
1T 0001 a

1100 (10%) — 200 (10°)

0007 — 0001 D0GPa

E2 =
Section properties:

T
[ =—c" A = mc

4
T T ¢ 004
YY)
"“Na ) m

Engesser’s equation:

2

KL 05(15)
—=—"=375
r 0.02
m E, m E,

_ -3
O = 2y = Gisy - 7.018385(107%) E,

Assume E, = E; = 200 GPa

oo = 7.018385 (1073)(200)(10%) = 1403.7 MPa > 200 MPa
Assume E, = E, = 150 GPa

oo = 7.018385 (1073)(150)(10%) = 1052.8 MPa

200 MPa < o, < 1100 MPa

Critical load:

Py = 0q A = 1052.8 (10%)(7)(0.04%) = 5292 kN

o (MPa)
1100
200
0.001 0.007 ¢ (mm/mm)
J(MPa )
o D s e
i
P
e '
£, [
]
200+ :
I X
| L
MYy
0160/ g,,dro7 é¢ /n.n)
NG
O.K.
Ans.
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*13-77. The stress-strain diagram for a material can be o (MPa)
approximated by the two line segments shown. If a bar
having a diameter of 80 mm and length of 1.5 m is made 1100
from this material, determine the critical load provided one
end is pinned and the other is fixed. Assume that the load
acts through the axis of the bar. Use Engesser’s equation.
200
0.001 0.007 ¢ (mm/mm)
E, = 200 (10°) = 200 GP
Y T a
. 1100 (10°) — 200 (10%) 150 GP
27 70007 — 0001 a F(MP)
Section properties: ;mo-b--———-—n
I = %c“; A =xc?
T 4 — |
1 3¢ ¢ 0.04 o
=== =z=—7"=002
"TNaTNzE 27 2 o :
|
Engesser’s equation: el E |
; b ()
KL 0.7(15) a0 o007
—=—"=525
r 0.02
S mE TR ssos1 (109 E
ENTTRETE
Assume E, = E; = 200 GPa
oo = 3.58081 (107%)(200)(10%) = 716.2 MPa > 200 MPa NG
Assume E, = E, = 150 GPa
oo = 3.58081 (107%)(150)(10°) = 537.1 MPa
200 MPa < o, < 1100 MPa OK.
Critical load:
Py = 0q A = 537.1 (10%)(m)(0.04%) = 2700 kN Ans.
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13-78. Determine the largest length of a structural A-36
steel rod if it is fixed supported and subjected to an axial
load of 100 kN. The rod has a diameter of 50 mm. Use the
AISC equations.

Section Properties:

A = 7(0.025) = 0.625(107) 7 m?

1= %(0.0254) = 97.65625(10~) 7 m*

9
\F [97. 65625(103 )T PP
A 0.625(10 %7

Slenderness Ratio: For a column fixed at both ends, K = 0.5. Thus,

KL  05L
T oo H0OL

AISC Column Formula: Assume a long column.

127°E
Tallow =
23(8L)?
10010 127%[200(10)]
0.625(10 %) 23(40.0L)

L =3.555m
2m2E

g.

Here, ¥:40.0(3.555):142.2 and for A-36 steel, (%) =
e y

272 g KL KL
w = 125.7. Since ( ) = —— = 200, the assumption is correct.
250(10°) rje

Thus,

L =356m Ans.
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13-79. Determine the largest length of a W10 X 45
structural steel column if it is pin supported and subjected
to an axial load of 290 kip. Ey = 29(10°) ksi, oy = 50 ksi.
Use the AISC equations.

Section Properties: For a W10 X 45 wide flange section,
A =133in’ r, =20lin

Slenderness Ratio: For a column pinned at both ends, K = 1. Thus,

KLY (L)
=) =0 = 0497511
< r >,, 2.01

AISC Column Formula: Assume a long column,

_ 127°E
Tallow — @

200  127729(10%)]
133 23(0.49751L)>

L = 166.3 in.

KL KL 2
Here,T = 0.49751 (166.3) = 82.76 and for grade 50 steel, <T> =, ,27;-7E
c y

[2ar2 3 KL KL
= % = 107.0. Since - < <T> , the assumption is not correct.
c

Thus, the column is an intermediate column.

Applying Eq. 13-23,

| KL
2KLr? |7

T T s U3(KL/) (KL/r)
3 TB(KL/r).  8(KLJr)
[ (0.49751L)2:|
1—-———"(50)
290 2(107.0%)
133 5 | 3(0497512) (0.49751L)°
3 8(107.0) 8(107.0%)

0 = 12.565658(107%) L — 24.788132(10°) L? — 1.743638(107*) L + 0.626437

Solving by trial and error,

L = 131.12in. = 10.9 ft Ans.
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*13-80. Determine the largest length of a W10 X 12
structural A-36 steel section if it is pin supported and is
subjected to an axial load of 28 kip. Use the AISC equations.
Fora W 10 X 12, ry = 0.785in. A = 3.54in?

P 28 .
afzfﬁflt)lkm

Assume a long column:

127°E
Tallow = ==~ 5
allow = 23(K L/r)?

(KL) - JEEE _ [EEONE _y,,

230 4110w 23(7.91)
2 2 3
<Q> _ \/277 E _ \/277 @A) _ 1y, KL (ﬁ)
r /e o, 36 r rJe
Long column.
KL _ 137.4
r
0.785
L= 137.4<L> = 137.4<7> = 107.86 in.
K 1
= 8.99 ft Ans.

¢13-81. Using the AISC equations, select from Appendix B
the lightest-weight structural A-36 steel column that is 14 ft
long and supports an axial load of 40 kip. The ends are pinned.
Take oy = 50 ksi.

Try, W6 X 15 (A = 443in*>  r, = 1.46in.)

<K L> \/277215 \/2772(29)(103)
== = = =107
r ¢ Oy 50

(50) 02000y (82). (82)

y

Long column

2 127%(29)(10°
atow = 2T E ™ () . ) 18 ksi
23(KL/r) 23(115.1)

Pallow = UallowA
= 11.28(4.43) = 50.0 kip > 40 kip OK.

Use W6 X 15 Ans.
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13-82. Using the AISC equations, select from Appendix B
the lightest-weight structural A-36 steel column that is 12 ft
long and supports an axial load of 40 kip. The ends are fixed.
Take oy = 50 ksi.
Try W6 X 9 A = 2.68in ry = 0.905 in.
KL 2 2 3
(7) _ \/277 E _ \/277 AP _ oy
r /. oy 50
KL 0.5(12)(12)
—=————="7956
ry 0.905
KL (KL)
28 (22
ry /e
Intermediate column
_ 1 (_KL/r )2
B (=@l - (BN eks 15.40 ksi
Tallow = [+ 3Kl ) — LKLy = [+ 3 (23)- Y22y = avkst
S\(KL/r)c 8 \(xL/r)e 3 T 8 \1261)” 8l1z61
Pallow = (TallowA
= 15.40(2.68)
= 413 kip > 40 kip OK.
Use W6 X 9 Ans.
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13-83. Using the AISC equations, select from Appendix B
the lightest-weight structural A-36 steel column that is 24 ft
long and supports an axial load of 100 kip. The ends are fixed.

Section Properties: Try a W8 X 24 wide flange section,
A = 7.08in? r, = 16lin

Slenderness Ratio: For a column fixed at both ends, K = 0.5.Thus,

0.5(24)(12
(E) = M — 89.44
r/, 1.61
KL [272
AISC Column Formula: For A-36 steel, (T) = %
B
2 3
% = 126.1. Since % < (%) , the column is an intermediate
c

column. Applying Eq. 13-23,

[1 - (KL/r)ZJ
2KL/r? |7
5. 3(KL/r)  (KL/r)’
3 8(KL/r). 8(KL/r)}

(89.44%)
[ 2(12612):|()
+

Tallow =

3(89.44)  (89.44%)
8(126.1)  8(126.1%)

14.271 ksi

The allowable load is

Pa]low = Ua]lowA

= 14.271(7.08)
= 101 kip > P = 100 kip O.K.
Thus, Use W8 X 24 Ans.
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*13-84. Using the AISC equations, select from Appendix B
the lightest-weight structural A-36 steel column that is 30 ft
long and supports an axial load of 200 kip. The ends are fixed.

Try W8 X 48 ry, = 2.081in. A = 14.1in?

2 3
(KL) :\/27215 :\/277 CHAP) _ 1564
r /. a, 36

KL 05(30)(12)
=g = 8654

Ty

KL KL
( > < <*> intermediate column.
ry roJe
{ ol
EIN
Tallow — KL - KL 3
(59)d L)

{1-118 )

= = 14.611 ksi
5, 3[ 8654 1[86.5
{5 3 [ 126.1 ] -8 [1;63.? P}
Paiow = Talow A = 14.611 (14.1) = 206 kip > P = 200 kip O.K.
Use W8 X 48 Ans.
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*13-85. A W8 X 24 A-36-steel column of 30-ft length is
pinned at both ends and braced against its weak axis at mid-
height. Determine the allowable axial force P that can be
safely supported by the column. Use the AISC column
design formulas.

Section Properties. From the table listed in the appendix, the necessary section
properties for a W8 X 24 are

A = 708 in r. =342in. r, = L6lin.

Slenderness Ratio. For a column pinned at both of its ends, K = 1. Here,
L, = 30(12) = 360 in. and L, = 15(12) = 180 in. Thus,

1(360
(L) SRICLUNY

r 3.42
KL 1(180)
— ] = —=111. 1
< p >y 161 80 (controls)
KL 2
AISC Column Formulas. For A-36 steel (T) = 2; E
c Y
272(29(10°
= M = 126.10. Since KL < KL , the column is an
36 ro)y r /.
intermediate column.
| (KL
akL/n |7
allow =5 L 3KLjn _ (KL)r)
3 8(KL/r)L 8(KL/r).>
111 802
(36)
2(126.10%)
- 5 3(11180)  111.80°
3 8(126.10)  8(126.10%)
= 11.428 ksi
Thus, the allowable force is
Palow = TallowA = 11.428(7.08) = 80.91 kip = 80.9 kip Ans.
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13-86. Check if a W10 X 39 column can safely support an
axial force of P = 250 kip. The column is 20 ft long and is
pinned at both ends and braced against its weak axis at
mid-height. It is made of steel having E = 29(10°) ksi and
oy = 50 ksi. Use the AISC column design formulas.

Section Properties. From the table listed in the appendix, the necessary section
properties for a W10 X 39 are

A= 115in? re=427in. r, = 198 in.

Slenderness Ratio. For a column pinned at both of its ends, K = 1. Here,
L, =20(12) = 240in. and L, = 10(12) = 120 in. Thus,

<ﬁ> G

r 427

p = ——— = 60.606 (controls)

KL\ _ 1(120)
), 198

2
AISC Column Formulas. For A-36 steel <¥> =, /M
c Oy

o] o
= 107.00. Since {— | <|——, the column is an
50 roJy ro.

intermediate column.

L (KL/r)? "
2AKL/F2]Y

altow = 5 3(KLD _ (KLJr)
3 S(KL/r)L T 8(KL/r).}
2
60 606 (50)
2(107.00%)
"5 | 3(60606) 60606’
3 8(107.00)  §(107.00°)
= 22614 ksi
Thus, the allowable force is
Patow = GaowA = 22.614(11.5) = 260.06 kip > P = 250 kip OK.

Thus,a W10 X 39 column is adequate.
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13-87. A 5-ft-long rod is used in a machine to transmit
an axial compressive load of 3 kip. Determine its smallest
diameter if it is pin connected at its ends and is made of a
2014-T6 aluminum alloy.

Section properties:

4 4
_T n. _7m(d) _7md
A 4d’ ! 4<2> 64
d
4

_ 33820

P
Tallow = Z % dz dz

Assume long column:

KL _10(5)(12) _ 240

r % d
_ 54000 3.820 54000
Tallow = (uy 5 dz - [m}Z
r d

d = 1421n. Ans.
KL 240
il > K.

p Wy 169 > 55 O.K
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#13-88. Check if a W10 X 45 column can safely support
an axial force of P = 200 kip. The column is 15 ft long and
is pinned at both of its ends. It is made of steel having
E =29(10°) ksi and oy = 50 ksi. Use the AISC column
design formulas.

Section Properties. Try W10 X 45. From the table listed in the appendix, the
necessary section properties are

A =133in’? r, = 2.0Lin.

Slenderness Ratio. For a column pinned at both of its ends, K = 1.Thus,

KL\ _ 1(15(12)
(KL) -1090_ gy

2
AISC Column Formulas. Here, <&> = \/277'7E =
r c Oy
KL KL
Since <—> < <—> , the
r/y r /.

column is an intermediate column.

L (KL/r)? "
UKL/ Y

Tallow =

5. 3(KL/r) (KL/r)}
3 S(KL/r)L 8(KL/r).?
2
89 552 (50)
2(107.00%)
~s L 3(9552)  89.552°
3 8(107.00)  g(107.00°)
= 17.034 ksi
Thus, the allowable force is
Palow = TaowA = 17.034(13.3) = 226.55 kip > P = 200 kip O.K.
Thus,
A W10 X 45 can be used Ans.
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*13-89. Using the AISC equations, check if a column - 350 mm ‘

having the cross section shown can support an axial force of 20mm —_t— -~ 20 mm

1500 kN. The column has a length of 4 m, is made from A-36

steel, and its ends are pinned. 300 mm
10 mm l

Section Properties:

A = 03(0.35) — 0.29(0.31) = 0.0151 m?

1 1 -
1, = 15 (004)(03°) + - (031)(0.01°) = 90.025833(10~) m"*

I, [90.02583(10~F)
= P - = =
ry =4 SoisI 0.077214 m

Slenderness Ratio: For a column pinned at both ends, K = 1. Thus,

KL 14)
=) = =51.80
( r >y 0.077214

2
AISC Column Formula: For A-36 steel, (%) =, /2(7;7E
c b4

[27r2[200(10° KL KL
= M = 125.7. Since — < ( ) , the column is an intermediate
250(10°) r/e

column. Applying Eq. 13-23,
(KL/ry’
1= 2 |9y
2AKL/r)e

allow = 3(KL/r)  (KL/ry
8(KL/r)L 8(1<L/r)§

L
3
[1 2125, 72J(zso)(wﬁ)

- 5, 365180 (51.80%)
3 8(1257) 8(125.7%)

= 126.2 MPa
The allowable load is
Paliow = TaltowA
= 1262(10°) (0.0151)
= 1906 kN > P = 1500 kN OK.
Thus, the column is adequate. Ans.
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13-90. The A-36-steel tube is pinned at both ends. If it

100 mm ——
is subjected to an axial force of 150 kN, determine the
maximum length that the tube can safely support using the
AISC column design formulas.
~— 80 mm —

Section Properties.

A = m(0.05% - 0.042) = 0.9(107 ) m?

I = %(0.054 ~ 0.04*) = 0.9225(10"%)7 m*

7 0.9225(10 %)
r= L= =4/——————=1003202m
A 0.9(1073)a

Slenderness Ratio. For a column pinned at both of its ends, K = 1. Thus,

KL  1(L)
r o002 SMBE

AISC Column Formulas.

127°E
23(KL/r)?
150(10°)  127%[200(10°)]
9(10%)m © 23(31.23L)>

Tallow =

L =44607m = 446 m Ans.

KL KL 2
Here, - 31.23(4.4607) = 139.33. For A-36 steel <T> =, IZW £
c gy

[, 2 o
= M = 125.66. Since (ﬁ> < KL < 200, the assumption of a
250(10°%) re

c

long column is correct.

1113



13 Solutions 46060 6/11/10 11:56 AM Page 1114 $

© 2010 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.

13-91. The bar is made of a 2014-T6 aluminum alloy. 600 1b
Determine its smallest thickness b if its width is 5b. Assume
that it is pin connected at its ends. b [~
P =z 15b
8 ft

Section Properties:

A = b(5b) = 5b° \/(
_ 1 3\ _ O 4 600 Ib
I, =4, G0)(b) = 55 b
I, & 3
, = =2 2p

A N2 6
Slenderness Ratio: For a column pinned at both ends, K = 1. Thus,

<Q> _1®)(12) _ 33255
r y B %b b

Aluminum (2014 - T6 alloy) Column Formulas: Assume a long column and apply

Eq. 13-26.
54 000
Tallow — 5 0as s
allo (KL/I’)Z
0.600 54 000
502 (33255)2
b
b = 0.7041 in.
KL 33255 . KL .
— = = 4723. — > .
Here, p 07041 472.3. Since p 55, the assumption is correct. Thus,
b = 0.704 in. Ans.
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#13-92. The bar is made of a 2014-T6 aluminum alloy. 600 1b
Determine its smallest thickness b if its width is 5b. Assume
e . b o
that it is fixed connected at its ends. "
8 ft

Section Properties:

A = b(5b) = 5b°

I, = %(Sb)(lﬁ) = %b“

L L ¥ _ V3,
’ A 5b% 6

Slenderness Ratio: For a column fixed at both ends, K = 0.5.Thus,

(KL) - 03002 _ 0628
:

600 1b

r b
b
Aluminum (2014 - T6 alloy) Column Formulas: Assume a long column and apply
Eq. 13-26.
54 000
o = 2
allow (KL/F)Z
0.600 54000
=
Sh (16(;).28)2
b = 0.4979 in.
KL  166.28 . KL Lo
— = = 334.0. — > .
Here, 04979 334.0. Since p 55, the assumption is correct
Thus,
b = 0.498 in. Ans.
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¢13-93. The 2014-T6 aluminum column of 3-m length has 15 mm——
the cross section shown. If the column is pinned at both
ends and braced against the weak axis at its mid-height,
determine the allowable axial force P that can be safely
supported by the column.

170 mm  — |[~15mm

15 mm
¥
‘«100 mmﬂ‘

Section Properties.

A =0.1(0.2) — 0.085(0.17) = 5.55(10%) m?

1 1 5 _ -
1, = 50.)(02°) = 15(0.085)(017°) = 31.86625(10"°) m"*

1 1 -
I, = 2{5(0.015)(0.13)} + 55 (017)(0.015°) = 2.5478(10°°) m*

7.  [31.86625(107°)

re= o=t = 007577
A 5.55(1072)
T,  [2.5478(10°°)

ry=q2 = =002143m
A 5.55(1073)

Slenderness Ratio. For a column pinned at both of its ends, K = 1. Here, L, = 3 m
and L, = 1.5 m. Thus,

(), sarsy

= 39.592

<ﬁ> RO = 70.009 (controls)

r/, 002143

KL
2014-T6 Alumimum Alloy Column Formulas. Since (T) > 55, the column can
y
be classified a long column,

373(10°)
Tallow = @ Mpa
- r .
373(10%)
=|—— " |MPa
70.009
= 76.103 MPa
Thus, the allowed force is
Paiow = TatiowA = 76.103(10°)[5.55(1073) ] = 422.37 kN = 422 kN Ans.
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13-94. The 2014-T6 aluminum column has the cross 15 mm——
section shown. If the column is pinned at both ends and B
subjected to an axial force P = 100 kN, determine the
maximum length the column can have to safely support the
loading. 170mm  —| |15 mm
15 mm;
‘«100 mmﬂ‘

Section Properties.

A =0.1(0.2) — 0.085(0.17) = 5.55(107%) m?

1 1 -
I, = 2{5(0.015)(0.13)} + 15(017)(0.015%) = 2.5478(107°) m’*

7,  [25478(107°)
=42 =\ = 002143m
A 5.55(10°2)

Slenderness Ratio. For a column pinned at both of its ends, K = 1.Then,

(L
<ﬁ> ) = 46.6727L
y

r /), 0.02143

2014-T6 Alumimum Alloy Column Formulas. Assuming a long column,

373(10°)
Talow = | 77~ |MPa

)
100(10°) 373(10°)

5.55(1072) - | @e67aLy (10°) Pa

L =3.083m = 3.08m Ans.

KL
Since (T) = 46.6727(3.083) = 143.88 > 55, the assumption is correct.
y
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13-95. The 2014-T6 aluminum hollow section has the 4in.
cross section shown. If the column is 10 ft long and is fixed
at both ends, determine the allowable axial force P that can
be safely supported by the column.

Section Properties.

A =m(22 - 15%) = 1757 in? 1= %(24 - 1.5*) = 2.7343757 in*

[ 1 [2.734375m .
r = X = W = 1.25in.

Slenderness Ratio. For a column fixed at both of its ends, K = 0.5. Thus,

KL _0510)(12) _

r 1.25

KL
2014-T6 Aluminum Alloy Column Formulas. Since 12 < - < 55, the column can

be classified as an intermediate column.

KL
Callow = {30.7 - 023(7)] ksi

= [30.7 — 0.23(48)] ksi
= 19.66 ksi
Thus, the allowable load is

Paiow = GatiowA = 19.66(10°)(1.757) = 108.09 kip = 108 kip Ans.
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#13-96. The 2014-T6 aluminum hollow section has the 4in.
cross section shown. If the column is fixed at its base and

pinned at its top, and is subjected to the axial force

P = 100 kip, determine the maximum length of the column

for it to safely support the load.

3in.
Section Properties.

ks

A= (22 - 1.5%) = 1.757 in? I == (2% - 1.5*) = 2.7343757 in*

4
1 2.734375m .
FENATN sy L

Slenderness Ratio. For a column fixed at its base and pinned at its top, K = 0.7.
Thus,

2014-T6 Aluminum Alloy Column Formulas. Assuming an intermediate column,

KL
Tallow = {30.7 - 0.23<T>} ksi

100
——— = 30.7 — 0.23(0.56L
1.75m ( )
L = 97.131in. = 8.09 ft Ans.

KL
Since e 0.56(97.13) = 54.39 < 55, the assumption of an intermediate column

is correct.
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¢13-97. The tube is 0.25 in. thick, is made of a 2014-T6 P
aluminum alloy, and is fixed at its bottom and pinned at its X y o
top. Determine the largest axial load that it can support. 6in. 43X 6in.
y x
10 ft
Section Properties:
P

A = 6(6) — 55(5.5) = 5.75 in?

1 1 -
1 =35 0(6) = 15 (55)(55°) = 317448 in’

[ [31.7448 .
r= A= 575 2.3496 in.

Slenderness Ratio: For a column fixed at one end and pinned at the other end,
K = 0.7.Thus,

KL _ 0.7(10)(12)
ro 2349

= 35.75

KL
Aluminium (2014 -y T6 alloy) Column Formulas: Since 12 < > < 55, the

column is classified as an intermediate column. Applying Eq. 13-25,

Tallow = {30.7 - o.z3<%>} ksi

= [30.7 — 0.23(33.75)]

= 24.48 ksi

The allowable load is

Puitow = TaowA = 22.48(5.75) = 129 kip Ans.
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13-98. The tube is 0.25 in. thick, is made of a 2014-T6

P
aluminum alloy, and is fixed connected at its ends. X y
Determine the largest axial load that it can support. 6in. 435 6in
y x
10 ft
Section Properties:
P
A = 6(6) — 5.5(5.5) = 5.75 in?

1 1 ;
1 =35 O(6) = 565)(55) = 317448 in’

[ [31.7448 .
r= i 575 2.3496 in.

Slenderness Ratio: For column fixed at both ends, K = 0.5.Thus,

KL 05(10)(12)
ro 23496 2554

KL
Aluminium (2014 - T6 alloy) Column Formulas: Since 12 < - < 55, the

column is classified as an intermediate column. Applying Eq. 13-25,

KL
Tallow = {30.7 - 023(7)} ksi

= [30.7 — 0.23(25.54)]

= 24.83 ksi
The allowable load is

Piitow = TaliowA = 24.83(5.75) = 143 kip Ans.
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13-99. The tube is 0.25 in. thick, is made of 2014-T6 P

aluminum alloy and is pin connected at its ends. Determine X y o

the largest axial load it can support. 6in. 43X 6in.
y x

Section Properties:

A = 6(6) — 5.5(5.5) = 5.75in? 10 ft

1 1 .
1= 6)(6°) - 15 (5:5)(5.5°) = 317448 in’

[1 31.7448 .
r = i \/? = 2.3496 in. P

Slenderness Ratio: For a column pinned as both ends, K = 1. Thus,

KL 1(10)(12)
ro 23496 =107

KL
Aluminum (2014 - T6 alloy) Column Formulas: Since 12 < e < 55, the

column is classified as an intermediate column. Applying Eq. 13-25,

KL
Tallow = |:307 - 023<T):| ksi

= [30.7 — 0.23(51.07)]
= 18.95 ksi
The allowable load is

Patow = TatowA = 18.95(5.75) = 109 kip Ans.

#13-100. A rectangular wooden column has the cross F a ﬁ
section shown. If the column is 6 ft long and subjected to an .
axial force of P = 15 kip, determine the required minimum

dimension a of its cross-sectional area to the nearest 1 in. /
so that the column can safely support the loading. The
column is pinned at both ends. 2

Slenderness Ratio. For a column pinned at both of its ends, K = 1. Then, /
KL _ W)©12) 72 \
d a a o

NFPA Timber Column Formula. Assuming an intermediate column,

1 /KL/d\?*]. .
Tallow — 12001 — = | —+ ksi

3\ 26.0
15 1 72/aﬂ
2a(a) 1'20[1 3 (26.0
a = 2.968 in.
Usea = 3in. Ans.

KL _ % = 24.Since 11 < % < 26, the assumption is correct.
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*13-101. A rectangular wooden column has the cross
section shown. If @ = 3in. and the column is 12 ft long,
determine the allowable axial force P that can be safely
supported by the column if it is pinned at its top and fixed at
its base.

a

Slenderness Ratio. For a column fixed at its base and pinned at its top K = 0.7.
Then,

KL 0.7(12)(12) i
= 2336
d 3

NFPA Timer Column Formula. Since 26 < % < 50, the column can be classified

as a long column.

S40ksi 540
= 20 = 04783 ksi
Talow = KAy 33.62 .

The allowable force is

Piiiow = TatiowA = 0.4783(3)(6) = 8.61 kip Auns.

13-102. A rectangular wooden column has the cross a
section shown. If @ = 3 in. and the column is subjected to —
an axial force of P = 15kip, determine the maximum
length the column can have to safely support the load. The
column is pinned at its top and fixed at its base.

Slenderness Ratio. For a column fixed at its base and pinned at its top, K = 0.7.
Then,

KL 0.7L v
— = ——=0.2333L
d 3

NFPA Timber Column Formula. Assuming an intermediate column,

1/KL/d\?] . .
Tallow — 12011 — o —— ksi

3\ 26.0

15 1/0.2333L\?

3(6) 1'20[1 B 5( 26.0 ) }

L = 106.68 in. = 8.89 ft Ans.

KL KL
Here, i 0.2333(106.68) = 24.89. Since 11 < e < 26, the assumption is

correct.
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13-103. The timber column has a square cross section and
is assumed to be pin connected at its top and bottom. If it

supports an axial load of 50 kip, determine its smallest side i~
dimension a to the nearest % in. Use the NFPA formulas.

Section properties:

P 50
A:a2 o-allow:a-:j:?
Assume long column:
540
Tallow — KL\2
()
50 540
2 [(1,0)(14)(12)}2
a
a = 7.15in.
KL (1.0)(14)(12) KL .
— = =235—<
4 715 23.5, 4 26 Assumption NG
Assume intermediate column:
1/ KL/d\?
Tallow — 120|:1 - g <W>
1.0(14)(12)
50 —\2
== 1.20[1 1 <7>
a 3 26.0
a = 7.46in.
KL 1.0(14)(12 KL
- % =2253,11 < e <26 Assumption O.K.
1.
Usea = 75 in. Ans.
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*13-104. The wooden column shown is formed by gluing
together the 6 in. X 0.5 in. boards. If the column is pinned
at both ends and is subjected to an axial load P = 20 kip,
determine the required number of boards needed to form
the column in order to safely support the loading.

Slenderness Ratio. For a column pinned at both of its ends, K = 1. If the number of
the boards required is n and assuming that 7(0.5) < 6 in. Then, d = n(0.5). Thus,

KL _ ()O)12) _ 216

d n(0.5) n

NFPA Timber Column Formula. Assuming an intermediate column,

1/KL/d\? | .
OTallow — 1.20{ 1 — 5 W ksi

0 1 (216/n)2
e IR

n* — 5.5556n — 23.01 = 0

Solving for the positive root,

n =832
Usen =9 Ans.

KL 216 KL
Here,7 =5 = 24. Since n(0.5) = 9(0.5) = 4.5in. < 6in.and 11 < e < 26,

the assumptions made are correct.
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¢13-105. The column is made of wood. It is fixed at its P
bottom and free at its top. Use the NFPA formulas to
determine its greatest allowable length if it supports an X
axial load of P = 2 kip. =
y .
4in.
Slenderness Ratio: For a column fixed at one end and free at the other end, K = 2.
Thus,

KL 2L
—:%zl‘OOL

NFPA Timber Column Formulas: Assume a long column. Apply Eq. 13-29,

540
. =—
Ao (KL d)>

2540
2(4) ~ (1.00L)>

L = 4648 in

KL KL
Here, e = 1.00(46.48) = 46.48. Since 26 < e < 50, the assumption is correct.

Thus,

L = 46.481in. = 3.87 ft Ans.

13-106. The column is made of wood. It is fixed at its P
bottom and free at its top. Use the NFPA formulas to y
determine the largest allowable axial load P that it can
support if it has a length L = 4 ft. v
4in.
Slenderness Ratio: For a column fixed at one end and free at the other end, K = 2.
Thus,

KL _23)02) _

48.
y 5 8.0

KL
NFPA Timber Column Formulas: Since 26 < v < 50, it is a long column. Apply
Eq. 13-29,
540 i
o =—
allow (KL/(I)Z

540
48.0%

= 0.234375 ksi

The allowable axial force is

Pitow = TalowA = 0.234375[2(4)] = 1.875 kip Ans.
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13-107. The W14 X 53 structural A-36 steel column z

supports an axial load of 80 kip in addition to an eccentric | p

load P. Determine the maximum allowable value of P based 80 kip

on the AISC equations of Sec. 13.6 and Eq. 13-30. Assume xiy

the column is fixed at its base, and at its top it is free to sway %

in the x—z plane while it is pinned in the y—z plane. y w 101in.

12ft' !

Section Properties: For a W14 X 53 wide flange section.

A=156in> d=1392in. [,=541in* r,=589in.

ry = 1.92in. %}

Slenderness Ratio: By observation, the largest slenderness ratio is about y—y axis.
For a column fixed at one end and free at the other end, K = 2. Thus,

(1) - 2020

Allowable Stress: The allowable stress can be determined using AISC Column

2 2729(10°
Formulas. For A=36 steel, (ﬁ> - \/ mE \/ 129001 _ 61 Since
r /. oy 36

KL KL
(T) = - = 200, the column is a long column. Applying Eq. 13-21,

127°E
Talow = = o 5
allow = 23K L/r)?

_ 1247(29.0)(10°)
T 23(150%)

= 6.637 ksi

Maximum Stress: Bending is about x—x axis. Applying we have

P  Mc
Omax = OTallow — Z + I

p+so  PAO)(S?)

6.637 = 156 + a1

P = 7.83 kip Ans.
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*13-108. The W12 X 45 structural A-36 steel column z

supports an axial load of 80 kip in addition to an eccentric | p

load of P = 60 kip. Determine if the column fails based on 80 kip

the AISC equations of Sec. 13.6 and Eq. 13-30. Assume that xi/%

the column is fixed at its base, and at its top it is free to sway

in the x—z plane while it is pinned in the y-z plane. y © 10in.

12ft' I

Section Properties: For a W12 X 45 wide flange section,

A=132in*> d*=1206in. I, =350in* r, =515in.

1.94 in. %é

Slenderness Ratio: By observation, the largest slenderness ratio is about y—y axis.
For a column fixed at one end and free at the other end, K = 2. Thus,

KLY _ 2(12)(12)
<7>y =g © 4845

Ty

Allowable Stress: The allowable stress can be determined using AISC Column

2 277[29(10°
Formulas. For A=36 steel, <ﬁ> - \/ 2wk \/ mI29001 _ 161 since
r /. oy 36

KL KL
(T) = - = 200, the column is a long column. Applying Eq. 13-21,

_ 127°E
23(KL/r)?

_ 124%(29.0)(10°)

T 23(148.45%)

T allow

= 6.776 ksi

Maximum Stress: Bending is about x—x axis. Applying Eq. 1 we have

_ P Mec
leax A I

_ 140 6010)("5")
132 350

= 20.94 ksi

Since o ax > Tapow, the column is not adequate.
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¢13-109. The W14 X 22 structural A-36 steel column is P
fixed at its top and bottom. If a horizontal load (not shown) . / B
causes it to support end moments of M = 10 kip - ft, :% Y
determine the maximum allowable axial force P that can be y
applied. Bending is about the x—x axis. Use the AISC

equations of Sec. 13.6 and Eq. 13-30.

—~M

12 ft

Section properties for W14 X 22:

A=649in*> d=1374in> [, =199in* r, = 1.04in.

.
3

Allowable stress method: P

KL  05(12)(12)
r, 104

2 2 3
(ﬂ) _ \/277E _ \/277 @NA0) _ ey KL _ <Q>
r ¢ Ty 36 ry r c

Hence, .
)] [

(Ta)atlow = = = 16.510 ksi

5,3 TI 1 (KTL)z 543 (6‘).231) _1 (69,23])3
243 -3 3 T g\ 1261 8 \126.1

= 69.231

P y ¢
Omax = ((ra)allow = X Ix
P 10(12)(%*
16510 = —— + 100957
6.49 199
P = 80.3 kip Ans.
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13-110. The W14 X 22 column is fixed at its top and
bottom. If a horizontal load (not shown) causes it to support
end moments of M = 15 kip - ft, determine the maximum
allowable axial force P that can be applied. Bending is
about the x—x axis. Use the interaction formula with
(U-b)allow = 24 ksi.

Section Properties for W 14 X 22:

A=649in*> d=1374in> [, =199in* r, =1.04in.
Interaction method:
KL 0.5(12)(12)
— = —————— = 69.231
Ty 1.04
<ﬁ> B \/277215 _ \/277'2(29)(103) e KL (ﬁ)

r /. oy 36 oy /).
Hence,

KL)2
1 —% ( . ) Ty 1— ;(69.231)2 36
(%)3 2 (1261

(T)aitow = =

v KL (KTL)z 5 . 03(69231\ _ 1 (69231\3

S43 r 1 3+8(126.1) 8(12().1)
RN
P P

%= T 649 0.15408 P
oy = M€ _ 15025 6214 ksi
L 199 ‘

[ Tp

=1.0

(Ua)allow (‘Tb)allow
0.15408 P 62141 10

16.510 24
P = 79.4 kip

12 ft

-
§\7/(

= 16.510 ksi

Ans.
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13-111. The WI14 X 43 structural A-36 steel column
is fixed at its bottom and free at its top. Determine the
greatest eccentric load P that can be applied using
Eq. 13-30 and the AISC equations of Sec. 13.6.

Section properties for W14 X 43:
A=126in*> d=13.66in.
I,=452in*  r,=189in.

b =17.995

Allowable stress method:

2(10)(12
KL _20002) _ )¢ oq

r 1.89

r oy 36 Ty

1272F 1272(29)(10°)
_ — = 9.26 ksi
(O'a)allow 23(KL/7)2 23(12698)2 ¥

p M
Tmax = (00)allow = Z + I
M

P40 P16)("%)
126 452

9.26 =

P = 4.07 kip

2 2 3
<ﬁ> = \/2” L \/2” @AY _ 1961,200 > KL > (ﬁ
c

r

)

Ans.

10

40 ki
1pP

ft

2

~

%

T

16 in.
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#13-112. The W10 X 45 structural A-36 steel column is 40 kipP
fixed at its bottom and free at its top. If it is subjected to a
load of P = 2 kip, determine if it is safe based on the AISC
equations of Sec. 13.6 and Eq. 13-30. 2

16 in.

V2

AN
A%

T

Section Properties for W10 X 45:

A=133in*> d =10.10in. ~

4

_ 4 _ .
I, = 534in r, = 2.011in.
b = 8.020 in.

Allowable stress method:

KL 20(10)(12)
= 1194
T 2.01

2 2 3
<ﬁ> _ \/27715 _ sz @900 _ e,
r /. oy 36

KL (KL)
28 o (2E
r r /.

{1 - “KL/r)i}o-y 1(119.4\2
(Caaliow = L. _ [ sRiPRe 10.37 ksi
Ta)allow = 3 N §(KL[r) LKL/ 5 43 (M) 1 119.4)3 o St
3 T 8\KL/r. S(KL/rr 3 ' 8\1361 8 \1261
P M,c
(Uu)allnw = Z + Iy
2 200(*)
1037 = — + ————
133 534
10.37 = 5.56 O.K.
Column is safe.
Yes. Ans.
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*13-113. The A-36-steel W10 X 45 column is fixed at its
base. Its top is constrained to move along the x—x axis but
free to rotate about and move along the y—y axis. Determine
the maximum eccentric force P that can be safely supported
by the column using the allowable stress method.

24 ft

Section Properties. From the table listed in the appendix, the section properties for
a W10 X 45 are O
A=133in* b =802in. r,=432in. I, =534in* 1, =20lin. 3

Slenderness Ratio. Here, L, = 24(12) = 288 in. and for a column fixed at its base

and free at its top, K, = 2.Thus,

<K L> _2(288)
X

p = = 133.33 (controls)

Since the column is fixed at its base and pinned at its top, K, = 0.7 and
L, = 24(12) = 288 in. Then,

< ﬁ) ~0.7(288)
v

’ = W = 100.30

Allowable Stress. The allowable stress will be determined using the AISC column
formulas. For A-36 steel,

2 27%(29(10°
<ﬁ> Y L O i [2o00)] 126.10. Since <ﬁ> < <ﬁ> < 200,
r /. oy 36 r /. ro/

the column is classified as a long column.

127°E
Tallow = W
~ 12a729(10°)]

= — 2 = 8400ksi
23(13333%)

Maximum Stress. Bending is about the weak axis. Since M = P(12) and

by 8.02
C:Ef:T:unin,
P Mc
Tallow = + a
P [P(12)](4.01)
8400 =133+ 53.4
P = 8.604 kip = 8.60 kip Ans.
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13-114. The A-36-steel W10 X 45 column is fixed at its
base. Its top is constrained to move along the x—x axis but
free to rotate about and move along the y—y axis. Determine
the maximum eccentric force P that can be safely supported
by the column using an interaction formula. The allowable
bending stress is (07)aj10w = 15 Kksi. 24 ft

Section Properties. From the table listed in the appendix, the section properties for
a W10 X 45 are

A =133 in? by = 8.021n. re = 4.321n. 1, =534 in* ry = 2.01in.

Slenderness Ratio. Here, L, = 24(12) = 288 in and for a column fixed at its base
and free at its top, K, = 2.Thus,

()2

= 133.33 (controls)
Since the column is fixed at its base and pinned at its top, K, = 0.7 and
L, = 24(12) = 288 in. Then,

KL\  0.7(289)
e )
( r )Y 2.01 0030

Allowable Stress. The allowable stress will be determined using the AISC column
2,,2 E _ 272 29 103 )
formulas. For A-36 steel 36 = 126.10. Since

KL KL
<—> < <T> < 200, the column is classified as a long column.
c X

r

127°E
o =
allow 23(KL/I‘)2
122%29(10°) |
= ——— = 8.400 ksi
23(133.33?)
Intergction Formula. Bending is about the weak axis. Here, M = P(12) and
- 8.02
C=?f=7=4.01i1’1.

P/A Mc/Ar?

(U-a)allow (O-b)allow

pins PO2@OD [ [133(200)

8.400 15 =1
P = 14.57 kip = 14.6 kip Ans.
Ta _MSTIS3 0 a0s < 015 0K
(Ua)allow 8.400 ' ' o
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13-115. The A-36-steel W12 X 50 column is fixed at its
base. Its top is constrained to move along the x—x axis but
free to rotate about and move along the y-y axis. If the
eccentric force P = 15kip is applied to the column,
investigate if the column is adequate to support the loading.
Use the allowable stress method. 24 ft

Section Properties. From the table listed in the appendix, the section properties for
a W12 X 50 are

A=147in* by =808in. r,=518in. [, =56.3in’

r, = 1.96 in. =
. . - &2

Slenderness Ratio. Here, L, = 24(12) = 288 in. and for a column fixed at its base
and pinned at its top, K, = 2.Thus,

()5

= 111.20 (controls)

Since the column is fixed at its base and pinned at its top, K, = 0.7 and
L, = 24(12) = 288 in. Thus,

KL\ _ 0.7(288)
=2 = R~ 1028
< r )y 1.96 02.86

Allowable Stress. The allowable stress will be determined using the AISC column

) 27? 29 103
2n°E _ = 126.10. Since

formulas. For A-36 steel, ( >
KL KL
<T> < <T> , the column can be classified as an intermediate column.
X c
KL
2kL/n )"
3(KL/r) (KL/r)?
8(KL/r)L 8(KL/r)¢?

+

2
|: 111.20 (36)
+

Tallow =

]
3

2(126.10%)

5 3(11120) 111.20°
3 8(126.10) (126.103>

= 11.51 ksi

Maximul;)l Stress. Bending is about the weak axis. Since, M = 15(12) = 180 kip - in.
~ 8.08
andc = ?f = = 4.04 in.,

180(4.04
MT 15 + 180¢4.04) = 13.94 ksi

P
==+
Tmax = 4 147 56.3

Since oy > Tanow, the W12 X 50 column is inadequate according to the allowable
stress method.
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*13-116. The A-36-steel W12 X 50 column is fixed at its
base. Its top is constrained to move along the x—x axis but
free to rotate about and move along the y-y axis. If the
eccentric force P = 15kip is applied to the column,
investigate if the column is adequate to support the loading.
Use the interaction formula. The allowable bending stress is 24 ft
(0p)alow = 15 ksi.

Section Properties. From the table listed in the appendix, the section properties for
a W12 X 50 are

A=147in> b, =808in. r,=518in. r,=196in.

Slenderness Ratio. Here, L, = 24(12) = 288 in and for a column fixed at its base \%/ P
and pinned at its top, K, = 2. Thus,

(AL} -2

p s18 - 111.20 (controls)

Since the column is fixed at its base and pinned at its top, K, = 0.7 and
L, = 24(12) = 288 in. Then,

KL 0.7(288
<*> = g = 102.86
r/y 1.96
KL 2
Allowable Axial Stress. For A-36 steel, (T) = 270_7 E
c Y

27%29(10°) | KL

KL
= 126.10. Since <T> < (T), the column can be
X c

classified as an intermediate column.
(KL/r)
KL/ 7

Talow T STUS3(KL)) (KL/r)
3 8(KL/r). S(KL/r).>

+
111.20%
)
2(126.10%)
+

3(111. 20) 111.20°
8(126.10)  5(126.10°)

= 11.51 ksi

3
3

Interaction Formula. Bending is about the weak axis. Here, M = 15(12)

b
= 180 kip +in.and ¢ = . 8.08 = 4.04in.
2 2
2
PIA_ | MejAR _15/147 180(4.04)/[14,7(1.96 )] oo
(Ua)all<7w (O'h)a]low 11.51 15 '
P = 1457 kip = 14.6 kip Ans.
Tu 15/14.7
= = 0.089 < 0.15 OK.

(‘Ta)allow B 11.51

Thus,a W12 X 50 column is adequate according to the interaction formula.
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*13-117. A 16-ft-long column is made of aluminum alloy
2014-T6. If it is fixed at its top and bottom, and a
compressive load P is applied at point A, determine the
maximum allowable magnitude of P using the equations of
Sec. 13.6 and Eq. 13-30.

Section properties:
A = 2(0.5)(8) + 8(0.5) = 12in?

1 1 .
I, = E(S)(93) - 5(7.5)(83) = 166 in*

=

1 1 )
I, = 2<E>(0.5)(83) + 3 (8)(0.5%) = 42.75in*

1, 142.75
= (22— [I= i
ry A 2 1.8875 in.

Allowable stress method:

KL  05(16)(12) KL
B o R 508612 <
1.8875 ’ r

<55

ry

KL
Callow = {30.7 - 0.23<T>}

= [30.7 — 0.23(50.86)] = 19.00 ksi

P M,c

Omax = OTallow — Z + I
x

| PU25)45)

P
19.00 = T 166

P = 95.7 kip Ans.
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13-118. A 16-ft-long column is made of aluminum alloy
2014-Te. If it is fixed at its top and bottom, and a
compressive load P is applied at point A, determine the
maximum allowable magnitude of P using the equations of
Sec. 13.6 and the interaction formula with (o) 410w = 20 ksi.

Section Properties:
A = 2(0.5)(8) + 8(0.5) = 12 in?

1 1 _
=13 ®O) = 7 75)@) = 166 in’

~
=

I, = 2(%)(0.5)(83) + % (8)(0.5%) = 42.75in*

1, 42.75
= (22— [I= i
Ty o 1.8875 in.

Interaction method:

-

0.5(16)(12
ﬁ=w=50.86,12 <&< 55

r 1.8875 ry

y

KL
Callow = {30.7 - 0.23<T>}

= [30.7 — 0.23(50.86)]

= 19.00 ksi
P P
=L =2 008333P
T U102
_ Mc  P(425)(450)
o= e = ousp
T I _ 10

+
(Ta)aliow ()attow

0.08333P N 0.1152P
19.00 20

=1

P = 98.6 kip Ans.
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13-119. The 2014-T6 hollow column is fixed at its base 6in1¥
and free at its top. Determine the maximum eccentric ) ’
force P that can be safely supported by the column. Use the 3 M
allowable stress method. The thickness of the wall for the 6

section is t = 0.5 in.

Section Properties.

A =6(3) — 52) = 8in® 1
Q/k
—Laye) - Loys) = 4 7\/57 331667 _
1= 5 O(0) - 5 @) =331667int  r, =7 = [T = 2.0360n

1 N o , I, [10.1667 _ .
I, = E(é)(3 ) - 5(5)(2 ) =101667in*  r, = N g = L127in.

Slenderness Ratio. For a column fixed at its base and free at its top, K = 2. Thus,

KL\ _ 2(8)(12)
<7>} == =10

KL
Allowable Stress. Since <T> > 55, the column can be classified as a long

y
column.

_ 54000ksi _ 54000 ksi _ 1.862 ksi

Tallow TSR 170312

Maximum Stress. Bending occurs about the strong axis so that M = P(6) and

=83
P Mc
Tallow = + a
p [PO)|3)
862 =—+-"
1862 =0+ "33 1667
P = 2788 kip = 2.79 kip Ans.
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*13-120. The 2014-T6 hollow column is fixed at its base
and free at its top. Determine the maximum eccentric force
P that can be safely supported by the column. Use the
interaction formula. The allowable bending stress is
(0p)atlow = 30 ksi. The thickness of the wall for the section is
t =0.5in.

Section Properties.

A=63)—502) =8in? :
e |

_1 5 1 3) = -y I, [331667 _ _
=5 O(6) - 5 @) =331667int  r, =7 = [T = 2.0360n
_ 1 5 _ 1 3\ _ . I, 101667 _ ,
I, =55 O)3) = 5 6)(2°) = 101667 in* 1, = [ = [T = 1127 in.

Slenderness Ratio. For a column fixed at its base and pinned at its top, K = 2.Thus,

KL\ _ 2(8)(12)
<T>y == =103

KL

Allowable Stress. Since (*) > 55, the column can be classified as the column is
r/y

classified as a long column.

o, = 1000 k521 _ 54000 k251 86 ks
(KL/r) 17031

Interaction Formula. Bending is about the strong axis. Since M = P(6) and

c=5=3in,

P/A Mc/Ar?
(O-u)allow (a-b)allow
P8 [P(6)](3) / 8(2.036%)

+
1.862 30
P = 11.73kip = 11.7 kip Ans.

=1
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e13-121. The 10-ft-long bar is made of aluminum alloy
2014-To. If it is fixed at its bottom and pinned at the top,
determine the maximum allowable eccentric load P that can
be applied using the formulas in Sec. 13.6 and Eq. 13-30.

Section Properties:

A = 6(4) = 24.0in?

1 .
I, =35 @(6') = 720in*

I,= % 6)(#4°) = 32.0in*

I 320 .
ry =, /Zy =, /F = 1155 in.

Slenderness Ratio: The largest slenderness ratio is about y—y axis. For a column
pinned at one end fixed at the other end, K = 0.7.Thus,

( KL ) ~0.7(10)(12)

r ) T ass DR

Allowable Stress: The allowable stre;{chan be determined using aluminum
(2014 -T6 alloy) column formulas. Since e > 55, the column is classified as a long
column. Applying Eq. 13-26,

54 000
} ksi

Tallow = [(KT/}')Z

54000
72.75%

= 10.204 ksi

Maximum Stress: Bending is about x—x axis. Applying Eq. 13-30, we have

P Mc
Omax = Tallow — Z + T
P P15)(3)
10204 = —— + ——2
0-20 24.0 72.0
P = 98.0 kip Ans.

1141



13 Solutions 46060 6/11/10 11:56 AM Page 1142 $

© 2010 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.

13-122. The 10-ft-long bar is made of aluminum alloy
2014-Té. If it is fixed at its bottom and pinned at the top,
determine the maximum allowable eccentric load P that
can be applied using the equations of Sec. 13.6 and the
interaction formula with (o) 0w = 18 ksi.

Section Properties:

A = 6(4) = 24.0in?

1 .
I, =35 @(6') = 720in*

I,= 11—2 (6)(4°) = 32.0in*

T, [72.0 .
Fy = Z‘( = m = 1.732in.
_ My 320 .
ry = “,A = 1/724.0 = 1.1551n.

Slenderness Ratio: The largest slenderness radio is about y—y axis. For a column
pinned at one end and fixed at the other end, K = 0.7. Thus

KL\  07(10)(12)
< r >y_ Liss AP

Allowable Stress: The allowable stress can be determined using aluminum
(2014 -T6 alloy) column formulas. Since % > 55, the column is classified as a long

column. Applying Eq. 13-26,

54 000 } i

((Ta)allow = {W

54000
72.75%

= 10.204 ksi

Interaction Formula: Bending is about x—x axis. Applying Eq. 13-31, we have
P/A Mc/Ar
(Uu)allnw (Uh)allow

P/240  P(1.5)(3)/24.0(1.732%)
10.204 18 a

P = 132 kip Ans.
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13-123. The rectangular wooden column can be
considered fixed at its base and pinned at its top. Also, the
column is braced at its mid-height against the weak axis.
Determine the maximum eccentric force P that can be safely
supported by the column using the allowable stress method.

Section Properties.

1 ‘
— — s 2 — 3) _ :
A=6(3) = 18in gfiiw@)fsmm ‘

d, = 6in. d, = 3in.

Slenderness Ratio. Here, L, = 10(12) = 120 in. and for a column fixed at its base
and pinned at its top, K = 0.7.Thus,

KL 0.7(120)
B2y o202
<d>X 6

Since the bracing provides support equivalent to a pin, K, =1 and
L, = 5(12) = 60 in. Then

KL 1(60
(7> = % = 20 (controls)

KL
Allowable Stress. Since 11 < e < 26, the column can be classified as the column

is classified as an intermediate column.

1(KL/d\*]
Taow = 1.20(1 — =\ —— ) | ksi

3\ 26.0
= 120{1 - l(ﬂf} ksi = 0.9633 ksi
’ 3\26.0 '

Maximum Stress. Bending occurs about the strong axis. Here, M = P(6) and

c:§:3in.

P Mc
Tallow = Z + T
P [P(6)](3)
: =+
0.9633 3 54
P = 2.477 kip = 2.48 kip Ans.
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*13-124. The rectangular wooden column can be ) P
considered fixed at its base and pinned at its top. Also, the 6in7h |
column is braced at its mid-height against the weak axis.
Determine the maximum eccentric force P that can be 1 _ﬂﬁv
safely supported by the column using the interaction il
formula. The allowable bending stress is (07p)aow = 1.5 Ksi.
5ft ‘
— =
i
51t ‘
Section Properties. \‘
. E3

1
— — 202 — 3\ _ s 4
A =6(3) = 18in I, = 12(3)(6 ) = 54in

I [
re = \/% = % = 1.732in. d, = 6in. dy = 3in.

Slenderness Ratio. Here, L, = 10(12) = 120 in. and for a column fixed at its base
pinned at its top, K = 0.7.Thus,

KL\  0.7(120)
< d > e M

Since the bracing provides support equivalent to a pin, K, =1 and
L, = 5(12) = 60 in. Then

KL\ _ 1(60)
( ] )y =3 = 20 (controls)

Allowable Axial Stress. Since 11 < % < 26, the column can be classified as the

column is classified as an intermediate column.

1 (KL/d\?].
T allow — 12001 — | —— ksi

3\ 260
1/ 20 \*7, . .
= 1.20{1 - 5(%) }km = 0.9633 ksi

Interaction Formula. Bending occurs about the strong axis. Since M = P(6) and
c=35= 3in.
P/A Mc/Ar*

(Ua)allow (Ub)allow

s PO/ [18(1732)
0.9633 5

=1

P = 3.573 kip = 3.57 kip Ans.
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e13-125. The 10-in.-diameter utility pole supports the
transformer that has a weight of 600 1b and center of gravity
at G. If the pole is fixed to the ground and free at its
top, determine if it is adequate according to the NFPA
equations of Sec. 13.6 and Eq. 13-30.

18 ft
KL 2(18)(12) .
4 10 =432in
26 <432 =50 B TSP SRR
Use Eq. 13-29,
540 540 .
Tallow = (KL/d) = @32y = (.2894 ksi
P Mc
Tme T QT
600 (600)(15)(5)
Omax —
O EEE
Omax = 99.31 psi < 0.289 ksi O.K.
Yes. Ans.
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13-126. Using the NFPA equations of Sec. 13.6 and P

Eq. 13-30, determine the maximum allowable eccentric 0.75 in.

load P that can be applied to the wood column. Assume that 6in.

the column is pinned at both its top and bottom. 1=
3in.

12 ft

Section Properties:

A = 6(3) = 18.0in? < 7%

I, = %(6)(33) = 13.5in*

Slenderness Ratio: For a column pinned at both ends, K = 1.0. Thus,

(KL - Lo _
y

4 3 48.0

Allowable Stress: The allowable stress can be determined using NFPA timber

KL
column formulas. Since 26 < —— < 50, it is a long column. Applying Eq. 13-29,

d
540 .
Tallow = (KTd)szl
= 5402 = 0.234375 ksi
48.0

Maximum Stress: Bending is about y—y axis. Applying Eq. 13-30, we have

P Me

Omax = Tallow — Z + I

P P(0.75)(1.5)
. =t
0234375 = 1o s

P = 1.69 kip Ans.
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13-127. Using the NFPA equations of Sec. 13.6 and
Eq. 13-30, determine the maximum allowable eccentric
load P that can be applied to the wood column. Assume that
the column is pinned at the top and fixed at the bottom.

Section Properties:
A = 6(3) = 18.0in?

I, = %(6)(33) = 135in*

Slenderness Ratio: For a column pinned at one end and fixed at the other end,
K = 0.7.Thus,

33.6

(%l _ 0.7(1?(12) _

Allowable Stress: The allowable stress can be determined using NFPA timber

KL
column formulas. Since 26 < e < 50,itis a long column. Applying Eq. 13-29,

540
Tallow = (KL/d)z ksi
540
= 5 = 0.4783 ksi
33.6

Maximum Stress: Bending is about y—y axis. Applying Eq. 13-30, we have

P Mc
Omax = Tallow — Z T
P P(0.75)(L5)
04783 = — + ———————
18.0 13.5
P = 344kip Ans.

0.75 in.

at

3in.

61
S

n.

ft

1147




13 Solutions 46060 6/11/10 11:56 AM Page 1148 $

© 2010 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.

#13-128. The wood column is 4 m long and is required to 25 kN
support the axial load of 25 kN. If the cross section is square,
determine the dimension a of each of its sides using a factor = e

of safety against buckling of F.S. = 2.5. The column is
assumed to be pinned at its top and bottom. Use the Euler
equation. E, = 11 GPa, and oy = 10 MPa.

! ' oo
Critical Buckling Load: I = - (a)(a’) = ”—2 Py = (2525 = 62.5kNand K = 1 o—

for pin supported ends column. Applying Euler’s formula,

_ @’El
cr (KL)Z
62.5(10°) = D0 (5)
' Ol
a = 0.1025m = 103 mm Ans.

Critical Stress: Euler’s formula is only valid if o, < oy.

o :&:L(]OS)ZS.94MPa<UY:10MPa OK.
A 0.1025(0.1025)
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C of the rigid members AB and BC have a stiffness &,

*13-129. 1If the torsional springs attached to ends A and P
determine the critical load Py,. l |

(O]
N

B
=

Equilibrium. When the system is given a slight lateral disturbance, the configuration
shown in Fig. a is formed. The couple moment M can be related to P by considering
the equilibrium of members AB and BC.

N e e [
[o!
[s]

>

_ac
Member AB

+13F, =0 B,-P=0 (1)

L . L
C+=M,=0; B, Esmﬂ +BX5COS(9 -M=0 (2)
Member BC
L . L

C+2MC=O;—B},Esm6 +BX50056 +M=0 (3)

Solving Egs. (1), (2), and (3), we obtain

2M PL
M = —sinf

B.=0 =
X Y Lsin# 2

Since 6 is very small, the small angle analysis gives sin 6 = 6.Thus,

_PL

M
2

4)
Torslonal Spring Moment. The restoring couple moment M, sp can be determined
using the torsional spring formula, M = k6. Thus,

M k6

sp

Critical Buckling Load. When the mechanism is on the verge of bucklling M must

equal Msp.
M= M,,
Pl y _ ko
5 =
2k
P, = T Ans.
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13-129. Continued
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13-130. Determine the maximum intensity w of the w
uniform distributed load that can be applied on the beam l l l l l l l l l l l l l l l l
without causing the compressive members of the supporting

truss to buckle. The members of the truss are made from
A-36-steel rods having a 60-mm diameter. Use ES. = 2

against buckling. ! l m
I : |
Equilibrium. The force developed in member BC can be determined by considering
the equilibrium of the free-body diagram of the beam AB, Fig. a.
3
C+EIM, =0 w(5.6)(2.8) — FBC<§>(5.6) =0 Fpc = 4.6667Tw
The Force developed in member CD can be obtained by analyzing the equilibrium
of joint C, Fig. b,
+13F, = 0; FAC<%> - 4.6667w<%> =0 Fac = 728w (T) w(s5.6)
+ o 4 12 _ _
—3F, =0, 4.6667w| - | +728| — |w—Fp =0 Fep = 10.4533w (C) r - A
5 13 ] | ! X
4 LN
. L4
Section Properties. The cross-sectional area and moment of inertia of the solid
circular rod CD are > F
léc
_ 2\ _ -3 2 _T 4\ _ -6 4 I 2 ) 28 IA
A= 7(0.03?) = 0.9(10)7r m 1= 7(003*) = 02025(10)ar m om m %t
@)
Critical Buckling Load. Since both ends of member CD are pinned, K = 1. The
critical buckling load is
P. = Fcp (F.S.) = 10.4533w(2) = 20.9067w
Applying Euler’s formula,
_ @El
¢ (KLY qj
; 7200(10°)][0.2025(10 )7 |
20.9067w =
[1G3.6)F . =4-6667W
fie
w = 4634.63 N/m = 4.63 kN/m Ans. 2 13
4‘ A Z x
Critical Stress: Euler’s formula is valid only if o, < oy. c ,_2 -
P, 20.907(4634.63)
Oq = = ————— = 3427 MPa < oy = 250 MPa OK.
A 0.9(1073) b
)
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13-131. The W10 X 45 steel column supports an axial load
of 60 kip in addition to an eccentric load P. Determine the
maximum allowable value of P based on the AISC equations
of Sec. 13.6 and Eq. 13-30. Assume that in the x—z plane
K, = 1.0 and in the y—z plane K, = 2.0. E; = 29(10°) ksi,
oy = 50 ksi.

Section properties for W 10 X 45:

A=133in> d=1010in. I, = 248in*
re=432in.  r,=20lin.

Allowable stress method:

KL\ _ 10(10)(12)
(T) =T am Y8

p T 119.4 (controls)
2 27w%(29)(103
(ﬂ)z\/ZWEz\/”( A0 _ s
r /. o, 50
KL (KL)
2x o (2=
r r/.

_ 7B 12729)(10)
(Ta)atiow = BKL/rY  23(119.4)°

<ﬁ> 2.0(10)(12)
y

= 10.47 ksi

P Mc
Tmax = (Ua)allow = Z + T

Preo PO

1047 =33 248

P = 25.0kip Ans.
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#*13-132. 'The A-36-steel column can be considered pinned 600 mm

at its top and fixed at its base. Also, it is braced at its 10 kKN 40 kN
mid-height along the weak axis. Investigate whether a

W250 X 45 section can safely support the loading shown. .y

Use the allowable stress method.

45m

Section Properties. From the table listed in the appendix, the necessary section
properties for a W250 X 45 are 45m

A = 5700 mm® = 5.70(1073) m? d =266 mm = 0.266 m

I, = 701(10°)mm* = 70.1(10"%)m* -, = 112mm = 0112m  r, = 351 mm = 0.0351 mm

Slenderness Ratio. Here, L, = 9 m and for a column fixed at its base and pinned at

its top, K, = 0.7.Thus,
KL 0.7(9)
= =% =562
< r )x 0.112 3625

Since the bracing provides support equivalent to a pin, K, = 1 and L, = 4.5m.

Then,
KL 1(4.5)
( p > = 00351 128.21 (controls)
27725 2m2 200 10g
Allowable Stress. For A-36 steel = 125.66.

250 106
KL KL
Since (T) < (T) < 200, the column can be classified as a long column.
c y

12772E 122%200( 10°
Tallow = o= = [200( zﬂ = 62.657 MPa
23(KL/r) 23(128.21)

Maximum Stress. Bending occurs about the strong axis. Here, P = 10 + 40

= 50kN, M = 40(0.6) = 24 kN-m and ¢ :g:@: 0.133 m,

Mce  50(10°)  24(10%)(0.133)
T

= 53.67 MP
5.70(1073) " 71.1(10°°) !

P
Omax = Z +

Since o < Taow, the column is adequate according to the allowable stress
method.
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¢13-133. The A-36-steel column can be considered pinned
at its top and fixed at its base. Also, it is braced at
its mid-height along the weak axis. Investigate whether a
W250 X 45 section can safely support the loading shown.
Use the interaction formula. The allowable bending stress is
(o-b)allow = 100 MPa.

Section Properties. From the table listed in the appendix, the necessary section
properties for a W250 X 45 are

A = 5700 mm?* = 5.70(103) m? d = 266 mm = 0.266 m
4.5m

I, =711(10°)mm* = 71.1(10°) m*  r, = 112mm = 0.112m  r, = 35.1 mm = 0.035] mm

Slenderness Ratio. Here, L, = 9 m and for a column fixed at its base and pinned at

its top, K, = 0.7.Thus,
KL 0.7(9)
— ] =—— =15625
< r >X 0.112

Since the bracing provides support equivalent to a pin, K, = 1 and L, = 4.5m.
Then,

KL 1(4.5
(*) _l@s) = 128.21 (controls)
y

r ), 00351
KL 27°E
Allowable Axial Stress. For A-36 steel, (*) = ™
r c Oy
272(200(10° KL KL
= M = 125.66. Since (—) < <—> < 200, the column can be
250(10°) r/e "y

classified as a long column.

1272E 127%200( 10°
Tallow = - 7= { ( 2>] = 62.657 MPa
23(KL/r) 23(128.21)

Interaction Formula. Bending is about the strong axis. Here, P = 10 + 40 = 50 kN,

d 0.266
M = 40(0.6) = 24kN-mandc = 25 = 0.133 m,

PiA MR 50(103)/5.70(10*3) 24(103)(0.133)/[5,70(10*3)(0.1122)}

@atow  @paow  62.657(10°) 100(10°)
= 0.5864 < 1 OK.
50(103)/5.7(10*3)
= = 0.140 < 0.15 OK.
(0 a)atiow 62.657(10%)

Thus, a W250 X 45 column is adequate according to the interaction formula.
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13-134. The member has a symmetric cross section. If it is
pin connected at its ends, determine the largest force it can
support. It is made of 2014-T6 aluminum alloy.

Section properties:

A = 45(0.5) + 4(0.5) = 425 in?

1 o1 s .
= —(0.5)(4.5%) + — (4)(0.5)° = 3.
1= (05)(5) + 5 @)(05) = 3839in

[l /3.839 .
r= AV as 0.9504 in.

Allowable stress:

KL 1.0(5)(12)

;T oosoa 033
KL
BE s ss

p

Long column

oy = 00 _ 4000 _ 13 55 ksi
(KL/r? ~ 63.13

Pallow = UallowA

= 13.55(4.25) = 57.6 kip Ans.
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13-135. The W200 X 46 A-36-steel column can be
considered pinned at its top and fixed at its base. Also, the n
column is braced at its mid-height against the weak axis. d
Determine the maximum axial load the column can support
without causing it to buckle.

Section Properties. From the table listed in the appendix, the section properties for 6
a W200 X 46 are

A = 5890 mm?® = 5.89(103) m? I, = 455(10°) mm* = 45.5(10~)m*

1, = 153(10°) mm* = 15.3(10)m*

Critical Buckling Load. For buckling about the strong axis, K, = 0.7 and L, = 12 m.
Since the column is fixed at its base and pinned at its top,

_— w2{200(109)]{45.5(10*6)}
o= : = 1273(10°)N = 1.27 MN
(KL), (0.7(12)]

For buckling about the weak axis, K, = 1 and L, = 6 m since the bracing provides
a support equivalent to a pin. Applying Euler’s formula,

2 9 -6
2B, T {200(10 )Hlss(lo )}
P, = = = 838.92 kN = 839 kN (controls)Ans.
“(KL)? O

Critical Stress. Euler’s formula is valid only if o, < oy.
p, 83892(10°)

== = 14243 MPa < oy = 250 MPa OK.
A 589(107%)

cr
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#13-136. 'The structural A-36 steel column has the cross P

section shown. If it is fixed at the bottom and free at the top, 20 mm
determine the maximum force P that can be applied at A —
without causing it to buckle or yield. Use a factor of safety A

of 3 with respect to buckling and yielding.

10 mm

10 mm 4" ‘150 mm‘ ‘_;

Section properties: 100 mrrI A -

[100 mm
SA = 02(0.01) + 0.15 (0.01) + 0.1(0.01) = 4.5(1073) m?

o~
2

100 mml i
— - 10 mm

SxA  0.005(0.2)(0.01) + 0.085 (0.15)(0.01) + 0.165 (0.1)(0.01)
SA 4.5(107%)

= 0.06722 m

X =

1
Iy=15 (0.2)(0.01%) + 0.2 (0.01)(0.06722 — 0.005)*

1
+ 5(0.01)(0.153) + 0.01 (0.15)(0.085 — 0.06722)?

+ %(0.1 )(0.01%) + 0.1 (0.01)(0.165 — 0.06722)>

= 20.615278 (10~%) m*

I, = 11—2 0.01)(0.2% + ]1—2(0.15)(0.013) + 11—2 (0.01)(0.1%)

=7.5125 (10"% m*

[l 120. -6
ry = Y — %8(_130) = (0.0676844
A 45(107°)

Buckling about x—x axis:

7> EI m(200)(10°)(7.5125)(10°°)

“ 7 (KLY 20(4)]

= 231.70 kN (controls)

P, 231.7(10°) B
Oy =— = ——5-=51L5MPa < o, = 250 MPa
A 45(107%)

Yielding about y—y axis:

P ec KL | P
ax = T + —_— =) I; = 0. — 0. = 0.
T max A {1 2 SEC< o ’/EAH’ e = 0.06722 — 0.02 = 0.04722 m

ec  0.04722(0.06722) 0692919
P2 00676844

KL [P 2004 \/f_ 3
2r VEA ~ 2(0.0676844) \ 200 (10°)(4.5)(107%) 196592.P (107 VP

250(10%(4.5)(107%) = P[1 + 0.692919 sec (1.96992P (10-3)\/P)]

By trial and error:

P = 378.45kN
Hence,
231.70
Paow = 3 = 772 kN Ans.
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¢13-137. The structural A-36 steel column has the cross P
section shown. If it is fixed at the bottom and free at the top, — 20 mm
determine if the column will buckle or yield when the load -
P = 10kN. Use a factor of safety of 3 with respect to A
buckling and yielding.

& Y & 10 mm *»‘ ‘}Mz‘ }-—10 mm

Section properties: 10 mmi Hé% 1100 mm
m
SA =02(0.01) + 0.15(0.01) + 0.1 (0.01) = 4.5 (107%) m? 1 mml 1

SxA 0005 (0.2)(0.01) + 0.085 (0.15)(0.01) + 0.165 (0.1)(0.01)
SA 4.5 (1073

~

= 0.06722 m

X =

Al
I, = % (0.2)(0.01%) + 0.2 (0.01)(0.06722 — 0.005)?

1
5 (0.01)(0.15%) + 0.01 (0.15)(0.085 — 0.06722)*
1
5 (0.1)(0.01%) + 0.1 (0.01)(0.165 — 0.06722)* = 20.615278 (10~ °) m*
1 1 1
I, = E(0.01)(0.23) + 3 (0.15)(0.01%) + E(0.01)(013) = 7.5125 (10" %) m*

T, 20.615278 (10-6)
ry = = /T = 0.067843648 m
A 45(1079)

Buckling about x—x axis:

@2 EI 7(200)(10°)(7.5125)(10°%)
cr (KL)2 - [20(4)]2 = 23170 kN

o = Pa _ BL7(10) = 51.5MPa < ¢, = 250 MPa OK.
A 4501073 v

P, .
= :Zii:77.2kN>P=10kN

P allow — ES

Hence the column does not buckle.

Yielding about y—y axis:

P ec KL P
= |1+ 5 = .= = 0. - 0.02 = 0.

Tmax = — {1 > sec< —\Ex ﬂ e = 0.06722 — 0.02 = 0.04722 m
P = 13—0 = 3.333kN

3.333 (10°
r_ 7(4) = 0.7407 MPa
A 45(1073)

0.04722 (0.06722
ec 004722 (006722) ) coogys

r? (0.067844)

KL [P 2.0 (4 333 (10°
N ®__ | 33933( ) —— = 0.1134788
2r VEA ~ 2(0.06783648) \ 200 (10%)(4.5)(10 %)

Omax = 0.7407 [1 + 0.692919 sec (0.1134788)] = 1.25 MPa < o, = 250 MPa

Hence the column does not yield!

No. Ans.
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