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

~

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

Pt~

(+WA =0; P(LO)-F(;-')=0
F=2P8

T
fl

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

L kLO
F=k|l=-0|=—
! k(z 9) 2

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,.

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

(4» IMy=0;, PLsin 6~ (kL sin 8)(L cos 8) =0
P = kL cos 6

Since @ is small cos@ =1

P =kL Ans

13-3. 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:
10 mm
A=0.01(0.06) +0.05(0.01) = 1.10( 10”*) m?
1 1
k=1, = (00D (0.06%) +73(0.05) (0.01°) =0.184167(10™°) m*
25 mm
Critical Buckling Load: K =1 for pin supported ends column. l
Applying Euler's formula,
25 mmHZS mm —»
P - mEl 10 mm
(KL)?
_ 7°(200) (10°) (0.184167) (105)
[1(4)]? Critical Stress: Euler's formula is only valid if O, < Oy.
=22720.65 N =22.7kN Ans o =t 2272065 0 omp ,
or A —m— . a<o‘,,—250MPa(0.K.)
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*13-4. Solve Prob. 13-3 if the column is fixed at its bottom
and pinned at its top.

25 mm

Section Properties:

A '=0.01(0.06) +0.05(0.01) = 1.10( 10™*) m 10mm
L=I= 1—12(0.01) (0.06%) +1—12(0.05)(o.01’) =0.184167(10°°) m*
25 mm
Critical Buckling Load: K = 0.7 for one end fixed and the other end l
pinned column. Applying Euler’s formula,
25 mmHZS mm —=
n2El
P = 10 mm
cr (KL)Z
_ 7% (200) (10%) (0.184167) (10°¢)
B 07@P
=46368.68 N = 46.4 kN Ans
Critical Stress: Euler's formula is only valid if o, < oy.
o =t IBBE o iswe =250 MPa (0.K!
« =2 T T10(10) - x5 MPa< oy =250 MPa (0. K1)
13-5. A square bar is made from PVC plastic that has a
modulus of elasticity of E = 1.25(10°) psi and a yield strain . _
of ey = 0.001 in./in. Determine its smallest cross-sectional Oy = Eey = 1.25(10°)(0.001) = 1.25(10°) psi
dimensions a so it does not fail from elastic buckling. It is 2EI
pinned at its ends and has a length of 50 in. Py = ——
(KL?
72(1.25)(10°)(;a*
1.25(10%) @y = =210 X554 )
(1.0(50))2
a=174in.  Ans
13-6. The rod is made from an A-36 steel rod. Determine
the smallest diameter of the rod, to the nearest % in., that P P
will support the load of P = 5 kip without buckling. The

-—t
=y
\
\

A

ends are roller-supported. 20in.

nrd\* nd*
Critical Buckling Load: I=—-|-]| =— , P, =5Kki
riic. uckhing Lo 4(2) 64 p

and K = 1 for roller supported ends column. Applying Euler's formula,

p = H
(KL
a
_ (29100 &
T o
d=0.6142 in. Ans
Use d= ; in. Ans

Critical Stress: Euler's formula is only valid if 6, < Oy.

P 5
a,=i=—i~=l6.30ksi< oy =36ksi (0.K!)
A 2(%)
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13-7. The rod is made from a l-in.-diameter steel rod.
Determine the critical buckling load if the ends are roller
supported. Ey = 29(10°%) ksi, oy = 50 ksi. P P

-—t
=y
\

\

201in.

=
=
|
|
Critical Buckling Load: 1=2(0.5") =0.015625x in*

and K =1 for roller supported ends column. Applying Euler’s formula,

P
T (KL)?
_ 52(29)(103)(0.015625@
- [1(20)]
=35.12 kip = 35.1 kip Ans

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

= 44.72 ksi =50ksi (0.K!
o, == = 72 ksi< oy = 50ksi (0.K!)

*13-8. An A-36 steel column has a length of 5 m and is
fixed at both ends. If the cross-sectional area has the

10 mm
dimensions shown, determine the critical load.

|
— =10 mm

50 mm
I= %(0.1)(0.05’) - -115(0.08)(0.03’) = 0.86167 (10°) m* ;
- mEl - 7%(200)(10%)(0.86167) (1076)
T (KL} ((0.5)(5)13
272 138N
= 272kN  Ans

100 mm—

%1; A = (0.1)(0.05) ~ (0.08)(0.03) = 2.6 (107%) m®

_ 272138
2.6 (10%)
Therefore, Euler’s formula is valid.

Ocr =

= 105 MPa < oy

13-9. An A-36 steel column has a length of 15 ft and is

pinned at both ends. If the cross-sectional area has the 8 in. i0.5 in.
dimensions shown, determine the critical load. T

Pl
[}

1 3 1 3 . 4
- - =15 = 93,
7 2(3)(7 ) : 2( )67) = 93.67 in

L}

O~

2 (Tli)(O.S)(83) + -1-%(6)('0.53) = 42.729 in* (controls)

- PEl - 72(29)(10°)(42.729)
(KLy [(1.0)(15) 12)1?

cr

= 377kip Ans
Check:

A = (2)(8)(0.5) + 6(0.5) = 11in®

B L 37T 343ksi< oy
A 1

Therefore, Euler’s formula is valid

Ocr =
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13-10. The W10 X 45 is made of A-36 steel and is used 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. TTE

[— "

I 151t

Critical Buckling Load: I, =534 in*for a W10x 45 wide
flange section and K = 1 for pin supported ends column. Applying
Euler's formula,

nE
})C( = —
(KL)?
_ 72(29)(10°)(53.4)
[1(15)(12)]?
=471.73 kip

~y —P

Critical Stress: Euler's formula is only valid if o, < oy.
A = 13.3 in® for the W10 x 45 wide - flange section.

B, 47173 , .
O, = =1 =~ =35.47 ksi< 0y =36 ksi (0.K )

FS=S=—"=472 Ans

13-11. 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 critical
load without yielding? e

[— "

I 151t

Critical Buckling Load: I, = 53.4 in*for a W10x 45 wide
flange section and X = 0.5 for fixed ends support column. Applying
Euler's formula,

~y —P

mEl
Pcr = —
(KL)?
_ 12(29)(10%)(53.4)
T T10.5(15) (12)]?
= 1886.92 kip

Critical Stress: Euler's formula is only valid if 6, < 0y.
A =133 in® for W10 x 45 wide flange section.

o, = 188692 87ksi> o, =36 ksi (No!) Ans
TR R '

The column will yield before the axial force achieves the critical load
P, and th Euler’s formula is not valid.
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#13-12. Determine the maximum force P that can be ‘
applied to the handle so that the A-36 steel control rod AB ) 3 ‘
does not buckle. The rod has a diameter of 1.25 in. It is pin 1

connected at its ends.

|
(+ IM: =0 Ep () -P@3) =0 »
2
P = 3&3 (1)
. 31t
Bucking load for rod AB:
I= %(0.625“) = 0.1198 in*
A = 7(0.625%) = 1.2272in’
n°El i
PCI‘ 8 —
3
Fip = P, = 7 (29)(10°)(0.1198) _ 26.46 kip T
[1.0(3)(12))*
From Eq. (1) & —
P =2(2646) =17.6kip  Ans C1 Rt 1 14 I
3 : F

Check: ) A8 P

Oy = fﬁ: M = 21.6ksi < oy OK

A 1.2272

Therefore, Euler's formula is valid.
13-13. The two steel channels are to be laced together to y
form a 30-ft-long bridge column assumed to be pin |
connected at its ends. Each channel has a cross-sectional 0269 in 1231in

area of A = 3.10in? and moments of inertia I, = 55.4in%,
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 and y'-y’ axes due to the same load. What is the value
of this critical load? Neglect the effect of the lacing.

Ey = 29(10°) ksi, oy = 50 ksi. L d

2(55.4) = 110.8 in’ Check:
d > 2(1.231) = 2462in. OK

-~
[}

2
I, =2(0.382) + 2(3.10)(é) = 0.764 + 1.55d°
2 P = #EI _ 7 (29)(10°)(110.8)
er = 2 2
In order for the column to buckle about x~ x and y—y axes (KL ) [1.0(360) ]
at the same time, J, must be equal to I; = 245 kip Ans
=1,
b=k Check stress :
P, 245

2 _ O, = — = =395ksi < 0O
0.764 + 1.554° = 110.8 “ =4 T 2610 ¥
d = 843 in. Ans

Therefore, Euler's formula is valid.
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13-14. The W8 X 67 is used as a structural A-36 steel p
column that can be assumed fixed at its base and pinned at

its top. Determine the largest axial force P that can be l
applied without causing it to buckle. i\
PP 8 ~1

I 25 it

Critical Buckling Load: I, = 88.6 in*for a W8 x 67 wide
flange section and K = 0.7 for one end fixed and the other end pinned.
Applying Euler's formula,

p o FE Hemm
cr (KL)Z

_ 72(29)(10%)(88.6)

T 10.7(25)(12)]?

=575 kip Ans

Critical Stress: Euler's formulais only valid if 0., < oy.
A =19.7 in® for a W8 x 67 wide flange section.

—P°’—575'03—2919ks'< =36ksi (0.K!)
« = T o -2 i<oy, = i1 (0.K!

13-15. Solve Prob. 13-14 if the column is assumed fixed at

its bottom and free at its top. H
-l‘
=

Critical Buckling Load: I, = 83.6 in*for a W8 x 67 wide I 25 ft
flange section and K = 2 for one end fixed and the other end free.
Applying Euler's formula,

_ mH

7 (KL)? B
_ m%(29)(10°)(88.6)
[2(25(12)]*
=70.4 kip Ans

Critical Stress: Euler's formula is only valid if o, < oy.
A =19.7 in® for a W8x 67 wide flange section.

P, 70.44 _ , ,
Glr=';1‘=‘m=3'58k51< oy =36ksi (0.K/)
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*13-16. A steel column has a length of 9 m and is fixed at

both ends. If the cross-sectional area has the dimensions ml 10 mm
shown, determine the critical load. FEg = 200 GPa,

oy = 250 MPa. 0mm Ak 150mm

Section Properties: 10 mm

T

A=02(0.17) - 0.19(0.15) = 5.50( 107*) m?

L= 1—12(0.2)(0.17’) ~l_12(o.19)(o.15’) =28.44583(10°°) m*
oL 3
1 _2[12(0.01)(0.2 )]
+-ll3(o.15)(o.ox’) =13.34583(10°°) m* (Controls!)

Critical Buckling Load: K = 0.5 for fixed support ends column.
Applying Euler's formula,

_ rE
“ " (KL)?
_ 7:2(200)(109)(13.34583)(10’6)
- (05912

= 1300919 N = 1.30 MN Ans

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

=T =" " . =236 =250 MPa (0.K!
% = = 5500107 36.53 MPa< oy a ( )

13-17. Solve Prob. 1316 if the column is pinned at its top
and bottom. «— 200 mm —+] |

10 mm

Section Properties:
d 10mm —«— 150 mm

A=02(0.17) - 0.19(0.15) =5.50( 10”*) m’
0.2)(0.17%) —1—12-(0.19)(0.15‘) =28.44583(10°) m*

10 mm

o

L=
12
oL ;
L _2[12(0‘01)(0.2 )]

+115(o.15) (0.01°) =13.34583(10°°) m* (Controls!)

Critical Buckling Load: K =1 for pin supported ends column.
Applying Euler's formula,

mEl
Po=—
(KL)?
_ 2 (200) (10°) (13.34583) (10°%)
[1(9))?

=325229.87 N =325kN Ans
Critical Stress: Euler's formula is only valid if o, < oy.

229.
[¢f =ﬁ=§35—-——81 =59.13 MPa< o, =250 MPa (0.K!)

A 5.50(107%)
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13-18. The 12-ft A-36 steel pipe column has an outer
diameter of 3 in. and a thickness of 0.25 in. Determine the
critical load if the ends are assumed to be pin connected. I

A = n(1.5% — 1.25%) = 2.1598 in®
I= z"(l.s‘ - 1.25% = 2.0586 in*

K=10 12 ft
P = 7El - 2(29)(10°)(2.0586) = 284kip  Ans
(KLy? [(1.o)12)(12)P
Check:
.
Ocr =-’:‘-: =—28——A— =13.1ksi < Oy OK
A 21598

13-19. The 12-ft A-36 steel column has an outer diameter
of 3 in. and a thickness of 0.25 in. Determine the critical

load if the bottom is fixed and the top is pinned. 5T
A= n(15* - 1.25%) = 2.1598 in’
= :-'(1.5‘ - 1.25) = 2.0586 in* 121t
K= 07
2
= PEl _ 7°(29)(10°)(2.0586) -580kip  Ans
(GO (e e P g N
PR e E——
Check:
O = L = 380 =26.8ksi < oy OK
A 2.1598
#13-20. The 10-ft wooden rectangular column has the
dimensions shown. Determine the critical load if the ends = ="\
are assumed to be pin connected. E, = 1.6(10°) ksi, T
oy = 5ksi. UJ
!
Section Properties: Vq
A =4(2) =8.00in’ %Q 10 ft
_ 1 3y _ . 4 . [
L= 2)(4) =10667in 4in. 1 [ i
L= %(4)(2’) =2.6667 in*(Controls!) Azmk ng
Critical Buckling Load: K = 1 for pin supported ends column. v

Applying Euler's formula, .

_ RE
“~(KL)?
_ m(1.6) (10%) (2.6667)
ORI

=2.924 kip = 2.92 kip Ans

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

O, =t = 3> =0.3655 ksi< oy = 5ksi (0.K 1)
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13-21. The 10-ft column has the dimensions shown.

Determine the critical load if the bottom is fixed and the = ="\
top is pinned. Ey, = 1.6(10%) ksi, oy = 5 ksi. ST
|
Section Properties: Vq
A=4(2) =8.00in )Q\
1 | 101t
L=—(2)(4) =10.667in* , -
112 4 1n.I ]o}
=5@( 2’) =2.6667 in* (Controls!) L
2in. Jl
Critical Buckling Load: K = 0.7 for column with one end
fixed and the other end pinned. Applying Euler's formula, e Tl
p = TH
(KL)?
_ 7(1.6)(10%) (2.6667)
T 070100 (12))
=5.968 kip = 5.97 kip Ans

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

P, 5.968 ) .
O = 2t = oo =0.7460 ksi < 0y =5 ksi (0.K )

13-22. The members of the truss are assumed to be pin
connected. If member BD is an A-36 steel rod of radius
2 in., determine the maximum load P that can be supported
by the truss without causing the member to buckle.

{EMc = 0; Fap(12) - P(16) = 0

4
Fap = =P
=3

Bucking Load:

A=) = 1256i°

1=$(2‘)=47rin' ' f
L = 16(12) = 192in. A . Jz
K=10 = 7 £ “%
_ mEl tl":u' 6’ 'IL 76”1 )
er (KL)Z 4 P P P
[ #£(29)(10°)(4 7)
=3 [(1.0)(192)F -t
/| RD
P =732kip Ans N
P, = Fgp = 97.56 klp I C E-F
Check: i P
o = Fer = IT36 506 ksi < oy oK
A 1256
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13-23. Solve Prob. 13-22 in the case ol member AB, which
has a radius of 2 in.

+T EF, =0; P—%Ffw =0
Fan = 1.667 P

Buckling load:
A=r(2)’ =12.57in’

I= %’(2)4 =4z in*
L =20(12) = 240 in.

K=1.0
< 3 ﬁs
x2El  m*(29)10°)4r) . +
er = = =62.443 ki
Fe= e = (ocaoy P R Tae

P.. = Fip = 1.667 P = 62.443
P = 37.5 kip Ans

Check:

P_3T5 _o08ksi< oy OK

[ =
T A 1257

#*13-24. The truss is made from A-36 steel bars, each of
which has a circular cross section with a diameter of 1.5 in.
Determine the maximum force P that can be applied
without causing any of the members to buckle. The members
are pin connected at their ends.

1= ’:'(0.75‘) = 0.2485 in*

A = m0.75%) = 1.7671in®
Members AB and BC are in com pression:

JointA:
+TZF =0; g&c—l’=0
sp
Fie = —
AC 3
+ 4 5p
“ZF =0 Fy-=(>>)=0
x AB 5( 3 )
4P
o =5 3’
Joint B
a2
S35 =0 3pc+ ¥ _, L s 2
5 3 3 P | Py ’I'
5P s
Fye = 3 4
Failure of rod AB: Fac
K=10 L =802 = 9in. b2
_ 2E fae
cr -(.KL—)?
£ o 4P _ P09)1002485) P
R (1L0)96)?
P = 579kip (conwols) Ans
Check: Fec
P.. = Fg = 1.72kip I8
Pe 172 . 3
Oy = = = e = 4,
w == o = 4%ksi<or  OK % ,
“*rod BC:
L = 5(12) = 60in.
- 72(29)(10%)(0.2485)
) [(1.0)(60)1
9 kip
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13-25. The truss is made from A-36 steel bars, each of
which has a circular cross section. If the applied load
P = 10 kip, determine the diameter of member AB to the
nearest % in. that will prevent this member from buckling.
The members are pin supported at their ends.

JointA:
+TZE =0; -10+F4._-(§-)=o; Fac = 16.667 kip

5EFR=0, ~-Fa+ 16.667(§) =0; Fu=1333kp

_n’El
cr (KL)Z
n’(29)(10’)(§)(r)‘ 24

1333 = ———————
(108)(12)? A

r = 0.8599 in.
d=2r=172in. Ans
Use:

d= 12 in. Ans
4
Check:

Oy = — = ———— =554 ksi < 0, OK
"TA Z15F '

13-26. 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,
whereas from the figure on the right the ends are fixed.

— 1.5 in. 4 0.5 in.

Section Properties:
24 in.

A =15(0.5) =0.750 in
1
L= E(O‘S)( 1.5°) =0.140625 in*

_i 3y _ . 4
L= 12(1.5)(0.5 ) =0.015625 in @

Critical Buckling Load: With respect to the x — x axis, K = 1 ( column
with both ends pinned). Applying Euler's formula,

mEl
})Cf =73
(KL)?
_ 75(29.0) (10°) (0.140625)
[129)*
= 69.88 kip 0, == ="1""=4141 ksi< oy = 102ksi (0.K!)

Critical Stress: Euler's formula is only valid if ¢, < Oy .

With - i =0. i .
ith respect to the y —y axis, K = 0.5 ( column with both ends fixed) Factor of Safety:

p= 2 P,
or = m F.S= )
_ 7(29.0)(10) (0.015625) 752 3106
[0.5(24)])* ’

=31.06 kip (Controls!)
P=17.7kip Ans
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4

1= .’.'(f)‘ .

42 64
Joint B:

5%F = 0; FipcosdS - Faesin30 = 0
Fua =0.7071 Fac

Solving Eqgs. (1) and (2) yields:
ch = 4.392 kip FM = 3.106 hp

For rod AB:
P.. = 3.106 (1.8) = 5.591 kip
K=10 Ls =22 _ 20364 in.
cos 45
_ mEl
cr = (KI‘)Z
P910°) (sl
5.591 =
[(1.0)(203.64)]*

Check:
A F@a125%)

Forrod BC:
P., = 4.392(1.8) = 7.9056 kip

K=10 lge = ~——= =
mEl
. TE
(KLY
PRIY10°)(%2E)
[(!.0)(166.28)]2

dgc = 1.986 in.
Usedge = 2in.  Ans

!
!

-y
8
B

P‘l’

7.9056 =

Check:
P _ 79056

e o 102 L 252ksi < o
A i ’

Ocr =

+TLZE =0, Figsin45 + Fyccos30 ~ 6= 0

dig =2.015in. Usedys = 2% in. Ans

oo = Fo o 3P sgusi < oy

13-27. The linkage is made using two A-36 steel rods, each
having a circular cross section. Determine the diameter of
each rod to the nearest %in. that will support a load of
P = 6 kip. Assume that the rods are pin connected at their
ends. Use a factor of safety with respect to buckling of 1.8.

(¢}
)

OK

OK

b kP
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#13-28. The linkage is made using two A-36 steel rods,

each having a circular cross section. If each rod has a P
diameter of % in., determine the largest load it can support
without causing any rod to buckle. Assume that the rods are
pin-connected at their ends.

LEF =0,  Fusin45° - Facsin 30° =0
+TZF =0; Fyscos 45°= Fyccos 30°~P =0

Fi3 =05176 P
Fyc = 0.73205 P

12

cos 45°

12
——— = 13.856 ft
Lo = cos 30°

=16.971ft

Lyp =

Assume rod AB buckles:
P, = Ez.g
er (n)z
=20 ¥
(1.0(16.971)(12)*
P=2071b ( controls) Ans £,
# 4 fac

0.5176 P =

Assume rod BC buckles:
=@ "
(1.0(13.856)(12))*

P=220D

0.73205 P =

13-29. The A-36 steel pipe has an outer diameter of 2 in.
and a thickness of 0.5 in. If it is held in place by a guywire,
determine the largest vertical force P that can be applied
without causing the pipe to buckle. Assume that the ends of
the pipe are pin connected.

Member Forces: Use the method of joints,
+TZE =0, Fsin30°-P=0 Fyc =2.00P
DEF =0, 200Pcos30°-F; =0 FEj=17321P

Section Properties:

T
4=2(2-1") = 07507 in’
T 4y _ 4
1,_1,_3(1 -0.5') =0.2343757 in +
Critical Buckling Load: K = 1 for column with both ends pinned. )’;c
Applying Euler's formula, '
X —x
" o
cr T (KL)Z
2 3
17321p = 7(29) (10%)(0.2343757) p
[1(14)(12))?
P=431kip Ans

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

_ L.7321(4.311) 3.160 ksi 36 ksi K’
=T 0Tson = i<oy = i(0.K!)

o =t
A
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13-30. The A-36 steel pipe has an outer diameter of 2 in. If
it is held in place by a guywire, determine its required inner
diameter to the nearest % in., so that it can support a
maximum vertical load of P = 4 kip without causing the
pipe to buckle. Assume the ends of the pipe are pin connected.

Member Forces: Use the method of joints,

+T2E =0;

2 Fyesin30°-4=0

8.00c0s 30°~F,5 =0

Fyc = 8.00kip

E,5 = 6.928 kip

+

= IF =0;

x

Section Properties:
A=5(2-4)=7(4-4)

a4 (4 n 4

1e-@)-d0eo

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

I

x=ly=

_ 7E
cr—(KL)z
6978 rﬁ(z9)(10’>[6%<1§—4‘>]
[1(14)(12)]*
d =1.2011in. Ans
] 1.
Use d = 15 in. Ans

¥
Fac
30 = —x
4Kip

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

b 3 942
A==|a-[=] |= in®
4[ (s” 2.1475 in
o, == o898 ki 36 ksi (0.K!
w3 Toqaps  HSksi< oy =36ksi(0.KY)

13-31. The linkage is made using two A-36 steel rods, each
having a circular cross section. Determine the diameter of
each rod to the nearest %in‘ that will support the 900-1b
load. Assume that the rods are pin connected at their ends.
Use a factor of safety with respect to buckling of F.S. = 1.8.

Member Forces: Use the method of joints,

[1]

+TZE =0; (2]

3 4
y 31'714‘*556‘900=0
Solving Egs.[1] and [2] yields,
Fe=7201b F, =5401b

Critical Buckling Load: K = 1 for column with both ends pinned.
Applying Euler's formula to member AB,

n2El
B =18F, = ——
(KLyp)
72(29) (10%) ( &d!
La(s40) = T2 )(642.43)
[1(20)(12)]
dp =1.4131n. Ans
L.
Use dyg = 15 in. Ans

! 16 ft

¢
For member BC,
mrEl
B, =18Fq= ; 900 Ib

(KLg()

2

18(720) = ™ (29)(10°%) (& dic)
[1(15)(12)]?
dye = 1.315in. Ans
Use dyc = 1> in. Ans

P, 1.8(540
(Cedap =5 = ﬁ =550.0psi< 0y =36 ksi (0.K /)
P, 1.8(720)
= —_— = e— = 2 si = 1 ]
(Oedpe = L] 872.8 psi< o, =36 ksi (0. K /)
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*13-32. The linkage is made using two A-36 steel rods,

each having a circular cross section. If each rod has a
diameter of % in., determine the largest load it can support
without causing any rod to buckle. Assume that the rods are
pin connected at their ends.

Member Forces: Use the method of joints,

. 4 3
SIE =00 h-the=0 m
+TZ}~;=O; ;qu“‘gfﬁc—l’=0 [2]

Solving Eqgs.[1] and [2] yields,

Fyc = 0.800P Fy, =0.600P
Critical Buckling Load: K =1 for column with both ends pinned Assume member BC buckles, i_ B
Assume member AB buckles. Applying Euler's formula, 3
- Faa £
Po=F=—b s
I IKZEI cr BC (KLBC): P
T (KLy)? 0500p = BN UI[£(0375]
7 (29)(10%)[(0375%)] ’ TERPE
0.600P = L] _ s
(120 (12))? P=17151b
P=128.61b=1291b (Controls’) Critical Stress: Euler's formula is only valid if o, < 0y.
.8(128. .
(C)ge = ff'— = w =2329 psi< oy =36 ksi (0.K/)

A £(075)

13-33. The steel bar AB of the frame is assumed to be
pin-connected at its ends for y—y axis buckling. If P =18 kN,

determine the factor of safety with respect to buckling about
the y—y axis due to the applied loading. Eg = 200 GPa,

oy = 360 MPa.

i =1—12<0.10)(0.05’) = 104167 10°)m*

Joint A:
& EF, =0 %m—m:o
Fic =30kN
+TZE =0, Fu-360 =0
Fu = 24kN Lt
-6
P, = »2EI = 7%(200)(10°)(1.04167) (107%) = S7116 N = 57.12kN h 3
(KLY ROGE ¢
FS. = f‘—'— = le =238 Ans
Fyp 24
Check:
3
0o = For 2 12U _ ) i MPac oy oK
A 0.1 (0.05)
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13-34. Determine the maximum load P the frame can
support without buckling member AB. Assume that AB is
made of steel and is pinned at its ends for y—y axis buckling
and fixed at its ends for x—x axis buckling. £y = 200 GPa,
oy = 360 MPa.

+

SEF=0; —FAC<§)+P=0
5

Fipc==P

AC 3

+TZF, =0; FA,—gP(§)=O

4
Fyp=-P
73

L= 1—12(0. 10)0.05)° = 1.04167(10"%)m*

L= ;15(0.05)(0.10)3 =4.16667(10"%)m*

2
p, - TLE
(KLY
x - x axis buckling:
2 ? -6
P, = 7 “(200)(10°)(4.16667)(107°) =914 kN
0.5(6))
y-y axis buckling:
2 -6
P @00)(10°X(1.04167)A0°) _ o 1o
(1)
y-y axis buckling controls
ﬂP =57.12
3
P=428kN Ans
Check:
=220 v <oy OK

A (0.1)(0.05)

13-35. 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:

gﬂw, =0;  P(0.35) - Fcsin 45°(0.25) =0
Fyc = 1.9799P

Section Properties:

A=3(0025") =0.15625(107) 7 m?

1=2(00125") =19.17476(10°) m*

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

2E

(KLyo)?

72 (200) ( 109)[ 19.17476( lO"’)j
(1(08))2

Pcr=FBC=

1.9799P =

P=29 870N =29.9kN Ans
Critical Stress: Euler's formula is only valid if o, < oy.

P, 1.9799(29 870)
O, == """ —20.5MPa< 0y =250 MPa (0.K/)

0.15625(103) =
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#13-36. Determine the maximum allowable load P that P

can be applied to member BC without causing member AB 1 1
to buckle. Assume that AB is made of steel and is pinned at ﬂ m v m
B D) (o)

its ends for x—x axis buckling and fixed at its ends for y—y axis
buckling. Use a factor of safety with respect to buckling of
ES. = 3. Ey = 200 GPa, oy = 360 MPa.

C B

Support Reactions: 2m
30mm—{ —
<+ZMC=O; Fp(2)-P(1)=0  Fz =0.500P

Section Properties: P
A=0.02(0.03) =0.600(107") m’ & 1 i W
I = 5(0.02) (0.03°) =450(10°) m* = " o mm
L= %(0.03)(0.022) =200(107) m* % s M fj Y
A 30 mm

Critical Buckling Load: With respect to x —x axis, K = 1 ( column

with both ends pinned). Applying Euler's formula, . )
With respectto y —y axis, K = 0.5 ( column with both ends fixed).

mEl
Pcr =3F, = —_—
7(200) (10°)[45.0(10)]
3(0.500P) = , ,
) [1(2)]* 3(0.500P) = 7 (200) (10°)[20.0(10-%)]
[0.5(2))?
P=263189N

P=14804.4 N =14.8kN (Controls!) Ans

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

o =P—°’=3(0'5)“4804'4)-3701w =360 MPa (0.K!
=4 T o0eo0(00y o UtMRa<or= a(0.kY)
13-37. Determine the maximum allowable load P that can
be applied to member BC without causing member AB to P
buckle. Assume that AB is made of steel and is pinned at its 1m . 1m
ends for x—x axis buckling and fixed at its ends for y—y axis 5 Y L
buckling. Use a factor of safety with respect to buckling of C B
FS. = 3. Eq = 200 GPa and oy = 360 MPa.
Support Reactions: 2m
30 mm —» «—
<+ZMC =0; Fp(2)-P(1)=0 F,=0500P
Section Properties: P
1 AR+
A=0.02(0.03) =0.600(107°) m’ &
1 ~ 5 X
L = 35(0.02)(0.03°) = 450(107°) m* 7 ,20mm
1 5 C ' y =y
I, = =(0.03)(0.02*) =200(10°) m* ¢ 4 —~[E

Critical Buckling Load: With respect to x —x axis, X = 1 ( column

with both ends pinned). Applying Euler's formula, . ,
With respectto y —y axis, X = 0.5 ( column with both ends fixed).

mEl

Po=3F, =
48T (kL) ’ir=3ﬁa=(’;—Lﬂ)z

7(200) (10°)[45.0(10%)]

3(0.500P) = , ,
[1(2)]? 3(O_Soop)znl(200)(10)[20.0(10 )]
[0.5(2)1°
P=263189N

P=14804.4 N =14.8kN (Controls!) Ans

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

0, == = = !
«= 2 0.600(10°%) 37.01 MPa< o, =360 MPa (0.K!)
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13-38. Determine if the frame can support a load of

P = 20 kN if the factor of safety with respect to buckling of P
member AB is F.S. = 3. Assume that AB is made of steel |<— Im—»—1m ‘.|
and is pinned at its ends for x—x axis buckling and fixed at its 3 Y =
ends for y—y axis buckling. £ = 200 GPa, oy = 360 MPa. C B
Support Reactions:
r 2m
\"'ZA"C:O‘, E(2)-20(1)=0 [';B=100kN 30 mm —» |0
Section Properties:
A =0.02(0.03) =0.600( 10°) m’ A\ —*+
1 N
L = 5(0.02)(0.03°) =450(10”) m* <ok .
1 2 -9 4 Q l 20 mm
I, = 5(0.03)(0.02°) =200(107) m — . iy
e — tg 0
/
Critical Buckling Load: With respect to x - x axis, K = 1 ( column L N L Comm
with both ends pinned) . Applying Euler's formula, * fe
Pcr = fﬂ
(KL)?
_ ﬂ2(200)(109)[45.0(10'9)]
- 1)) Critical Stress: Euler's formula is only valid if o, < oy.
=22206.61=22.207 kN (Controls!) P, 321276
“ = A = 5e000) = 6.426 MPa < &, =360 MPa (0. K /)
With respect to y —y axis, K = 0.5 ( column with both ends fixed).
Factor of Safety: The required factor of safety is 3.
_ mH
= : P, 22207
(D) FS=-%=22""-22¢<3 (No Good!)
_ 7(200) (10°)[20.0(107)] Fy 100
- [0s))F
=39478.42N Hence, the frame cannot support the load with the required F.S.  Ans

13-39. 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)].
+IM, =0, F;r(12)-P(16) =0  Fgzr =1.3333P (C)

Section Properties:

=§(21) =7 in’

I= %’( 1) =0.2507 in* ‘/” ,\I

Critical Buckling Load: K =1 for a column with both ends pinned.

Applying Euler's formula, /6ft | r6ft ] 64t
oo 2E A’= P W P %'P
o = fer = (KLgp)?
72 (29) (10°) (0.2507)
1.3333P= —————rrre—
(116 (1917 ¥ —he——For
124t ; 5
P=14.573 kip = 4.57 kip Ans 21 A L
Critical Stress: Euler's formula is only valid if o < oy. R 8 foe
B _L3BEST 4 ki< oy = 36 ksi (0.K ) F P o

T A r
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*13-40. 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)].

+TIZE=0; P-ZFg=0 Fg=16667P(C)

Section Properties:

Lic=v162+122 =20.0ft

ey 2
a=2(2)=nin

N

Critical Buckling Load: K = | for a column with both ends pinned.

Applying Euler's formula,
m2El
Pe=Fpr= TS
(KLgr)
L6667P = 7%(29) (10°) (0.2507)
[1(20)(12))?
P =2.342 kip = 2.34 kip Ans

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

P, 1.6667(2.342) i K
o, =——=-——ﬁ-——= 1.24 ksi< oy =36 ksi (0.K!)

13-41. Determine the maximum distributed loading that
can be applied to the wide—flange beam so that the brace -
CD does not buckle. The brace is an A-36 steel rod having a 1 l l l l l l l l l l l l l A

diameter of 50 mm. B ‘ C

Support Reactions:

(+2M, =0; 4w(2)-Fp(2)=0 Fop=4.00w
Section Properties: 4m
n
A= 4-(0.052) =0.625(107) = m’
I= g(o.ozs‘) =97.65625(10°) = m*
D p v
Critical Buckling Load: K =1 for a column with both ends pinned. AAL
Applying Euler's formula,
mEl A5
Fe=Fp=———7
(KLcp) |
5 " i I 1
400w = 7#(200) (10°)[97.65625(10°) 7] i Y
(1) L g
L X
=9462.36 N/m = 9.46 kN/m Ans 7 Zm 8
Feo

Critical Stress: Euler's formula is only valid if o < oy .

P, 4.00(9462.36
o, =— =-—L——) =19.28 MPa< oy = 250 MPa (0.K!)

A 0.625(10%)
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13-42. The 50-mm diameter C86100 bronze rod is fixed
supported at A and has a gap of 2 mm from the wall at B.
Determine the increase in temperature A7  that will cause
the rod to buckle. Assume that the contact at B acts as a pin.

Section Properties:

A=2(005") =0.625%(107) w’
I= %’(0.025‘) =97.656257(107) m*
Compatibility Condition: This requires,
(5)  0002=6.+5,

0.002=17(107°) (AT (1) - F)
' 0.6257(10-3)(103) (10°)

F=3438.08AT - 404480.05

Critical Buckling Load: K = 0.7 for a column with one end fixed and the
other end pinned. Applying Euler's formula,

_ 7H

(KL}

72 (103) (10°)[97.656257(10°)]
{0.7(1))?

=F

cr

3438.08AT—-404 480.05 =

AT =302.78 °C =303 °C

A B
1m ‘4J|
2 mm
/m (
=
0-0a2m

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

P, =3438.08(302.78) — 404 480.05 = 636 488.86 N

P, 636 488.86

w == ———— =3242MPa< 0y =345 MPa (0.K /)

A 0.6257(107)

13-43. Consider an ideal column as in Fig. 13-12¢, having
both ends fixed. Show that the critical load on the column is
givenby P, = 47*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/EIv =

M'/EI.The solution is of the form» = Cy sin(VP/Elx) +
Cycos(VP/EIx) + M'/P.
Moment Functions:
M(x)=M'-Pv
Differential Equation of The Elastic Curve:
d*v
El— = M(x)
dx?
Eldzu =M'-Pv
de
d*v P b= . (0.E.D.)
d B '

The solution of the above differential equation is of the form

v =C,si ‘/? +C. \/T +M’
= n —_— " — —
1 Elx 2 COS EIX 7
dv_c F ‘/'F c F_ ‘/7
-G Hcos EIX -G E]sm E;x

and

The integration constants can be determined from the boundary conditions.

P
v
M(x)
X
Ml
P
Boundary Conditions:
.M
At x=0, v=0. From Eq.[1], Lz=-Tp—
dv
At x =0, Z=O. From Eq.[2], C, =0

Elastic Curve:

and

dv L
However, due to symmetry E =0atx= E Then,

t sin[ Eﬁl(é)}=0 or E(;):;:n wheren=1,2,3....

[2] The smallest critical load occurs when n= 1.

_AmE
ce = L2

(Q.E.D.)
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*13-44. Consider an ideal column as in Fig. 13—-12d, 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)+ Cycos(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 root.

Equilibrium: FBD(a).
Moment Functions: FBD(b).
M(x) =R’ (L-x)-Pv

Differential Equation of The Elastic Curve:

E[ﬁ:M(x)
dx?
Hd—23=k'(L—x)—Pu
dx?
dz—v+-f-v = E(L-x)
dx* El EI

The solution of the above differential equation is of the form

v=C, sm(gx}- Czcos(\/_ng-kRF(L—x) [
dv_cﬁ F_CF,F_R' :
'd—x— 1 ECOS E[X 2 E[sm Ei 7; ]

The integration constants can be determined from the boundary
conditions.

and

N

However, v =0 atx = L. Then,

(ET [P [P
R'L 0=4/—si —L |- il
c, =Rk 7 sm( EILJ Lcos[ FJL)

Boundary Conditions:

At x=0, v=0. From Eq.[1], 7
m(\/—fLJ= ) (Q.E.D.)

At x =0, 2=0. From Eq.[2], C,=R-—’ E H & o

dx PY P

By trial and error and choosing the smallest root, we have
Elastic Curve:
\/—E L =4.49341
A LARCW L AT . Ten i
pYe \YE" 7P E)P '
= %[ %lsin(‘/gx)—Lcos(\/'ng-*(L—x)J P, = 20.[}:)E1 (Q.E.D.)
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13-45. The column is supported at B by a support that
does not permit rotation but allows vertical deflection.
Determine the critical load P.,. EI is constant.

Elastic curve:
2
El_d_.‘.’. =M= -Pv
dx?

2
.‘!_u_ +£—v=0
dx* EI

P
v = C'Si"[\/}%x] + C;cos [\/—E—le

Boundary conditions:
Atx = 0; v=2~0

0=0+0G; C;, =0

P P 7.
— L= 0; —L = -
cos [ El ] El ”(2)
P 7~
=1 —
For » EI 412
P EI
P‘“=~4—F Ans
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13-46. The ideal column is subjected to the force F at its

F
midpoint and the axial load P. Determine the maximum
moment in the column at midspan. EI is constant. Hint:
Establish the differential equation for deflection Eq. 13—1. - s
The general solution is v = A sin kx + Bcos kx — c’x/k?, L (€]
where ¢ = F/2EI, k* = P/EI | . . |
I a2 I a2 i
Moment Functions: FBD(b).
F
(+wo =0, M(x)+zx+P(v)=0
F
M(x)=-5X-PU [1]
Differential Equation of The Elastic Curve:
d*v
EIF =M(x)
d*v
E!-E =-—x—-Pv
2
é...!.) + ﬂu = —ix 1P
dx*  EI 2E R
Ay=P
. . — —F
The solution of the above differential equation is of the form, I 1

S

F
| ,/ F _F .E
v=C,sin[ E%x)+C2cos( Eﬁlx)-ﬁx (2] A}--Z—/ 53 =
and x
dv ’ P ’ P fP . ’P F P I l
—=C —COS( —x)—Cz —sm( —x)—— [3]
dx EI EI EI EI 2P I IV
p

The integration constants can be determined from the boundary £ o Y M)
conditions. <

Boundary Conditions:
Atx=0, v=0. From Eq.[2], C, =0

At x = .211 d__v =0. From Eq.[3],

&
Lo
WE\Vaz) 2P

Elastic Curve:

_FF ‘/TLin\/Tx_ix
vERVE VE SV ET) P

F[ [H PLY. ([P L
=37p ;5“ 3 sin _E-Ix -x Maximum Moment: The maximum moment occurs at x = 3 From

Eq.[1],

However, v=v_,,

e £l B B384 Pl 32)4)
14 £ BaE)

at L Th
x ==. Then,
2
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13-47. The ideal column has a weight w (force/length) and
rests in the horizontal position when it is subjected to the axial
load P. Determine the maximum moment in the column
at midspan. EI is constant. Hint: Establish the differential
equation for deflection Eq. 13-1, with the origin at the
mid span. The general solution is v = A sin kx + B cos kx +
Cy + Cyx + Cyx?, where k> = P/EI

Moment Functions: FBD(b).

(o =0 wx(z) M(x)-—x Pv=0

M(x) =—2-(x -Lx)-Pv

Differential Equation of The Elastic Curve:

v
EIEZ——M(X)
%-—( P-Lx)-Pv

d*v P w
=g ()

The solution of the above differential equation is of the form

. P P W wL _WEl
v=C_ sm[\’E’x)+ CZCOS[VEI ) 53 TP
and
dv [ P ’ P [ P . } P w  wlL
-c—ix—- = Cl EICOS( EX]—CZ Esm( EX)+ FX— 5

The integration constants can be deterniined from the boundary conditions.

Boundary Conditions:

At x=0, v=0. From Eq.[2],
wEl wEl
=C, - C, = —
0=C, > 1= 5
ax=l oo 03]
lx—E, i rom Eq.[3],
0 C‘/T PL) wEl [P \/?L +w(L) wl
W EVa ) e Ve Va2 ) P2) 2
C_WEI ‘/FL
VT E2

Elastic Curve:
W Elm ‘/TL . \/? El \/T .
= 3 sin Elx +7)-cos Ex -Z__Ex_

Pl P
L
However, v=v_,, atx = 3 Then,

SN
5]

Umax

x

(2]

(3]

Maximum Moment: The maximum moment occurs at x =

le—

HHHlHHH

P
_Q_
L |
WL
agep £ R
__.F. J !
L L
= z wiL
XL ==z
Ay 2 () 63
AL x
2
O o
P _
v
L =P

2

L
5 From Eq.[1],

Ans
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*13-48. Determine the load P required to cause the A-36 P
steel W8 X 15 column to fail either by buckling or by Lin.
yielding. The column is fixed at its base and free at its top. ;&

Section properties for W8 x 15:
A=444i® [ =480in* I =341in*
re=329in. d=81l1in

Buckling about y—y axis:
K=20 L=8(12)=9in.

#’El, _ n2(29)(10°)(3.41)

P= P‘" = =
(KL)? [2.0096)1*

=26.5kip (controls) Ans

Check: Oy =—— =——=596ksi < 0y OK

Check yielding about x—x axis:

P ec KL | P
Oz = ~[1+—sec(—/ —
max |[ rzs (21' E )|

— = ——5=" = (.37463

f.’:ﬁf_’_ S2000 | 265 4184
2 VEA ~ 26.29) | 29010@ 43)

Omax = 5.963[1+0.37463 sec (0.4184)] = 8.41 ksi < oy =36ksi OK

13—49. The wood column is assumed fixed at its base and
pinned at its top. Determine the maximum eccentric load P

that can be applied without causing the column to buckle or \[}\\
yield. Ey, = 1.8(10°) ksi, oy = 8 ksi. . | I 1.5in.

Section Properties: U(

|
A=3.5(15)=525in" ! ( 12 ft
L= -113(1.5) (3.5%) =5.359375 in’* }

L= 1—12(3.5)( 1.5*) =0.984375 in* @

T [3359375
.. =1/:=1/_= 1.01036 in. i

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

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

Buckling About y—y Axis: Applying Euler's formula,

o=t 2 L2 308 ksi< oy = 8ksi (O K
n'zH, a= 4 T 525 i<oy = i(0.K!
o (KL);: Yielding About x—x Axis: Applying the secant formula,
_ 7(1.8)(10%)(0.984375)
B 100.82
P
= 1.721 kip = 1.72 kip Ans Omax = —l:l+gscc[(KL)’ ﬁi ]
A r2 2r, VEA

L7 175175) 100.8 1721
5.25 1010362~ | 2(1.01036) | 1.8(10%) (5.25)

=1.586ksi< oy =8ksi (0.K/)
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13-50. The wood column is fixed at its base and fixed at its

. . . P X
top. Determine the maximum eccentric load P that can be
applied at its top without causing the column to buckle or \[}\\
yield. Ey, = 1.8(10°) ksi, o = 8 ksi. E") - I 1.5in.
— N

h
Section Properties: | r ! P
i ssin

I
A=35(15) =525 in’ ( (,)
1121t

1 3 . 4 90
= — = !
L=55(15)(35°) =5359375 in \W(
1
= (35 (15%) =0.984375 in j ﬁ\)
I 5.359375 j[
r. =\/z=\’——-=l.01036 in. %
A 5.25 lQ
HMQ i
For a column fixed at both ends, K =0.5.
(KL), =(KL), =0.5(12)(12) =72 in.
Buckling About y—y Axis: Applying Euler's formula,
nEl
=P =—2
cr (KL):
_ 72 (1.8) (10%) (0.984375) Yielding About x—x Axis: Applying the secant formula,
- 722
=3.373 kip = 3.37 kip Ans P[ ec ((KL)x [P )]
Opax = —| 1+ —=sec —
) A r; 2r, YEA
Critical Stress: Euler's formulais only valid if o,, < oy. 3373 . 1.75(1.75) 7 3373
b 3373 T525| 101036 °°{2(1.01036) | 1.8(10%) (5.25)
[ =f =?2?=0.643k_si< oy = 8ksi (0.K!) =3.108 ksi< oy = 8ksi (0.K!)

13-51. The wood column has a square cross section with
dimensions 100 mm by 100 mm. It is fixed at its base and free
at its top. Determine the load P that can be applied to the
edge of the column without causing the column to fail either
by buckling or by yielding. E,, = 12 GPa, oy = 55 MPa.

Section properties:
A=010.1)=001m> I= é(().l)(o.l’) =8.333(10%) m*

[ 6
r= J-I: = ——————8'333(10 ) =0.02887 m
A 0.01

Buckling:
n2El _ w>(12)(10°)(8.333)(10°)

TKLE 1201 =6L7kN

P

3
Check: o=t D) 61 mPa<c oy 0K
A 0.01

Yielding:

P e KL [P
O, =—[14+—sec(—1{/ —
max = gl s (Y B!

e _ 0.12(0.05) =720

2 (0.02887)

KL ’ P 2.0(2) ’ P
—_—f — = =0.006324y P
2r Y EA  2(0.02887) Y 12(10°)(0.01) 0.006324

55(10%)(0.01) = P[1 +7.20 sec (0.0063241/'}-’)]

By trial and error:
P=31400N=314kN (controls) Ans
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#*13-52. The W8 X 48 structural A-36 steel column is 75 ki
fixed at its bottom and free at its top. If it is subjected to the P gin.
eccentric load of 75 kip, determine the factor of safety with /JE/ o<V
respect to either the initiation of buckling or yielding. 1 e
Section Properties: For a wide flange section W8 x 48,
A=14.1in> 1, =36lin. [ =609in' d=8.50in. 12 ft
For a column fixed at one end and free at the other end, K = 2.
(KL), = (KL), =2(12)(12) = 288 in. N7
Buckling About y—y Axis: Applying Euler's formula,
-p = TH,
=l ™ (KL)§
_ 72(29.0) (10%) (60.9)
2882
=210.15 kip
Critical Stress: Euler's formula is only valid if o, < oy.
_ k. 21015 . )
O Y =m— =14.90ksi< o, =36ksi (0.K)
Yielding About x—x Axis: Applying the secant formula,
Pmu{ e ((w, [Pase ﬂ
Cmax = I+ —=sec| ——\ ——
A rk 2r, EA
P 8( 42 288
360 Pone| | 800 Pras
14.1 3.612 2(3.61) ¥ 29.0(10%) (14.1)
36(14.1) = P, ( 1+2.608943sec 0.0623802y7, . )
Factor of Safety:
Solving by trial and error,
o o P 170
P...=117.0kip (Controls!) T
13-53. 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 J o 81n.
eccentric load of 75 kip, determine if the column fails by /%My
yielding. The column is braced so that it does not buckle y1 x

about the y-y axis.

Section Properties: For the wide flange section W8 x 48, 12 ft

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 ec (KL), | P
Opax = —| 1+ =sec —_—
Al 12 2r, VEA
75 8(%9) 100.8 75
=—1+ sec
14.1 3.612 2(3.61) { 29.0(10%) (14.1)

=19.45ksi< oy =36ksi (0.K!)

Hence, the column doesnot fail by yielding. Ans
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13-54. The brass rod is fixed at one end and free at the
other end. If the eccentric load P = 200 kN is applied,
determine the greatest allowable length L of the rod so that
it does not buckle or yield. Ey, = 101 GPa, oy = 69 MPa.

a-]
,l el
e —

>

Section Properties:

= ;(0.1’) =2.50(107") = m’
1=3(0.05") = 1.5625(10°) 7 m*

1.5625(10¢) =

——————=0.025m
2.50(10%)

For a column fixed at one end and free at the other end, K = 2. Then KL=2(L) =2L.

Buckling: Applying Euler's formula,

p = TH
T (KL)?
200( 10’) _ n"(lOl)(lO’)[l.SéZS(lO“)rz]
(2L)?
L=2473m

Critical Stress: Euler's formula is only valid if 6, < oy.

o, 2 20000) =25.46 MPa< 0, = 69 MPa(0.K!)
«=4 _2s0000x " o

Yielding: Applying the secant formula,

P ec (KL) | P
Oy = —| 1+ —=sec) ——/ —
A rt 2r VEA

200(10°%) [+0‘01(0.05)S { 2L \/ 200(103) J]

69(10°) =
(10%) 2.50(10-%) = 0.0252 2(0.025) | 101(10°)[2.50(10-3) ]

80
69 = - (1+0.800sec 0.635140L)

Solving by trial and error,

L=17065m=17lm (Controls!) Ans
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13-55. The brass rod is fixed at one end and free at the
other end. If the length of the rod is L. = 2 m, determine
the greatest allowable load P that can be applied so that the
rod does not buckle or yield. Also, determine the largest
sidesway deflection of the rod due to the loading.
Ey, = 101 GPa, oy = 69 MPa.

-~
,l >
A —

>

Section Properties:

_r 2y _ -3 2
a=2(0.17) =2.50(10 )rm
I= g(o.os‘) =1.5625(107°) # m*

1.5625(10°%) x
2.50(107%) =

=0.025m

For the column fixed at one end and free at the other end, K = 2. Then KL=2(2) =4 m.
Buckling: Applying Euler's formula,

mEl
= R:r = —
(XL)?
_ n2(101)(109)[1.5625( 107%) ﬂ.’]
= ye

305823.6 N = 305.8 kN
Critical Stress: Euler's formula is only valid if 6, < oy.

P, 305823.6
O,=—L=—""""" -3894MPa< 0, = 69 MPa(0.K/)
A 250(107%)x

Yielding: Applying the secant formula,

P[ ec ((KL) [P )J

Oy ==| 1+ —=sec _

A r? 2r VEA

69( 10°) = P 1+°‘01(0‘05)sec 4 \/ P
2.50(10"%) = 0.0252 2(0.025) Y 101(10°)[2.50(10-3) 7]

69( 10°) = ;40705[14,0.8005& 2.84043(107) /P)

Solving by trial and error,

P=173700N =174 kN (Controls!) Ans

Maximum Displacement:

\[FKL

Vpax =€ sec| Y —=— |- 1

{lz5)
ool 173700 (f) -1
e s“(‘ﬁn(lov)n.sszs(xw)ﬂ 2

=0.01650 m = 16.5 mm Ans
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*13-56. A W12 X 26 structural A-36 steel column is fixed P
connected at its ends and has a length L. = 23 ft. Determine iﬁ 6in.
the maximum eccentric load P that can be applied so the

column does not buckle or yeild. Compare this value with
an axial critical load P’ applied through the centroid of the
column.

Section properties for W12x26: L
A=765i* L =204in* [} =173in*
r,=517in. d=1222in.

Buckling about y - y axis:

n’El )

Py =—>

(KLY

~—

P, =P, < 2QNAONTI 0,
05X

Check : O = = = —— =34.0ksi <oy OK

>|
2
a

Yielding about x - x axis:
P(, e KL , P
Omax = ;(‘ +;;S& (-i;- E))

1222
e _SCFD) 1 aniss
2 Tar

KL [P _ 05)@3)(12) P -0028335/P
T VEA - 2607 | 300069

36(7.65) = P[1 +1.37155 sec (0.028335/P)]

By trial and ervor:
P=1127kip=113kip  (controls) Ans

13-57. A W14 X 30 structural A-36 steel column is fixed P
connected at its ends and has a length L. = 20 ft. Determine iﬁ 6in.

the maximum eccentric load P that can be applied so the
column does not buckle or yeild. Compare this value with
an axial critical load P’ applied through the centroid of the
column.
. . L

Section properties for W14 x 30

A=885in" d=1384in. L =291in* r, =573in. I = 19.6in’

Buckling about y~y axis:

B
P = -"-zf-'; K =05 f
(KL)
P
3
pr = TL29)Q0)196) _ 390 kip Ans

(0520012 ]

Yielding about x—x axis:

amnx = f (1 + ﬁsw(ﬁ. _P-))
A r? 2r V EA
13.84
26 < P (1 . 6(——5—~)sec(0.5 (20)(12) P ))
8.85 5.73% 2(5.73) V29<103)(8.ss)

Solving by trial and error:
P = 139 kip (controls) Ans
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13-58. Solve Prob. 13-57 if the column is fixed at its
bottom and free at its top. &6 in.

Section properties: For W 14 x 30
A=885in" d=1384in. L =291in* r,=573in. I = 19.6in’

Buckling about y—y axis:

L
P, = _’f_gli K=2
(KL)
3
P'=P,. = w)—(—l—g—iﬁ—) = 243kip  (controls) Ans s

[2(20)(12) ]

~—

Yielding about x— x axis:

P ec_ (KL [P
Omax = —(1 + —-scc(.__. il ))
A r 2r VEa
13.84
36= 1 (1 £ 805D 20002 ‘/—p—))
8.85 5732 2(5.73) | 29(10°)(8.85)

Solving by trial and error,

P = 108.4 kip Ans

13-59. The wood column is fixed at its base and can be
assumed pin connected at its top. Determine the maximum
eccentric load P that can be applied without causing the
column to buckle or yield. Ey, = 1.8(10°) ksi, oy = 8 ksi.

Section Properties:
A=104)=40in> I = %5(4)(103) =33333in* I = ﬁ(w)m’) =53.33 in*

|

\/ ‘/ \\\
/B [32333 ) ssesin. |
A 40 |

Buckling about y —y axis: t
%2El _ 52(18)10°)(5333) _ /

10 ft

=Py = 4 ki
P &L - 0DaoanE - 4ke i
Check: on=T==1%_336ki<o, oK
A

Yielding about x—x axis:

L (P N Ly
mETAU 2 \2r/VEA

KL ’ P 07(10)(12) ’
— = =0.054221y/ P
(2r ) EA 2(2.8868) | L. 8( 103 )(40) >

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

By trial and error:
P=735kip (controls) Ans
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*13-60. The wood column is fixed at its base and can be
assumed fixed connected at its top. Determine the
maximum eccentric load P that can be applied without
causing the column to buckle or yield. E,, = 1.8(10%) ksi,
gy = 8 ksi.

;‘J 10 ft

Section Properties:
A=104)=40in*> I = ]15(4)(103) =33333in* I = 1%(10)(4’) =53.33in"

v, = ‘/§= \}3_3333 =2.8868 in.
2 Vo

Buckling about y—y axis:
n2El _ 72(1.8)(10%)(53.33) _

P=F, = = 263 kip
KL} [0.5)(10)(12)1
Check: 0, =22 =22 _6s8ksi<ay  OK
A

Yielding about x—x axis:

G, ~£(1+—e£sec(§£ -P—))
mETAL r2? 2 VEa

e _ 58 _a3,
rz 2.88682

(_K_L) [P _05310)12) [P - 0.038729,/F
2r’V EA 2(2.8868) | 1.8(10%)40)

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

By trial and error:
P =76.6 kip (controls) Ans
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13-61. The aluminum column has the cross section shown.

If it is fixed at the bottom and free at the top, determine the P
maximum force P that can be applied at A without causing
it to buckle or yield. Use a factor of safety of 3 with respect ﬂks mm
to buckling and yielding. £, = 70 GPa, oy = 95 MPa. ] 150 mm
o Y 10 mm*{ }<—>{
80 mm
'LIO mm
80 mm T
Sm
is (0.005X0:16)0.01) + (0.085)(0.15X0.01) = 004371 rm
0.16(0.01) + 0.15(0.01)
L= 712-(0. 16X0.01)” + (0.16X0.01X0.04371 ~0.005)* + -l';(o.onxo. 15 +
Y
(0.15X0.01X0.085 ~0.04371)" = 7.7807(10*) m*
L= -l‘;(o_mxo.xs’n T’i(o.xsxom’) = 3.42583(10°) m*
A = (0.16)(0.01) +(0.15)(0.01) = 3.1(107*) m? LA\ ;
& k]
17800009 _ 60501 m %—- x
3.1107) U Ty Fromm
e
ompy 150ma

Buckling about x —x axis:

x2El  m}(70)(10°X3.42583)(10°%)

= = 23668 N
&Ly OGP

PxFe=
Eer
Pijjow = -—5— = 7.89 kKN (controls) Ans

Fou (26BN . 63MPa <oy OK

Check: o,
“*72 3100

Yielding about y — y axis:
P e« KL\ [ P
“--':('*:7'“(;) a)

e« (0.03871)40.04371) = 0.6741
r? 0.05012

k) [P 200 3 ) i
(v)\/—c‘;" 30050} TP o740 WP

95(10°)3.1)(10°") = P[1 +0.6741 sec (6.7749(10°)/P )

By trial and ervor :

P = 4561 kN Patiow = 55;‘-"1 = 15.2kN Ans
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13-62. A W10 X 15 structural A-36 steel member is used
as a fixed-connected column. Determine the maximum 8in.
eccentric load P that can be applied so the column does not ig
buckle or yield. Compare this value with an axial critical
load P’ applied through the centroid of the column.

<

Section properties for W10 x 15
A=441i d=99in I =689in' r =395in. I =28in' 25 ft

Buckling about y-—y axis:
P EI _ 7 (29)(10°)(2.89)

P’ =P =F; = 2 Z L
(KL) [ 0.5(25)(12) ) ¥
= 36.8 kip (controls) Ans P
ac,=£°—'=§-§§=8.34ksi<ay=36ksi OK
A 441

Yielding about x~ x axis:
P( ec_ (KL [P )
Omax = — |1 + —sec (—1/—
YA r2 (Zr EA)

o8O

= 2561128
2 (395)?

KL /P _05 (25)“2)11 P = 005309 /P
2rVEA 2(395) |29 (10%)(4.41)

36 (4.41) = P[1 + 2.561128 sec (0.05309 y/P)]

By trial and error,

P = 42.6kip

13-63. Solve Prob. 13-62 if the column is pin-connected at

its ends. P 8i
m.
I

Section properties for W10 x 15 e
A=441in® d=99in. L =6389in' r =395in. I =289

Buckling about y—y axis:
PEI - 7 (29)(10%)(2.89)

P'=P =P, = 3 ;
(KL) [1.0(25)(12) ] 251t
= 9.19kip  (controls) Ans
P _ 919 BN

O = - = 22 = 208ksi < 0y = 36ksi  OK

-
»
ES
=
=~/

Yielding about x— x axis:

P ec KL [P
o = —[1 + —sec (—1 —
max = 211+ Ssee (G2 )
9.99
e - 3C5) 5 56112804
(395

KL [P _ 10(25)(12) L = 0.106188104 /P
2rVEA - 20395 | (044D

36 (4:41) = P[1 + 2.561128 sec (0.106188104 /P)]
By trial and error,

P = 37.6kip
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*13-64. Solve Prob. 13-62 if the column is fixed at its
bottom and pinned at its top.

P .
8in.
ig

Section properties for W10 x 15
A=441in® d=99in. L =689in* r, =395 I =289’

Buckling about y-—y axis:

Pr=P=P, = mEI - 7 (29)(10%)(2.89) 25 it

(KLY [072502)1

= 18.8 kip (controls) Ans
A
0 = Por 2 B8 oSksi< oy = 36ksi  OK T
A a4l P

Yielding about x— x axis:
- -P(1+ecsec(KL fP))
T a 2 "2rVEA

= 2.561128024

!E!:‘/_’f_ = 97@9(12) P = 0074331673 /P
2r VEA ~ T2(395) |200)@an

36 (4.41) = P[1 + 2.561128024 sec (0.074331673 y/P)]

By trial and error,

P = 409 kip

13-65. 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 2in.
and the cables at its top act as a pin to hold it. "
Section Properties: For the wide flange section W12 x 50, ﬂ;/
A=147in* 1 =518in. I =563in* d=12.19in.
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,

- ’rzEIY

“ T (KL)?
_ 72(29.0)(10%)(56.3)
- 2102

= 365.40 kip o Pl (KDL [P
LY R 2r. VEA
Critical Stress: Euler's formula is only valid if o, < &y. P 2( xz,w) 210 P
36=—oI1 :
14.7[ MEERTY s"c(z(s. 13) Y 29.0(10%) (14.7) ”

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

B, 3654
=S — = —=24 i = 36 ksi .K!
Ou =4 = g7 - 2486ksi< oy =36ksi (0.KY) 36(14.7) = P( 1+0.454302sec 0.0310457/F)

Solving by trial and error,

P,

m.

ax =343.3kip =343 kip (Controls!) Ans
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#13-66. Solve Prob. 13-65 if the column is an A-36 steel
W12 X 16 section. .

Section Properties: For the wide flange section W12x 16, o= >
A=47lin* 1, =467in. 1 =28in" d=1199i 7’/‘ \

For a column fixed at one end and pinned at the other end, X =0.7.
(KL), = (KL), =0.7(25)(12) =210 in. 25 ft

Buckling About y—y Axis: Applying Euler's formula,

= - ’FE]’
Bl = (KL)}, /\/
_ 7 (29.0)(10%)(2.82)
2102
= 18.30 kip = 18.3 kip Ans
Critical Stress: Euler's formula is only valid if o, < oy .
G, k1830 3.89 ksi 36 ksi A
S e T e = 3 = n
«= QT 1< 9y ! s
Yielding About x-x Axis: Applying the secant formula,
_P ec (KL), [P
Opax = K[l+gsec[-—r a—
18.30 1+2(l_li’_9) 210 1830
=— sec
471 4.672 2(4.67) § 29.0(10%) (4.71)
=6.10ksi< oy =36 ksi (0.K/)
13-67. The W14 X 53 structural A-36 steel column is P
fixed at its base and free at its top. If P = 75 kip, determine 101in,
the sidesway deflection at its top and the maximum stress in .
the column. ]
x pd & A y
18 ft
Section Properties: For the wide flange secion W14 x 53,
2 Y
A=156in* [ =54lin* 1 =580in. [ =577in' L
d=13.92in.
For a column fixed at one end and free at the otherend, K = 2. Yielding About x-x Axis: Applying the secant formula,
(KL), =(KL), =2(18)(12) =432 1in. _P . ec (KL), [P
Buckling About y—-y Axis: Applying Euler's formula, Tman = 7| 1+ Esec 2r, VEA
) lo(ix22 4 75
rEl, CE 1+ (% )sec 32
Pe= (7_1:)—2 15.6 5.892 2(5.89) ¥ 29.0(10%)(15.6)
(2900 (10°)(57.7) =156 ksi Ans
432 Since 0,,, < Oy = 36 ksi, the column does not yield.
=88.49kip>P=75kip (0.K!)
Maxi Displ ent:
Hence, the column does not buckle about the y —y axis. Maximum Displacemen
Critical Stress: Euler's formula is only valid if o, < oy. F KL
= —_— -1
P, 88.49 Vmas E[sm(\/; 2 J ]
_ er _ . — . - .
O = = = oo =5.67ksi< 0y =36 ksi (0. K /) il 75 4_32) y
- 29(10%)(54D\ 2
=1.23in. Ans
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13-68. The W14 X 53 steel column is fixed at its base and
free at its top. Determine the maximum eccentric load P
that it can support without causing it to either buckle or
yield. Eg = 29(10°) ksi, oy = 50 ksi.

18 ft

Section Properties: For a wide flange section W14 x 53,

A=156in> I =541in* r, =589in. I =577in*
d=1392in.

For a column fixed at one end and free at the other end, K = 2.
(KL), =(KL), =2(18)(12) =432 in.
Buckling About y—y Axis: Applying Euler's formula,

- - an],V
T T (KD)?
_ 7(29.0)(10°)(57.7)
- 4322
=88.49 kip = 88.5kip (Control!)  Ans

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

P, 884
O, = — = —— =95, 1 = i !’
«= = eg =567 ksi< oy = S0ksi (0.K))

=)

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

P[ e ((KL), [P
Opax = —| 1+ =sec —
A r2 2r, VEA
88.49|  10(1%22) 432 88.49
=—]1+ sec
15.6 5.892 2(5.89) Y 29.0(10%)(15.6)

=18.73ksi< oy =50ksi (0.K!)

13-69. The aluminumrod is fixed at its base and free at its
top. If the eccentric load P = 200 kN is applied, determine
the greatest allowable length L of the rod so that it does not
buckle or yield. £, = 72 GPa, oy = 410 MPa.

P

5mm4¢

200 mm | [

Section properties:
A=x(0.1%)=0031416m> I= %’(0.1‘) =78.54(10%) m*

3
e ﬁ o [T854008) s
A 0.031416

Yielding:

[ =£ ]+£5x(£{' .f_)
T A r? 2r Y EA

P _20000) _ 2662010 Pa
PRI

e _00050.) _ o
ri 005y

KLy [P 200) 200010
( 2r)V EA - 205 | 7(10°)0.031416) 0.188063L

410(10°) = 6.3662(10°)[1 + 0.2 sec (0.188063 L))
L=834m (controls) Ans

Buckling about x - x axis:

=636 MPa < oy  Euler formulais valid,

>

- n2El
cr '—"'(KL)z
7 2(72)(10°)(78.54)(10°%)

200(10°) =
0010 [.oxLyy?

L=835m
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13-70. The aluminum rod is fixed at its base and free at its
top. If the length of the rod is L. = 2 m, determine the P
greatest allowable load P that can be applied so that the rod s mm#‘lk
does not buckle or yield. Also, determine the largest sidesway

deflection of the rod due to the loading. E, = 72 GPa, 3
oy = 410 MPa.

200 mm ) i

Section properties:

A=1(0.1%) =0.031416 m* = %’(0.1‘) =78.54(10%) m*
-6
re ﬁ= ‘/25_-_51(_‘9._) =005 m
A 0.031416
Yielding :

o, ——’il+”scc(5—l'-vp
"TAL 2r EA)

ec _(0.005)0.1) _
rt 0.05

KL\ [P 22) P _ -3
(Zr) EA - 20.05) | 72(10°)0.031416) =084100107)/P

410(10°)(0.031416) = P(l +0.2 sec (0.8410(10"’)/;))

0.2

By mial and error:
P=320MN  (conwols) Ans

Pap. = n’El - 72(712)(10°)(78.54)(107%)
KLy 2.0

= 3488 kN

Check: Oce =.’ﬁ =..3..48.__8_(.£J_)

=111 MPa < oy OK
A 0031416

Maximum deflection:

P KL
max = ~ =1
. ,(m(\/ﬂ L) )
P KL ' 3.20(10°) 2.0(2)
—— = 1.5045
El 2 72(109)(78.54)(10“)( 2 ) 504

Voaa = 5[sec(1.5045)~ 1] = 70.5 mm Ans
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13-71. 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. F = 200 GPa,
oy = 360 MPa.

130 kN S0kN
120 mm —|._ | |- 80mm
Yy Iy

U =

100 mm

10mm{}-——{}10mm
IR

I 6m y— %JJmOmm—y
o

10 mm

X

Section Properties:

A =0.12(0.1) - (0.1)(0.09) =3.00( 107) m®

_ 1 3y _ 1 3\ -6 4
I --1—2(0.1)(0.12 ) E(0.09)(0.1 ) =6.90(10°) m

T [650(10%)
=\/—=\/___= 047958
=Y a = V30000 - 00478

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

- 130(0.12) -50(0.08)
B 180

=0.06444 m
Yielding About x—x Axis: Applying the secant formula,
P ec (KL), [ P
Opax = —| 1+ —=sec —
A r2 2r, VEA
_ 180(10%) H.0.06444(0.06)560 4.2 [ 180(10%) l
~3.00(10°3) 0.0479582 2(0.047958) ¥ 200(10%)(3.00) (10%) )

=199 MPa Ans

Since G,,, < Oy =360 MPa, the column doesnot yield.

max

Maximum Displacement:
e \/71“ 1
Unax =€ S EIT
= 0.06444) sec| {f —180UD)___ (ﬂ) o
200(10%)[6.90(10-6)]\ 2

=0.02433 m =243 mm Ans
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*13-72. The steel column supports the two eccentric
loadings. If it is assumed to be fixed at its top and bottom, 130kN S0 KN

and braced against buckling about the y-y axis, determine
. . . 120mm—|_ | |- 80mm
the maximum deflection of the column and the maximum vy
stress in the column. £y = 200 GPa, oy = 360 MPa. g —
Section Properties:
100 mm
A =0.12(0.1) - (0.1) (0.09) =3.00( 107) m’ 10 mm —| FT{ F—10 mm
1 i, B
L =l_12(o.1)(o.12’)-1—2(0.09)(0.1’) =6.90(10"*) m* I 6m y— l\: 100 mm — ¥
3 a4
r =\/§= ﬂ(l—o-—)=0.047958m 10 mm
* A 3.00(10-3) x
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)
- 180

=0.06444 m
Yielding About x —x Axis: Applying the secant formula,

_P 1+ec (KL), [ P
Tmax = 1 T35 2 VA

_180(10%) [ +0.06444(0.06)M( 3.00 180(10%) J]

7 3.00(10°3) 0.0479582 2(0.047958) Y 200(10°) (3.00) (10°?)

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

Maximum Displacement:
_ ‘/7 KL)_,
Ugax =€ sec TR
= 0.06444 180(10%) (g) .
= el Y200(10°) (6.90(10-)1 (2

=0.01077 m = 10.8 mm Ans

13-73. A column of intermediate length buckles when the
compressive strength is 40 ksi. If the slenderness ratio is 60,
determine the tangent modulus.

O¢r = ’ - =
oy Ghee
= --——”ZEl
2
(60)
E, = 14590 ksi = 14.6 (10°) ksi Ans
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13-74. Construct the buckling curve, P/A versus L/r,for a

o (ksi)
column that has a bilinear stress—strain curve in compression
as shown.
18
L 13
9
l*-“éz;-
3 f---2 ,
\ AW i‘ln“
H : € (in./in.)
e 0002  0.005
! 4;.5 P e
E = 2 - 65010°) ksi
0.002
E = 18- 1.6667 (10°) ksi
0.005 - 0.002
ForE, = E;
P _ R E _ #(65)(10°) _ 64152
Cu= g AT T 7 T if
(%) () (F)
acr313=i£6;5_)§_“-)3.2; E =70.2
) r
ForE, = E;
P _ 2 (1.6667)(10°) _ 16449
Oge = ; = s = —
*) *)
O =13 = _____11(1.66672)(10’); Lo sse
¢) r
13-75. Construct the buckling curve, P/A versus L/r, for o (ksi)
a column that has a bilinear stress—strain curve in compression
as shown. 50
From Fig. (a) : 25
25 3 .
= = 25(107) ksi
E, 0.001 (10%)
50 - 25 3 .
E; = ————— = 6.25(10°) ksi € (in./in.)
0.005 ~ 0.001 0.001  0.005
ForE, = E; I(kse)
o =P _TE
er < O T 2
4 &
_ 2 (25(10°) _ 247(10°)
= = = 5
) )
3
L
0. =25=1’2_&5’_(2_‘Q; L 993
) §
ForE, = E;
P _ m(625)(10°)
Ocr = A R
)
_ 61.7(10°)
=
*)
7 (6.25)(10°) L g
= E em————— -= 497 .
s 2 l’: \z ’ r 4‘? 7 77.;
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#*13-76. 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

‘AZ(MPL)

Tangent modulus: From the stress— strain diagram,

140(105)
B =001

_ (260~ 140) (10°)
(B), = 0.004—0.001

=140 GPa

=40 GPa

Critical Stress: Applying Engesser’s equation,

N
AN Y)
I

531

Tk (1
Ok

Substituting (£), = 140 GPainto Eq.[1], we have

[of

cr

P
T A

Substitute (£), =40 GPainto Eq.[1], we have

P m[140(10)] P _m[40(10%)]
Ay A

P 138(10% P_ 0.395(10°)
SO A’

P L P L
When = = 140 MPa, — =993 When = = 140 MPa, —=53.1
r

13-77. 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 =n(0025%) =0.625(107) 7 m’
1=7(0.025*) =97.65625(10°) = m*

9
r=ﬁ= 97.65625(10) % _ 0o osm
A 0.625(10%) =

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

AISC Column Formula: Assume a long column. KL KL
Here, — = 40.0(3.555) = 142.2 and for A~ 36 steel, (—r—)
r <

12n2E
= — 2 2 9 KL KL
Futtow 23(55)2 = 2_”_15: 2m[200(10°)] _ 125.7. Since (—) < — <200,
; oy 250(10%) rlor

100(10%) _ 1272[200(10°) ] the assurnption is correct. Thus,
0.625(103) = 23(40.0L)*
L=3555m L=356m Ans
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13-78. Determine the largest length of a W10 X 12
structural A-36 steel section if it is fixed supported and
is subjected to an axial load of 28 kip. Use the AISC
equations.

A=354in’

Fora W10x 12, r, =0.785 in.

Assume a long column :
12n%E
23(KL/r)?

(55)2= 12 7°E _\/ 12%2E _ 12;:2(29)(103)_1374
r 23 Gaitow ¥ 23 Ouliow 23(7.91) ’

Oallow =

() B, 12,2

Long column.

KL =137.4
r

L= 137.4(1) = 137.4(0‘—7’?) =215.72in.
X 05

L=180ft Ans

13-79. Determine the largest length of a W12 X 45
structural A-36 steel column if it is pin supported and
subjected to an axial load of 200 kip. Use the AISC
equations.

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

A=13.2in’ r,=194in

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

(KL) 1D osiss
r), 194

AISC Column Formula: Assume a long coluran.

1272E
CON

200 121:'2! 29(10%)

132 23(0.5155L)2
L=192.6in.

O,

allow =

KL KL
Here, - = 0.5155(192.6) = 99.27 and for A- 36 steel, (—)
r

IPE  [22[29(10° KL (KL
= 1/— = \/M = 126.1. Since ~E <(—J ,
Oy 36 r rJe

the assumption is not correct. Thus, the column is an intermediate column.

Applying Eq.13-23,

[ (KLID?

B 2(KL/r)f.|oY
3(KLIn _ (KLID?
8(KLIr), 8(KLIn?

Callow = 5

Fl _(0.5155L)?
00 2(126.12)

4

](36)
1325 _3(051S5L) (05I55L)

3V 326 8(126.1%)

0=28.538213(107) L’ - 19.851245(10°) L*
- 1.1532011(107°) L+0.709333

Solving by trial and error,

L=15873in. =13.2ft Ans
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#*13-80. Determine the largest length of a W8 X 31
structural A-36 steel section if it is pin supported and is
subjected to an axial load of 80 kip. Use the AISC
equations.

For aW8x31 A=9.13i> r =202in.
P_ &

0= — = —— =8.762 ksi
A 913
Assume a long column:
S 127 %E
oY = 3KL/r?
KL 1272 2
(__) = ‘[ =’k . \/ 12272900 _ 13054
r 23 Oattow 23(8.762)

2 2
(_155) =‘/21r E=‘/2ﬂ @A) _ 1re 1
r Oy 36

KL (KL
—;— > (—;—), (Assumption OK)
KL 13054

r

L= 130.54(%20%) =263.7in.=22.0ft Ans

13-81. Using the AISC equations, check if a W6 X 9
structural A-36 steel column that is 10 ft long can support an
axial load of 40 kip. The ends are fixed.
Section Properties: For a W6 x 9 wide flange section,
A=268in’ r, = 0905 in

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

(KL) _05(10)(12) _ 66.30
r), 0905
2
AISC Column Formula: For A-36 steel, (ﬁ') = 2: E
rJe v

[2 2[29(10°
= —”—%%: thS.l.Sinccﬁ <(—K—L) , the column is an
r rJe

intermediate column. Applying Eq.13 - 23,

” (KLIn? ]
l-—-—loy

Ouow = 2(KL/n; The allowable load is
S 3(KL/ip (KLIP?
3 8(KL/D, 8(KL/n? Piiow = OuonA
[ _ (66.30%) ](36) =16.809(2.68)
- 2(126.12) =45.05kip>P=40kip (0.K!)
ER 3(66.30) _ (66.30%)
3 8(126.1) 8(126.13) Thus, the column is adequate. Ans
= 16.809 ksi
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13-82. Using the AISC equations, select from Appendix B
the lightest-weight structural steel column that is 14 ft long
and supports an axial load of 40 kip. The ends are pinned.
Take oy = 50 ksi.

Try, Wox15 (A=443in">  , =146in.)

=107

(__ )= ‘/2:: 2E 2:: 2(20)(10°)
50

(&):w =115.1, (EL‘)>(&)C
n 1.46 ry r

Long column

1272E _ 12m%(29)(10°)

- = 1128 ksi
BEKL/E | 23(115.17 '

Oallow =

Pitiow = OanowA
=11.28(4.43) =500 kip > 40kip OK

Use W6 x 15 Ans

13-83. 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 W6x9 A=268in* r, =0.905in.

2 2
(g)c =‘/2n E=‘/2n (29)(1()3)=126.1
r Oy 36

KL _05(12)(12)

=79.56

r, 0905

KL KL

(_"')l:

Ty

Intermediate column
- l( KL/r )2]0 1- 79.562 36 ksi

OCaliow = e : = [ f( ) ] 1 = 15.40 ksi

T Sl Fa 1 T )~ FEPr
Panow = GanowA

= 15.40(2.68)

= 41.3 kip > 40 kip oK

Use W6x 9 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 14 ft
long and supports an axial load of 40 kip. The ends are fixed.

Try W6x9 A=268in° r, =0905in.

2 2
(55) =\/2n E=‘/2n @nae) _ o
r Oy 50

KL _ 0.5(14)(12)

=92.82
ry 0.905
KL (KL)
—_—<|—]
ry r
Intermediate column
S (7=, S (B C 0

O = 1633 ki

B+ 3G - 1o G+3C5H -1

Paiow = GantowA
= 16.33(2.68)
= 43.8 kip > 40 kip OK

UseW6x9 Ans

13-85. 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.

Section Properties: Try a W8 x 48 wide flange section,
A=141in r, =2.08in

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

(K_L) - 0.5(30)(12) —86.54
y

r 2.08

KL 2mE
AISC Column Formula: For A-36 steel, (—r-) = -
3 Y

[ 2 KL (KL .
= 2”_[2396“_03)_]= 126.1.Since—<(—) , the column is an
r r ).

intermediate column. Applying Eq.13-23,

| (KLY
2(KLIN? | Y

Cutow = The allowable load is
#low =5 3(KLIr)  (KLIP?
3V SR KL
3 8(KLIn), 18(KL/r)‘ Pitow = Ouiou A
| (86.54 (36) =14.611(14.1)
_ 2(126.12) =206 kip> P=200kip (0.K!)
B 5+3(86‘54) _ (86.54Y)
378(126.1) 8(126.13) Thus, Use W8 x 48 Ans
=14.611 ksi
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13-86. Determine the largest length of a W8 X 31
structural A-36 steel section if it is pin supported and is
subjected to an axial load of 18 kip. Use the AISC

equations.

Section properties: For W8x31 7, =2.02in. A = 9.13in’

Assume it as a long column:

127 E (ﬂ)z _ 12A2E
23 (KL )2 ' 23 Galtow

KL _ [127E
r 23 Callow
18

P .
Here G,1ow = Z = m = 1.9715 ksi

3
KL, V-———-——-——u”z 2NUD) _ 2752 > 200
r 23 (1.9715)

Thus use -Ig—l: = 200
r

Oillow ~
r

1.0 (L) = 200
2.02
L = 404in. = 33.7ft Ans

13-87. Determine the largest length of a W6 X 16
structural A-36 steel column if it is pin supported and
subjected to an axial load of 70 kip. Use the AISC

equations.

Section Properties: For a W6 x 16 wide flange section,

A=474in° r, = 0.966 in
Slenderness Ratio: For a column pinned at both ends, XK = 1. Thus,

(ﬁ) 1D ossar
), 0966

AISC Column Formula: Assume it is a long column.

_ 127E
23(%)°

70 1272[29(10%)]

474 ~ 23(1.0352L)2

Oatlow

L=97.14in.

KL KL
Here, — = 1.0352(97.14) = 100.6 and for A—- 36 steel, (—)
r <

r
2mE /2112[29(103)] . KL (KL
=\—= —=126.1.Smcc—<(——-),the
oy 36 r rJe

assumption is not correct. Thus, the column is a intermediate column.

Applying Eq.13-23,

[ (KL/D?
_2(KL/r)§] Y

3(KL/IA _ (KLID®
8(KL/n, 8(KLIN}

Tattow = 3

[ _(1.0352L)2 (36)
70 2(126.12)

4745 3(1.03520) (1.0352L)°
37 78(126.1)  8(126.13)

0=69.157737(10) L* -82.143521 (107°) L?
~3.078517(107°) L+0.771048

Solving by trial and error,

L =282.2905in. = 6.86 ft Ans
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*13-88. The bar is made of a 2014-T6 aluminum alloy. 600 Ib

Determine its thickness b if its width is 5b. Assume that it is

pin connected at its ends. b ?
b

Section Properties:

A =b(5b) = 5b°
1 N S ..

=—(5h)( b = —

L=500(8) =56 8t

e B,
r =y== = —
’ A 50 6

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

(KL) _ 1(8)(12) _ 332.55 L
rJ, ?b b

600 Ib
Aluminum (2014-T6 alloy) Column Formulas: Assume a
long column and apply Eq.13 - 26.
o o 34000
allow = (KLIn?
0.600 54000
TShT 73325502
S5b ( 337[.,,55)
b=0.7041 in.
KL 33255 . KL L.
Here, — = ——— =472.3. Since — > 55, the assumption is correct
r 0.7041 r
Thus,
b=0.704 in. Ans
13-89. The bar is made of a 2014-T6 aluminum alloy. 600 1b
Determine its thickness b if its width is 5b. Assume that it is
fixed connected at its ends. b o
= {sb
Section Properties:
A = b(5b) = 5b°
1 N
ly—E(Sb)(b)-Eb S gt

r, :\/Z: ISZE::_‘/E[)
’ A Y sp 6

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

KL) _ 0.5(8)(12) _ 166.28
(= "5 b /(

600 Ib

Aluminum (2014 -T6 alloy) Column Formulas: Assume a
long column and apply Eq. 13 - 26.

54 000
Oallow = 7733
(KLIn?
0.600 54 000
Sh T T iesasv?
()

b =0.4979 in.

KL 166.28 . KL Lo
Here, — = ———— =334.0. Since — > 55, the assumption is correct.
0.4979 r
Thus,

b=10.498 in. Ans
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13-90. The 2-in.-diameter rod is used to support an axial 8kip I L 1 8kip
load of 8 kip. Determine its greatest allowable length L if it —» T A

is made of 2014-T6 aluminum. Assume that the ends are pin 2 in.

connected.

Section Properties:

A=7r(11)=7z in?

1=7(1*) =0257 in"

1 0.257 i
r=y—= =0.500 in.
A r

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

KL_1W) oo
r 0500

Aluminum (2014-T6 alloy) Column Formulas: Assume
a long column and apply Eq. 13 -26.

o 54000
allow = (KL/I')Z
8 _ 54000
© (2.00L)2
L=72811n.

KL . KL -
Here, — = 2.00(72.81) = 145.6. Since — > 55, the assumption is
r r

correct. Thus,

L=728lin. =6.07 ft Ans

13-91. The 2-in.-diameter rod is used to support an axial
load of 8 kip. Determine its greatest allowable length L if it
is made of 2014-T6 aluminum. Assume that the ends are
fixed connected.

8kip I L 7 8kip
- <

2 in.

Section Properties:

A=n(1*) =7 in’

1=2(1*) = 0257 in’

,I ,0.257: i
r={\—= =0.500 in.
A T

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

(KL) 05w e
r), 0500

Aluminum (2014-T6 alloy) Column Formulas: Assume a
long column and apply Eq.13-26.

o 54000
allow = (KLIn?
8 54000

x  (1.00L)?
L=1456in.

KL . KL Lo
Here, — = 1.00(145.6) = 145.6. Since — > 55, the assumption is
r r

correct. Thus,

L=1456in. = 12.1ft Ans
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#*13-92. The tube is 0.25 in. thick, is made of a 2014-T6
aluminum alloy, and is fixed at its bottom and pinned at its
top. Determine the largest axial load that it can support.

Section Properties:

A =6(6)—-5.5(5.5) =575 in’
_1 3y _ 1 3y _ 4
= 12(6)(6 ) 12(5.5)(5.5 ) =31.7448 in

_‘/T_ SLTEE ) e
TEYATV 55 Tt

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

E _ 0.7(10)(12)

T = 23w ST

Aluminium (2014 -T6 alloy) Column Formulas: Since

KL
12< - < 55, the column is classified as an lintermediate column.

Applying Eq. 13 - 25,

KL
Oullow = [30.7—0.23(—)] ksi
r
=[30.7-0.23(35.75)]

=22.48 ksi
The allowable load is
Pitow = GuniowA = 22.48(5.75) = 129 kip Ans
13-93. The tube is 0.25 in. thick, is made of a 2014-T6 P
aluminum alloy, and is fixed connected at its ends. x '
Determine the largest axial load that it can support. 6in. 6in

y

Section Properties:

A =6(6)—5.5(5.5) =575 in’
_1 5y _1 3y _ 4
1-12(6)(6) 12(5‘5)(5‘5)'31'7448‘"

_\/T_ (31.7448_23496_
TFYATV s TSR

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

KL _0.5(10)(12) 2554
r 23496

Aluminum (2014-T6 alloy) Column Formulas: Since

KL
12< - < 55, the column is classified as an intermediate column.

Applying Eq.13-25,

Cuton =[3o.7—o. zs(ﬁ)] ksi
r

=[30.7-0.23(25.54)]
=24.83 ksi

The allowable load is

Putow = CutowA = 24.83(5.75) = 143kip  Ans
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13-94. The tube is 0.25 in. thick, is made of 2014-T6
aluminum alloy and is pin connected at its ends. Determine
the largest axial load it can support.

Section Properties:

A =6(6)=-5.5(5.5) =575 in®
_Leey-L Y = 317448 in
I= 12(6)(6 ) 12(5.5)(5.5 ) =31.7448 in

_‘/T_ [BL7448 161
r= A-—- 575 =z n.

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

KL _1(10)(12) _
= TZ3avs MO

Aluminum (2014-T6 alloy) Column Formulas: Since
KL
12 < — < 55, the column is classified as an intermediate column.
r

Applying Eq. 13 - 25,

uttow = [30.7—0.23(Q)] ksi
r
=(30.7-0.23(51.07)]

= 18.95 ksi
The allowable load is

P

a|

How = OunowA = 18.95(5.75) = 109 kip Ans

13-95. The bar is made of aluminum alloy 2014-Té6. {00 1b
Determine its thickness b if its width is 1.5b. Assume that it
is pin connected at its ends. b

Section properties :
A=15p L = I1,_;(1.51;)(1;’) =0.125 p°

T [o1256 5 gt
=1/_=‘/ =02887 b
"EVaTV e

P 08 0.5333
‘_’allnw e e —

A 15p »

Assume long column :
54 000

(KL/r)? 800 Ib

Callow =

0.5333 _ 54000
P [C0emy

b =0.808 in.
ry, = 0.2887(0.808) = 0.2333 in.

KL _ (L0(5)(12)

=257
r 0.2333
ﬁ >55  Assumption OK
Ty

Use b =0.808 in. Ans
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*13-96. Using the AISC equations, check if a column 350
having the cross section shown can support an axial force of 20 mm f - mHLi 20 mm

1500 kN.The column has a length of 4 m, is made from A-36 T
steel, and its ends are pinned. ! 300
? mm
10 mm l

Section Properties:

A =0.3(0.35) -0.29(0.31) = 0.0151 m’
1 1
L= 1—2(0.04)(0.3’) +E(0.31)(0.m’) =90.025833(107°) m*

i 02583(10-5
r=y2= 90025831079 _ 077214 m
»=Ya 0.0151

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

KL 1(4)
(—) = =51.80
Cr ), 0077214

KL 2mE
AISC Column Formula: For A-36 steel, (—) = p
r Je Y

272 (200(10%)] . KL (KL .
= || ———— =125.7. Since — <(—) , the column is an
250(1098) r r /.

intermediate column. Applying Eq. 13 -23,

(KLIn?
l-———— |0y
o - 2(KL/n?
dlow 5+3(KL/r) (KL/P?
3 8(KL/n, 8(KLIN?

The allowable load is

) Bitow = Tuiiowd
1- SL80) (250) (10%) 6
s =126.2(110°) (0.0151)
- 5+3(51.80) (51.80%) =1906 kN> P=1500kN (0.K!)
3 8(125.7) 8(125.73)
Thus, the column is adequate. Ans

=126.2 MPa

13-97. A 5-ft-long rod is used in a machine to transmit an
axial compressive load of 3 kip. Determine its diameter if it
is pin connected at its ends and is made of a 2014-T6
aluminum alloy.

Section properties:
s r d* =nd
A==d°, I==() = —
4 4 (2) 64
LT 4
A i
_pP_ 3 3.820
Callow “K" ;—'d" dz
Assume long column:
KL _1.0(512) _ 240
r -f— d
o 54 000 3.820 _ 54000
allow 2 = = 2
O I € 5
d= 142in. Ans
KL_20 _ 169555 (0K
r 1.4
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13-98. Solve Prob.13-97 if the rod is fixed connected at its

ends.
Section properties:
. 4 4
a=%g, 1=24 .24
4 4 2 64
r = ﬁ = 56_:—‘ = g
A $d2 4
o _P_ 3 3820
allow -Z—%’d’—_&_’—
Assume long column:
KL _ 1.0(5(12) _ 240
r g— d
54 000 3.820 54000
Callow = —3 T T3
(ELy N
d= 142in. Ans
KL 240
—_= — = 169 > 55 (0]
r 1.42 oK

13-99. The timber column has a square cross section and e
is assumed to be pin connected at its top and bottom. If it

supports an axial load of 50 kip, determine its side |
dimensions a to the nearest %in. Use the NFPA formulas.
Section properties:
A=d? Outow 3 0= 2 =30 14 £t
A a?
Assume long column: 7
o 540
allow = 575
&y
S0 540 |
2 (4906502 e
a=7.15in.

KL (1.0)(1
— = L_)_(_‘.‘l(‘_zl =235, %L- < 26 Assumption NG

d 7.15
Assume intermediate column:
Oaliow = 1.20[1-—.:;(_%1) 2
2 1201 —%( uﬁlﬂ)
a=745in. Ans

KL _ 1.0014)(12)

KL
=2253, 11 < — i
7 745 1< y <26  Assumption OK

Usea= 7%in. Ans
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*13-100. Solve Prob. 13-99 if the column is assumed to be s
fixed connected at its top and bottom. ——————
T

Oallow = O =

>1%
%18

14 ft
Assume long column:

540 a — l—
(KL/dy*
50 540
2 (05089022
a?  (HEy

a=5.056 in.

Callow =

KL = 03149a2) = 16.615, kL <26  Assumption N.G.
d 5.056 d

Assume intermediate column:

1 KL/
0, =1.20[1=-=(——
allow [ 3( 25.0) ]
50 1 05(14)(12) 2
= =120[1~--(—2&—
a? ) 3( 26.0 4
a=6.72in.

KL_0508032) _1hs, 11 <X <26 Assumption OK
a° en d

Use a=7.00in. Ans

13-101. The wood column is used to support an axial load
of P = 30 kip. If it is fixed at the bottom and free at the top,
determine the minimum width of the column based on the
NFPA formulas.

P
/<<<¥\§
A
6 in.
Section properties:
P 30 5
A =6d, Outiow =7 =2 =5
Buckling about x-x axis:
d<6in. 81t
Assume long column:
o _ 540
allow "—( %,:)z
540 }

3.4
d (2(82(12) )2

Long column
d= 699in > 6in.  Assumption N.G.
by 40
Buckling about y-y axis: slow = KL/dy
d>6in. 5540
d 32
KL_20028 4 26<X <50
d 6 d d=948 in. > 6in. OK  Ans.
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13-102. The timber column has a length of 20 ft and is pin P
connected at its ends. Use the NFPA formulas to determine
the largest axial force P that it can support.

8 in.

8in.

20 ft
Slenderness Ratio : For column pinned at both ends , X = 1. Thus,

KL _1(20)(12) _
d 8

30

NFPA Timber Column Formulas: Since 26 < % <50, itis a
long column. Apply Eq.13 -29,

o o540
allow = (KL/d)z

=40 5600 ksi
T3

ksi

The largest axial force is

P=0,,,,A=0600[8(8)] =38.4kip  Ans

13-103. The timber column has a length of 20 ft and is
fixed connected at its ends. Use the NFPA formulas to
determine the largest axial force P that it can support.

8in.

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

KL _0.5(20)(12) -

— 15.0
d 8

KL ..
NFPA Timber Column Formulas: Since 11 < - < 26, itis an

intermediate column. Apply Eq.13-28,

1/KLId
Oallow = 120[1 - 3(—2?6')] ksi

- 1201 1(15.0)’
o 3126.0

= 1.067 ksi

The largest axial force is

P=0,.,.A=1067[8(8)] =68.3kip  Ans
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*13-104. The column is made of wood. It is fixed at its
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. 2 1;%

Slenderness Ratio: For a column fixed at one end and free at the other
end, K = 2. Thus,

KL 2(L)
— = —==1.00L
7 2 1.00
NFPA Timber Column Formulas: Assume a long colurn.
Apply Eq.13-29,
o, =% ksi
slow = TR 7a)?
2 540

2(3) _ (1.00L)?
L =46.48in
KL KL i
Here, - = 1.00(46.48) = 46.48. Since 26 < i < 50, the assumption
is correct. Thus,

L=46.48in. =3.87 ft Ans

13-105. The column is made of wood. It is fixed at its
bottom and free at its top. Use the NFPA formulas to
determine the largest allowable axial load P that it can ,, *

support if it has a length L. = 4 ft. v e

b/

Slenderness Ratio: For a column fixed at one end and free at the
otherend, K =2. Thus,

KL _2(4)(12) _

48.0
d 2

KL
NFPA Timber Column Formulas: Since 26 < 7 <50, itis a
long column. Apply Eq.13-29,

540
Calow =~ ksi
(KLId)?*
540
T 48.02
=0.234375 ksi

The allowable axial force is

= OLllow

P

allow

A =0.234375[2(4)] = 1.875 kip Ans
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13-106. The W14 X 53 structural A-36 steel column
supports an axial load of 80 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 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.

Section Properties: For a W14 x 53 wide flange section,

A=156in" d=1392in. I =541in* r, =589in.

r, =1.92in.

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

(fl_.) _2pay o
Y

1.92

r

Allowable Stress: The allowable stress can be determined using

KL I7E
AISC Column Formulas. For A-36 steel, (_) =1/ 7
rJe oy
R0
= ”[—36(—)]-= 126.1. Since (ﬁ) 55115200. the column
r e r

is a long column. Applying Eq.13-21,

1272E
23(KL/n?
_ 1272(29.0)(10°)
T T 23(1508)
=6.637 ksi

allow =

80 kip?

12 ft

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

P Mc
Omax = Tallow =;+T

p+so+P<10)(‘—’#)

6.637 =
15.6 541

P=7.83kip

13-107. The WI12 X 45 structural A-36 steel column
supports an axial load of 80 kip in addition to an eccentric
load of P = 60 kip. Determine if the column fails based on
the AISC equations of Sec.13.6 and Eq. 13-30. Assume that
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.

Section Properties: For a W12x 45 wide flange section,

A=132in" d=1206in. [ =350in' 7, =5.15in.

r,=1.94in.

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

(’E) 220D e ss
y

r 1.94

Allowable Stress: The allowable stress can be determined using

KL 2mE
AISC Column Formulas. For A-36 steel, (-——) = >
r Je Y

[ 2(29(1
= M =126.1. Since (ﬁ) < ﬁ' < 200, the column
36 rj). r

is a long column. Applying Eq.13 -21,

12RE
23(KL/n?
_ 127%(29.0) (10°)
T T 23(148.45%)
=6.776 ksi

Callow =

y v 10in.

12 ft

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

max

P Mc
C, = — 4 —
A
_ 14 +60(10)(#2)

132 350
= 20.94 ksi

Since 0, > O, 0w, the column is not adequate.
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*13-108. The W8 X 15 structural A-36 steel column is P
fixed at its top and bottom. If it supports end moments of M
M = 5kip-ft, determine the axial force P that can be pava B2
applied. Bending is about the x—x axis. Use the AISC y i
equations of Sec. 13.6 and Eq. 13-30. *
Section properties for W8x 15 :
A=444in’ [ =480in' r, =0876in. d=8.11in.
16 ft
Allowable stress method :
KL 0.5(16)(12)
—_— = — = 109.59
r, 0876
2r2 2 3 \T
&L, =‘/ n E=‘/2n @)10) _ e M
r Oy 36 P
KL KL
(—"‘)c
Ty
[l f( A’Ur )Zla.y (l 109.59)1136
(G daitow = = 12¢] = 11.727 ksi
[%+i_((l’l/,l'c) r( XUI )3] [3_+i(109.59) %(109.i9)3]
P M
Omax = (04 hallow = Z + Tc
811
1727 = £ 30250
4.44 48
P=296kip Ans
13-109. The W8 X 15 structural A-36 steel column is P
fixed at its top and bottom. If it supports end moments of M
M = 23 kip- ft, determine the axial force P that can be o < Y
applied. Bending is about the x—x axis. Use the interaction y
formula with (op)anow = 24 ksi. x
Section properties for W8 x 15 :
A=444in®> [ =480in' 1, =0876in. d=8.11in.
Interaction method : loft
KL 05(16)(]2)
T 0876 10939
2 — :
2
el 2, - ‘/2;: E ‘/2;: @NAP) _ 1, KL (KLL M
36 r
P
11 - 3 Gere) 1o 1 - JOE22Y136 .
Oz allow = = 11.727 ksi
e B e - e B 1R - 1T ‘
o.=L=2 _onsp
A 44 -
= MTC = ?—3(12)(——_7—") =23.316 ks
[ A + O =1
(G ariow (G5 Datiow
Q2:252F 23316, Note: % . 02252048) _ 40285 <0.15
11.727 24 [CA R 11.727
P=148kip Ans Therefore the method is allowed.
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13-110. The W12 X 22 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 a W12x 22 wide flange section,

A=648in" b =4030in. [ =466in' r =0.847in.

Slenderness Ratio: By observation, the largest slenderness ratio is

abouty -y axis. For a column fixed at one end and free at the other end,
K =2.Thus,

KLY _2(6)(12) _
( r ), = oga7 L7001

Allowable Stress: The allowable stress can be determined using

2
AISC Column Formulas. For A- 36 steel, (fl-‘) =\/2—’f
r Je Oy

[27:2 29(10° K
= -———[R(—L] =126.1. Since (—L) < -12 < 200, the column
r r

is a long column. Applying Eq.13-21,

127°E
23(KLIn?
_ 1272(29.0)(10%)

23(170.012)
= 5.166 ksi

Tallow =

Maximum Stress: Bending is about y — y axis. Applying Eq.13 - 30,

we have

cmll = d

.‘.‘.‘<\<

{
AN
1\

=—+

P
allow ;
P P(12)( %%
PRT T P A e G ) )(432)
43 4.66

Mc
1

13-111. The W10 X 15 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 aW10x 15 wide flange section,

A=441in" b =4000in. r, =0810in. [ =289in*
Slenderness Ratio: By observation, the largest slenderness ratio is

abouty —y axis. For a column fixed at one end and free at the other end,
K =2. Thus,

= =177.78
r

(ﬂ) _29U2)
, 0810

Allowable Stress: The allowable stress can be determined using
KL 2mE
AISC Column Formulas. For A-36 steel, (—) = -
rJe ¥

we have
is a long column. Applying Eq.13-21,

1272E
23(KL/?
_ 1272(29.0)(10%)

23(177.78%)
=4.725 ksi

OLilow =

P Mc
= Otow = 7+ —
A T
P(12) (4322
s P PUD(AER)
4.41 2.89
P =0.554 kip Ans

Xzl
soe

{
AN
1\
N

7

_ /27:1[2396( 1)) _ 126.1. Since (f__l:) < KL <200, the coluran Maximum Stress: Bending is about y — y axis. Applying Eq. 13- 30,
r)-r
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#13-112. The W10 X 15 structural A-36 steel column is P
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.

.‘.‘.‘<\<

%
N\
L\

Section Properties: For a W10x 15 wide flange section,
A=44lin* b =4000in. r,=0810in. I =289in*

Slenderness Ratio: By observation, the largest slenderness ratio is 6 ft

abouty -y axis. For a column fixed at one end and free at the other end,
K =2. Thus,

=——=17778
r

(%) - 200
, ~  0.810

>
Allowable Stress: The allowable stress can be determined using

KL [2mE . o . )
AISC Column Formulas. For A- 36 steel, (-—) V= Maximum Stress: Bending is about y ~ y axis. Applying Eq.13 - 30,
3 Y

we have
,2 2[29(10° K KL
= L[_S_é(__)_]. = 126.1. Since (—E) < — <200, the coluran
r). r

- _ P+Mc
is a long column. Applying Eq.13 21, TA T
2 202482
1222E VTR T
23(KL/n? = 17.06 ksi
_1272(29.0)(10°)

T T23(177.789) Since 64, > G0y the column is not adequate. Ans
4.725 ksi

Oallow =

13-113. The W12 X 22 structural A-36 steel column is P
fixed at its bottom and free at its top. If it is subjected to a

load of P = 4 kip, determine if it is safe based on the AISC

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

.‘.‘.‘<\<

{
\

4

Section Properties: For a W12 x 22 wide flange section,

A=648in" b =4030in. I =466in' r =0.847in.
Slenderness Ratio: By observation, the largest slenderness ratio is

abouty —y axis. For a column fixed at one end and free at the other end,
K =2. Thus,

=———=17001 ~J
r 0.847

(K - 200
y

Allowable Stress: The allowable stress can be determined using

K 2
AISC Column Formulas. For A= 36 steel, (—L) = \/2" £
r Je o')’

Maximum Stress: Bending is about y —y axis. Applying Eq. 13 - 30,
272[29(10%)] X KL KL h
7= = 126.1. Since (—] < — <£200, the column we have
r <

r
is a long column. Applying Eq.13-21,

P Mc
Onax =5+
A I
2n? .
Outow = _ ()
23(KL/r) T 6.48 4.66

_ 127%(29.0) (10%) =21.37ksi
~ T 23(170.012%)
=5.166 ksi

Since 0, > O, j0w, the column is not adequate.
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13-114. A 20-ft-long column is made of aluminum alloy P
2014-T6. If it is pinned at its top and bottom, and a

compressive load P is applied at point A, determine the A /
maximum allowable magnitude of P using the equations of 525 in. i - ~0.51n
Sec.13.6 and Eq. 13-30. Y05 in A

¥
«— 0.5in.
Py | in

A =10(11) - 10(9.5) = 15.0 in® <
1 3 1 3 . 4
=— 11°) == (9.5)(10°) =317.5
L 12(10>( )-55¢ )(10%) in

Section Properties:

1 4 1 3\ _ . 4
1 _6(1)(10)»(6(10)(0.5 ) =83.4375in

f [83.4375
r, = £’~ = =2.358 in.
y A 15

Slenderness Ratio: The largest slenderness ratio is abouty —y axis.
For a column pinned at both ends, K = 1.0. Thus,

(Q) _eoay oo
y

r 2.358

Allowable Stress: The allowable stress can be determined using the

KL Maximum Stress: Bending is about x — x axis. Applying Eq. 13 - 30,
aluminum (2014 - T6 alloy) column formulas. Since - > 55, the we have
column is classified is a long column. Applying Eq.13 - 26, oM
Omax = Oaltow = T+ =
54 000 A
Guttow =| XLIm? ksi sa152 P PB29)(55)
54 000 150 3175
“ToL76
=515 ksi P=33.1kip Ans

13-115. A 20-ft-long column is made of aluminum alloy
2014-T6. If it is pinned 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) ap0w = 20 ksi.

Section Properties:

A =10(11)-10(9.5) = 15.0 in®

1 3 __1_ 3y _ .4
1,_3(10)(11) l2(95)(10)_317.5m

1 3y, 1 3 L4
= — — . =834
I, 12(1)(10)4»12(10)(05) 83.4375 in

ro= e =272 C s 6otin,
YA 15

4
r =\’IL=\ 8 375:2.358i.n.
4 A 15

Slenderness Ratio: The largest slenderness ratio is abouty —y axis.
For a column pinned at both ends, K = 1.0. Thus,

=——————=10176

KLY _10(20)(12)
(—— ), 2358

r

Allowable Axial Stress: The allowable stress can be determined ) )
KL Interaction Formula: Bending is about x —x axis. Applying
using aluminium (2014 - T6 alloy) column formulas. Since - > 55, Eq.13-31, we have

the column is classified as a long column. Applying Eq.13 - 26,
P/A MclAr?

—_—_—t =
() _[ 54000 ksi (Fa)atow  (F8)atiow
a%allow = | (KL /7?2 19/1540+ P(5.25)(5.5)/15.0(4.601%) _ |
_ 54000 5215 20 =
101.762
=5.215ksi P=57.7kip Ans
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#13-116. Check if the wood column is adequate for
supporting the eccentric load of P = 600 Ib applied at its
top. It is fixed at its base and free at its top. Use the NFPA
equations of Sec. 13.6 and Eq. 13-30.

Section Properties:

A=4(2)=800in
1
L= E(2)(4’) = 10.6667 in*

Slenderness Ratio: For a column fixed at one end and free at the other
end, X =2. Thus,

KLy 290 _ oo .
d ), ST % Maximum Stress: Bending is about x — x axis. Applying Eq. 13 - 30,
we have
Allowable Stress: The allowable stress can be determined using S
KL _ _ Mc
NFPA timber column formulas. Since 26 < =< 50, itis a Omax = Oyitow = a7
long column. Applying Eq.13 -29, 0.234375 = Baitow AT CUC)]
8.00 SN
540 .
Cullow = (KLia: ksi Biiow =0.341 kip = 341 Ib
540 . .
Ty 0.234375 ksi Since B;,,, < P=600 Ib, The column is not adequate. Ans

13-117. Determine the maximum allowable eccentric
load P that can be applied to the wood column. The column
is fixed at its base and free at its top. Use the NFPA
equations of Sec.13.6 and Eq. 13-30.

Section Properties: /
41t

A=4(2)=8.00in’
1
L= TE(2)(4’) =10.6667 in* [

Slenderness Ratio: For a column fixed at one end and free at the other
end, K =2. Thus,

(ﬂ) S20MD g0
y

d 2
Allowable Stress: The allowable stress can be determined using
NFPA timber column formulas. Since 26 < fdf <50, itis a
long column. Applying Eq.13-29,
0, L ksi
nllow_(KL/d): L

540
48.02

=0.234375 ksi

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

we have
P Mc
Omax = Tutiow = T+ —
A 1
0.234375 = L + PO @)
8.00 10.6667
P=0341kip=3411b Ans
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13-118. The W14 X 43 structural A-36 steel column is 40 kip
fixed at its bottom and free at its top. Determine the P
greatest eccentric load P that can be applied using %6 in.
Eq.13-30 and the AISC equations of Sec. 13.6. .

.-»(

i

¢

Section properties for W14 x 43 :
A=126in" d=13.66in.
L =452in* r,=189in 10 ft
b=7.995

Allowable stress method :
E—l-' = —-———-2(10)(12) =126.98 N g
Ty

2 2
&, = \[ ZE. V 222 @) _ 1564, 200> KL 5 (KL,
r Oy 36 r

Ty

125%E _ 127%(29)(10%)

- =9.26 ksi
KL/ 23(126.98) !

((-A )A)low =
P M
Omax (du)lllow— A + I,

P+40 PA6KIP2)
126 452

9.26 =

P=407kip Ans

13-119. The W10 X 45 structural A-36 steel column is
fixed at its bottom and free at its top. If it is subjected to a

P
load of P = 2 kip, determine if it is safe based on the AISC 16 in
equations of Sec. 13.6 and Eq. 13-30. < '

40 kip

b
\

Section properties for W10 x 45
A=133in® d=1010in.
L, =534in* r,=201in
b =8.020in. 10 ft

Allowable stress method :

KL _20000012) 194
Ty

2, o [ [,
r Oy 36

KL
& < (—)¢
r r

(XL/r)?
U-Yaoanor (- 37136
] 9. 11194
HIBED- 1SS Tt - vaEy

= 10.37 ksi

(o'a )lllo' 2
P M, c
(Caatiow = Z + _I,L

42 206)(2%L)
10372 33 534

10.37 2 5.56 OK Column is safe.

Yes. Ans
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*13-120. The 10-ft-long bar is made of aluminum alloy
2014-T6. 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 fomulas in Sec. 13.6 and Eq. 13-30.

Section Properties:

A =6(4) =24.0 in’
1 3 .
1 =—E(4)(6 ) =720in*

L= l—lz(e)(4’) =32.0in*

I (320 )
ro=y%=y>==1155kn.
E R

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

(‘K_L) _ 0.7(10)(12) 7275
y

r 1.155

Allowable Stress: The allowable stress can be determined using
KL

aluminum (2014 - T6 alloy) column formulas. Since — > 55, the
r

column is classified as a long column. Applying Eq.13 - 26,

54000 7, .
Oalow =| 72773 ksi
(KLIn)?
54000
72752
=10.204 ksi

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

P Mc
Omax = Tatlow = a + vz
P .5
10204 = 4, PUHG)
24.0 72.0

P =98.0kip

13-121. The 10-ft-long bar is made of aluminum alloy
2014-T6. 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) ,10w = 18 ksi.

Section Properties:

A =6(4) =24.0in’
1
L= -l-i(‘z)(s’) =72.0in"

1 .
8 =E(6)(4’) =32.0in*

A /72.0 .
I;—J;— m—1732m
—\/T~‘/32'0-1155'
YEYa TV T 0

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

KL X
(__) 2740 o) 55
y

r 1.155

Allowable Stress: The allowable stress can be determined using
KL
aluminum (2014 - T6 alloy) column formulas. Since — > 55, the
r
column is classified as a long column. Applying Eq.13 - 26,

54 000 X
(02) 4110w =[(_I{Tr)2] ksi
54000

T 72752
= 10.204 ksi

Interaction Formula: Bending is about x — x axis. Applying
Eq.13-31, we have

PIA Mc/AP {
(%) aow  (T6)atow
P/24.0 . P(1.5)(3)/24.0(1.732?) -1
10.204 18 N
P =132kip Ans
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13-122. 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.

2.2 _ 532
YRR
26 <4325 50
Use Eq. 13-29,
540 540
Outtow = ——— = ——_ = 0.2894 ksi
ton = KLId) ~ @327 ki

Omax = E + _M_C'
1
un, = 50 (600)15)(5)

xR (DO
Omax = 99.31 psi < 0.289 ksi OK

Yes. Ans

13-123. 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 both its top and bottom.

Section Properties:

A=6(3)=18.0in’

1 3y _ . 4
E(6)(3 ) =135in

I =

Slenderness Ratio: For a column pinned at both ends, K = 1.0.
Thus,

(ﬂ) - 1.0(12)(12) = 48.0
y

d 3

Allowable Stress: The allowable stress can be determined using Maximum Stress: Bending is about y — y axis. Applying Eq.13 - 30,

KL
NFPA timber column formulas. Since 26 < = <50, itis a we have
i - P Mc
long coluran. Applying Eq.13-29, Oony = Outtow = ;{+ -
540 P P(0.75)(15)
= —— ksi 0234375 = — + —————
Callow (KL/d)? ksi 18.0 13.5
540 .
= o = 0B0ISksi P=1.6875 kip Ans
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*13-124. 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)=180in

L= é(s)(?) =135in*

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

(-K_I:) - 0.7(12)(12) -336
y

d 3

Allowable Stress: The allowable stress can be determined using
KL
NFPA timber column formulas. Since 26 < = < 50, itis a

long column. Applying Eq.13-29,

540

= ksi

Gatiow = 7yt <
540

=—— =0.4783 ksi
33.6*

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

fed =0 =

max allow

P Mc
—_ —
A I

P(0.75)(1.5)
04783 = —— 4 —— 7
18.0 135

P=344kip Ans

13-125. The wood column is 4 m long and is required to 25kN

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 =

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. £, = 11 GPa, and oy = 10 MPa.

at 4m Ia
"

Critical Buckling Load : I = -i%(a) () = o

P, =(2.5)25=62.5kN and X = 1 for pin supported ends column.
Applying Euler's formula,

p = BH R
(KL)?
Py 9y ( a*
62.5(10%) = 1&2&‘_"_)2(-_’)
(4]
a=0.1025 m = 103 mm Ans

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

782



© 2008 by R.C. Hibbeler. Published by Pearson Prentice Hall, Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all
copyright laws as they currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

13-126. 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 l
of safety against buckling of F.S. = 1.5. The column is
assumed to be fixed at its top and bottom. Use the Euler
equation, £y, = 11 GPa, and oy = 10 MPa.

= Bl
B

1 4
Critical Buckling Load: 1= (a) (@) = % ,

P, =(15)25=37.5kN and K = 0.5 for fix supported ends column. '
Applying Euler's formula, R B R

p - ZH
(KL)?
2(11)(10°) (&
37.5(10°) = Zunao (57)
[0.5(4))?
a=0.06381 m = 63.8 mm Ans

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

o, === 37.5(10) =921 MPa< o, = 10 MPa (0.K!
« =4 T 006381(0.06381) - ho<or= 2 (0.K)

13-127. 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 =4.500.5)+4(0.5) = 4.25 in®

1 3, 1 3 .4
I=—(0. . —_ .5) =3.
12(05)(45 )+ 12(4)(05) 3.839 in

T [38%
=1{f - = | =< =0.9504 in.
T=Va=Yags " 0904in

Allowable stress :

KL - 1.0(5)(12)

=63.13
r 0.9504
ﬁ: > 55
r
Long column
Ouliow = = = ’§—"" =13.55 ksi

Fitiow = Oanowd
= 13.55(4.25) = 57.6 kip Ans
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*13-128. A steel column has a length of 5 m and is free at

10 mm
one end and fixed at the other end. If the cross-sectional
area has the dimensions shown, determine the critical load. %0 10 mm
Eg = 200 GPa, and oy = 360 MPa. mm
— 80 mm —
Section properties: 4
A=0.06(0.01) + 2(0.06)(0.01) = 1.80( 107°) m’ 0.041| 0-04m
, }‘——"Td/o-olm
- i 1
5= 3.'._)3_4_ - 0.005 (0.06)(0.01) + 2[0.03 (0.06)(0.01)] = 0.02167m 0-06m ,__)3_0(
TA 0.06 (0.01) + 2 (0.06)(0.01) m
L U
L = Tli (0.06)(0.01)3 + 0.06 (0.()1)(0.02167—0.005)2
3
+ 2[;12- (0.01)(0.06) + 0.01 (0.06)(0.03—-0.02167)2] = 0.615 (10°%) m* (controls)
1 301 3 6, 4
L = D (0.06)(0.08) - E(O.OS)(O.%) = 1.66 (107") m
Critical load:
2 El
Pop = —; K =20 Check stress:
(KL) P 12140
_ 2 200)(10)(0615)(10) O = = = oS 6.74MPa < oy = 360 MPa
2
[20(5)1
= 12140 N = 12.1kN Ans Hence, Euler's equation is still valid.

13-129. The distributed loading is supported by two pin- 18 kN /m
connected columns, each having a solid circular cross section.
If AB is made of aluminum and CD of steel, determine the
required diameter of each column so that both will be on
the verge of buckling at the same time. Ey = 200GPa,

A
E, =70GPa, (oy)gq = 250MPa, and (o), = 100MPa. ]" A
3m
Support Reactions:
(IMc =0, 40.5(225)-F5(3)=0 Fjp=30375kN
+TE =0, Fp+30375-405=0 Fop=10125kN AB
Critical Buckling Load: K = 1 for column with both ends pinned. ”
Applying Euler's formula to member AB,
mEyl
w=Fg = (KLa) 7{_(/5)(4.5)-40'5 KA
2(70) (10°) ( Zd? ——
30.375(10%) = ___(.__)(_.L“). N —
[1(5)]* ' ~——e
=
dy5 =0.06879 m = 68.8 mm Ans L e )
ofsmlo75m iacd of5m
For member BC, F
z >
op o PEd
o TP T (KLep)? Critical Stress: Euler's formula is only valid if o, < oy.
7% (200) (10°) ( &dd
10.125( 10%) =(—)[(1(5-))]¥‘—df”—) P, 30375(10%) ,
(0)ag =3 = T0068%) 8.17 MPa< (0y )y = 100 MPa (0. K /)
=0. = 40. P, 10.125(10°
dep = 0.04020 m = 40.2 mm Ans (O)ep= 2= ] ( ’) =798 MPa< (0y), =250 MPa (0.K /)
A Z(0.04020%)
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13-130. The steel pipe is fixed supported at its ends. If it P
is 4 m long and has an outer diameter of 50 mm, determine
its required thickness so that it can support an axial load
of P = 100kN without buckling. Eg = 200 GPa, and
oy =250 MPa. - ()
1= 20025 - 1%
4 4m
Critical load
Po=ZEL goos
(KL)
7 (200)(10°)[§ (0.025* - )]

100(10°) = i

054}
ri = 0.01908 m = 19.1 mm P
t=25mm - 19.1 mm = 5.92mm Ans
Check stress
o=Beo 10000 _ 1y yps < gp= 250MPa (OK)

A 7 (0.0252 - 0.0191%)

13-131. The steel column is assumed to be pin connected at 200 kN
its top and bottom and fully braced against buckling about (.Y
the y—y axis. If it is subjected to an axial load of 200 kN, i .
determine the maximum moment M that can be applied to
its ends without causing it to yield. Ey = 200 GPa, and
oy = 250 MPa.
120 mm
Section Properties: 15 mm % }‘—'{ F 15 mm
8m x T
A =0.15(0.15) -0.12(0.135) = 6.30( 10”°) m’ y— 1i0 mm —
=L 1 3 15 mm
L = 13(0.15) (0.15%) 12(0.135)(0.12 ) !
=22.1475(107%} m*

T [227475(109) +
= — —_— = ‘06 9
=7 = e300y 060 m T M

For a column pinned at both ends, X = 1. Thus, (KL), =1(8) =8m

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

o~ e D 7
@2 T4 r? e r, VEa
o 200(10°) [ e(0.075) 8 200(10°)
250(10°) = 6.30(10-3)[1 +0.06008925"{2(0.060089) \ 260(10%) (6.30(10-%)] ﬂ

e=0.2212m

M =Pe=200(02212) =44.2kN-m Ans
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#13-132. The steel column is assumed to be fixed 200 kN
connected at its top and bottom and braced against Y4
buckling about the y—y axis. If it is subjected to an axial i
load of 200 kN, determine the maximum moment M that
can be applied to its ends without causing it to yield.
FE, = 200 GPa, and oy = 250 MPa.

120 mm

15 mm ﬂ}-T—{FISmm
T

y— 150 mm —y
4

A =0.15(0.15) - 0.12(0.135) = 6.30( 107°) m’ 15 mm

X

Section Properties:

_ 1 3 __1_ 3
L =4 (015)(0.15) - - (0.135)(0.12 )

=227475(107°) m* [

6 M
22.7475(10-6) = 0.060089 m |
6.30(10-3) 200 kN

L
r, = Z=

For a column fixed at both ends, K =0.5. Thus, (KL), =0.5(8) =4m

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

P[ ec ((KL)x [P ]]
Onan = —| 1+ —sec —_
A r? 2r, VEA
sy _ 200(10%) ¢(0.075) 4 f 200( 10%) ]
250(10°) = 6.30(10‘3)[1+0.06008928m(2(0.060089) 200(10°)[6.30(10-%))

e=03023 m

Thus,

M = Pe =200(0.3023) = 60.5kN -m Ans

13-133. 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, =10 and in the y—z plane K, = 2.0. Ey = 29(10°) ksi,
oy = 50 ksi.

Section properties for W 10x 45 :
A=133in® d=1010in. I =248in’
ry, =4.32 in. ry =201 in.

Allowable stress method :

KL) 1.0(10)(12)
AL), - 1o40d2) _,, 4 2 2 3
( r 432 (Cadanow = —2ZE__ 127 QNA0) _ 16 474

23(KL/r?  23(119.42

(51—‘), - 200002) _ 49, (controls) PM
; 2.01 - B -
Omax = (Ga)atiow = ; + T
KL) \/ 272E \/ 27 2(29)(10%) .
) _ ) - 107 10.10
( " oy 50 toa7 - 222, 7O
133 248
KL _ (KL
LN P=250kip Ans
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13-134. The steel bar AB has a rectangular cross section. w
If it is assumed to be pin connected at its ends, determine if l l l l l l l l l l l
member AB will buckle if the distributed load w= 2 kN/m. _ j o ©
Use a factor of safety with respect to buckling of F.S. = 1.5. | s |
Eg = 200 GPa, and oy = 360 MPa. | m ‘
3m |4 y
Support Reactions:
— «—20mm /30 mm
(+ZMC=0; E5(5)-100(2.5)=0 F,5 =S00kN x =X

o\ A
Section Properties: _r-é._ };‘}i 20 mm

A =0.03(0.02) =0.600(107) m’
__1_ 3y ~9 4
1= 15(0.03)(0.02") =20.0(10”) m

Critical Buckling Load: K = 1 for column with both ends pinned. AU5)=10:0 kN
Applying Euler's formula,
[ 3 I Cx
_ ®E : f—
“ (KLAB)Z 2.5m T 2.5m
72(200) (10°)[20.0(10°°
_ 7 )(“()3[)]: (10] A &

=4386.5 N =4.386 kN
Critical Stress: Euler's formula is only valid if 6, < 6.

P, 43865
D e D ce—— = A
O 0.600(103) 7.31 MPa< gy =360 MPa (0.K!)

Since P, < 1.5F, 3 =7.50 kN, member AB will buckle. Ans

787





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


