CHAPTER 10




' 10.1 Knowing that the torsional spring at B is of constant X and that the bar AB i
PROBLEM 10.1 foid, dotermire the critical load P © *
P it SOLUTION

3 ¥
5‘ Let © be +the o.nfs)-e a‘newsje. 57 bar AB.
a
A M= K6 , X = Lsin® = LO
4 L
: DMg=0 M-Px =0  KO-PLO = O

B M
: (K-PLYO = 0O P, R/L et
¢

10.2 Knowing that the spring at 4 is of constant & and that the bar 4B is rigid,
determine the critical load P..

PROBLEM 10.2

SOLUTION
Le‘f 9 Le the a.nﬂ!-e C.La,mie a‘p bawv AB.
F = kx = klLsin®

DIM. -0 Fleos® - Px = O

KL®sin® cos® - PLsinD = O
Us«'nj sinO X O and cosO = | KL’ - PLO =0
(¢1*-PLYO = © Por = kL
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PROBLEM 10.3

Join+ Al
Wit h

103 Two rigid bars AC and BC are connected as shown to a spring of constant .
Knowing that the spring can act in either tension or compression, determine the
critical load P, for the system.

SOLUTION

? Le+ X be +he fa;{'e\"&j a’c‘yjeo*\a\d o‘FPofn'{ C
x = %L sin® R=kx= % klsive

Joivt C: +F =2 O i Fecos® - Fgeos® =0
ic = Fci

1T R0 Fgsin®+ResinO-F =0
~2Fgsin® - 2kl sin® = O
~(Faa+ KLY sin® = ©  FHg= -3kl
Zh:o -P- Fgcesd = 0 Pz Fipcosd = 1 klesd
G ~ O Pz gkl -

PROBLEM 10.4

10.4 Two rigid bars AC and BC are connected by a pin at € as shown. Knowing
that the torsional spring at B is of constant K, determine the critical load P, for the

system.

SOLUTION

L\&-i- e LC +L£ anﬁfe Qt\d-hﬂe, O'F Cﬁclﬂ Lﬂ".

Mg = K6
OM:0 Ke-FRL=o F.= K
Bar AC DIZIM, = © B
Gy P 4LO - kL =0




10.5 The rigid bar AD is attached to two springs of constant & and is in equilibrium
in the position shown. Knowing that the equal and opposite loads P and P’ remain
horizental, determine the magnitude P,, of the critical load for the system.

PROBLEM 10.5

SOLUTION

Let Ye and Ye be the deflections of 'Po-'q'i's
8 a,vual C,
Then Fe = - k ye Fe = - ky.

+t12F-0 Fe+ Fo= O Fe=-Fe

Pos:""u'vr. upwwA .

Ye=-Ys Fa and Fo form « coupde D

Let 8 Le Hhe A.h'j.{)e. c,!mngei Ye= =Y = 4 Qsin O S L sin6

Pa.-ua' P' ‘F-:"M a, covpope ﬂ o‘P amaun"' PS

kN
-Dfl’ho)- k(g',-a.siné))a cas® - Pl sin® = O P=12§f—¢ose
T
-» O . ka
Let & R, : 77 -
PROBLEM 10.6 10.6 A frame consists of four 1.-shaped members connected by four torsional

springs, each of constant K. Knowing that equal louds P are applied at points A and
D as shown, determine the critical value P, of the Iads applied to the frame.

SOLUTION

let © be +he votation
D‘F ZA.ct\ L-s'nqpea‘

memn ber.

Anf[,?e c,l'mmje_ across
each tovsionat spm‘m}
is 26

% = 4lsinb % LL6

M, : 0
K@2e)+ K(20) - Px = ©

. 4Ko 8K
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PROBLEM 10.7

k= 2.0

-

10.7 The rigid rod AB is attached to a hinge at 4 and to two springs, each of
constant & = 2.0 kip/in., that can act in cither tensjon or compression. Knowing that
h =20 f, determine the critical load.

SOLUTION
P Let O be the small robution anqle
' e Ap # 1B | X 23hO | xg=Uho
F = kx. = 3kho
For kX, 2 kKhé
Fs Jl, DIM=0  hFo+ 8hE - Pxg=0
ML MY K ro. 9kkie - WP = o, P:=%kh
Kplin , h= 28t = 2% in
5 (20)(24) T 120 kips. ——

PROBLEM 10.8

10.8 If m = 125 kg, =700, and the constant of each spring is £ = 2.8 kN/m,
determine the range of values of the distance d for which the equilibrium of the rigid
rod AB is stable in the position shown. Each spring can act in either tension or
compression.

7060 %} ¥ wa

let © be the sv;-.q}?f v‘o"'a}:’on o Ag

SOLUTION s 700 mm, =

*= 486 F=kx = kd®
P2ZM, =0 . 2Fd - mghd =0
2kd*6 - mgh = O
Lo 5B
R
= 0,392, = 39 mm
d > 392mm  for stabiddy e




PROBLEM 10.9 10.9 Determine the critical load of a round wooden dowel that is 48-in. long and has
a diameter of (@) 0.375 in., () 0.5 in. Use £ = 1.6 x 10° psi.
SOLUTION
@\ ecrdd: 0./875 in I=dct = 970.7%107" in*
T EL M2 (e =10 (970, 7%10°¢)
P 5 (1™ = Gesd -
Y c= %d = 0.25in IT=%c* - 3oegxiv®in*
. M*Ex T2( 1. ¢ wict (8. 068x107%) _
PGP - L = (%)L = A1 0 'pL -
10.10 Determine the critical load of a steel tube that is 5.0 m long and has a 100-
PROBLEM 10.10 mm outer diameter and a 16 mm wall thickness. Use £= 200 GPa.
SOLUTION
Cogde = SO mwm C:=Co-b 7 §50-16 % 34 pun,

q
I- ]A}.(Co 'C.;q)'- 3.859 x10° ma |

T2 (200 x(6*¥3.859 %107 )
(&0)* -

: B.859%)0° % m"

BOS*IO N = 305 kN ==
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10.11 Determine (a) the critical load for the brass strut, (b) the dimension d for
PROBLEM 10.11 which the aluminum strut will have the same critical load, (¢) the weight of the
aluminum strut as a percent of the weight of the bress strut.

SOLUTION

(@ Brass strdb T7 £(26Y20Y = 13.333x10% rm’
= 13,333 x 007 m'

_I1'5% _ 72 (20 x 10?12, 333 x)0°*)
Fo = 17 R

- 13.06 ¥ /0> N = 13.06 kN

(v} A)vm:'n om steut
o . TEL _ 71E(dYiR)
[~ o] Lt.

Brass Aluminum L‘). -
e e
p= = ™'
3% - 2Pl L _ oz\(ns.omoﬂa.n‘_m S
ME. ~ w7 (70 *10") T "~
d = 22.9 %102 = 2.9 mm -
m Y.ld® Ya\/ o 270 N\ /22.9 '
c _— e -2 o [ a = 0.9406 = H0.67 =
© M hlLdl (n)(x) (smo)'(




10,12 A compression member of 20 in. effectiv: length consists of a solid 1.0-in.-
PROBLEM 10.12 diameter aluminum rod. In order to reduce the vreight of the member by 25%, the
solid rod is replaced by a hollow rod of the cross section shown. Determine {(a) the
percent reduction in the critical load, (5) the val e of the critical load for the hollow
red. Use E=10.6 = 10° psi. ' -
0.5in.

| SOLUTION

Solid Az BdS IpdF ()T
2
q

Mollow: Az Fl -A%) = A, = 284
4= Fd d: = ddo = 0.5 in
Sokid vod = g (0)" = 0049087 in*
P - mﬁl} _ 1,-=Qo.6x(qg;)§2.o=ma7) = 12839 x10° B

Holdow vod = L= (' -o*) = E[0V-G)] - 0.54c01a in?

(b)

(«)

Pc' = ﬁzLE_.uI = ﬂl(’o'é,(lzz})so-oqéom) = l2.,03€->'103ap£|. = 12.04 k\.PS i
3
Ps- P _ m.sszug’q- ;z.fsc.uo = 0.0625 = £.25% ~-
}'_75 . ¥ (O
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PROBLEM 10.13 10.13 Two brass rods used as compression members, each of 3-m effective length,

(h] C\iftdjavr -

L]

S7uare N

TEL _ 712()os x 10° X(510.51x1071) _
Pcm L‘L - (3_0):. =

have the cross sections shown. (&) Determine the wall thickness of the hollow square
rod for which the rods have the same cross-sectional'area. (b) Using E = 105 GPa,
determine the critical load of each rod.

SOLUTION
(o) Same area 'E(A:‘ 0’;‘) = b:—- b;t
b, = bl- TS -d5)

- got- -'E-(@,o"- 10*)

2.6292 mm

"

b, * H5.047 t= A(bo- b))z 7.48 mm —=a

1)

I‘—' g_l_!; (Aoq_d‘:")_- 510.5’)‘,03 MM.' - 510-51“10_., Mq

58.8xi0°N = 58.8 kN -

=gkt ) = 736, 8S x10° mm" T 736.85 x(0 w”

2 -2 4 -
p =" L'fr - 2 (1sz(lsoo\})qg(’g"r""'o ) . g43wc'N = 848 kN e

10.14 A column of effective length L can be made by gluing together identical

PROBLEM 10.14 planks in each of the arrangements shown. Determinc the ratio of the critical load

using the arrangement 4 to the critical load using the arrangement b.

SOLUTION

Av‘r‘am 3 ew Em‘+ (Cﬂ

*
I H4*
P,." W:{I . ILEd
2 e I?.Le1

{b)

Arranjew\e-n"' (fa) I.m-“ = IJ B TH%P"’)+ IJ:_I(AI%); + -"—z(gXJ)s - 5;%_ J-&

Pc_':,b =

Eﬂ:ﬁ-._

Frb

T2EI _ 19 g*EJ’

Le™  22% L.~
U Y 4, S A7 .
- "2, Iq - lq O ‘. 42\ =il




PROBLEM 10.15

102mm | 102 mm
I —

152 mm

SOLUTION

Amjje L 152 % 102 x 2.7 As 3060 wm®
ILi= 2 0% (0% rmm" _'5, = 2.84 %16° mm

Y T S0.2 mm ¥ = A5.3 mun
Twe anj-pesf Ix = (2)(7.20*!0‘ )E 14,00 % {0 mym*

L= 2[ 2.64n10 4 (3060)¥25.3Y ) = 9, 197105 . *

Iwu‘v\ = IJ ToAa m7¥lo;’"‘"‘w = 9. '97*[0-‘!\44

P . TET  7*(200x10"X4. 197x107¢ )

L (7.0)* T 370.5x<,0° N = 3%0.5 ku
e .
- or 3720.s _
13"“ F:SA ?_"_"‘—‘2 - IG 8. q kN .‘

PROBLEM 10.16

10.16 A column of 26-£ effective length is made 1fom halfa W16 x 40 rolled-steel
shape. Knowing that the centroid of the cross secti n is Jocated as shown, determine
the factor of safety if the allowable centric load is 20 kips. Use £ =29 x 105 psi.

SOLUTION

181 in. Foll wigx Yo A= 1.8 int

xr

x I,,: S8 tlh.'J 'I.)' = 28.9 it

Hatf W 1gxgo
A=EF)N8) = 5.90 (w* |
I = #(518) -(5.90)(8.0c5- /.81 = 32.57 o

Iy = 2(28.9)= 1445 0 = I,

P - T ETwin | W29 w105 X14.45) T 42.85x10% db - 42.8 kips.
ar Le™ (26x12)* .
Fen s P 828 —
Fu = &% ARV e

—J I

C 31 [ —

L

C




10.17 A column of 22-ft effective length is to be made by welding two 9 x 0.5 in.
plates to a W8 x 35 as shown. Determine the allowable centric load if a factor of
safety of 2.3 is required. Use E =29 x 10° psi,

PROBLEM 10.17

SOLUTION
© Wgx3d5 T, 127 i L= %26 in
b¢ 2 .02 in
@ omd @ For each pzpmff'e A=(0.81(@0) = 9.5"

I, = z(0.5)a) = 20,325
I = w(osy+ (53 B2 . oSY] = gn158 in?

Totad I, = 1274 (2)(30.375) = 187.78 in" = Lua

Iy = H2e+ (2Y21.758) = 06.1% in
L= 22H = 264 in
' T2k (2 x10° Y 1872.75 )
Por = T""': m( ;cq ._( = 17.0ox0° db = 77 Kips
Per 11
P = Fg r5- ¢ 338 ki ~-




{&)

Ar‘ﬂanje men T (a)

Iy = z[ o240t , (1710)(12.2 ] =

PROBLEM 10.18

I“;H = IJ =

-G
TELwm 772(200,:[09&!.0370*!0 ) _
Rr - ch. = (3._0)

P -

AV‘r‘anje Men+ (L)

J

Iw‘n = IJ

P > TR

P

10.18 A column of 3., effective length is
% 13 rofled-stee} i

SOLUTION

For c.lna.nne‘? Ci2oxiz A= 1710 w2

Ix s 3-70!'0LMM* IJ'

I, - RX3.70x fo¢) = 7. 4oxfo® |, ¥
[.0370 %,0° mm*

LO370x16% . - . o370 x40°%, ¥

N
Fs. = 29
L = N3. 70310 pypq

94.8 kN

I, = zfo.zchzo‘+(|7:o)(48-.~2.2)‘] = 490 %o

T N0 491 %15 ¥
T2 (200 %107 )( 4.9y *{0°C)

(3.0)*

=< o 1077 449 N
s 24

T 0269 F{=~% MM’

s

227 210° N = 229 kn

L4

Vo

N
|
7 ;



10.19 Knowing that P = 5.2 kN, determine the factor of safety for the structure

PROBLEM 10.19 shown. Use E =200 GPa and consider only buckling in the plane of the structure.

SOLUTION

Joint B 2 From Fovce "‘m'am'jape

Fas - Fac - =232
12m 29-mm diameter 5in25° g:n20° Sin 135®
Fae = 2.1079 kN (comp)

Fac = 2-5152 kN (coup)

= 1.2m !

Member AB: Ls I&_(%)‘f - g(aﬂ_)ﬂ = 5153%10% mw

o

"

S 153%/5" m*

-2 . . _
Funsee ® %E%_Ag N ﬂz(zooxtg ‘z))(us"ss"“’:? = 7.0636x (0" N = 70636 kN
A .
- Eaper . 12,0656
F.S = -I_E.-:—‘;;""‘“‘ * 3094 = 2.217

u

Mem'oew BC: IBr. = %(%)1 = % %?’ e 499 VIOS hmq

Leo = 1.2% 12% » 288 wm"
'S 2 7 - g

P = & Lif“ . Moo ”5‘;3)(”'%9’/0 ). 1.8313x0° N = T.2813 k¥

- F&,cm — 7 8813

F. S. Fs:_ B 2.515

Smaj'p-es'\' F.S. awe.m.s. FEs. = 2.27 ik

1,499 %07 wm*

2.13




10.20 Members AB and CD are 30-mm-diameter steel rods, and members BC and

PROBLEM 10.20 AD are 22-mm-diameter steel rods. When the turnbuckle is tightened, the diagonal
member AC is put in tension. Knowing that a factor of safety with respect to
buckling of 2.75 is required, determine the largest allowable tension in AC. Use E =
200 GPa and consider only buckling in the plane of the structure.

B
¢ SOLUTION
Lac =,/(3-S)‘ +(2.25Y = #1308 m
35m
Joint C + ZhR=0 Fec —fxi?g;é T O
A 5) Fec Tae = 1.B4926 g
_L__ﬁ _ _
. tZH:0 Fo-gdgT.=o
2.25m | .r“-

T = L1888 F,

Mewbers BC and AD: Lo, = F(22)'= L(2)'= 11499510 wn = 14974457 w

i L TEL. _ w(200x10°)(11.498%1077) _ 3
Lu‘ 2.2§M FQC'J(.‘#‘ ~ L&_-.- = (2- ZS)L - ‘-L‘-! 33‘*[0 N
e b = |.G304n10" N Tyt = 3.02x10° N

Members AR andd €D I, = “-.E(%ﬂ)ﬁ'- T(2) = 29761 xiT wn' = 37761706 "

. TEL, . T2 (200 107)(B2.76( 2 l07")

3
Leo= 3.Sm Feo,en = G.4069 x(0° N

Leo® B CER N
Feo,a = EQF%“- = 2.3298%I0° N Tae,t © 277 xO* M
Smaller value For Tae ot qoverns 7;,:)4 z 2.77%°N = 277 kN —

]
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PROBLEM 10.21

»

20m

1L (2)
. R,
P = Fs

€Y Le=(1.0}(26) = 2.0m,

L)

10.21 Each of the five struts consists of an aluminum tube that has a 32-mm outer
diameter and a 4-mm wall thickness. Using E = 70 GPa and a factor of safety of 2.3,
determine the allowable load P, for each support condition shown.

By P,

SOLUTION

y ¥

10569

Le *
() Le = (N(20) = 20m,
(2) Le= 2)2.0Y= H.Om,
@) Lo- (1)20) = Lom,
@ le= ©7120)= LG w,

€= 3o 5(B2) = 16 mn
cC 2 fo-L =z f6-4 = 12 wmm

T=F(cl-c*) = 35,1858 % 10 mm
= 35 185810 wm'

FET = 72 (70 »10° )35 1858 %t0™")
= 24309 N-m’

o . TEL 213

e T Lg" - &

Pa= 2642 N = 2.¢9kN -
Pa < 661 N = 0.66) kN s
Fa = loseq N = o, 857 kw —
P = S392 N T 539 kw ity
P = 2642 N = 264 kW -




10.22 Two columns are used to support a block weighing 3.25 kips in each of the
four ways shown. (a) Knowing that the column of Fig. (1) is made of steel with a
1.25-in.-diameter, determine the factor of safety with respect to buckling for the
loading shown. () Determine the diameter of each of the other columns for which
the factor of safety is the same as the factor of safety obtained in parta. Use E=29

PROBLEM 10.22

x 10% psi.
SOLUTION
“ 25\ Y
@ I=5(#)": F(4)
= 0.119842 in*
L = 8 1 = 96 in
T T T chis _ 7tE I
(1) @ @ (4) e L*
2
‘Pw - I (Qq#{g;)),_(o'“nga) = 371722 ML = 3.722 kip. for one codowmn .
_lﬂ.
.. [ _ 1 - 325: " .
| P=zWF Tl 1.625 kop
Pev 32.722°
' S, T = = 2.
P[ Pi F.S. = 1225 29 e
TrET T E Le
Pery = L7 Pt T Tamr
Bv‘(d'\ - 1 _-L_f-__ l—_—__g_-_ - I (_é;.&_)q( _’.‘J—)t = |
Pertr I, Le® der/ \ L
Le¢n
do = dnyTT
)] Lga]/l- = 2.0 4‘” = 1.2‘51 2.0 B 1.763% n. —,
&) Le(n/L = LO 6{-_-,) = LAS in. Y
W ey /L = 0.7 do = L25 {o.0 = LoY& in. et




PROBLEM 10.23

SOLUTION

10.23 A 25-mm-square aluminum strut is maintained in the position shown by a pin
support at 4 and by sets of rollers at B and C that prevent rotation of the strut in the
plane of the figure. Knowing that L= 1.0m, Ly =1.25m, and Lo, =0.5m,
determine the allowable load P using a factor of safety with respect to buckling of
2.8. Consider only buckling in the plane of the figure and use £ = 75 GPa.

I = Lbhis LSV T 32.552%I0° e’ = 32.552%107 w'

P, - LEL o . R . TWEL ' WL
@ Lt " FS. (ES)Le* 7 (RS )(lemw)™

Por“’[ov; AB: Lg
Portiow BC: Le

(0.7Y0.0) = O.T m

0.7 Lag

1

0.5 Lge = (0.8Y125) = 0.628 m

Portion CDI le = 2 Lepy * (.0Xo.5) = 1.0 m

Le, o

T (510 )(35. 52 10°") _

= 1.O m

- 8.¢/xIO° N = 8.6 kN —

P =

(z.3)0.00*

(b

PROBLEM 10.24

10.24 A 32-mm-square aluminum strut is maintained in the position shown by a pin
support at 4 and by sets of rollers at B and C that prevent rotation of the strut in the
plane of the figure. Knowing that £, = 1.4 m, determine (a) the largest values of Lyc
and L, that may be used if the allowable load P is to be as large as possible, (b) the
magnitude of the corresponding allowable load if the factor of safety is 2.8. Consider
only buckling in the plane of the figure and use £ =72 GPa.

SOLUTION
I- bkt £G0ED = 87.381x/0° mm’ = 87.381x107
Er:fu[vajen‘} Jenﬁ‘n\s : Ag be = 0.7 Laa = 0.983 m
BC Le = 0.5 LBL
CD Le = 2. LCD
Equating Lpew 22 L = (b4 XL 196w
heo =2 Lan - {0.28)01.4) > 0.44 m —
wEL _ m¥(72x10"¥87.381x(07) _ 3 '_* 3.1 kN -
(F.'S.)ch - (Z-g \(U-"IB)"' _— 23."‘[0 N 2. -




PROBLEM 10.25

Buckte(na in JZ'P‘P“"‘C: le =

— o B | TEI | TELS
| * Fe T W Lt 12(F.8) L~
{ s _ 12 PESIL® . 02)(2x0®)27)48) - 5 85625 int
\ : bd™ = W E " T (lo.C * (0] ’ >
| d6® L} _ 6.210t _ i b .1 et
— (@) bd® 4> o.3seas A 4 2
db® = d(Ed*)> $d- 021067 d= 1149 in et
b 2 io\ = O.872 in, e

‘10,28 Column ABC has a uniform rectangular cross section and is braced in the xz
plane at its midpoint C. () Determine the ratio b/d for which the factor of safety is
the same with respect to buckling in the xz and yz planes. {b) Using the ratio found
in part a, design the cross section of the column so that the factor of safety will be 2.7
when P = 1.2 kips, Z =24 in., and £=10.6 x 10° psi.

SOLUTION
Buokﬂing W XZ-P.Pane : Le = L= 24 in.
T— | I = fdb®

[ P - Fer - nmEI - IMI
2w A FS ~ 28L*  (Fs)le

| dk*s 1P (Es) ke | (12)ax )2 ()*
TrE T wr (10,6 X10°)

= 0,21406 in' L

I: & bd®

2L = XY= 42 in




10.26 The aluminum column ABC has a unifo:m rectangular cross section with & =

PROBLEM 10.26 % in.andd= £ in. The column is braced in the xz plane at its midpoint € and

f:arries‘a centric load P of magnitude 1.1 kips. Knowing that a factor of safety of 2.5
is required, determine the largest allowable length L. Use E = 10.6 x 10° psi.

SOLUTION

P, = (FSHP = (2sHhixio*) = 2.75 % 10" b,

. JTEL - JEL
Pc*‘ La" Lg" 1) Pgr

- Bﬂckjfhj in xzfpﬂanef I= ,J.;ab’ = T‘i'(az)(‘;.)s’-' 9. 1HE 4" in?

- . ET _ J00.6% 108 Y(2- 1146 10" Y
rl LxLe-m P ."'V 2. 75 %10
X L I = \8.G2 ;ll‘
\lv Buoka?\'na in Jz-p.fnnﬂ- I

— —

I= & ba* = @& 27.913%107F le = 2L 2L
1

_ . I 0.6 108 Y(22.913 %103 ) _ . :I: '
L - ELC. - 2 'TE'::E‘ = -}l 0 ’;-75.,"0& = 16-2‘? th.

Smaller jgnj-ﬂ Jovewns L= 16.29 /n. —

10.27 The uniform brass bar A8 has a rectangular cross section and is supported by
PROBLEM 10,27 pins and brackets as shown. Each end of the bur can rotate frecly about a horizontal
axis through the pin, but rotation about a vertical axis is prevented by the brackets.
(@) Determine the ratio b/d for which the factor of safety is the same about the
horizontal and vertical axes. () Determine the: factor of safety if P = 1.8 kips, L =7
ft, d=1.5in., and £ =15 x 10° psi.

SOLUTION

Buok,p-'ns in horizonlad P.pane'. le= %L J. I=&db’
o - TEI _umEdE
o Le* T LS -
Buok,pu‘nﬂ in verticad PJema: l=1L, Iff_.{,'bafs

_ WEI _ TmELL’
Cre™ = = @z @

ad

) 4

2 3 z 2 )3 . X
(2) E"UN*!.MZ TDcrn N Rra YT Edb - I £ bd Hp'=d b‘-‘*d -

12 1L? Iz L™
() b=id: 0.75in L= 7% =84
Dsing (2) P TTZ(I?“;;((_‘);}S?:?S)(I.S)S = 4426 %0 Hb * 4426 kips.
F.S. = % - %—%g-é— = 2.4¢ . —




10.28 Column 4B carries a centric load P of magnitude 72 kN. Cables BC and BD
PROBLEM 10.28 are taut and prevent motion of point B in the xz plane. Using Euler’s formula and a

factor of safety of 2.3, and neglecting the tension in the cabies, determine the
maximum allowable length L. Use E =200 GPa.

SOLUTION

W 250x 32.7  I,c u8.4%i0 wmat s U2.9 x/5° p*
Iy= H4.73% 10%mm's .73 %5 !

P= 720" N P win = (FSYP)= 1685:8 510 N

BEUOkfinﬁ in Xr2~fupﬁner Lo = O.7L
o . TER

(8.7L%) o
L = T JEL . T (’Zaox[o"?(‘i.?;xlo"l
o7V R, T 03 185.8%/07
= J0.7% m
m2ELs
guf'kI;“S " _YZ-,O»PAne: Lc. = AL | W
- I /E.I'n _ I _[rooxtoN(4g.9xi0*) _ o P
L= zV e = 2Y" ERTE = 12.08 m

PROBLEM 10.29 10.29 An axial load I* is applied to the 1.25-in.-square aluminum bar 4BC as

shown. When P = 3.8 kips, the horizontal deflection at end C is 0.16 in. Using £ =

10.1 x 10° psi, determine (a) the eccentricity ¢ of the load, (5) the maximurm stress in
the rod.

SOLUTION

T = 50-25) 2020845 in A =.1.26%= 1.5625 in"

lte = 2L = &0 in Le = 2L = 50 in.
P = ILE;-L _ rrz(uz;;a?:)(o_.zos«fs) e & 11224005 b
%;L‘ 3?!:82;‘::2; T 0.46842
(@) Yo = e[ sea(?[—%\)— l] = E[Sec(%-M)"
= e[sec(1.07508)- 1] = ).1023 e

) Mpe = P+ Yuuu ) = (2.8310%)(0.1451 + 0.1€) = L1557 bbiin

. 3 L159857)o.¢25) _ s .
Gm; L ;QE' + ?C - [?522'5‘0 + ( o’aosq(s- 3l _ 599 » {0 F5e 599 ks —

Q)
1 3 31 ]
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1030 The line of action of the 310-kN axial load is parallel to the geometric axis of
the column 4B and intersects the x axis at x = e. Using E = 200 GPa, determine (a)
the ecoentricity e when the deflection of the midpoint C of the column is 9 mm, (5)
the corresponding maximum stress in the column.

PROBLEM 10.30

SOLUTION
For W250»58 Az 7420 wm = 74O X(O“ w"
T, = 18.8%15mm’ = 1887107 m”
Sy = 185¥I0% m = 1S x107¢ m®
Lfé.gm l.e.‘: 6.5 m
_mEL . T (200%10%)(18.8x10°) _ s
Pc.v- - L: = (G.S)l = 878.3xlo N
> _ 2ox10* .
B = Zexe, = o.35294

N0k Yo = eisec(g—‘/&)— 1] = 0.¢7990 e
-t
o o i B g s 18 e

(b) Mwy=™ Plex Yorom ) (310x10° ) 9+13.24)6* ) = €892.5 N-m

o Mc . P. M. _3loxio’ $843. 5
Soone = JA:_+ I A +SJ T Seaontot T 185 x |o°

= 4,78 x10° + 37.26*10‘ T -H'..OHMIO‘PQ = 79.0 MPa ——

10.31 The axial load P is applied at a point located on the x axis at a distance e
PROBLEM 10.31 from the geometric axis of the rolled-steel column BC. When P =82 kips, the
horizontal deflection of the top of the column is 0.20 in. Using £ =29 x 10° psi,
determine (a) the cccentricity e of the load, (b) the maximum stress in the column.

SOLUTION

WBx3): A= 218in, Iy 8%lin', §= .27°

bl

L=9.4 # = 2.8 in le = 2L = 225.6 in
. MET | m(29x10°)(37.1) _ 5
Per = T Gascy = 208.63%/0

P _ gaxie® . -
B, 7208.63%/0% 0.33204

@Y Yu = e[sec({l»jg)- \-_\ = 0.8031C e

D Lo .o X
€ Ssosle " o.sosie - O ——

s (82 102 (0,247 + 0.20)

Al

36.693 x jo ,PL-fn

(B M= PC

M 82dod | 26.623*10°

5 : a.13 ) = IQ.Q‘!‘MIOSPM'

e+
P Me P
6. =—4+ ==z F *
oA d A = 12.9% ks -=




PROBLEM 10.32

10.32 An axial load P is applied to the 32-mm-diameter steei rod 48 as shown. For
P =37 kN and ¢ = 1.2 mm, determine (a) the deflection at the midpoint C of the rod,
(b) the maximum stress in the rod. Use £ =200 GPa.

""‘! SOLUTION
Taf T:= 3(d) = T(3) = 5047%0° wn' = 5147%107 "
L9m .  tametor le = L = L2 wm
il Pon JT_::E‘_I- B ﬁ*(zoca,zo;z(g,_w”o-q) = 70.55¢ x16* M
i 2
SU %= S1xlo— = o.s2u40
o @ Your = €[ sec (BB} 1] =17 = 3807)02)
= LG58 mm --m
(Y Mue= Plet yuu) ={(37x103)( 1.2+ 1.658) (1) = 105.75 Nem
A= Td* = TG = 804.25 ww' = BO4.25%/0 m' | = 1677 m
o B+ il LI - e
. = 78.9 MPa -
PROBLEM 10.33 10.33 The line of action of the axial toad P of magnitude 270 kN is paraliel to the

@) Yo €[ sec (BfED) -1) = 082648 & - (ORI = 15T

) Mo Pletyn )= (270v1o®)(19 + 11,8710 ) = G904 N-m

P M P
6”'A+I -A+

geometric axis of the column AB and intersects the x axis at ¢ = 14 mm. Using E =

200 GPa, determine (a) the deflection of the midpoint C of the column, () the
maximum stress in the column.

SOLUTION
W 200 x §2 A= GCEO wn® = GCED »IS% wa
I, = [7.8%/0% bt 7 17,2 %107 "
S.JY T 175 %[O mm® = |78 % 107% 2
L= 7.2 m le =72 m
p. = F2EL 720010 )(17.8x15°°)
cyr L“l. = (7.2):'
= 677.77 %10 N
P . _2oxio®
e " -—---—-——677.77,405 0.3783G

M . 270x03
S‘.‘ T QLo x{D™C

&0y
7§ xlo"®

= £0.0%l0 Pa = 800 MPa =)




PROBILEM 10.34

10.33 The line of action of the axial load P of magnitude 270 kN is parallel to the
geometric axis of the column 4B and intersects the x axis at e = 14 mm. Using E =
200 GPa, determine (a) the deflection of the midpoint C of the column, (b) the
maximum stress in the column.

10.34 Solve Prob. 10.33 if the load P is applied parallel to the geometric axis of the
column AB so that it intersects the x axis at e =~ 2] mm.

SOLUTION
W 200% 52 A= GGEO mm = 66GOXIO m"
Iy = V2.83x 0  mm™ = |7.8%10°° m?
SJ = |75 % I0* mm® = 1786 » D¢ m?
L= 722 m le = 7.2 m
TET T (200% 10" X17.8% [0 )
Pc.v- = T - (r.z)~
= 677.77%l0* N
P . Zloxe® 5 24336
Ve 672.77%(0°
(@) Yomen =e[5ec(1i‘/-g) -1 ] = o2t e = (0.82¢H8) 21 ) = 17.38 mm -
k) Miys Ples yma) =(270x00*)Y 21 + 17.3¢ Y10) = 035 N-m
= 24y M P .M . 200x0% | lo35¢ . LTxj0% B = 99.7 MPa, —-
Come = A* T "W Sy T lonigc T Dsxiot 79.7x10° P




10.35 An axial load P is applicd at a point D that is 0.25 in. from the geometric axis

PROBLEM 10,35 of the square aluminum bar BC. Petermine (a) the load P for
which the horizontal deflection of end € is 0,50 in., (b} the corresponding maximum
t stress in the column. Use E = [O.1x10* ksi.
i P
0zsin~ SOLUTION
T=dbh®= $0GXSY = 0.78157 in® |
A=(1.715) = 3.0625 in' e =20135) * 0.875 in.
L=2.5 ft = 30 Le = 2L = €O in.
2

P = PET _ T(le.ixlo 1)(0.78157) = 21641 kips.
o Le® (&0}

Yo = € [ sec(3yB) - 1]

s Yut€ . &

sec. qﬂ) = 2=, ces (g@) Joae
P .z e : 2 02s *

(o) i 1‘_‘3_.: arcces €-+ym] = [;' e N T I

= 0.6I40

() My, = Ple+ You) = (13270 15+ 0.50) =

Me _ 13.27 , (9.9¢75)(0.875)
Come = B T " 3.o0c25 5.9815 7

9.96¢75 k-"p- ",

P= 06141 P, = 13.29 kips =

15.50 ks/ .

i

]

/—'\
Q.

1
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10.36 A brass pipe having the cross section shown has an axial load P applied 5
PROBLEM 10.36 mm from its geometric axis. Using £ = 120 GPa, determine (a) the load P for which
 the horizontal deflection at the midpoint C is 5 mm, (b) the corresponding maximum
stress in the column.

SOLUTION

120 mm

Co= '11".0'0:. B0 rm C;=C°-‘t'-‘ SY¢ mm

1= %(C;- C"q) = 2,.5005%0 mm’ = 3.5005':4[0" -t

L= 2.8 = le = 2.8 m
e, - mEL | 72 (120 % 10° )(3-S005x 15
[ Lef_ = (Z.S)‘

_ : = 528.8xj0° N = §28.8 kN
@) Yo © e.[ sec(g@\l* V] sea(%{%:\ = il‘%jie—
s (BE ) gEre ElF el

-E—rf I% ave cos -g—ﬁ;:]z = O.44de¥ P = 044944 Pp T 235 kN -
() Mg = Pt Yo ) = (28520 (54530 ) = 2850 N-m

A= (er-ct)s m(eot-541) " 2. 1488% (O  mm = R 4BR %O S m”

2 -
R I‘J’:\c . 2w (2350Neowic?) ¢ 14q o jofPa = 149.¢ MPa =

T Z 1983 % (o3 3.5005 x |0~

>|-o




10.36 A brass pipe having the cross section shown has an axizal load P applied §

mm from its geometric axis. Using E = 120 GPa, determine (a) the load P for which

the horizontal deflection at the midpoint C is 5 mm, (b) the corresponding maximum
P stress in the column.

PROBLEM 10.37

10.37 Solve Prob. 10.36, assuining that the axial load P is applied 10 mm from the
geometric axis of the column.

120 mm A )
[——‘] SOLUTION
2.8m co"ﬁl 60 mm CiT Co T = 54 mm
t=6mm = ]‘:il"(coq" C“-") = 3, 5005 xi0¢ = 3.50%“’0-‘ m’
L 28 m Le= 28 m
" o . JEL _ W(120 %10 )(3. 5008 %0
- LY @%)°
tip — 528.8xI10°N = 528.8 kN

@ Youn? €] sec(TEN- 1] su(;Jg) Lezre

Cos 'J;) yw-te ['rr arccos 3 +e__]
Er [—-qmc«:s?%;- = 0.78¢70 P-0.28¢70 R, = 151.C kN =
(b) Muae= Pletyud)z(1SLE 0% W14 8)(j07*) = 2274 N-m

A =

Tlc2-c.®)s T(60°-54" )= 2. 1488 X [O* wm" = 2. 1488 x IO™> w"

B . Mec_ 1siexiot
At = Zigzsvioes t

2.S00§x)0¢

(227N (on1S?) oo £ 108 P = 109.5 MPa

-
l\

o g s

J

.

=
A
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PROBLEM 10.38 +10.38  An axial load P is applied at a point located on the x axis at a distance e = 12
mm from the geometric axis of the W310 x 60 rolled-steel column BC. Assuming
" that L = 3.5 m and using £ = 200 GPa, determine (a) the load P for which the
horizontal deflection at end C is 15 mm, () the corresponding maximum stress in the

column.
SOLUTION
W3)ox60 A= 7590 ram = 7590 x 10 m"
Id T 12.3%/0% mmt = 18.3 %07 m?
S, = 180 % JO mm® = 180%I0° »n?®
z \x J
W310 X 60 L= 8.5m le= 2L = 7.0 w
g . o . TEL _ T(200x10"X18.3x10™)
cy-_‘ Lea' = (7_0)?.
= 737.2x%(0°N = 7302 kN

Youn = €[ sec (BRI -] s (FR) = T8 (3R ) 7
%,. = [-—21.-[— avccos %%-]z T [% crecos 1$‘+2|'1. ]z = 0.49957

(o) P = 0.49957 P, = 268.28 kN —

Moew = P &4y ) = (2¢8.28x0*X12+15)40™) = 9949 Newm

b G_<L M. B, M. 3C828x(0% | aqyy

- = 035, ¢
IR T AYS T Taexioc Y Tomoe - 0¥l Fa

= |0%. 8 MR ~-=-




PROBLEM 10.39

Your* €[ Q«.(EJ-E—,) -1]

@) P-

% = [% arccos ﬁ:—é]z

10.38 An axial load P is appl:cd at a point located on the x axis at a distance & = 12
mm from the geometric axis of the W310 x 60 rolled-steel column BC. Assuming
that L = 3.5 m and using £ = 200 GPa, determine (a) the load P for which the

_horizontal deflection at end C is 15 mm, () the corresponding maximum stress in the

column.

10.39 Solve Prob. 10.38, assuming that L is 4.5 m.

SOLUTION
W 310 % 60 A= 7590 mm = 7590%1G¢ w"
I, 8.3 %0 mm? = [8_3_![0"’ ¥
s;r JBO % 10% pam™ = 180 % 107% w3
L 4.5 m Le * 2L = 9.0w
p . WEL 74(200%100)(18.3%(0°¢)
o T @0y
= U445 94 xJO0° N = 445,96 kV
e+ €
se«;(%{%\ = i—e.—*-‘- CDS( ‘/—) ym+e
72 2% - A
= ["Tr'w“sls:r lz] T 0.47157
5.49957 P, = 222.79 kN —

= (222.7cix103)(12+:s)(lo")= GOIS Nemm
_E+ M . 2R.79x(C°

GOl

st = 62.8 o Pa

= 62.8 MPa .

Sy 159007
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PROBIEM 10.40

2
____._.___] = 0,34849

10.40 The line of action of an axial load P is paralle] to the geometric axis of the
column AB and intersects the x axis at x = 1.2 in. Using E =29 x 10 psi., determine
(a) the load P for which the horizontal deflection of the midpoint C of the column is
0.8 in., (b) the corresponding maximum stress in the column.

SOLUTION

Wizws  A=14.7i", I,7 563", Sy=13.9 in°
L= 24 §t - L -
P, TEL | T QR4x109)S6-2) . jgy 25,5" 4,

le? (Z83)*
= 194.28 kt‘rs

Yroer. eEsec(-l}J%)— l] sgc(g-l%): )fmg+e
2
Ccos (%%):th-tc %'_'-' %-ameus ji-*e.]

P=0.34849 P = 67.7 kips —

288 in 238 in®

Mo = P (4 Juw) T(627)( 12+ 0.8) = 13514 kip-in

P M . 627 ,135.4 e
A +% - Iq.—’ + lg.q 14.3 ksl )




PROBLEM 10.41 10.41 Thesteel bar ABhasa # x4 ' -in. square cross section and is held by pins

thatareaﬁxeddlstmceapartmsare located at a distance ¢ =0,03in. from the
geometric axis of the bar. Knowmg that at temperature T, the pms are in contact
with the bar and that the force in the bar is zero, determine the increase in
temperature for which the bar will just make contact with point C if d =0.01 in. Use
E =729 x 10 psi. and the coeﬂ’lclent of thermal expansion a= 6.5 x 10°%°F.

SOLUTION

4in.

" A= A T 0.1M8625 int

3 T = 4@ = nLed715x5" in' |
) 4in. ET = (Rewio¢ ) 64795 o) = ST Abint
EXT .
8

2 _rz
) Per = TFLFI = (22;77?') = 7370 Jlb.

e = 0,03 in.

Colecolote P usr'nﬁ o secawt -pov‘mu«pa:

m= = e[sec('il/_)' i] Sec 2{_- c
"‘;/E. cas” {1 43-5" = cas” (1+22) = cos'(078) 5
.E [ 2 (o 72273)]

Thermat ana,pjsfs .

0.72273

0. 21170 P=o.21170 P = 1560.2 lb.

(1) Simple alopmximdhon by ijnoﬁ'naj 'e,cc.en'fr‘!'c.t‘"'j.

To‘l’aﬂ epunadwn = O“.(AT.)' PL = 0

EA
- &_ “l_ - P - ISGO-Z - a ‘
AT = EndL T EARX  (29xi0°)(0. 140625 ¥ 6.5 %107 ) 58.9°F

) .A-gnafysi’s .w\'\'\\ JJSIOH o‘F ecc¢m+w|Ct+y

Totel Jamsa}ion of ce,n-}ml“olcj wnis = oLl (AT - PL - Le é‘:‘l

EA Ix M)
To cafcupu!e %‘ia .JiFPem-\Jn‘de eq- {io. 26)

L \
3 e (ptan B cos px = psin px)

M oxeo M- eptuls - eff h IE

Nea

T‘:e Janaa}mu of +he centrojded amis s €

= (z)(o.aa)1/£9°—°‘- tan(0.72273) =

g +w(%1/1)

286 .8 =107 ¢ in.

w779
aL@mn = Ee+ 2e %
__P 286.8x(0°¢ _ 286.8%10°° | cg a4 5.6°
AT = epac ol : 58.9+ AGT RIS £8.9 )

- 644° F -

4 r._ﬁ

[

0
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PROBLEM 10.42 i 10.41 The steel bar AB has a %— * % -in. square cross section and is held by pins
that are a fixed distance apart and are located at a distance ¢ =0.0% in. from the
geometric axis of the bar. Knowing that at temperature 7, the pins are in contact

¢ +0.031n, - with the bar and that the force in the bar is zero, determine the increase in

temperature for which the bar will just make contact with point C if d =0.01 in. Use

E =29 x 1(° psi. and the coefficient of thermal expansion &= 6.5 x 10°%/°F.

10.42 For the bar of Prob. 10.41, determine the required distance d for which the
bar will just make contact with point C when the temperature increases by 120 °F.

SOLUTION

4in A=GNF) = 0.190¢25 i’

I=%3#)Y = Le47195x10™ in'

EL = (@4x09)(1.6947195x (oY) = #7791 Ab.int

€ =0,03in. - TEIL 173(4'77‘H)
Pl T3 = e

Codevfote P From Hermal -aﬂfupjsis. To ob+win au a»ppraxt'muf‘e

Vaf.)e-, hea?e:—,‘l’ the effect oF QCCGM+Vc¢'+-a in the thermad amefsis.

Toted e,fbncjuf'\‘ou = ol (AT) - _EEA_. - o

7370 Ab.

P = EAdAT) = (9% 10°)(0.140625)(e.§ x 1) (120 = 3181 Ab.
Codeudote +ha Je-rzpec:fi'n'un vsing the secauf fovmuda

d = You = e[ Séc({LR:)- V] - (0.0'S)[sec(%"‘]%)- ¥

= (o.os)[Sec.(l.osrqﬂ- 1] = (0.02)(0.94883) = 0. 0285 in. ==

For an improved thermal anaﬂds.‘.s :'nc,puof.'nj eccem'lm‘c-'ilu‘l , see
&J,pu‘h'om o'{\ Pmla. {o. 41,




10.43 A 3.5-m-long steel tube having the cross section and properties shown is used
as a column. For the grade of steel used oy =250 MPa and E = 200 GPa. Knowing
that a factor of safety of 2.6 with respect to permanent deformation is required,
determine the ailowable load P when the eccentricity ¢ is (@) 15 mm, (5) 7.5 mm.
(Hint: Since the factof of safety must be applied to the load P, not to the stress, use
Fig. 10.24 to deterniine Py}.

PROBLEM 10.43

SOLUTION

A= 3400 =10 ¢ m v= 48.3 10 m

le _ . 3.5 _
T O 4g.3xio0° T 72.46

Le S.S [}

I=703X10%m*
r = 483 mm

¢ = l;?{l= G3.5 mm

15)(63.5)

= 0.402249

Using Frg.10.24  with Le/v = 72.46 and ec/r'= 0.40829
P/A = 14475 MPa = 144.75%10° Pa
P - (1a4.75x10° ) (3900 x(0™¢) = w92xj0* WV

Dsing facdor of sa‘re—'lj Paa T M = I843103N = |89 kN . -

1.6
— ec _(7.5Xe3.5) _
LY e= 1.5 wmm T L 0.204815
Dsing Fig. 10.29 with  Le/r = 72.46 and ec/r’z 0.20415

P/A = 175.2 MR = 175.2 xto¢ Fa
P = (175. 2 x10°) (3900 ¥ jO™% ) = 596 x/0* N

P N
Using Factor o‘réq-rg‘}j. Pur * .E%gz&- - 229%10' N = 229 KN -

O
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PROBLEM 10.44

10.43 A 3.5-m-long steel tube having the cross section and properties shown is used
as a column. For the grade of steel used gy = 250 MPa and £ = 200 GPa. Knowing
that a factor of safety of 2.6 with respect to permanent deformation is required,
determine the allowable load P when the eccentricity ¢ is {4) 15 mm, (6) 7.5 mm.
(Hint: Since the factor of safety must be applied to the load P, not to the stress, use

P Fig. 10.24 to determine Py).

!
127 mm ¢ _bi 10.44 Solve Prob. 10.43, assuming that the length of the steel tube is increased to Sm.
45 g T SOLUTION
_ A= 3400 %107 m" P = 48.3XIC " m
b oo Le . 5
A = 3400 mm? Le® &5 m VT 48.3x/0 103.52
1=703%10%m* - 127 _
r =483 mm : c = 2, ©3.5 mm
. N
c . (15)(e3.8) _
. | @y € = 15mm %- (33.3y = 0.40829
o L
| Usfna ij 10.24% with “,f?“ = o352
and S5 = 0.40829 gives ‘E = [12.75 MPa = 112.75%x10°° Pa
P = (172.75xi10%) (840010 ) = 2883 x%I10> N

Usu'na -Fa.a“aw o'r 5&$&+j

b) e = 7.5

vy

Usfns Fu'tj. lo, 24

P (132.2x(0%)Y 34960x10°% ) =
Daing Factor of saie-}j

Py BEEXOT - 7.’ N = 17 KN e
. .S _
$5 - LBEUES) o o 2041s
gives -E = 133.2 MPa = 133.2%/0° Pa
453 % 10* M
Py = ﬁ%:’*_é.‘_’_of s 174%IPN = 174 kN -




PROBLEM 10.45

P = (Jo.wX8.84)

@) Using FPactor of SQ'rel-j
P = I _ wt(2a000)(16.7)
e - =

10.45 An axial load P is applied to the W10 x 30 rolled-steel column BC that is free
at its top C and fixed at its base B. Knowing that the ecceniricity of the load is e =
0.5 in. and that for the grade of steel used oy = 36 ksi and E =29 x 10° psi.,
determine (a) the magnitude of P of the allowable load when a factor of safety of 2.4
with respect to permanent deformation is required, () the ratio of the load found in
part a to the magnitude of the allowable centric load for the column. (See hint of
Prob. 10.43.)

SOLUTION
W IO x 30 A= 884 " W= .37
c= %= 882 2905in  L=16T i

L= 75¥%=- Q0 in le = 2L = 180 in.

Lle . 180 . .2 = 0.5
v T - 1813 ST hem
ec _ (o0.5¥239058) - 0.7739

re (1.271*

Using [iq 10.24 £ - 10,47 ksi

= 92.¢ kips

Le™

Uf""“g -Fad'w‘ o'F SA'PeA'j

(b)

92.6 .
P = —22-4— - 38.6 knps et
TR = |47. § kfps
P = L3 < 6LS kips
38.
rotio = a‘:’é‘ = 0.e13 g

(-

o

N
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10.48  An axial load P is applied to the W10 x 30 rolled-steel column BC that is free
at its top C and fixed at its base B. Knowing that the eccentricity of the load is e =
0.5 in. and that for the grade of steel used oy = 36 ksi and E =29 x 10° psi.,
determine (@) the magnitude of P of the allowable load when a factor of safety of 2.4
with respect to permanent deformation is required, (b) the ratio of the load found in
part a to the magpitude of the allowable centric load for the column. (See hint of
Prob. 10.43)

PROBLEM 10.46

10.46 Solve Prob. 10.45, assuming that the length of the column is reduced to 5.0%.

SOLUTION

N, wiorso A= B840
fy = 137 in - e o 5812 . 2.90C in
L= 5.0 ¥t = €0 in

W10 X 30

120 in.

~
o
L]
P
rb
]

.37

%\s: 120 . g7
ec . (0.8X2.905). - ©.7739

" (.37)*
Deing Fig 10.2% -E - 14,90 ks e=(4.90)(8.84)

(Q-) Us"nﬂ 'F&.D“’O!/‘ OF .sa're‘l':\) ?«” = __!_3.,_47_ - 5q. q kl.PS —

L]

131.7 lkips

n*ETl

T2 (29000)(/6.7) . 332 kips
Pgr = Lc!-

(ize)*
Usfhj foctor oF M‘Pcﬁ B = 3—3‘%— =
(b) roXio = £4.9

128. 3

138.2 kI‘PS

0.3%7 —




10.47 A 55-Kip axial load P is applied to a W8 x 24 rolled-stee]l column BC that is
free at its top C and fixed at its base B. Knowing that the eccentricity of the load is e

=0.251 in,, determine the largest penmss:ble length L if the allowable stress in the
column is 14 ksi. Use E =29 x 10° psi.

PROBLEM 10.47

S = -E-[ |+ %c.{ 5“(31@)]

ASen -1 = SR see (1R

e () (A1) - S [O  ] 2sn
cus(T'-JE)- 0.39075 IJE - icass
= 12 (. uqss)] 55418

EI

. _P -
Pcr T 0.85413 Le

L= . 05548 T ET _  0.554I8 7 (29000Y12.3) _ 5298/ it
¢ 1 55
le = 229.7 in = 2L L= 4.8 m = .87 ¥+ -

SOLUTION
Dota.- P 55 k\‘.‘as , €= 0.25 in
E = 29 N‘O‘ Ps; = 29000 'ﬂ(&l'
W8Bx24: Az 7.08 "  beT 6.495 i
= %ig 3.25 l‘h) I‘y? 18.30\", f_‘yrl.élfh.
Gm = )"' kSI‘

]

W,
[

S T P I SR R S

r
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PROBLEM 10.48

10.48 A 26-Kip axizl load P is applied to a W6 x 12 rolled-steel column BC that is
ﬁ'eeatxtstopCandﬁxedat;tsbascB Knowing that the eccentricity of the load is e

- =0.,25 in., determine the largest permissible length L if the allowabie stress in the
column is 14 ksi. Use E =29 x 10° psi.

SOLUTION

Data: P = 26 kips, €=0.25in

= 29%10€ pai = 29000 Ksi
WoxI2: A 355 in" lop H000in
e= - 20000 I r29imnt, Vyx 0.8 in

Gomane = 14 kesy
ec cec (1/2 )]
(/)

6.,‘.“- E[\+

A_...._S'*as-.. -\ - %% sec.

TEN - £ ASes . (o}  [@ssHYUD ) -
sec (T - ec_(: S R o ey s 1] = 153635
cos (32 ) = 0.65089  L{E - o.sc204
P.J2 -
£ - [W(o.gezow)]; 0.30117
P = P nM2ET
er T 0,307 ‘Le™
L = o.30l7 T ET _ 0.30l7 T2 (29000)(2.99 ) 9. 913 ¥(O° in®
P 26
le = 99.56 in = 2L L= 49.78 in. = 415 ft —




10.49 Axial loads of magnitude P = 84 kN are applied pamllel to the geometric axis
of a W200 x 22,5 rolled-steel column 4B and intersect the x axis at a distance e from
its geometric axis. Knowing that allowabie stress 0, =75 MPa and £ = 200 GPa,
determine the largest permissible length L when (g) ¢ =5 mm, () e = }2 mm.

PROBLEM 10.49

SOLUTION
Date: P =24 xI0® N E=200%0" Pa
W 200x22.5 A= 2860 mm = 28600 m*

bg = 102 mm  C = %{=srmm
I - 142 X 10% mm* = L4a |0 m'

Gt = Goww = 75 MPa, = 75x(0¢ Pa

e El1+ e R
A&"._] - V‘c" .Sec. EJE)

see ( ILJ_) (As‘.._.,,_')

. (22.3)* (:zzaox;o")(?mof-)
(a) €= Srmm Sec. Fér) SED | S0

CDS(E@) < 0.33006 %{; = 1.2344

E - [-%—(1.23%):]2= 0.61757

f} T 22.%3 mem

'\] = 32,0297

For
Pcr- - ._.E——— - _E_i_bI
0.617577 L. .
2. 0.61287 70 EL . 061957 vt (2000 Y1437 15°¢) _ 2061
¢ | &4 » o3 ’
Le = 4.54% m [ = Le = 4.54 m —t
14 J— _ (22.3)% L(QSGOMO'")(?SHO‘)__ ]
(b) €=12mm .sec.(g ﬁ,) TENES ST %158 ) 1.26238%
Cos (?J-g)= 0.79216 —}HE : 0.65646 35
2
£ <12 (oeses)]” = o.174cs
p . B . TEI
o O.174¢e6 Le?
? g -Z
|2 s CulMee TET 0. 179¢CT (20010 Y1ZXSS) _ ooe 2
P 4 (O3
Lg" 2.9t m L= Lc_= 2.91 v —




PROBLEM 10.50

SOLUTION

Dok P=580%I10'N £ 200%10" Pa

W 2506 x 80 A = 10200 wmm: = 10200216 m"
be = 255 mm c= %’ T 127.5 mm V}-‘ 65.0 ww
IJ = 43, ] x/o° pm = H3. | xlo® w’
Cu * Cmn = 75 MPa = 78 x 10 Pa
_r ec I }.E

Crn = R Il + 5 sec.(z P,-..pﬂ
AG, . €c I ie

ol sec(FVE )

see(TYE) = E(4F=-1)
@ o5 see(BE ) i | g -] = e

cos :—E\/gr) = 0.47305 -';LE - 107804

2
2
% - [F(f.O?SO"f)] = O.47101
p -.B__ . IEL
XTI T let®
2 o.47101 T*EL o.47 01 7t (2002 0% 43 ) wio"®) ~
Le = 'P < - 580&,03 )( - G?-oq "y
Le = 8.321 m L= Le = 8.31 v

T [P (¢es) (10200%15°) (78 x16€)
(LY e- lOmm Sec (%‘J-'g‘:) =(101(\97-53I 580 x (O3 - ‘] = 1.05696

C°5(;'1/§:)’ o.94el! %1/% : 0.32980

.
%{—T‘?(a.sz‘mo)] = 0.044083

o = P _ TMET

Ter T powdog3 T Le*

| v, O-ouu0es mEL 0. 044083 TH(200 x10t)(431 ¥ 16¢) _ ¢ W
e’ 3 ) 580 x 103 = Gdcem
L.g = 2.54dm L= Le_ = 2.54 wm

10.50 Axial loads of magnitude P = 580 kN are applied parallel to the geometric

axis of a W250 x 80 rolled-steel column AB and intersect the x axis at a distance ¢

from its geometric axis. Knowing that allowable stress o,, =75 MPa and E = 200
“GPa, determine the largest permissible length L when () ¢= 5 mm, () e=10 mm.

-l




PROBLEM 10.51

10.51 A 12-kip axial load is applied with an eccentricity e = 0.375 in. to the circular
steel rod BC that is free at its top C and fixed at its base B. Knowing that the stock

of rods available for use have diameters in increments of -‘s‘ in. from 1.5 in. to 3.0
in., determine the lightest rod that may be used if 0,4 = 15 ksi. Use E =29 x 10° psi.

SOLUTION
E = 24%10¢ psi = 29000 kei A = siawmeter (in )
. ¥
A=Tdar I-ED)' - L c-3d e-o8win
L= "}-O'P"' = 42 [(n Le= ZL = 9% [
_ mEL | m*Q29000)Tid! T
Rr = Lco. - (G"ﬂ(ﬁé]" !-quqq d kqu
+ . I . md', _odl _ \
Y\ A - G"’ '1%7;, = lg P- IQ k'PS
ec . (0.375X4d) _
< s g
6',...,,, = ‘E“ ]+ gF'C{ SeC-(l;L/‘E)] Use d=2.125 in. i
dind| AGAY | Blkips) | §& | 6nlhsi) Gon, = 1190 s
< 15 kst
2.25. 13.976 39,07 1.3333 3.26
2.0 3. 141¢ 24.2%9 1.& t6.49
2.128 | 3.54¢6 31.09 1.4118 /1,90 e
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" 10.51 A 12-kip axial load is applied with an eccentricity e = 0.375 in. to the circular
PROBLEM 10.52 + steel rod BC that is free at its top C and fixed at its base B. Knowing that the stock
of rods available for use have diameters in increments of -& in. from 1.5 in. to 3.0
in., determine the lightest rod that may be used if 0,4 = 15 ksi. Use E'=29 x 10° psi.

10.52 Solve Prob. 10.51, assuming that the 12-kip axial load will be applied to the
rod with an cccentricitye = 4 d.

SOLUTION
E = 29xI0¢ psi = 29000 kst el = Aicmeter (in)
A= Bd* I= (@) -&d° c-dd  e-id
L_— L}-{?-]-.-‘-}a‘h Le=2L=QQ;‘ﬂ
_ mreEr . wr(agooco)(mdY) '
?cr - Lel - (G‘f‘\(clé ); - \-qu% A
rte g s L P =12 deips
ec = (————ELJ)(E'J) = H. o
v-z _‘t,d?.
& o = -E—I 1+ -ef; sec(%]/;% )} = KP"[ | + 4.0 .se'c.(!;_xf%\]
d(ln\ A(I.h‘) R;,.(k.lgs) &*(kn) USQ c’ = 2.e25 . et
2.25 2,976 3%.07 21.75 G = 13,27 ksi <€ IS ksi
3.0 7.068 123,48 9.39
2.5 H.909 $49.55 15.23
2,625 | &4z 72.38 13.27




PROBLEM 10.53

10.53 An axial load of magnitude P = 220 kN is applied at a point located on the x
axis at a distance e = 6 mm from the geometric axis of the wide-flange column BC.
Knowing that E = 200 GPa, chose the lightest W200 shape that may be used if o =
120 MPa.

SOLUTION
P= 220%)0% ¥ L=03wm Le=2L=3.6m
. TEE T2 (200%10%
2= ,Lez. = - (3.210 )L . 152.3 %" I, N
\x e = Gmm C = -%f _er,_% = E_e?\,biﬂ -
b
AN SRS RGN
Shape | AUGD) [ bp(w)| T m' )| 1yGom)| Bk FE [ Gus(MP)
W20 x41L7| £310 e 9.0l 4.2 | 1372 .0.29%4| 56.5
W2R00 % 26,6/ 3340 123 3.30 2),2 | 502.6[0.4099| 117.4
W00 ¥ 22.5| 28¢o 02 .42 2.3 *a6.3 0 oo
*< P
Dse W200x206 == 6., 7.4 MPa
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PROBLEM 10.54

10.53 An axial load of magnitude P =220 kN is applied at a point located on the x
axis at a distance ¢ = 6 mm from the geometric axis of the wide-flange column BC.

- Knowing that £ = 200 GPa, chose the lightest W200 shape that may be used if g, =

120 MPa.

" 10.54 Solve Prob. 10.53, assuming that the magnitude of the axial load is P = 345 kN.

SOLUTION
P 345%10*° N L8 m Lez2L=3.6 w
. MEL _mQeowo Ly st
B R o X ittt
. ke ec . She
e~ 6 C = = = £
1L8m m 2 ¥ 2'{\3
P
Srnor = -E—I b+ %% sec (Fi‘[’ﬁ,)]
Shape | AGSW Y bp(rm) I (16| vy Gl P (kN €5 | Gl (MPe)
W 200x 477 S310 166 9.0l 4.2 1372 0.2934 | 92.0
W 200 x 26.6| 33396 | 133 330 | 3.2 | 502.¢ |0.4099| 258
W 20 x 359| H580 | 165 7.64 | 4.8 | 1164 |0.2974] [09.5 | =
W 200 3.3| Heoo | 134 .10 | 820 | 624.4 |06 172.6
Use W200x 35,9 - S = 109.5 MPa,




PROBLEM 10.55

10.55 Axial loads of magnitude P= 175 kN are applied to a point located on the x
axis at a distance e = 12 mm from the geometric axis of the W250 x 44.8 rolled-steel
column AB. - Knowing that gy =250 MPa and E = 200 GPa, determine the factor of
safety with respect to yield. (Hint: Since the factor of safety must be applied to the
load P, not to the stresses, usc Fig. 10.24 to determine Pyl

SOLUTION
For W 250%44.8 Az 5720w | ¥yT 35.1 mm
le = 3200 wam Le/r = 108.2C
C‘-l%f::u;i‘?qhnm e = 12 mm
ec . 00N . 572077

N C L

USl.ha F.3 10.24 with Le/V"IOZ.RG and %70.72077

R/A = 90.37 MPe, = §0.37 %/O° N/ m"
Pr= ARA - (5720%10°W30.37xp*) © S17x10* N = 517 k¥
Fs. - & 82 - 295 —

PROBLEM 10.56

10.55 Axial loads of magnitude P =175 kN are applied to a point located on the x
axis at a distance ¢ = 12 mm from the geometric axis of the W250 x 44.8 rolled-steel
column AB. Knowing that g, =256 MPa and E= 200 GPa, determine the factor of
safety with respect to yield. (Hint: Since the factor of safety must be applied to the
Joad P, not to the stresses, use Fig. 10.24 to determine Py}

10.56 Solve Prob. 10.55, assuming that¢= 16 mm and P = 155 kN.

SOLUTION

For WZ50*44.8 A =8720 wm ;| Vy= 35.1 mm
le = 3800 mm le/v = 108.26
c_-:-t-’{z%rﬂmm e =16 mm
%% = %@3—}%%) = 0.96103

Using Fiq 10.24 with Le/v = 108.2¢ an %%:o.%loa

R/A = 8117 MPa = B8L17 N/ ™
B = AR/ = (5720%6 V(81 17x10%) = HEitx 10 N = 4cd kv
F.S.=%=L-f§;—= 3.00 —
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PROBLEM 10.57 10.57 Using allowable stress design, determine the allowable centtic load for a

column of 6.5-m effective length that is made fiom the following rolled-stecl shape:
(@) W250 x 49.1, (&) W250 x 80. Use oy = 250 MPa and E =200 GPa.

SOLUTION
- 2"' E Zrt(3oo *10%) _ .o
Steed: TN = 125,604
(o) W250x%49.1 A= c250 x107° m" Vi = 4.2 %107> w
Le . 6.5 |
"}E-mﬁ? 22, > G,
. _W*E _ m*{acoxio*) .
2 Laz(L/e)> (921320 58.9 x10° Fa.
Pu = AL = (6250x10°°)58.9x10°) = 368x/0* N = 368 kN et
(b) W250 = 80 A= 10200% 167° m" Viiw® £5.0%x107" m
L G.
¥ T Gonigr = oo < G 1;_./"\-— 0.19577
) c
Fs. = £+ 2(757)-4 (0.11577) = i q0209
- 6‘v [ L/r ]_ 250240 N 27 ‘
ot = - 3 BEY [ = B[~ L (079577 89.82x10° Pa
Pau = AS‘.« > (.rozoox;o-G)(sa.sz»/o"’) = GIEx1°N = I kN -

PROBLEM 10.58

29 x 10¢ psi.
SOLUTION
Steef: £ = 249000 ks W3Ex31  A=9i3n" Voin = 2.02 in
le= 21 F+ = 252 in Le/r= 124.75
2
(@) Gy = 36 ks C. 42“-“ R Pl = PP
Le/v < C, _La_(!‘ = 0.98932
Fs. = &+ 2(0.99982) - £(0-98982)° = |.aics2
Lir ‘
—L["' 7 (57 )] ,q,“z[l-—&(o.ﬁaﬁsz)‘} = 9.59 ki
Put = CuA - (Q.S?XQ,IQ.) = B87.6 kps —
(&) 6'\, = 50 ks CC:JM - 107.00
2
TE .
Le/V‘ > cc. 6;!{ = %(L/r\) 9.5"! ks
Pu: Suah = (9.59)(2.13) = B2¢ kips —

10.58 A W8 x 31 rolled-steel shape is used to form a column of 21-ft effective
length. Using allowable stress design, determine the allowable centric load if the
yield strength of the grade of steel used is (@) &, = 36 ksi, (§) 0, =50 ksi. Use E=




10.59 A steel pipe having the cross section shown is used as a column. Using
allowable stress design, determine the allowable centric load if the effective length of
the column is (a) 18 &, (b) 26 ft. Use o= 36 ksi and E =29 x 10° psi.

PROBLEM 10.59

SOLUTION
c_o-.?‘.zzgo'm_ ;= C-L 5 272 in
A= -n(c.,-c‘)- 5.081¢ m“ u;_ ) .
o T = I(et-ct) = 20,627 in' T 2.0247 in
Steel: E 7 29000 ks! Ce \J%E{ "’33‘?"‘”" = 126.10
(@) Le= 12 Ft= 26 i le/r = 106.68 < C, c,, = 0.84Gol
FS. = £+ £ (o. 8+co|) 3(0 S%oi)’ 4082
S = [. -t( = 2 _z¢ |- %o s%on] 12,41 ksi
Pt = GJAr (l?.ln(c;.osle) = G6lLO  kips —
(b) Lo = 2 = 312 . Le/r s 154,097 > C,
nE _ m*{29000) = ¢ .28 ksi
Catt = T2 (- (haxYisq.077)* '
Pu = G A = (6.28)(s5.031¢) s 31.6 kips —t

10.60 A column is made from half of a W360 x 216 rolled-steel shape, with the
geometric propertlcs as shown. Using allowable stress dcmgn, determine the
allowable centric load if the effective length of the column is (&) 4.0m, (5)6.5m.
Use gy =345 MPa and E = 200 GPa.

PROBLEM 10.60

SOLUTION
A =13.8 % 10° mm? T Lrin [ 26.0%j0°
1, = 26.0 X 10% mm* N3.8n 0%

03,406 mm
3
I, = 1420 X 10°% mm?*

HZ Yok [0~ vn

= I3, Sr!o \m

----------- S'}ee,e Ce = 22.:b :lzrsﬁ‘ong) = [06.97
@) Le =80 w < 92183 < Ce Lt = 0.3a149
Fe. = £+ 4(0-8¢49) - 3(0.8c42)® = [.7098
Gt = -6“?[ (L/r)] ?‘;i”;?‘ Il- l(ossm'ﬂ‘] = 13.6) x 0" Pa
Pu = G A = (113.61xI0%)(13. gx103) = 1568 %IO*N = 15€3 kN -
B) le 65w =g > G

S, = T'E . T (a0oniof)
T Yqa iy (e (9rasy

G A = (45. 245 =j0° (3. gxjot) = £33xj0°N = 6833 ki ——

= 45 845 %j0% Pa

O
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10.61 A 3.5-m effective length column is made of sawn lumber with a 114 x 140-

PROBLEM 10.61 mm cross section. Knowing that for the grade of wood used the adjusted allowable
stress for compression parailel to the grain . = 7.6 MPa and £=10 GPa, determine
the maximum allowable centric load for the column.

SOLUTION
Sawn fomber ! c:o0O.8 6= 7.6 MPa Kee = ©.73 E=lo000 MPa,

A=z (MD46) = 158960 wmm~ = |50 10" % m*

A= 1Y mm = 1 x]O™

VA = 3.5/119%0° = 30.706

- K.E _ (0.2)coo0) _ P See .

e = T8 ¢ ey = 31827 MPa = = 0.41878

1y = 1+ C/S _ 141278 = Ge/S 5

U = Zc‘.‘ * 2¥0.33 0. ?8673 v o 0.5234 |

L

Cp= U-HL -V = 0.3740%8

Gt = 6. Cp = (7.6)0.37408) = 2.84 MPa
Piw = CuA = (284x10°)(15%0x10° ) = 45.4xI10° N = 4§49 kV ~a

10.62 A sawn lumber column with a 7.5 x 5,5-in. cross section has 2 18-ft effective
PROBLEM 10.62 length. Knowing that for the grade of wood used the adjusted allowable stress for
compression parallel to the grain is ¢, = 1220 psi and that E=1.3 x 10¢ psi,
determine the maximum atlowable centric load for the column.
SOLUTION

Sawn Jom ber : c=-0.38, G. = 1220 psy E = 1.3w/0f ps! Keg = 0.3

A=@SUES) s 41.25 in" d= 5.5 in L= 13 Pt = 20¢ in
L/d = RA&6/85.8 = 39.273

= KeE _ (0.3¥jawi0f) _ Se . '
Oce = 7ays = Tza.aisyt T ASR.8C ps G. T O-terae
s LERel% s LRORE Lo asussy v= SEf& < o gga0rs

CP= us—Ju‘-v = 0.197183%5

Cutt = 6 Cp = (12200, 1947535 ) = 24b.0  psi
P = G A = (2410 14125 ) = 999 /0 Bb. = 9.99 kps -




PROBLEM 10.63

¢ =0.375in.

FCTT S

Gt *

Pt = G A = (21.42)(5. 4375 ) *

20.7 - 0.230/r) =

10,63 A compression member has the cross section shown and an effective length of
5 fi. Knowing that the aluminum alloy used is 2014-T6, determine the allowable

centric load.
SOLUTION
b, - 4.0 b: = b, -2t * 3.25 iw.
A= (4of -(3.25" = 54375 int
I s[ae)-@2Y] = 12.0%6 in”
0 T JEEE - iwre SR - GO

40.33 < 55 ue 2014-TC adowminum aifoy

30,7 - (0.23¥(40.33) = 21,42 ksi

116.5 kips o,

PROBLEM'10.64

-un

I_y : 2[%05)(!00)‘}4
2 (teo)(i5) + (T2 =

S
Pout

H

[}

Ln

129 - 0.268 (L/r) =
S A

15 mm

10.64 A compression member has the cross section shown and an effective length of
1.55 m. Knowing that the aluminum alloy used is 6061-T6, determine the allowable
centric load.

SOLUTION
1,, - L 100WIs¥ + (100)18)(42.5Y =
257. 28 %10 mm "

iy
2.7375 #[0° mm

T.o = (370} =

15 mm
I, = 2Ta+ 1.,= 573225 %10° mm
L ()9) = 2 504925 x 10% pmm'

3630 rmm. = 3630 %10 m"©

2.50425’-!0‘ - 6.285 % 105 m

26.2¢5 vam T
T Reds

le/ = §3.01 < GG (co61-TC afvuinm )

129~ (0.862)(59.01) = 87.78 MPa
319x/0° N =

s (872.18%10° W(3e30x/0°) - 319 kN -
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PROBLEM 10.65

L_m mmq

_Fgrs
M2 100

1y

10.65 A column of 6.4-m effective length is obtained by connecting four 89 x 89 x
9.5-mm steel angles with lacing bars as shown. Using allowabie stress design,
determine the allowable centric load for the column. Use g, =345 MPa and £ =200
GPa.

SOLUTION

ITE _ [ZT @) |

Steed: CeRTET Y guswof

106 .27

B4x BIx 9.5 wm omqle
AL.: IGOO MYhz

X7 258 mm
lx? [qulo "VIM
d =z 1060 ~x = T4.2 mm

T-= 4(Ao|‘+ I~ l{[(leoo)(wﬂ + L HHO]
39 996 * I0°  mm"

A = qAL = G‘fDO MM = LHOO » lo=e
V' = 1/% s 79.0L83 mm = 79053 %10 m
'E'! = 6.,‘} - < Le/f‘ - -
v © THosanioT - 80.958 = (G - T 0.75683

Fs. = £+ %(0.75083) - £(0.75¢83) = 1.89G3

Qunt
Fu

-4 -

G A = (129.83 % 109) (o400 x107¢) = 83ix [0 N = 831 kN —=

3‘*5”0‘[1 -%(0.75433)‘] = 129.83 =)0° Pa

1.8963
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10.68 A column of 23-ft effective length is obtained by welding two  -in. steel

plates to a W10 x 33 rolled-stecl shape as shown. Using allowable stress design,
degermine the allowable centric load for the column. Use oy = 50 ksi and E =29 x
108 psi.

PROBLEM 10.68

SOLUTION

For W10%33 Az @7t ', d= %13 in b7 7.960 in.
T, 170" | I,=366in"

A= a7+ (RAFW2.73) = |7.0075 in®

I,= 1704 @EBX.73)> = 2272.57 in" .

T = 266+ O)EN18( B2 &Y+ £ (172)EY ]
= 36,642 ¢2.27+ o.043] = 162,43 in?

- In.‘n - 163.‘_‘!3 - -
r --1{ A = ‘])!10075 = Z2. 1060 in.

|<_ 216 mm —>|

. . fane . [2m%(2q000) -
Steed C,._ .J—-G;—_ = 5o = 107.00 ’
le= 28 Ft= 276 in  2=2le - 289.03<C el = 0.33203
£S. = 5 + 2(0.83208) -1 (0.83208)° = 1.9067
. 6 _1/L/eT 50 ) .
S Fé[’ 2(_6..’\] ) \.1067[" "%(0‘83208)] TS ki
Py = SuhA = (17,0450 17.0078) = 292 kips —
PROBLEM 10.69 10.69 A rectangutar column with a 4.4-m effective length is made of glued

laminated wood. Knowing that for the grade of wood used the adjusted allowable
stress for compression parallel to the grain is o, = 8.3 MPa and that £ =10 GPa,
determine the maximum allowable centric load for the column. -

SOLUTION

140 mm Glied faminated colomn c=0.9 | Keg=O.418

G.= 8.3 MPa E = 106006 MPe,
A= (216)(140) = 30240 mm = 30240%(EE pm°
14O mm = O 190 L= 4w Lid = 21.429
. KeE _ (0.H13)(10000) _ o
S (L= =7 (3. u@)* = 4.2318 MPa G /G = 0.50986
. L+ Ge/G _ 150986 . SelGe _
u B = B0a3 0.833811 v =2 .0.56¢6 1)

Ce= U ~Jur - v = o.4esol
G = G G, = (8.3)0. Yy¢gol) = 3.8845 MPa
P = Eu B = (3.2345x10°)(30290 x(6°) = 117.85%10°N = 1.5 kN —=




PROBLEM 10.66

_ Toin lod. 1l
VA ) .76

10.66 A column of 21-ft effective length is obtained by connecting two C10 x 20
steel channels with lacing bars as shown. Using ailowable stress design, determine
the allowable centric load for the column. Use gy = 36 ksi and £ =29 x 10¢ psi.

SOLUTION
C10x20 A=S.88in %= 0.606
| I. = 8.9 in' Iy= 2.8 in'
d= 2.5-%X * 2.8 in

For +the coduwmn :
Ix =

= (AU5.88)7 11,76 in®
(2(78.4) = 157.8 in"*

Iy - 2[2.81+ (5.88)(2.874Y] = jo4. 11 (Y
2.‘775‘”1'” Le = %I + = 252 in

~1/211“'_ Zm*(23000) _

Ce- ?;—'1 _.\/ 37 = 126,10

L . o.c7ies

+ 2(0.611e5) - §(0.c71¢5)* = 1.8807
. v\? 3 _ 41 2] .
ey ] . Za ol ) - L0.6716s)] = 1482 ks,
= (11.22)X(Nn.7¢) = 174.3 kips ——

Li27x76 » 12.77 v

y = 44w
For colomn I
Id
A
V\

Le = _2.3
v~ Zo.9%xjo™?

Sdee d:

10.67 A compression member of 2.3-m effective length is obtained by bolting
together two 127 x 76 x 12.7-mum steel angles as shown, Using allowable stress
design, determine the atlowable centric load for the column. Use @, =250 MPa and
E =200 GPa.

SOLUTION

ZT‘E (200 x10%)  _
Ce 1/ oot~ 125.66
Takbde. 3ive_.s A._-' 2420 mmt) I, 3.93 % 10° waw’

IJ= .06 x lo° Imm‘*) ¥ = 'ﬁ.(_‘)mw\) G:

Z(IY)-ML&
> I, =~ I.- I,, = 2. IZ*IO":MM = 212%10  m?
E 2A H2HO mm' = 4YRYO x jO°°

:1/%«4 i} % = 20.q-3x:o"‘m

= l109.90 < C, Le/v -

Ce

l.l

(2)(1.06 %10%) = 2.12% 10° mm

O.8745S

FS. = §+-§(og7455)_-'-(o g7455)° = 14110

S = \.‘lno['
= 6 A

= (80.79x10°) (840 *j0¢) =

Zsowlo
l‘mo

(L/v‘) ]

[1-%(o.87s5)"]= 80.79x10" Par
39) *[Da N =

39) kV J—y




10.70 An aluminum structural tube is reinforced by riveting two plates to it as

PROBLEM 10.70 shown for use as a column of 1.7-m effective length. Knowing that all material is
aluminum alloy 2014-T6, determine the maximum allowable centric load.
6mm\8mm 8 mm 6 mm
- 34 mun ‘T‘! ['" SOLUTION
8:nm ' R b, 64834344 8+6 = 62 mm
- b: = 34 mn
h, = 8+544 3 7 70 mm
54 mm h‘; = SY wm
A= bh.-bh; = (62)(7)-(34X54) . .
= 2.504 xI0* mm" T 2.50%%[C wm
8 mm . . . .
t i, - é[bo hS - b h; } : ;'if(czq)ﬁo)"- G4)(s4) ]

= 1.32602 % 0% mm

Iy = [ hbl - hb ] = &[(70)62 Y- (5)seP] = 1121387 x10¢ mm? = T

S
= Lo ?V LQQ'::_S;:*IL?? = R2.01%3 mm - 22.013%/6" m L=

Y\ 1.7 A
-l;':— z 22"753”0., = 77.23 > 55 for alominom alloy 201%-T6
_ 272x(o? _ 3712=i10% _
Gatt = (L/r)t - 77.23 % = 62.37 MPa
Pu® Guh = (6237x0°)(2.504x103) = 156.2x10° N = 1S6.2kN —=




— —
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PROBLEM 10.71

L e
Assome § < 5

Pou: GuhA =

212b° - 8.294

10.71 A 280-kN centric load is applied to the column shown, that is free at its top 4
and fixed at its base B. Using aluminum alloy 2014-T6, select the smallest square
cross section that can be used.

SOLUTION
le = 2L = (2)(0.30) = 0.60 m
Lo - L I F A -
A - b I E b Y= A = _J'-i.
L ooz 2.0785
v e b
2014-Te  aluminum djoj

G = 212~ LSS L) = 212 -(1.585Y(2.0785 /b))
= (212 - ) MPa =[712- 3 J00f) Pa
[212:b% = 3.294 b ] (Jo*) = 280xc0°

b -~ 280%lc° = o

b= 2279 % J(3:299) 4 (4 Y212)(280 %107 )

]

L
v b

20785

e 44.9%10°% m

@Y 21
2.0785_ .
= A8, s uc.26 < 58
Answer: b = 8432107 w7 HY.% wmm —




10.72 A 16-kip centric load must be supported by an aluminum célumn as shown
PROBLEM 10.72 Uﬁg the aluminum alloy 6061-T6, determine the minimum dimension b that can be
(VS

P

SOLUTION
g4 Le= L =18 n A= 26" To.=g@ete) = Ly
- /_Ism - b L _ 2 2.354
18in. VRS R - ) —_QT_
GOG\-T a,PuM_-'nuw\ a}?ﬁa:{. Assuw\e :F- < RB§

btz 20.2 - 0.126 (L) = 20.2-(0.126) €2:354
T 0.2 - .Z‘_E..S.i;_ ks i

Fu = 6 A= @0.2- )00 )  wou o szl

Ho.od b -~ 11l b = JE p = 5713 *(‘igl(s::ff;w){qo_‘”_@fj = 0.853 in
%: 52‘;35" = S22 s 7309 > g Assumption not yer Fre).
Assome %\., 66 Curs = %},%%9;_‘“ = %ﬁ?’-—gq—){i = 13,07 b" ks
Pt = Gy A = (20170267 = 26239 b = ¢ kips
be Veiaar = 0.88¢ in.
-t*f %—8%.% = 70.86 > geé Assomption vewrified.
b = 0.884 jn, —

] 3 3 3

|
J
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PROBLEM 10.73

225 m

120 kN

90-mm outer
diameter

10.73 An aluminum tube of 90-mm outer diameter is to carry a centric load of 120
kN. Knowing that the stock of tubes available for use are made of alloy 2014-T6 and
with wall thickness in increments of 3 mm from 6 mm to 15 mm, determine the

lightest tube that can be used.
SOLUTION
L = 2250w, P = 12ox10*N nc 4S mm,

t,= V.~-1L A=T(n-nt) I=5(n*-w")
v - JI/A
For 2014-T6CG cdominum a}/(ar.r

G = A2 - 1.§8S (L/WMY MPa o L/r <SS
G = 272210 Mp, Ff LA > 8S

(L/r)*
Ra™ Pﬁu - 6-;”A
Capcujaﬁe 'Pﬁ,t( —Fw* eaoL- 'Hu'clthcss.
t Vs A I LA L/ oW Pt
Wi pm w10t mm! . mm MPa, kN,
G 34 1583 l.4oY4 29.78 75.56 6516 103,
> 9 2c 1290 {.901 28,82 78.08 &l.oN 129.7 -
12 33 2941 2,284 21.90 B0.65 5§7.20 168.2
() 30 2534 2.584 27.04 x3.20 5374  [89.9
Since Py wust be gre~fer thaw 120 kV, vse = 9 [ ]




10.74 A 18-kip centric load is applied to a rectangular sawn lumber column of 22-ft
PROBLEM 10.74 effective length. Using sawn lumber for which the adjusted allowable stress for

compression parallel to the grain is o;= 1050 psi and knowing that £ =10 x 10° psi.

determine the smallest cross section that can be used for the column if b = 2d.

SOLUTION
Sawn Jom ber c=0.8 Ke= ©O.%
G. = 1050 psi E = 1Oxi0® ps/
A= Rd* L= 228 = 264 L/d = 26

Assumed CP = 0.5

Gu= 6. Cp = (1050)(0.5)
Pu =GuhA = 28ud*

- [Pu . [Booo  _ 94.8¢8 . .
d = 2 st 2 6a - Jou 4.149 in.

- . KgE _(0.3)ioxio¢) _ 3xio¢ _
L/d = 83.7¢ Oce = (L/d)? (L/4)* Y25 737.9 psi
6. /6. = 0.7028
Cl\mng CP = _,__,_,_,_,,,,._....._—--| +2§E/6; __J( l+ (&!’/6-9 ))2_ -— 6:2/6;. - O-sGOl

- 2C
Reso Ms . of simifar Yrials are summavized in the table bebow.

525 Fse‘

Assomed Co| Gt (psi ) Alin)| L/ Oce CPS'. Y Gee/Sc | Checked CPI ACe .
.5 £2s 4.4 £3.76 737.4 0.7023 0.560) 0.060\
0.56 528 3.9 67,423 658.8 0.6275 0.5169 | —0.0431§
0.535 | 561.75 4y.00| 66.00| ©88.71] 0.6559| O0.5337|-0.0013
0.s343 | sel.0 §.00S| 6592 690.4 0.6575 0.5346; = o

ek

Answer d= 4.0l in.
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10.77 A column of 5.6-m effective length must carry a centric load of 2750 kN.
PROBLEM 10.77 Knowing that ¢ =250 MPa and E = 200 GPa, use allowable stress design to select
the wide-flange shape of 360-mm nominal depth that should be used.

SOLUTION
P < §.J_A
F.s.
- ]
A > (F'éw - (bfsz}(;ﬁ?f‘)) = 18.33%10 m = 18330 wam®
Y

TmZETL
i f.32 L%

I> '}?3‘ng : O'qzv)gczﬁhfoi))(&c ) - 82,9 %/6%m" = 83%(0° mam”
. o [O
Try W 360x216 A= 27600 mm' = 27€00x10°¢ mT ok
T = 2835 10% mm” o k.
ry = 101 mm = 101 w[o® m
3
\/ﬁrzg . |2n gﬁ"f.’;“’ ) 125 ce
le = 55.45 < C, Le/r - 5 44128
v h:ahcu:»s Ce
Fs = £+ i(o.qmzs)——%o.umzs)s = .84
S = _L(L/r}] fséole:{oc):] ) %(o,qqmﬂl] = 123.9 %10° Pa

Py = MA > (123.9%10°) (27600 * (5° ) = B420% 105 N = 3420 kN

24920 kN > 2750 kW Use W360 x 216 —




PROBLEM 10,78

SOLUTION

10.78 A column of 4.6-m effective length must carry a centric load of 525 kN.
Knowing that oy = 345 MPa and E = 200 GPa, use allowable stress design to select
the wide-flange shape of 200-mm nominal depth that should be used.

= RS540 mme

A > (Fg']P - -(5/33,3(5'55;‘2:‘0 ) = 2.84x%j0 m =

-
n*EL

P < T3z

I > LQQ PLC

. (192 )(s2s wi0® )(#e)

16.89 %10 w' = 10,89 xIO° mw

wE

T"."j W 200> 46\

e (zoo x 1O%)
15‘»3"104mm"

2

< 5860 MM 3 Ihl'n'-

’z:r‘E 2ni(e00x0%)
C. { XTI = 106.97
Le /r -
Le . 86 _ - 40.02 < C, =& s 0.84154
RRCTNIY S 2 Ce
£s. = §+ $(ognsi)-f(ogusi) = 19077
&, L LN L BYSxI0S T - .
e Ee[1- 4] B[ - dlosmm] - et o

: GulA =

(16.8xlo¢) (5860 x10°) = 684 kN > 525 k¥

Use W 200 =46,

P55l m

9

-
e

e

L]

-1

L]
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10.79 A column of 22.5-ft effective length must carry a centric load of 288 kips.
PROBLEM 10,79 Using allowable stress design, select the wide-flange shape of 14-in. nominal depth
that should be used. Use oy = 50 ksi and £ = 29 x 10° psi,

SOLUTION
S A (F8)P. _ (5/2)(28 .
Pefe AC s\-'”“(—glfr‘&l'—" 7.6 in
Le = 228 ¥4+ = 270 in E = 29x10° psi = 29000 ks;
TET .92 Ple®_ (1,92 )(288)(2700° oy
P 1.92 Le* > TE N T *(29000) = 140.8 in
Try W 4x 82 Az 4.0, Ten= 148 in”, Vs 248 in
K4
Ce =J JZT 29000)  _ 5700
Le . 270
~ ° Zus - '08.87 > jo7.00
. _TME _ 1 {(2g000) - .
e+ L9z L/ (-a2¥iog.87)* 12.58 ks
P = A = (2.58X24.1) - 3083 kips > 283 kips
Dse W14 x82 —

10.80 A column of 17-ft effective length must carry a centric load of 235 kips.
PROBLEM 10.80 Using allowable stress design, select the wide-flange shape of 10-in. nominal depth
that should be used. Use oy =36 ksi and E =29 x 10° psi.

SOLUTION
P < _r_‘gg A > (—-)- (S/2UZ3S) - .88 in*
Le 17 P+ = 204 i’ E = 2%%)0% pay = 29000 ks¢
'P
JELD .92 PLe* .. 92 )(235 W204)" _ .
P - t.qz Lt I -"tE a(z‘iooO) - 6\5.6 N f
Try W lox$4d A<i5.3 w" L 103 in' Y 2.56 in
_ lanrte | [ zn*(29002) :
Cc‘JT ~-/—~—-————-36 = |[26.10
Le . Red Lefr . 19063
¥ T S 79.69 < C, o 2eis 0.63194

FS. = §+ 3(o-63v1)-%(o. e3ru) = 1.8721
6, : ,
G = é’.i"%(%)] e’87m[1—4-(o ean)] 15.39 ks

Pur = GuwA=(15.39)(15.8) = 243 kips > 235 lkips
Use W lox§4 —




PROBLEM 10.81

14m

10.81 A centric load P must be supported by the steel bar AB. Using allowable
stress design, determine the smallest dimension d of the cross section that can be
used when (@) P = 108 kN, (&) P =166 kN. Use g, =250 MPa and £ =200 GPa.

SOLUTION
Cc=-\’%§- =‘/21712(§%°"10“) = 125.66
Lle = L = 1.4 wm

A = @Bd)(d) = 34d°

T - (2 = Fd?
. - B
v - 1/4}3— = 2= - O 288675 o
. (&) P= 1o8* 03N Assume ££5 C.
. TiET _ (.92)Pule” _ 1
P-”' qu Lci I = -lT’Z.E- = :*Al'

d4 - 0.9 Ple™ - )WL) 08 x108)(1. )" _ 823.5*1».10" o

TUE T2(200 » 109)

d = 80.125%10 %m r= 8.696 x /0" m

Lo o b o 101> 125.cc vV dr 30,1 mm -
() P= icc xI0*N Assume L;- > C,

_ @0ADPLE | (9)(1.92) (166 Y)Y | <

dq = ( -Ii(-z.E LC = ( 7(!“'2(200)1‘)()‘3( = 1.26588 "/0 m

d = 33.543%10°% m P= 9.68295%(07

%f :-;?—L-"Et;-—a‘g.—kz:g =~ 144,58 > 125.46 V¥ d = 33.5 mm

P

/_
’,K_/
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1082 Two 3% % 24 -in. angles are bolted together as shown for use as-a

PROBLEM 10.82 column of §-ft effective length to carry a centric load of 41 kips. Knowing that the
angles available have thicknesses of § in., 3 in,and % in., use allowable stress
|-— 3% in.—»r— 3+ in.—-l desi%n to determine the lightest angles that can be used. Use o, = 36 ksi and £ =29
_ N * 10° psi.
2-;7 in.
'} SOLUTION

Steeld: E = 29000 ksi
Cc.r /_2%75.. - /ﬂéé_w__._b.) - 126,10

—n"j L 3;‘{“2’2""% n,

Le= 8""\1 = ?é ;V\..

A= @X2.1) s 422 in-
T.= @XLoaY= 2,12 ia* < T,

- J% = 0,719 in,

L% _
S Y 1] 133.52 > C,

. ME wt(2q9000)  _ .
St a2l Yy 192 (123.52)* 8.3C ks,

P.J.l = G,uA = CS.ZG )(4.22) -~ 35.3% k\‘PS < Y kn‘ps Do no+ use,

A=:@R)275) 550 in"
Y= 0.704 in
[2¢.3¢ > Ce

ij L 33> 257% i

- -

v " 0704

6. s IiE T * (29000 ) 8.02 ksy
.92 (L/v)* ’_ (La2X134.3¢ )
P~ S A = (8.02)5 50) = #1.) kips > 41 kips
- Use L 34x24*% in -




1083 Two 3%x 2% -in. angles are bolted together as shown for use as a

PROBLEM 10.83 column of 6-ft effective length to cany a centric load of 54 kips. Knowing that the
angles available have thicknesses of in., % in, and 4 in,, use allowable stress
design to determine the lightest angles that can be used. Use =36 ksi and E=29

2—;-— in. 21}-in. x 10* psi.
SOLUTION
S*\-ee)‘ E<« 29000 ksi le= 68t = 72in

‘JZ.T' E . 21\"3%320;01 = 126.10

Try L 34~ 249 % in A= GX2.n) = 422"
I, = (QYa56) = 5.12 int

J[J = 2109402 11)(0.6661 ] = 4.018 iw* = Tum

oo o Lo -_/“‘ 218 < 0,9758

7 A 4.22
l}% = -’;27 L ¢ 7378 < C. ‘-Ci:" : ;’::fo = 0.58509
£s = £+ 3(0.58507)-% (o s8507)" = Lgelo

St * "G'é" (L/r\ ] lgélo[p-{(o,sss'oq)‘] = 16.08 ksi

Pa = GaA - (ic.o3X#4.22)= 67.7 kfps > §4 lv.ff:s (alowed )

A= (DL494) = 2.88 m
I, = @Y. 80 )= 3.¢0 i

_1‘:f =2 0.777 + (.44 o6 14) _] = 26397 in?

6
s Lz s [228) = 097538 in

le - 72 - L/r . 25205
v o.qs733 = 18205 < C. & ° e o C 0-5e33
Fs. = £ + £(0.5933) - $(o.59633) = 1.8638

Ge* S; [1- 2y] - 250 1- 4. §9¢83)" ] = 15.88 ks:
Pu = Guh- (s.38)(288) = 45.Tkips < 54 kps Do net use
Vse L 34x24>% i

T
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10.84 A square structural tube having the cross section shown is used as a column
of 3.1-m effective length to carry 2 centric load of 129 kN, Knowing that the tubes
available for use are made with wall thicknesses of 3.2 mm, 4.8 mm, 6.4 mm, and
7.9 mm, use allowable stress design to determine the lightest tube that can be used.
i Use gy = 250 MPa and E =200 GPa.

PROBLEM 10.84

." é 72mm  SOLUTION
i b,= 76.2 wm b;* b.- 2L A= br-b"
] I= (k- b)
le = 3.) m P = 129 kN by = 76.2 mm
Steed: (oo f2LE . [20 (2002190 _ j25.e¢
Tv-:{ £z 4B wm ‘b ¥ 76.2 9.6 7 GG.C mm

A s (76,2 -(66.6)t = 137088 %[O mm? = LBTDEEAS " wa
I- 31062)-e€)¥]= 117005 % /0% 1w’ = 117005 %107 m?

v - /%z 29.21 < 10™% m
Le _ _3.1 - 1-5.@ .
v T S5t © leell < C. ) 0.84443
£s = £+ 3(0.84443) - $(0.84943) = 1.908!

6u Se-[1-3 (Y] - 22T -y (opuwms)] = 8%.3x /0% Pa

Puc CuA = (84.3%10°)(1.37088% /5> ) = V5.6 x10* N
= 115.6 kN = 129 kV Do not vse.
Trj =6 4 mm b; = 76.2~12.8 = G3.4 wm

A = (76.2)2-(€3.4Y = 178688510 mm = |.7BCESAIC> m”
T £ 0(76.2)'-€63.4)] = 1.4CR1G % 10€ mm? = L.UC3IEX IO m*

r={%; = 28.€6I15% 10 m
L - 3 I - l_e/" -
* - 28.GI5= 107> l08.33 < C. Ce. 0.86212

— 3 _
Es. = £+ $0.2¢212) -4(0.86212) = 1.9091

6 = ZL1-1 (] - asoxiot] . (o622 ] = 2225 x40° Pa

Pu = SuA = (82.25x10)(1.78688% (0 ) = 147.0x 10° N
- 147.0 kN > 129 kv

Use t 2 6.4 mm o




PROBLEM 10.85 *10.85 A rectangular tube having the cross section shown is used as a column of
. 4.5-m effective length. Knowing that ¢y = 250 MPa and E = 200 GPa, use load and
resistance factor design to determine the largest centric live load that can be applied
197 o if the centric dead load is 140 kN. Use a dead load factor vy, = 1.2, a live load factor
F— 1 y.= 1.6 and the rsistance factor ¢= 0.85.

SOLUTION
¢t =8 mm mm ho._. 127 b b, = 178 wim he= h,—it = A e
b: = bo-2% = 162 wm

~

: bohy, - byhy 7 (17820273 - (e
= HE2Y mme T HE2Y wilOT* -

T = &l bhl- bih?]= &1018)027 - Gexun’] = 119213 < 10°

£
- ;H— s JLABAO 2 £0.77 mm = S0.77%/O
L . 4.5

¥ T R P5e8

- L g . 58.63 25'0%?0‘ - 4 <« |}
A ZYE = ]/200“04 = 0.947 .$

i A

N2t 0.9948
P, = A (O.Gss))‘ 6 = (4e24 x10°¢ 7(0.653)0'“"(250«10‘) = 7623 %105 N
= 762.3 kv
'Ylppo +Y:.PI.- s CPPU
(1.2)(140) + L& P = (0.85)(%2.8) P = 300 %N it
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PROBLEM 10,86

SOLUTION
le = 19.5 t = 234 in

(o) WIOo =39 =

Le/rl/—

*10.86 A column with a 19.5-ft effective length supports a centric load, with ratio of
dead to live load equal to 1.35. The dead load factor is v, = 1.2, the live load factor

¥, = 1.6, and the resistance factor ¢ = 0.85. Use load and resistance factor design to
determine the allowable centric dead and live loads if the column is made of the

following rolled-steel shape: (&) W10 x 39, (b) W 14 x 68. Use £ =29 x 106 psi and
o = 50 ksi.

1.5 in’ : 198 in LAy c NB.IB

ll8 18 f \.5¢c20 > 1.5
2‘3000

PU = 03?7)€f T 1—-451)(0'87?)(50) = 206.67 kl":t

(l.5€20)*
Y P 7':_/[3 = Pu
i~ [») + L @ Pb:' .73..7 k‘."s —
(.23 138 .Y+ 1.6 B = (0.85)(206.€7) .= S4.¢ kips —
(b)Y W I1Hx6?8 = 20.0in = 2.46 in Le /¥y = 95.12
u"]/ as. ‘2]/ 50 = 1.2§72 < L&
29000
)\f > ).5806
A:' l.520¢C L e .
P, = A (0.658)° 6, - (20.0)(0-658) (50) = &le kips
Y. P P.
(GPD ! SD Pp=183.9 kips i
(1.2 Y(1.35 P} + 1.6 B =(0.85)(516) .= 136.2 kips ~n




PROBLEM 10.87 *10.87 The structural tube having the cross section shown s used as a column of 15-
) # effective length to carry a centric dead load of 51 kips and a centric live load of 58
kips. Knowing that the tubes available for use are made with wall thicknesses in

increments of |l‘ ‘in. from £ in.to £ in., usc load and resistance factor design

to determine the lightest tube that can be used. Use o =36 ksi and £ =29 x 10 psi.
The dead load factor yp = 1.2, the live load factor y, = 1.6 and the resistance factor ¢
= ().85.

ﬁ SOLUTION
l"—ﬁin-—'l le = IS+ = 180 in
Yo B —Y:.'Pa. = q)PU

Requived Pu = fopo(;)"ﬁp':, i} CI-ZH(SILfgs(I.é)CSS) = 1%1.2 kips

T"j t.= ‘c.';' inz 0.2851a b,, T 6.0 in b = b..~_2t = 5.8 in

——
—

A= bi-b® s (GV-(6.5) = 575"
I - bt bt) = FlE-E5)] = 3174 0w
-

+
]

377 _ . Le _ 180 ;
E:-_—)-—s-' = Z.3496¢ in = 2.249C 76.61

. ki o | 2¢el [36 . . 2
Ae = 1/15‘ = L= 1/2%00« = 0.85916 =< 1.&§ A =0.138)§

k-t o
Py = A (0.¢583) 6 =(5.15)0.€58Y  (36) = 152.6 kips <I81.2 kips
Thickness is to small,

—

= J.L
A

Since P is a,pfroxl'ma/l"eﬂj Pw/)ow‘};and} 4o ‘Hm‘c‘(ness> the requ{reJ
thickness s appraximvfefg

Le oy T o 5L Ly % 0.29€ iw
Tey £ = 9gin = 0.3125 in, be = $.37§
A= 70094 inY, I= 38.44in", v= 282540 ALY
N = ‘%ﬂl% = 0.8¢81 < IS A= 0.75361
Po =(7,\0??)(0.553)0'7““(36) = 186.7 kips > 1812 kips
Use L= }% Y —

R

e [ e [ s
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*10.88 A column of 5.5-m effective length must carry a centric dead load of 310 kN
and a centric live load of 375 kN, Knowing that oy = 250 MPa and £ = 200 GPa, use
load and resistance factor design to select the wide-flange shape of 310-mm nominal
depth that should be used. The dead load factor yp = 1.2, the live load factor v, =
1.6 and the resistance factor ¢=(0.835.

PROBLEM 10.838

SOLUTION
’Y‘DPD + ’rl\.’PL- = GPP""
Yo Po+ NP _ (.2X310)+ (16 X878) _ \juz

Qecf vived P, =

(P O_85
P\(‘e/?a'mfwa.n& ca)cd.}a.‘,'iaus
k3
o< 6A &~ A> Po o 43x10 . yo924107 0wt = 4ST2 o

S 250 % (0*

7. - -y T .
P« TEL - 1> Rl (‘,’f’(; - )‘%’;?L e 17,6270 “mt = 12,525 10 mi’
t u o w

A

7590 e ™ 7S'qoh'f0" -,
4

T»J W 310X 60
1.3 w |0 MM‘J \&-‘

G = G, ) %IO M

[Tl

A
Ly
le [& $.5

- 2So% 1D = 12606 < ).§
or VE TELixioY) § 200x 109

e
Ae = 1.5892
= - I.5892 , _
Fo= A (O.Géféi)>h G, = (7590% 10 “VY(o.658) (250 »(0°)
= 975 xjo>* N = 975 kN < 11432 kN
Teo fl’éh"'. Do no‘|’ use .

A = 9480 - = G480 x lOu‘mL
vy = 9.7 mm T 4G T %[O

-3 {25’0*[0" -
)\c' T (4 7xjo°%) | Roox[0? [.245H

P, = (9480x1074)(0.658) """ (25010} = 1238 xIO° N
= 1238 kv > 1143 ki

T\r‘j W3lo x 74

A= 1.85\0

Dse _WSIOu’?‘i et




PROBLEM 10.89

SOLUTION

A7 125 mwr = O, 125 m

6.= 9.2 MPa.,

Goe = Kes £ _ (0.300)12000)

E= 12000 MPa |

10.89 A sawn lumber column with a 125-mm-square cross section and a 3.6-m
effective length is made of a grade of wood that has an adjusted allowable stress for
compression parallel to the grain o, = 9.2 MPa and a moedulus of elasticity £ = 12
GPa. Using the allowable-stress method, determine the maximum load P that can be
safely supported with an eccentricity of 50 mm,

A=d¥= 152810 'j- = 2L = 288

o
0
&

Sawwn .puw\loer: C.=O.8J KE= O

{lo/eh)?

(48.8)*

= 4.34 MPa G /6 = O.47177

= 12 / . G/ -
Ce = ——%%—‘—qu/@%ﬁ)——am = 041347

Su = 6. C.

Ii
= “l"“ic"* = 5 O.\?S’) =

= (4.2Y0.41347) = 3. 804 MPa

C= 5O mm = 0,080 m

l'

20,345 % [0°° ., Cc=%d= 0.0625 m

(}{— 4 .%Q\'P < Gv
32.804 x |0°

. 2
._‘___.L.._._+ (.O~OSO3(O.OGQS') = 17.48 x)o° N
’5. €2$‘x]o~3 20.345 X f>-¢

P < 17.48 kN -

s B

/)
|
hS
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10.89 A sawn lumber column with a 125-mm-square cross section and a 3.6-m

PROBLEM 10.90 effective length is madc of a grade of wood that has an adjusted allowable stress for
compression parallel to the grain g, = 9.2 MPa and a modulus of elasticity £= 12
(Pa. Using the allowable-stress method, determine the maximum load P that can be
safely supported with an eccentricity of 50 mm.
10.90 Solve Prob. 10.89 using the interaction method and an allowable stress in
SOLUTION bending of 12.8 MPa.
. L 3.6 _
A= 125 mm 7 0125 m A=A 1S c25xi0  m™  F i © 8.8
S. 92 MPa E = 12000 HPa sawn Jomber: c= 0.8 K. = ©.3c0

ke E | 0.300¥12000) -
Gee = (L/d 3 GE.2)° 4.34 MPa

C, = A+ (Sel6o) ..‘/ \.+.ﬁc£;16‘.s)z-.,___s“.’§:-_ = O.H41347
P 2c ( 2c [

G /6. = O.4NT7

Cutt,c G, C. = (a.2X06.41347) = 3.804 MPa € = 50 mm = O.0F0 m
T = dts w(0126)' 5 20.3¢5%07C Ccegd = 0.0625m
+ ._Ee_g..- < |
AG:.‘FOC. IG;JI_‘B
] I
P < i = - ) (0.050W 0. 0625 )

ec . [ A +
AG.xc YT S (1562510 3)(3. 804 0% ) (RO.BYS o )(12.8 % {0¢)

24, 7xj0* N = 347 kN -




PROBLEM 10.91

10.91 An eccentric load is applied at a point 1 in. from the geometric axis of a 2.2-
in.-diameter rod made of a steel for which oy = 36 ksi and E =29 x 10° psi. Using
the allowable-stress method, determine the allowable load P.

SOLUTION
A —_— c=gd=Llin Az e = 3.8018 in"
T = ch_" = 1.1499 in® w:ﬁ = 0.-850
2.2-in. diameter
48in be = 48 inm Le/v = #8/0.5§> = 87.2724%
. [ZrE _ | an*(@e000)
Cc' Se ‘/“‘_:3"6'—'_'—" 12610 > Le/f‘
%&f 0.692!
ESs. = §+ £(0.c921V -4 (0.6921Y = 18843
. L/ -1 = ;
S [1 - (Y] - ,8893[1 t (o sez:)] 14.52¢ ksi

P.u,,fmﬁére:”

A I

. I LOY([.0) =
| Pt =("'-524){ e ]

(kS0P s ] §

.al kl‘los ——

PROBLEM 10.92

2.2-in. diameter

0.4758
Ce
Sutt F.GS.['
Fu , Paec
A I

|
P =(l7.430)[3_8013

10.91 An eccentric load is applied at a point 1 in. from the geometric axis of a 2.2-

in.-diameter rod made of a steel for which & = 36 ksi and £ =29 x 10° psi. Using
the allowable-stress method, determine the allowable load P.

10.92 Solve Prob. 10.91, assuming that the load is applied at a point 1.6 in. from
the geometric axis and that the effective length is 33 in.

SOLUTION

=tdr L) A= 3.83013 in"
AR TARELE L IV "= ‘Ji 0O.550 im
Le = 33 jn Le/r= 33/0.5§0 = 60O

C. =]/2%,:E— - wjz_wgﬁ@_) 126.16

Fs. = £« 2(o.47s8) -5 (0.urs8) = 1.831¢

("-e/") ] - ssle[ | - %(o.uvss)‘] = 17430 ks

6w (5+E)Ru-6u  Pu-6ulxr Fl
(.61 n] _ .
l l"qu - 7-72 ktPS -

")

| —

_J

rrrrr
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PROBLEM 10.93

15 mm

152 mm |

10.93 A column of 5.5-m cffective length is made of the aluminum alloy 2014-T6
for which the allowable stress in bending is 220 MPa. Using the interaction method,
determine the allowable load P, knowing that when the eccentricity is (2) e =0, (b) e
=40 mm.

L—-152 mm—’l

SOLUTION
AR by T 152 mm b= b2t = 122 mm
A= bl-b = 8220 mm' < 8220 » (07 m"
55m I-= T'i(b;'~b;“3 > 26.02%10° wm®
Vg T 56.26 mm - 5¢.26 » 107 m

Bl L__S55 - _
. VT 56204 97.7¢ > 55
S‘”’: (31?/2:).3 N (3%772;(10)31- 38,92 MPa Ffor centric ﬁoaof{nj
P 4 Pec .
Aﬁ;ﬂac— I G‘JJL
(@) €=0 Pz AGu. = (8200)(38.92%10°) = 320ni0" N = 320 kN ~-

(o) e-= doxlo™* m

c = é(lsz) = 74 mm = TEr(O m

(8220 %107 ¢ )(38.92 x (0% )
F

P ?(‘ioxlo's)('?g\c(o"") _ »
+ (2‘-"2“10"‘)(220x(o‘) = 3.¢56¢8x0° P

278 kN —

=

= 273 »jo* N =




: 10.93 A column of 5.5-m effective length is made of the aluminum alloy 2014-T6
PROBLEM 10.94 for which the allowable stress in bending is 220 MPa. Using the interaction method,
determine the allowable load P, knowing that when the eccentricity is (@} e =0, (d) e
=40 mm.

10.9¢ Solve Prob. 10.93, assuming that the effective length of a column is 3.0 m.

SOLUTION

bot '52 M b;" 19,-21;
A= bot‘ b.‘t = 8220 wm'
I- 'IJE( b:‘ b, )= 2¢.02%|0*® .

122 wam
8200 % (G “var

v =1/% - $£.26 wm = 522470 m

L__3¢ - _
T Saero s ©3.32 < 55

Guare = 212- L5885 (L/r) = 212 -(.585)(53.32) = 127.5 MPa.

ASue  IGun

@ e-o C= AGL ~ 322010 H127.5%10°) = 1048 x1O" N = Jo48 kN -
(b.} e HO wm T ‘\‘OSG[Q"M ol (%(}52) 2 7€ pwr = 76>l[o‘3 -
[ P (4o =0 > ) (Te xto®) e
(Brrowc 122.5x10%) ' (26.02xi07 )220 x 10°Y ~ L4852 xlo P = |
P~ 673 x(0* N = ¢7% kV -

}
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PROBLEM 10.95

P = 10.8 kips

10.95. An cccentric load P = 10.8 kips is applied at a point 0.8 in. from the
geometric axis of a 2-in.-diameter rod made of the aluminum alloy 6061-T6. Using
the interaction method and an allowable stress in bending of 21 ksi, determine the

Jargest allowable effective length L that can be used.
08 in. SOLUTION
A- —
czyd = Lom  A=uct 30406 mT
9-in. diameter I- %“C.’ = O.7854 = 1}% = 0.5 .
L
€ = 0.8 iwn 6,.351, = 2[ ks:
P, Pec 2 Pes
—1 —— — = - -
g AG.u,c ¥ IS AG.e. | LG
- A,( _ Pec N, &Ll:ug[ (10.8%0.8)(L.8Y) _ -
é’{,f- P I Iﬁ:ﬂ’,b) 0.3 L' (0.18549 X(21) = 0.1385 loi
6_:‘[,; = T.22 Ke 1 ASSUME L/r > €6
. Slcco L . @ | -
Oute (LAWY v Y s " B4.05 > e
[ = 84.08 v = (81.05)3)0.5) = H2.0 in, i

PROBLEM 10.96

P = 10.5 kips

10.95 An eccentric load P = 10.8 kips is applied at a point 0.8 in, from the
geometric axis of a 2.in.-diameter rod made of the aluminum alloy 6061-T6. Using
the interaction method and an allowable stress in bending of 21 ksi, determine the
largest allowable effective length L that can be used.

10.96 Solve Prob. 10.95, assuming that the aluminum alloy used is 2.014-T6 and
that the allowable stress in bending is 26 ksi.

SOLUTION
2-in, diameter ks s
) L C"'kd T LO Az e = 3146 in
| T=-%c" = 07884 0w’ w-«/-;— = 0.5
. 1 e = 0.8 in Coy = 26 ksi
P + PCC. - ] - - ___F_D_E__C_.__
Abu. I6us - AGu.c T 6.1
A - A Pec 3’.HJ_§S _(ro.'su(g@(f-o?] e
6'_4()‘; 5. 9¢ ks, Assome L7r > 5§
. 34000 L. | S%4000 _ 000 . {
St = T F e G6ue - T Sae 7$5.19 > 55
| = 9509y = (95.19¥0.5) = 476 in g




PROBLEM 10,97

z

P=105kN

10.97 A rectangular column is made of sawn lumber that has an adjusted allowabie
stress for compression paralle] to the grain o, = 8.3 MPa and a modulus of elasticity
E=11.1 GPa. Using the allowable-stress method, determine the largest allowable
effective length L that can used.

SOLUTION

d= 120 mm = O 18D w b= 240 mm = O.290 w

A= bd = 43.2xl0 E= 11100 MPa
I,= Ldb®- & (0.120)(0.24)
= 207.36 /07 mt
€: 25 mm = 0.085m C= €= 0.120 m
T
| r 3.948G WMPa
Co= - BMI - 641586 = y Let x = Gia /G,
j = -L'%- —"/(-L;-é(— pg % wheve ¢ = O.8 for sawa fom ber
i+ X 2\/(!'}_&2_.!_
= —J 2e I
(.I.ﬂ. _Iizs)"_ X
c
£|+g5‘r |+x ONRAT 2. 2o Sl &
c - y + y -’,(\-’QVC ’3 C.

| - (0.8)(0.47585)

X=X "“"“"\L = (0.47586) 54786 = 0.5¢227
G = z(o.ss:mh (&3)(0.%2273-* 4.6668 MPa

. ¥ E 2 _ KaEd* ', .
Cee © wh® L= —&— where Kz = ©.300

L

- d K& _ olgol/(o.soo\(luoo)
: &

Se

4. B! m

4.2663%
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PROBLEM 10.98

10.97 A rectangular column is made of sawn lumber that has an adjusted allowable
stress for compression parallel to the grain g = 8.3 MPa and a modulus of elasticity
E=11.1 GPa. Using the allowable-stress method, determine the largest allowable
effective length L that can used.

10.98 Solve Prob. 10.97, assuming that P = 85 kN.

SOLUTION
Az B0 wm = 0,180 m b= 240 mm = O, 240 m
A=bd = 43.2%107% m® E= 11100 MPa
I,= riia'b‘s = -'#(0,180)(0.2‘?033'
= 207 3¢#0° m”
+ 0,025 wm C=-§=O.IQD\H
gsx 10* (85x10%Xo.025 Xo.120) «I0°
= S Cun 7 hazvlo= 207.36 ®[O™¢ 3947610 Pa
= MPa
C, = S . 302713 _ o 33522:=y Let ¥ = Ga /62

Ce

€.3
Ve _ frlex N X
(Zc. <

3 - = where ¢ = 0.8 For sawn Jumbef
_ ) —x
%c_.& -J '\/(‘%}Ex) 3

X -y (1) eyt = (Y- E

oL O-ceyy _ \ 1 -(0.8Y0.38522) _
X =y _ITj‘L =(0.388220 5 5o Sy 0.43350
6., = G (0.43350) =(8.3)0. y33so) = 3.598 MPa
- z _ _E A* N
Gum Ko LT EE e Kavoeo

6c Y 2.59%




10.99 A column of 14-ft effective length consists of a section of steel tubing having
the cross section shown. Using the allowable-stress method, determine the maximum
allowable eccentricity e if (a) P = 55 kips, (b) P =35 kips. Use oy =36 ksi and £ =
29 x 10° psi.

PROBLEM 10.99

SOLUTION

Steeld: 6}_’ 26 kst E = 29000 ks
e, T
N =JJ———'?“3€2%°°3 = 126.10

bo = 80 in b" - bo" 2t- 3.25in CT20 in
A=bi-b =54215m  I-5(b'-b*)= 12.03¢ in?

B 141t

1
L -J_‘- [L4878 in le= 14 FF = 168 in
Le /v = H2.92 < C’_ . C:" = 0.89547
F.s. = § + 3—(0.89547)—-#(0,8%:'7)5 = .9127
St = [I- '(Le/r ] ,,“m[l-ii(asﬁsqv)‘] = 10,275 lesi
Pu, Buec Puec _ _ Pw I P
AR - S T 7 S4- R e: st (Sw- 32
@) Pu:- 5§ \tflas
12, 034 S5 .
er (Wﬁili.?.?.f-s,—:—"“qg,’s_ ] e 0./27 in el
(b\ PJ,( = 35 k!lbs
e - patinms- 350 ) - oss in -

- ]
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10.99 A column of 14-ft effective length consists of a section of steel tubing having
the cross scction shown. Using the allowable-stress method, determine the maximum
glglow;:](;cl'e eccentricity e if (@) P =55 kips, (b) P =35 kips. Use gy =36 ksi and E=

X psi.

10.100 Solve Prob. 11.99, assuming that the effective length of the column is
increased to 18 ft and that (@) P = 28 kips, (b) P =18 kips.

SOLUTION

PROBLEM 10.100

S+E€/?: 6»( = 3¢ kS!- E = 29000 k'ﬁit‘

=
C. = },3%__;__1;_ - }jﬁ_;(czioo_& - 12¢.16

b, m 40 in b7 k-2t -3.28im c= 20 in
A= bi-b': 54375 W I=4bb')-12.08¢ "

C: % = L4878 Le=18 £t - 216in  Lefr= 14513 > C,
.
S l_:izi/v\)l - (zr:?_(;z;::';)t 7.0726 ks
%-—" Eﬁ:feﬁ,&” ‘i”i-e—c-re‘.u-%f | TE%Q(GM“%‘
@) TP = 28 kps
e J2os | rore-Fi] = owsin -
) Pu= 19 kips
e - %%%--[7.0726-3%%‘ = [.258 in -




PROBLEM 10.101

10. 101 The compression member AB is made of a sicel for which oy = 250 MPa and
=200 GPa. It is free at its top 4 and fixed at its base B. Using the allowable-
stress method, determine the largest allowable eccentricity e,, knowing that (a) ¢, =

| 5 p=170kN 0, (6) ¢, 8 mon.
i_ SOLUTION
| o Steef: G, =250 HPa £ = 200000 MPe
| It 25*E 2’ 200000 .. P
| Ce f@' / L0 - 125.¢6 MPe
| 50 : A = (15x102 W50 x15%) = 37150 %107 wm”
mm o5 )
75 mm LT Iy = —';(‘rswo"')&ouo‘) = 781.25 {0 wm’
.V:j =.j—;E. - (448410 m = VL,
. I, - n (50*10‘)(7&!0’) = LIS7B w6
v, =1/% = 21.65Ix10°¢ m
le - 2L = 2)0.65) = LIO m Le/v;,;,,= Llo/14.43¢ 205" = 76.21 < C.
LY WAL S L AL 1
: cm""' - &3l . g coes RSz 3 §0.co6s)-3(0.6065) = l.geen
Gy Le /Voin 250 1 _ 7
S = £3 [I"( \] : i.assz[’ 2(0-4065)_] 109.32 MPa.
” Pey - Pe, _ P _ Pe
R T Su-x oy’
. S [ \ P Pe] Qo _ L _ &
s Blew-F-%] - ol ¥-%-¢]
I 781,25 %107% -« 3
sz -.ilf-‘ —W = 31,25 x 10 I
-
Su 7 ‘-SI,“‘ "757_7;::2-, = 46,875 x10°¢
P - 170x10° N
. [ lon.32x10f | _ o]
@ €- €y ™ 31.35 xlO I R T
= 1L 7¢ xI6° m = 11,76 wmm -
_¢| 109.32Zx10% 1 _ _8xo? ]
(6) & * 8x16° m €= 3"2'5‘”0‘[ \Toxjoc® ~ 3150x0¢ 44875 xive
= .43 x 0% m * 6.43 mm —

]

-

[




10.102 The compression member 4B is made of a steel for which & =250 MPa and
E =700 GPa. It is free at its top A and fixed at its base B. Using the interaction
method with an allowable bending stress equal to 120 MPa and knowing that the
eccentricities e, and e, are equal, determine the largest allowable common value.

PROBLEM 10.102

| P 170N

SOLUTION

Steel: 6,= 250 MPa_E = 200000 MPa
. [2RE . [ 2mi(200000)
NS _,/ TS = 125.66

A= (xS0 B2 ) T 3750 210 w©

Is w(sx o) Eono®)? T 781.25 %107 m?
\gr\/% s 4439 %107 m

I, = & (soxtc*)T5216° )= 11578546 w”
V‘x’?’%"" = Z1.6SI x{0™" m

Le = 2L = (2)0.557 = .10 m L/ von = 110 /14.934x5° = 76.21 < C.
Ll L T2 o ops  Rss § + flo.0068)-4(0.6065) =r.Bcc2
kel ) - 250 <) .
Suteodery ‘%1 |- (el ) - W[l_-—;l-ﬁo.coes)] - 107.32 MPa
Sutt(berding) T 120 MPa
P Pe,y Pey x :
¥ 2 + $ = | with e, = ¢
A e (cotwic ) T Cott(onnd | ) Ij 6“1 4 beuding) ) Y
P (l 4 25.) e = |-t
6“{(“53 3 .I.x -IJ . A (coteied
170 %10% 87.5 %173 25 xlo™* ) .- 176 % jo*
V20 xjo* \ L.7578xj0"¢  781.25x107" (3752 >15©)(104.32 % jo*

15. 866 e = | - 0.414¢%

e = 7.7 %0 > m = 175 wm -




PROBLEM 10.103

e =

10.103 A sawn lumber column of rectangular cross section has a 7.2-ft effective
length and supports a 9.2 kip load as shown. The sizes available for use have b equal
t0 3.5 in., 5.5 in., 7.5 in. and 9.5 in. The grade of wood has an adjusted allowable
stress for compression parallel to the grain o = 1180 psi and E=12x10¢psi. Use
the allowable-stress method to determine the lightest section that can be used.

SOLUTION
Sawn Jowber: 6. = 1180 psi L= I_Zx!06P$!
C = O.8 Keg = O.300
lez 7.2 H = 26.4 in
T , Bucc - &, Py s~
A I
.G in ¢z %(7.5) 3.75 in. A= 75 b

I = kb(zs) - 3556 b

= B.2895 b Puay= 3.2895 b6lw

eg i (-6)(2.95)
‘k + 'f' 55h iz 156 b
d = 7.5 in. ot ,L': u..;—‘n‘c.lweue-f 5 s matlen

K B KeEd® _ (0.300)(1.2x10%) a* _ 2 A
R i D = ug. s d  (psil
6../6. = (4g.228d*)/ 11go = 0.040%7 d*

- \ + G 5 | + Gee /02 Gee /Ge
Ce = “—ﬁ’c‘—“«/(+zc, Y- Sl
Gt = &.Co = 1180 Cp

Py © (328350 b (1180 G) = 3882 b G ()

Coleolate Po For o4 Four vadues oF b. See tabde beSow .

(an) (w) (46D
3.5 3.5 0.5007 | O. 434 | Fq0d
£S5 185 1.23632| 0,738 | 16200
7.5

9.5 1.5 2.199 | 0.8382 | 32800

-&—P: 3200 JP‘D
1.5 2.299 0,838 25900 Use b=E&E.5 in. stk
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PROBLEM 10.104 10.103 A sawn lumber column of rectangular cross section has a 7.2-ft effective

t0 3.5 in., 5.5 in., 7.5 in. and 9.5 in. The grade of wood has an adjusted allowable

stress for compression parallel to the grain o = 1180 psi and E=1.2x10°psi. Use

9.2 kips the allowable-stress method to determine the lightest section that can be used.
10.104 Solve Prob. 10.103, assuming that e = 3.2in.

SOLUTION
Sawn Jomber: &, = 1180 psi E=12»10%psi
cC =0.8 e = 0,300
Lg:' 7.2 + s Ba .Y in.
Pw | Paec _ - Gutt
S (A -
| A Ix
e = 3.2 iv c =3(75) =375 in A=725b
I, -Lb(sY = 350156 b
‘ - [' e 2.1067 b Pur 2 b
3L = = 2y - % T 21067 b Gy
At X 7sb T i5ise b

d= 0.5 in on b, whichever is smallesr

- KeE | K EdY _ (0.8300)(1.2%1040d* | 4g 225 A7 (psi)

' (L /4 )2. - L~ (gc,_q'):.

6. /6 = 4B.225d*/1ge = ©.04087 d°
. Ve 6 /6 _ [1+ G/ N S /G

Cp 2. \/( k) - 2

Gt = 6. Cp = 1180 C,
Py = (206N b (180G ) = 2426 b Cp
Callcolate Ve Fov ol four vadrs oF b. See tahte below.

b a 605/6:_ Cp P.‘u
(in.) (in) ()
2.5 2.5 0.5007 | O.4341 | 3780
—>1 5.5 s.5 1.2362 | 0,788 | 6370
7.5 1.5 2.299 0.2832 | 16560
9.5 1.5 2299 | 0.8882 | 20/00 Use b= 55 in )

e— P = 9200 fb.

length and supports a 9.2 kip load as shown. The sizes available for use have b equal




PROBLEM 10.105 10.105 A 32-kN vertical load P is applied at the midpoint of one edge of the square

P =32kN

76,9 u!o‘f

3

. cross section of the aluminum compression member AB that is free at its top 4 and
fixed at its base B. Knowing that the alloy used is 6061-T6, use the allowable-stress
method to determine the smallest allowable dimension d.

SOLUTION

Asdt Tega eefE oA eoyd endd

P Pec . P, PHEANEAY | 4P
R il i+ e ST

. 8B 2t = i
Assome L/r > 66 C.ut- W Br38/=/0 Pa
Br*. Bd'. 4P 44- 42 PE P

Lz TECI by

= 20.4S%107% m %’75'.:9’0.5 = |17.3 > &6

aANnSwes a‘= 70.':7 vwm e,

PROBLEM 10.106 10.105 A 32-kN vertical load P is applied at the midpoint of one edge of the square

cross section of the aluminum compression member 4B that is free at its top 4 and
fixed at its base B. Knowing that the alloy used is 6061-T6, use the allowable-stress

P =32kN method to detcrmine the smallest allowable dimension 4.

10.106 Solve Prob. 10.105, assuming that the vertical load P is applied at 2 corner
of the square cross section of the compression member 4B.

SOLUTION
- g - L N - N |
A=dY, I=id Y‘»E-M x=y=3%d
€y = ej = ';’
P, Pex , Pey . B, PGOGD, PCGANGD
A I, Iy A* g L
le= 2L = 2249 w
T 2.@ : G
Assome L/r > GG 6 = oy B = 35/%)0% Pa
Be*. BdD . 1F g4 - B4PLE
3 R _d B8
d= B0 =W = RLExI0F ™ A= 815 v =
A % = 23.5!!0"m -L—#‘:-.-.-z_ggm j02.0 » 66




PROBLE 10.107 A compression member made of steel has a 720-mm effective length and
M 10.107 must support the 198-kN load P as shown. For the material used o, = 250 MPa and
E =200 GPa. Using the interaction method with an allowable bending stress equal

to 150 MPa, determine the smallest dimension d of the cross section that can be
used.

SOLUTION

18 mm

Us-'n% d(mensz'ons ) wm,l'ews

A= goxjo® d Le = 720 mmr = O.720 w
I,5 H(oxio*Yd = 5.3333x0° d
L= p@exiet)d® = 3 3333 /07" d*
txl = % , U[: 20 wuy, = O_020 e 1= 18 mm = 18 % 45>
Steef: &, =250 MPa  E= 200000 MPa  Co =555
C. - z“zgg"""") = 125.66

Assome d > 40 man = qo"‘/dshn " Tl\ﬁm I...;.. = T,

V"\/fﬁx :Js-ssssxro"d - steste ) s c23s < C

Jorjo™* a

ch[r - o.4762] E£s. - g+%(o.4a621)-§5(o_4a62|)" = 1.83747
(M

6ty cortoe = %[l-%(%{i\)‘)=r%§%7[l- 1(0.49621Y] = 119.3) MPa,

£ + Pepx = |
AG“”’C«&*'\}. IJ' Gdlbvul-'ma

198 xlo* (198 w10™ Y(18x10* ) (% d )

= |
(Hoxior (11231 (0 ) (3.3333 503 A>)(1502(0¢)

4i.48gwjo™® 3.5640 w0 _
a a*

d® - 41 4gIx10 d - 3.5¢c40#1072 = ©

d= {-{ 41.u4ggn (o’ + J(m.qsmto“)‘+('-n(3.scqouo"}
= 92.9%10° m > Hox[07P m

o= 83.9 mm -




10.107 A compression member made of steel has a 720-mm effective length and
must support the 198-kN load P as shown. For the material used ¢, =250 MPa and
E =200 GPa. Using the interaction method with an allowable bending stress equal
to 150 MPa, determine the smallest dimension 4 of the cross section that can be
used.

10.108 Solve Prob. 10.107, assuming that the effective length is 1.62 m and that the
magnitudeé P of the eccentric load is 128 kN.

PROBLEM 10.108

18 mm

SOLUTION

UE!‘\nJ divensions 1 w\e,‘!‘ews

A = 4orjo* & le = 1.62 m
I, = m(4ox(c®)d = 5.3333%i0° J
I= & (doxio3)d® = 3.3333 x/0 43
Ix] = 34, Wiz 20umm= 20%(6% w 18} = 18w = 182167 1
Steel: 6,7 250 MPa  E 72000006 MPa
- (20 E . [AW*(200000)
. -.‘/LG{;E- . J {20 125 66
AS&OMQ O‘ > 4O wam < LfO“IO-,m Thew I.,....'..\ = Ix
_l_i—J i
V= 1/ 1/532322:':;130, =1.547 %10 wy Lﬁ: 140.24 > C,
L WE L TM2QRooo) o
6...0 cotric Q:ZU.; /r-]z,, (l.q1‘(]‘i0.2q3" 52.236 MPC'- 6:4?)5«.1.-.} = ise Hpﬂg
A G:chmd'vm Id SR hu'«‘u'
128 x lo® (122 nlc‘)(fsrio")fic()
(Hox (ot 4)(52.23¢ =i0*)  (3-3333x105° A%)(I50*(0*)
61.260%(0™% | 2.304%i0” _ |
d av

4% - Gl.260x10°d -~ 23045l0° = O

d = %{ 6l.260 VIO.!'F-J(GI.ZGO o3V 4 (42, 304 x|C3) }
= 27.6 xIA*m > doxlo m

d= 87.6 wm




PROBLEM 10.109

10.109 The eccentric load P has a magnitude of 85 kN and is appiied at 2 point
located at a distance e = 30 mm from the geometric axis of a rod made of the
aluminum alloy 6016-T6. Use the interaction method with a 140-MPa aliowable
stress in bending to determine the smallest diameter d that can be used.

SOLUTION
A
Assvme L/r > B8 O.u :'(%YT{‘ B=351=10" Pa
diame@h“ .C.=% A='ﬂ'cz=%a'a I'—'-:-}T:C?=§;o“
Y‘:,,/% s Jq‘a‘
B
P + Pe; = |
Ay ’ﬂw‘b-‘r_ IS;,,J b‘,._,l_‘,‘a
PL: _Ped -
A B V‘t ZIGJ, Mﬂa
o4 PL® 3 32 Ped _ |
"[[‘Baﬁl .}TG\J&M-“‘ -

I
(64 Y 25e* )5} . (32)(8s »10> (3o x/0™)

WRSIxjo?) A
Laxto xt + 185.53x7 ¢ x>, = |

d =

-
X
- d .
¥

1]
—

-
T {140 x10°) 43 het x F]

Sf,))..:.f..\l %= 14.2725

= 70.0 x10°* m d=70.0 mm -

LS

L.
[T Aol TPk

= 17.50% 1G> m

> BS.7 > 46




PROBLEM 10.110

10.109 The eccentric load P has a magnitude of 85 kN and is applied at a point
located at a distance ¢ = 30 mm from the geometric axis of a rod made of the
aluminum ailoy 6016-T6. Use the interaction method with a 140-MPa allowable
stress in bending to determine the smallest diameter d that can be used.

10.110 Solve Prob. 10.109, using the allowable-stress method and assuming that the
aluminum alloy used is 2014-T6.

SOLUTION
diameter d
Assome L/ >85 Gy =(L1,?;Y B =372x/0" Pa
=§'— A:rrc‘:gd'- I= %c‘f:‘%dv
e JE - 4
X f_:[g: = G = E’f‘
e et -0 SR BIL o ey

2 f e 2
G#gl. VTN (?;(g)PL e w5 &+ )

(c4Y8SxI*)1.5)*

(16 X&) (85%(* V(1.5 (38 % 1g™)

x! 4

T (372%10%)

10.473 x o x¥ & 2.543¢ %107 xF =

d= +- 8

r"s -‘;i:- 20

27 (372 x10%) =1

X= 2,441 w’
O.4%10" % m o= 304 mm -t

A3 15> . ~l;==-'~=~s:—~—_,= 7%.5 > 5§

20, | nlo
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10.111 A steel compression member of 5.8-m effective length is to support a 296-
kN eccentric load P. Using the interaction method, select the wide-flange shape of

PROBLEM 10.111

200-mm nominal depth that shoutd be used. Use E = 200 GPa, g, =250 MPa and

= 150 MPa in bending. -

SOLUTION

Steef: E = 200000 MPe. 6, = 250 WPa
C. - -Z%%E = 125.66 o
Le= 5.8 m G-ﬂ‘?,w-'na = 150 MPa

For 200 mm nom et apep'“n wide -Fpomac sectron

<t

- -3
Y‘x*" B8 wm * 883*(0-‘\04 5 y x -;: 105 mm = OS5 *1O "
- L. &8 - LI & o,
Pj = ’13 Mamm = quloslm G ~ Ggnio® 11 C{_ .94
e, » £+ 2(0.96)-3(096) = 1916
Se. i 250 n 76 MPa.
Cuss % F:s.Y“é(LcZ’)] XIS el - b(eae)] =
P, . Pey . P, fe,_y ]:l
AG;AQ camtvia Ix 6:!.(, bem‘-'na A ’ GJ, cotrie Vx G:.@f,"‘v‘:ﬂa
2
- P Peyy
A = Suge, codvic LT Gutt, boudia

= -3
296 xjo% (2?6*!0‘)(125xlo")(loS'x.'o ) 7573 % 167>
- -
EXIE (88 r 1) (isOox10%) . 7573 mm®
) - - a4
Try W200x59 A= 7560 ¢ , Y ° 165 % 1G >m , Ix = &l I %5 m
0y T Shav :o-SMJ Le/vry = 1,78 =< C,
Leffy - ©.289% £s. = 1.9122 Sap cbon = T9.04 WP

“

P + Pey

AG.u S endvic l". _I 6:.&, bonodin +
Q%x};" (Q‘iévio”)(li’swlo"‘)(IOS‘xldi)_
T [seoxo ) (71.01xj0* ) (Guixio)(Isox/0° )
- 0.4954 + 0.4239 = 0.9193 < | (cllowed)

T‘“i‘“ﬁ W200 #52 deads to

P + SN = Loul > |

( viot allowodk )
A 6',1) canfure Ix 6&,&«.&-‘&3

Use W200x 51




PROBLEM 10.112

10.112 A steel coluzm of 7.2-m effective length is to support an 83-kN eccentric
load P at a point D located on the x axis as shown. Using the allowable-stress
method, select the wide-flange shape of 250-mm nominai depth that should be used.
Use E =200 GPa, oy =250 MPa.

SOLUTION

Syeel: E = 200000 MPa 6, 250 MPa

2 LY
Ce 1/?‘%-;'& = [2T2ee000) - 75.¢c
Le = 7. 2w
Tey W 25049, Az 6250%i0¢
bp = 202x10% = lolxioTm, LTS ki tmt vy 2 4220077 m
e 72
= L2 = 46,34 > C
Yy dazsiod ©
2 2 )
s Tt E - Tl (ZOOOOO 4g.0l MP
bl 1.92 (L/vj » Q.92 Y} I4¢. 34 )* *
P, Pecc _ 83x10®  (g3xi0")(q0ms)(lotxic)
A 1y 6250 ¥ (o< IS_1 xjo~¢

= 3.2 0° + 38.88wi0° = 5214 MPa > H8.61 MPa
(no'f a,uow-a')

Qeqm‘rup avres, A ~ (éz'—ij)(é‘?(o — ) = G788 mwm

48.01

T'J W250x 53

Le _ 22 o _ w*(200000)

v F o anio” - 143,14 Wik (F2 (HE MY - 50.18 MPa
E, Pac. 83 x 108 (23x 10" (7o 15 Y(1o1.5x0™)

A I 7920 * 10~ 18.8%[0-°

1{.19%10°% % 21,87 ¥ 10° = 42,54 MPa < S0.18MPa
Daee W50 » 58 —

//j\
1
IS

|

L

[ r— — — — ._j {7__‘

1
-
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PROBLEM 10.113 10.113 A steel column of 21-ft effective length must carry a load of 82 kips with an
' eccentricity of 2.1 in. as shown. Using the interaction method, select the wide-flange
shape of 12-in. nominal depth that should be used. Use E =29 x 10° psi, oy = 36 ksi.

and o, = 22 ksi in bending. :

SOLUTION
) . . _ [28E _ [z27" (29000 )
Steef: E = 29000 ksi C. 'w/:é"‘; ‘/:'—_3?_ = 176. |6
le = 21 1 = 252 in
Ty W 12235 Vy® LS4in % - 163.84 > (.
. _TmE _ 7*{29000)  _ .
G‘.M:cu\*h‘c. v La2 (Lﬂ*)" - (_I_"I?\({CS.G‘I\" T 5.5 ks
P, Pec - 82, (32)z1¥3-12.50)
AGu crtrie Ly Gt bniding (10.3)(5.57 (285)(22)
= LH29 + DI F 1.0l (hoi‘ aﬂ’ou&i)
Appm\: (rmt-fe N,un‘fﬂr; A = (1.59¢C ie.3) = 16. 49 in"
Tr\:! Wiz » 50 V:jf 1.26 in. LV'% - 128,57 > Cc
. e . m*(29080) :
Eutt, contrne - Laz(lesr )= QLanim.shys - .02 ks
P Pec 32 (82) (2.1 ){4- 12,19)
- e —— = +
A Gutyobie I, Butput,  (19700%00) (394 Y229
= 0.618 + O0.121 = 0,739 (elovat)
; . Le _ 282 :
Tr_\} W 12240 V_‘.r = .9% (n ;— .63 130.57 > C_
T E 72 (290060) ' :
. Hl - = 8,74 l(r
5;.,&?,5»#'.:. (l.q2\ae/¢2) (.a2)(130.5*" 7 ]
P 4+ Pec - 82 . (822105189
A Sui et Ix Sugpeding (118D (8.74) @e)(2)
= 0.795 + 0.151 = 0.946 (allowed) =+
Vse wWilxyo gl




10.114 A 43Kip axial load P is applied to the rolled-steel column BC at a point on
the x axis at a distance e = 2.5 in. from the geometric axis of the column. Using the
allowable-stress method, select the wide-flange shape of 8-in. nominal depth that
should be used. Use E =29 x 10° psi. and &, = 36 ksi.

PROBLEM 10.114

SOLUTION

Steef: E = 29000 ksi &y = 8¢ ket
_JzntE _ [2un Qaocco)
C. -.J—g——-f = ]/ _~—-—————£C ) . 126.10
L=8% = Q6 iw. Le=2L7 192 in

ij w 8x31! % V‘J=2.02 i %T 45.05 < C.

Lelty . o qsu

£s. = §+4(0.754)-#(754)" = 1.89¢

- 6' - l r ¢ :..é.&w- - b

G = S]i-4(slly] ek to.754) ]
= ‘S.SQ ks

3 Y Peg - 43 (L]3)(2_S)(%-"),495) = .71 + 11.58 = ,6.201 ks

A IJ "L13 37. | > lg. 5:1 k! r.

(rot atfowed )
AP{)“:);;ML/}! ]f\ec'uirup avrea (_’,}_6?_’;;,_3_ )(7.!3‘) = o9 int

T.. WEx8%6  p, 203 La - q4.63 < C. L/ . 4950
y WExSS Y ry C.
FS. = 1.895 G = 13.65 ks
T B - P (43)(RSNFEO10) = 14 24 Lsi > 13.68 ksi st olbowed)
» . )
Y W, = 2.04 L . q4.2 < C Le/fy - 0.74¢
ij ——--nD— J - * . G - M [N C.-_ -
F.s. = 1.89S5 G s 13.71 ks
P, Pec . 48 (43)(2.5)(4- 8.07) _ . " §
k + T, T + : O = 1251 kei <13k (s hlowed |
Dse W B x40 it




— 1 O 1 1 )

—1 B

1

—

r_ujg

O

PROBLEM 10.115

10.115 A steel tube of 80-mm outer diameter is to carry a 93-kN load P with an
eccentricity of 20 mm. The tubes availabie for use are made with wall thicknesses in
increments of 3 mm from 6 mm to {5 mm. Using the allowable-stress method,
determine the lightest tube that can be used. Assume E = 200 GPa, oy =250 MPa.

e
e =20 mm —| SOLUTION
-
Vv, = #a’,’qow«v\] A Y\o-'t
80-mm outer A=T (_V\,,z -Vt b 3 % (V\Jf r'.-.‘ ) Y =‘d%"
29m | diameter

t Y, A I v
yvim mw: mm" {06»»1»'1“I mm Le T 2.2 .

T 3 37 726 0.53%%  22.24
G 34 1345 0.a61 2625 P-4a3xj0* v
q 3) 2067 I.288  25.31
12 % 2564 i.528 24, 4!
15 A5 2063 |.704d 23%.59

m % )
Steel : E = 200000 MPa Ce :1/&6‘.}: = /“(“;——_g%—oo— = |25.¢6
. le . 22 . Ledr
Ty L= Tmm T T oremiaes | 8692 < Ce o T 0.6u17
Es. = £ +£ 6 -g(ocmn) = 1885
6x = g5 l1- Y J 2 Li- 4 (ocan V] = j00.9 MPa
P, Pec 93x10° | (3x10°)(20015 N4ox10?) _ |0y 2 MPa > 160.9 MPa
A I 2007107 ¢ 1.288 #ioré

Appmx\"mu{'t Veq vired area

Fov

=12 wm
F.s. = Lg%o
.E + Ee_g -
A Y

e

(na‘} dfoueav)

('g;’-j 2007510 )Y = 2073%16° W' = 2073 wam

{
L2 le/V

~ oo C 4012 < C 2L = 0.7172
Gy = 98.32 MPa
q3x]0° (93 0% )(263(5% )(Hor 1) _ oMb <
25ciwioe * 528 x (O 85.0 M. < 98.3 MP

Use L= 12 mm




10.115 A steel tube of 30-mm outer diameter is to carry a 93-kN load P with an
eccentricity of 20 mm. The tubes available for use are made with wall thicknesses in
increments of 3 mm from 6 mm to 15 mm. Using the allowable-stress method,
determine the lightest tube that can be used. Assume E =200 GPa, oy =250 MPa.

10.116 Solve Prob. 10.115, using the interaction method with P =165 kN, ¢=15
mm, and an allowable stress in bending of 150 MPa.

PROBLEM 10.116

SOLUTION

| 80-mm outer

]
diameter Yo = 'iapp = 4O wmm

_A = “(roz" T;!)

\(\,.'_ < Y\o" t
I 3:3:(v\o'.“v:'q)

t V. A I "
hm  mm mm " 0% mwn o e = 2.2m
3 37 726 0.539 2224 ,
6 34 1395 0.96)  26.2¢€ P - les~io® N
G 31 2007 1.285 2531
2 2% 25¢Y  1.52%8 2441 Gust, kg = 150 MPex
1§ 25 30643 704 23.54
27 (200000)
Steed: £ = 200000 MPa C. =#———————%E = / = = 125.6¢
Le 2.2 - Le/r _
TV‘:! 1= 9 mm Y7 258 8¢.92< C_ . 0.6917
£s. = £ +3(0.ean)-F(0.627) = 1885
G, Le/r 250 ' %
St cohric = -F_—;-_[l—a-(—;)] - 2ol 4 (0697 ] = 1009 MPa
P Pec 165 % |0* (165x10> (15 15 ) (Hor0°)
A G cotee N I Sott ponctng (2067 10" “)(100.2% 10%) (1.285»107¢ (150 10%)

0.815§ + o.51% = 1.329 » | (not adfowed )

A= (1.229)(2007 ) T 2667 wmm”

H

Appruxi\mde requl red avea

2 . Le/V .
For Z=12mm L—;=m3= 9012 < C, t' = O.7172
£3% = L2900 G%cu*n‘a. s 98.3 M Pe.
' -3 -3
o Pec  _ les =108 (165 x10*){i5x 107 (40 » 157 )
AGgp contuie * T 6t bmding, (253 <|10F)(78.3¥105) (1.528.%407 ) (150 *10%)
J U . 0.685 + 0.432 = 1.087 > 1 (net odlousd)
ey Lz iSmm %-E = 2—%:?;‘,[?5 = G326 € C.  {(Le/r}/Cc = 0.77422
F.s = 1.894 G, cotrie = 95.69 MPa
e Pec 16§ x {0 (165x10° Yisx 1o~ )dox(w®)
AG‘,,,“;.,..+ L Gutansting T (Boeaxloe)aseyxtot) (L7104 » 1o~ XS0 x l0°)
- 0.563 + 0.387 = 0.950 <. (aLforsed )
PDse =15 mm —

1
A

3

[
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10.117 A column of 3.5-m effective length is made by welding together two 89 x 64
% 6.4-mm angles as shown. Using E =200 GPa, determine the allowable centric
load if a factor of safety of 2.8 is required.

PROBLEM 10.117

6.4 mm——l L_G__S_S_Z’t‘_ IJ F

4 mm |

SOLUTION

One am3)< X 158 wmm

I+ A(ss.z-1s8)

0.333 = 10° + @38 W(19.4)?
O.Qgé "[03 \mm‘

N

il

Twe angles I = @Xo.686%10°) = 1.372 x o€ mm' = 18372200 m”
For T ET Tt (200 2 01)1.372%10°°) 3
B - ow r 79.0%l0” N
P Fs (F.s) Le* (2.8)(3.8)*2 7.0~

= 79.0 kN




10.118 Member AB consists of a single C130 x 10.4 steel channel of length 2.5 m.
Knowing that the pins at 4 and B pass through the centroid of the cross section of the
channel, determine the factor of safety for the load shown with respect to buckling in
the plane of the figure when & = 30°. Use Euler’s formula with E = 200 GPa.

PROBLEM 10.118

SOLUTION
Since AB - 2.5 m 'f'm'.:.n-jz?e ABC s isosodes.
2F. * C©
TR0 Fac - P cos IS 4 Figces 30° = ©
J Fre .8k [, - [Faa Cos 3e°
Fag 8in30"= Fesinis®-¢€3 0 he cos I§°

Fio (sin30°- 21S°e530%) = f 2099g F, = 6.8 Fag = 25.378 kN

cos lg*
C 130%)0.4 Ioin = 0.229%10% pam’ = 0.229%10° m*
T2E Lein ot w*YXo.229% 10"
Po s i 7 (QOO’(Z_SE ) - 72.324%10° V> 72324 kW
B . 72324 -
= &0 -
F.S. 5. 7= 378 2. 8BS

10.119 Supports 4 and B of the pin-ended column shown are at a fixed distance L
from each other. Knowing that at a temperature T, the force in the column is zero
and that buckling occurs when the temperature is T, = Ty + AT, express AT in terms
of b. L. and the coefficient of thermal expansion a.

PROBLEM 10.119

SOLUTION

Let P be the compressive Fovee in the codomn.

La(aT) - £= = O P - EAa(ar)
P TEL - P - EAcD

. IEI . 7mIER/12 . mih -
AT = TEAx ™ e 7 ki
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L1
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10.120 Knowing that a factor of safety of 2.6 is required, determine the largest load
PROBLEM 10.120 P that can be applied to the structure shown. Use E =200 GPa and consider only
buckling in the plane of the structure.

P SOLUTION

20-mm diameter

A —
15-mm diameter 1‘ BC: Lg = 1 4+ 0.5 Bl 1.I1IBO wn

c | I- é-%as: * 4;1}(2").’: 7.859 x 10> mm’
= 7854 x IO "
p . MEL | 1(eoxi0'X7.854x(0%)
05m A A (.irgo)*
- 12,403 x (0> N = 12.403 kW
Fen_,-ﬂ = EP% = _..—--—-»"?2"";"3 = 4,770 kN
AB.  Las vJo.5‘+ 0.5 = 0.707) m
L b= B(5) = 2435 x(O* mm = 2485 x(0 m"
p— -‘ .
For ﬁzfr i ..‘(20(:2)*;3"12('2.)135—,(,0 2 - q.8106%/0° N = 9.8/106 kN
. Ra. 9.8106
oo * o2 - LHE - 2278 W
Joini B
P - 0.5 __Le .
LZF, =0 o0.70211 Fan l.1180 Fe. e
Fae Fe. Fo = 0.79057 Fis
.S 0.5 -
+ Z-F:? =0 0.107 Fau + ). 1180 Foe + P =0

0.70711 Fyps (0.94721)(0. 79057F ) = P = ©
P 1.06066 Fag

. ; s
= (1. 6 YtBe — = }.341C Ky
P =(1060¢ )mqo” . 1.391C  Fa.

A;Pﬂoum‘sﬁe Vadse Ffor P.
P < L06oce Fhg.y - (L0€06EN)3M3) = Hoo kN
P e 13416 Fpoee = (134164770 )= 6.40 kN

Puag = 4.00 kN -




PROBLEM 10.121

P
T

B T
P

10.121 The steel rod BC is attached to the rigid bar AB and to the fixed support at
C. Knowing that G = 11.2 x 10° psi, determine the diameter of rod BC for which the
critical load P., of the system is 80 Ib.

SOLUTION

look at Yorsiown spf"ng\ RC

. YL - GJ -
P = &7 T= ¢ = Ko
G = N.2x{0® pa .
§eFet- B - B
L = 20 (=
Graxte® ) ndt . T
K= S oyceas = §4972 d
953 Mg ® ©
T - P/Q s.‘nCP = O
K@ - Plsingp = ©
. K& . K
P - psl‘n? Pgr .‘i—
K = s4978 d%= Pul = (80)(is) = 1200

d

912 00 .
2t = 0,384 . ——
54873 b
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PROBLEM 10.122 10,122 Anaxial load P of magnitude 560 kN is applied at a point on the x axis at a
distance = 8 mm from the geometric axis of the W 200 x 46.1 rolled-steel column
BC. Using E="200GPa, determine () the horizontal deflection of end C, (b) the
maxinttum stress in the-column,

SOLUTION
Le = 2L = (A%2.2) = 4.€ m €= 8xlo? wm
W 200 % 46,1\ A 58L0 me' = 5860710 ¢ _m"
% \ I,-= 1S: 2% 10%mm” = 153 %5 ¢ m”
W200 X 46.1 e - MEL _ T2 (200 »109)(15.3 % j0°¢)
23m < L™ (te)*
= 1.42727xt0° N
o P . Seox 10 _
P~ L4227 x10¢ 0.3923¢
Yo = € [sec'-_qlzdg 1] - (810 [sec(EJo.2923¢ )~ 1]
- (8xio-t ) sec (0.983a3) - )] - (8*!0")[ I.3058 = | ]
T L. HE7 {0 m = 6.45 pam —
e = P (gt @) T (560310° ) B x5 64475 ) T 8.090 %10 Nem

Sy = 161 %10 wem® = ASIXIOTE m

L} ;e *
SARER S -g— - E‘—g%’g"—'%,_ + %l—?f’%?‘— = [49.1.%10° Pa = [49.1 MPe =8
o




10.123 A column with the cross section shown has a 13.5-ft effective length,

PROBLEM 10.123 Knowing that oy = 36 ksi. and E = 29 x 10° psi., use the AISC allowable stress
design formulas to determine the largest centric load that can be applied to the
column.

SOLUTION
A=2A +A, = QUWEY+ o F) = 8.5 in®
I,= 2L, + I, = @WEYE(eY + G 1)) =18.013 in*
1g.o12
Yy = Jr / 55 - LH4SST iw
Le = 13, S - 162 in —r?-- .29 < C,

Steel: E = 29000 ks! R

l*f_\—/f = 0.882¢
L A

2
G736k (.= ngE 20°(2%0°) _ 2¢. o

36
.= 5+ 3(0.2820) - § (6.882¢) = 1912

Le fry _ . .
. %{\-%(Laﬁ)] mm{‘ 1(0.882¢Y] = 1.49 ksi
Pu- EuA

= (11.49Y(8.8)+ .7 k.'ras —

! "
L S—

T
L

i

_—

R
o

r




PROBLEM 10.125 10.125 Bar AB is free at its end 4 and fixed at its base B. Determine the allowable

centric load P if the aluminum alloy is (&) 6061-T6, (b} 2014-T6.

SOLUTION

A = (BoXlo) = 300 ww T BoS x 1>

T = L(2)10)*= 2.50 %10 wm’

. |XI _ [zSowio* _ -
Viw = 1}A - 1/ ETo 2.887 m

L. = 2L = RXEs)Y: |70 wmm l‘é = 58.88
) 606\-T6 L/r < &6

G~ 139-0.88(L/N = 139 —-(0.863 Y 58.43)
= 87.9 MPa

P = GuA = (829%10)(300»10*) 7 26.4% 10" N

= 2.4 kN
(b) :2014-Te L/ >S5
- 37 - Y & £.X (S
S = (LI:)“ © (58.88) 167.3 MPa

Pu = Su A = (107.3%10° W300x 10 ) = 322x10° N = 32.Z2 kV

)
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PROBLEM 10.126

A=bd=: (1.5)5.0)=

37.5 in- I, -

10.126 A sawn lumber column of 5.0 x 7.5-in. cross section has an effective length
of 8.5 ft. The grade of wood used has an adjusted allowable stress for compression
parallel to the grain g-= 1180 psi and a modulus of elasticity E=1.2 = 10° psi.
Using the allowable-stress method, determine the largest eccentric load P that can be
applied when (@) e=0.5in., (9 e = 1.0 in.

SOLUTION
Sawn domber: 6= 1180 pe E= 1.2%10% psi
C= 0.8 K= 0.300
Le = 8.5 'F"' = ,02 l.ﬂ
b=75in, dx 50in, C= 2= 8.75in

L (5.6)7.5) = 175.78 i’

- E K £Ed®  (0.200)(1. 2210 }(5.0)" _ .
6;1 N (ﬁL‘f_“"z. " 1z = ({oz)’- = 8cS rs
6e/ S, = BeS/ 18O = 0.733)

/ < b &
Cor LSl J (R&elay - Saf& = o 5763
6.y = 6.Cp = (l180)o. 57¢63) T &80 psi
Bu, fuee _
At ST T S
Pu = G

I

) e = O.5n
c80

Pt = T o5 Eas)

3725 Y %598

(e) e~ L0 iwn

G8e

18210 b = 18.21 kips et

P =T qoxziny T

325 T 175.71%

7o db = .17 kips -




PROBLEM 10.127

= (2x3-?‘) = 192 {n‘)

IJ » Z[Ixn* Ax‘]

r‘,,,-,.r./-i;‘“. = 1177 in.

P = |y kips

E= 29000 ksi G

Assowme

L.

10,127 Twod4x3 x % -in. steel angles are welded together to form the column 48,

An axial load P of magnitude 14 kips is applied at point D. Using the allowable-
stress method, determine the largest allowable length L. Assume E =29 x 10 psi.
and o, = 36 ksi.

SOLUTION
One anq!c L HxSx% Az 2.48 in"
I,,rS.‘rd 'h, S;‘(—I 4¢ mi v, = L2Gin I?L?g iv,
I,-1.92 in, = 0.87%a, x=0.782 in
Two amj,’cs A 2.48) 7 4.9C iw"

Se= @XL4eY = 2920w’ N7 126, y = L28 in,

’(2)[1.%2 +(2.qe)(o_132)‘] - 2873 5" = L.

e"'d‘%’ 173--=1,0925'm
_ P Pey_ % (IN(1.0228 W23y _ ,
.” - _A_ _l.f;.y = 446 + - ,T‘q?\ - 5.294 k&t

’ Z W (290060)
S 1261

l.¢ . mE
== > Cc S ° L2 (L/nm)z. ( ““) |92 6“‘”
. JAQe000) _ 7.8 > C
\/la:z 62 (.92)(5. 294) 1678 ¢
167.8 Voo = (162.8)(0.177) = 197.5 i, = 16,46 -
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PROBLEM 10.128

P = 32 kps

Assoma  L/WN... > £5.

10.128 A compression member of rectangular cross section has an effective length
of 36 in. and is made of the aluminum alloy 2014-T6 for which the allowable stress
in bending is 24 ksi. Using the interaction method, determine the smallest dimension
d of the cross section that can be used when e = 0.4 in.

SOLUTION
A= 2z25 4 e gl e=0.4Yin  Le=3¢ in
G b = R4 st Pr 32 kips
. |
L= % (229)d? o i
Assome Ve = Vein , le deczis
Lo/ = 12 Le/d
_ S4000 _ Sqoeo o Sqoeo 4v . 5 LN
6:”4 - (L!/rg ); - 12 Lea. ﬂz){z;)z A 3-"’7222 d

32 L )(s2)(0.4 W1d)

r " Pec

AGJI):. .IG:’_,!:
4,096 1422282 _
FE LI

So;ow'nj fou- x,

L/ =

(+i2)(3¢)/1.894 = &£5.3 > €6

(2.25 AV (3.472224*) (2254%) (24)
] Let x=F  4.096 x* + L42222 %™ = |
X: 0.52818, d=%* L8319 in < 2.25in

d=1.89% jn =




PROBLEM 10.C1

10.C1 A solid steel rod having an effective length of 500 mm is to be
used as a compression strut to carry a centric load P, For the grade of steel
used £ = 200 GPa and o, = 245 MPa. Knowing that a factor of safety of 2.8
is required and using Euler's formula, write a computer program and use it to
calculate the allowable centric load Py for values of the radius of the rod from
6 mm to 24 mm, using 2-mm increments,

SOLUTION

ENTER RADIUS RAD, EFFECTIVE LENGTH L

e
AND FACTOR OF SAFETY FES
COMPUTE RADIVS 0F GYRATION
A= m RAD®
- I +
[ I
= —_
A
DETERMINE ALLOWARLE C(ENTRIC LOAD
CRITICAL sTRESS :
2
TE
g = - .
cr (LQ/r)
LET (7 LQUAL SMALLER OF G FWD(rr
_ TA
o RS

PROGRAM  OVTPUT

Radius Critical Allowable
of rod stress load
m MPa kN
.006 71.1 2.87
.008 126.3 9.07
010 197.4 22.15
012 284.2 39.58
014 386.9 53.88
O0le 505.3 70.37
018 638.¢6 89.06
020 789.6 109.96
022 955.4 133.05
.024 1137.0 158.34

Below the dashed line we have:
critical stress > yield strength

]

O
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PROBLEM 10.C2

!- 5- l"ﬂ.

le |
r

LE': 0-7L
BUcKLING 1IN X2 PLAMNE
'
b

Le‘s 0.5 L

10.C2 An aluminum bar is fixed at end A and supported at end B so that
it is free to rotate about a horizontal axis through the pin. Rotation about a ver-
tical axis at end B is prevented by the brackets. Knowing that E =
10.1 X 10 psi, use Euler’s formula with a factor of safety of 2.5 to determine
the allowable centric load P for values of b from 0.75 in. to 1.5 in., using 0.125-
in. increments.

SOLUTION
ENTER E, LENGTH L AND FACTOR OF SAFETY FS

FOR b= @7 TQ L& WHITH 4425 [INREMEPTS

COMPYTE  RADIOS OF &YRATION

A= 1.5 b -
Ixzjlzb"53 rx=*A—’—‘—
! 3 [ L

- =/ =&
I% & b 'y s

COMPUTE CRITIcAL STRESSFES

2
@), = 2
X »
(07%_1)2
2
(Q._cr) = 1 €

AR
¥
LET @, EQUAL SMALLER SYRESS
r

COMPUTE ALLOWABLE CENTRIC LOAD

P — Glr F\
PROGRAM CQUTPUT
b Critical Critical Allowable
stress stress load
X axis y axis
in. ksi ksi kips
.750 7.358 3.6 1.62
.875 7.358 4.9 2.58
1.000 7..358 6.4 3.85
1.125 7.358 8.1 4.97
1.250 7.358 10.0 5.52
1.375 7.358 12.1 6.07
1.500 7.358 14.4 6.62




PROBLEM 10.C3

I’i - 9_ YIELDS
T} h

X h

LSW

_ 10.C3 The pin-ended members AB and BC consist of sections of alu-
minum pipe of 120-mm outer diameter and 10-mm wall thickness. Knowing
that a factor of safety of 3.5 is required, determine the mass m of the largest
block that can be supported by the cable arrangement shown for values of
from 4 m to 8 m, using 0.25-m increments. Use £ = 70 GPa and consider only
buckling in the plane of the structure,

SOLUTION

COMPUTE MOMENT OF INERTIA

4
T =§(o.oa> - 0.05™)

FOR h = 4 TO 3 USING 0.25 INREMEMNTS

CoMPUTE ALLOWABLE LOADS FOR Gl14E"RS

- _ TPE1L n2ET
( AB) - 2 ) B ) = 2
o 3.5(4) <lor o 3.5(6)

DETERRMINE FLLOWABLE W
. h (- )

(Wau )} A (-FAB )cr) (Warl )z' s (" BL/er

WN] FEGAUALS SMALLER YALULE

COMPUTE MASS m
Woul
M= 98]
»
PROGRAM QUTPUT
h Weight Weight mass
critical critical
stress stress
AB BC

m kN kN kg
4.00 455,11 269.7 7854 .88
4.25 455,11 286.6 8345.80
4,50 455,11 303.4 8836.74
4.75 455.11 320.3 9327.66
5.00 455.11 337.1 9818.59
5.25 455.11 354.0 10309.52
5.50 455.11 370.8 10800.45
5.75% 455.11 387.7 11291.38
6,00 455.11 404.5 11782.31
6.25 455.11 421.4 12273.24
6.50 455,11 438.3 12764.17
6.75 455.11 455.1 13255.10
7.00 455.11 472.0 13255.10
7.25 455.11 488.8 13255.10
7.50 455.11 505.7 13255.10
7.75 455.11 522.5 13255.10
8.00 455.11 539.4 13255.10
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PROBLEM 10.C4

10.C4 An axial load P is applied at a point located on the x axis at a
distance ¢ = 0.5 in. from the geometric axis of the W8 X 40 rolled-steel col-
umn AB. Using E = 29 X 10° psi, write a computer program and use it to cal-
cuiate for values of P from 25 to 75 kips, using 5-kip increments, (@) the hor-
izontal deflection at the midpoint C, {(b) the maximum stress in the column.

SOLUTION

ENTER LEMNETH |r.J ECCENTRICITY €

EHTrr FroOPFRTIES A)I?) r?,br_
COMPUTE  CRITICAL LoAD
4
P - i EI%
<r LZ i
For P= 25 To 75 IN INCREMIENTS OF §
CorMEJTE HORIZONTAL DEFLECTION AT C
P
4.7 e(sec(z [5,)- o)
COMPUTE MAYIMUN STRFESS

e b

p ;
T, :.F(“Zr"sgcg\/ﬁ)

¢

PROGRAM OUTPUT

Load maximum maximum
deflection stress
kip in. kips
25.0 .059 3.29
30.0 .072 3.99
35.0 .086 4,69
40.0 100 5.41
45.0 115 6.14
50.0 .130 6.88
55.0 146 7.65
60.0 .163 8.43
65.0 .181 8,22
70.0 .199 10.04
75.0 .219 10.88




PROBLEM 10.C5

10.C5 A column of effective length L is made from a rolled-steel shape
and carries a centric axial load P. The yield strength for the grade of steel used
is denoted by oy, the modutus of elasticity by E. the cross-sectional area of the
selected shape by A, and its smallest radius of gyration by r. Using the AISC
design formulas for allowable stress design. write a computer program that can
be used with either SI or U.S. customary units to determine the aliowable load
P, Use this program to solve (a) Prob. 10.57. (b) Prob. 10,58, (c} Prob. 10.60.

SOLUTION
ENTER L, E, Ty
FNTER PROPERTIES A, r}

DETERMIVE ALLOWABLE STRESS

2
CC,;__ /Z_GTT E
Y

CONTINUED

S R A R A R
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PROBLEM 10.C5 CONTINUED

PROGRAM QVUTPUT

Problem 10.57 (a)

Effective Length
A

ry

Yield strength

Allowable centroid
Problem 10.57 (b}

Effective Length
A

oy

Yield strength

Allowable centroid
Problem 10.58 (a)

Effective Lengt

Problem 10.58 (b)

Effective Length =
A =

ry =

Yield strength =

E =

Allowable centroid
Problem 10.60 (a)

Effective Lengt

T
Yield strengt

Mmoo
oudaon

Problem 10.60 (b)

Effective Lengt

Allowable centroid

6.50 m
6250.0 mm**2
49,2 mm
250.0 MPa
200 GPa

load: P = 368,139 kN

6.50 m
10200.0 mm**2
65,0 mm

250.0 MPa

200 GPa

load: P = 916.148 kN

21.00  ft
9.130 in**2
2.020 in.
36.0 ksi
29000 ksi

21.00 ft
9.130 in**2
2.020 in.
50.0 ksi
29000 ksi

load: P = 87.452 kips

4,00 m
13800.0 mm**2
43.4 mm

345.0 MPa
200 GPa

load: P = 1567.879 kN

6.50 m
13800.0 mm*+*2
43.4 mm

345.0 MPa

200 GPa

load: P = 632.667 KN




PROBLEM 10.C6

10.C6 A column of effective length L is made from a rolled-steel shape
and is loaded eccentrically as shown. The vield strength of the grade of steel
used is denoted by o the allowable stress in bending by o . the modulus of
elasticity by E, the cross-sectional area of the selected shape by A. and its small-
est radius of gyration by r. Write a computer program that can be used with
either ST or U.S. customary units to determine the allowable load P, using either
the allowable-stress method. or the interaction method. Use this program to
check the given answer for (a) Prob. 10.111. (b} Prob. 10.112. (¢) Prob. 10.113.

SOLUTION

ENTER L, EJ QJY ) q.ml)lgené.}nj ) xSy
ENTER PROPERTIES A, Sy 3y, 7y

PETERMINE  ALLOWABLE STRESS

_ j2m’E
N

<o 3 \ ¢,
z
61T g z ¢*
FOR ALLOWABLE-STRESS METHOD
CoEF =+ + &% 4 &g
A Sy 5y
Tont
Pani = QEF

FOR INTERACTION METHOD
! (ex/sy, )+ (ey/sy)

—f-

W

COFF
(Crtl” )bﬁﬂtﬂ!wj

CONTINUED

—
AP

1
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PROBLEM 10.C6 CONTINUED

PROGRAM  QUTPUT

Problem 10.111

Effective Length = 5.80 m
A = 7560.0 mm**2
ry = 51,900 mm
8% = 582000.0 mm**3
Yield strength = 250.0 MPa
E = 200 GPa

Using Interaction Method
Allowable load: P = 322.022 kN

Problem 10.112

Effective Length = 7.20 m
A = 7420,0 mm**2
ry = 50.300 mm
Sy = 185000.0 rm**3
Yield strength = 250.0 MPa
E = 200 GPa

Using Allowable-Stress Method
Allowable load: P = 97.781 kN

Problem 10.113

Effective Length = 21.00 ft
A = 11.800 in**2
ry = 1.930 in.
Sx = 51,90 in**3
Yield strength = 36.0 ksi

29 x 103 ksi

Using Interaction Method
Allowable load: P = 86.722 kips






