MAE 415 Analysis of Structures

Solutions to Assignment #5
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Example 11.5
A cantilever beam is shown in Fig. 11.10 loaded on two of its faces. What is the maximum

compressive normal stress (7,,)max’
It should be clear that the maximum compressive stress 1, will occur somewhere

on the cross section of the beam at its base at the wall. We will consider each loading
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Figure 11.10 Cantilever beam loaded on two faces.

separately, and then, using our imagination, we will find where the superposition yields
the largest compressive stress on the cross section at the wall.

First consider the triangular load. It has a bending moment at the wall which
equals (5)(100)($)(%$5) = 833.3 N-m in magnitude. Hence, the maximum compressive
stress will be at the bottom line AB (see Fig. 11.11) of the cross section, given as

(833.3)(.04)

e = 1953 x 107 Pa
(75)(.04)(.08)°

erx)maxll =
As for the uniform loading, it has a bending moment at the base about the y axis, which is
(51(30)(3) =375 N-m in magnitude. A moment’s thought should reveal that the
maximum compressive, stress will be along line AC of the base cross section and have a
magnitude given as

(375)(.02)

) maxlz = ———— = 1.758 x 107 Pa
27 (1)(.08)(.04)°

The maximum compressive stress from the combined loading must occur at point A,
where we have the coincidence of maxima compressive stresses from the two loads.

" (Trd)max = — 1953 x 107 — 1.758 x 10" = —3.711 x 10" Pa

Notice in this problem that we used physical feel and common sense freely rather
than more formal approaches. You are urged to do likewise when it is possible, as was the
case in this problem.

/ Figure 11.11 Cross section of cantilever
2B at the base.




H\,\lg - %ht.‘u.w\ s 2.

b‘(

T e e e e o
p To o’ = e Condla) s
1 n oo o L .04 Yt e~ m )
I\P_ - Q (S\tf"\"\(_%f\{\
TT-M\E..\“« \- ad ( %)\'L T PR \i (_'\4\) A(,S\(\Lf)ﬁsr\\\ .
ﬂ](i\_ X
. —3- ) \,){_y\ o A0 % t\wp\
ki
T - '
C /g ) w,.%.«-»"""‘""" - loo Nl/’\ | V.AA (VES VIG Og C/ &»; Use 5\"\'@5 \.
S l /o
X Ta —> in, =0 C- (NECRY(T ) = o
" ,:': = %3333 N-m
#

£6, 0 B (eMIOR) - o

250 N-m

NA"’/ S;l"‘bx \r'\-,_(’(\'-

Comnpnkinn : L =
! T AS “(*\*Y3333—250x*12*'201'3\\—‘0
) g
v n s ,
) w(x)
M{x) = ©33.33 » 2Sox = 3% EON-m
RQLS".\:\.\Q\ we \0&4\ B (M\l Yadu s 2 LW\ (\LR\{‘*:‘&\ ,\\ . \VJ(')('\ b 30 ‘\]

iy e g st et e oo N e g €
[ n 3 Nl Sw, co = C o Gtk
o ek t ’




AlY = 31s ersen = (3e0RY 20

< .
}T> T\(*\ < 31§ ~Vsex ¢ iSX N -

o FRNTUR SIPN

\’- Ak leehion \l“ 2 I‘}\} Hl + /E}ﬂfg\‘{ (\Aj-(r\i Ahad)‘. i;s:\s \*\"r\

e

-
E(TuTy - 1)

t
Ve (aatee-n Yagex - 93333 = 3330 o LML AT x - 4.952e8 - 1L4siel x*

t (‘-\lh!.z-'\\(\ﬂ%gt-h\ T
L= ( g xt - 2% x - “\ v C
v i (032 x 13823 X 0.481¢ b % \
! g
Y ‘:t- (0‘14“\L%X3 - 244l ¥ - 0.09115 eb % \) rOxo Gy

ECs vy V(oo = (= 0

.- s
N < £ (2.’-\‘-\&—\ x> - 244\ e ¥ L5 = 45 x Bm (d\\r: —\l\

- dxtg\(cx;o . " - T \
) W i /% ' F\\’ e / (\,Jnrr\‘ O\Baq\ 3 3,\; \Asur\

£ (Iu T-\H ‘flz\r/%

i . (S
Wz (\.‘\ogu-k\(S‘\S—\Sox * \S*l\ %03 - 3,810e x4 3Slbelx

o it i e A S 8

3 [L\.wm—w\(\,"\wu-t@\ E

\ b
R e ERUT U T T KE T PR IPL D B

E )



W — (L\.'ﬁ'ﬂa’t%xz -~ 0.5%b ¥ e 0.243e] XHB‘F C % * CZ
E \ ,

W = - (“\3‘\5«% - 5.6 e ot Q.‘\Sctx“\m ((\.r: +1\
E X
’ = - : NA2 A
Av ki xS 5 Vs 13878 ot 5 «
£ 3
" v < C * o mm
Assume E o= E(\o‘-\o 5\“\\ - 72.o\ *x Vo Po.\ —-_ N = D, olk m

22 0.,02L§ M QLS mn

To'\"\\ C\LR\t(\\A»\ .

N \(E : o
LIS X h(‘(,* Nos - 3Ll
Derenjating ! Yon X2 L ) Wy )
y
g.aa3
2 yl //\/\/_\
< } 7

]
' e / 1.357



