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6—49. A beam has the cross section shown. If it is made of
steel that has an allowable stress of oyex = 24 ksi,
determine the largest internal moment the beam can resist
if the moment is applied (a) about the z axis, (b) about the
¥ axis.

A~
i

1 1
—(6)(6.5%) ~ — A= i
(665" 5(375)(6)) = 33.8125in

! i
L = 2[']‘5(0.25)(63)] + .1_2_(6)(0_253) = 9.0078 in®
B (M), = Duewk _ 24(33.8125)

¢ 325
249.7 kip-in. = 208 kip- ft Ans

D) (M), = Jewh _ 24(9.0078)

c 3
=72.0625kip-in. = 6.00kip-ft  Ans

6-50. Two considerations have been proposed for the
design of a beam. Determine which one will support a
moment of M = 150 kN-m with the least amount of
bending stress. What is that stress? By what percentage is it
more effective?

——200 mm—
k200 mm— o . 3
] 15 mm ~— | 30mm

e ] ==

Section Property:
For section (a)

300 mm 1= é(o.z) (033%) - -112-(0.17) (0.3) =0.21645(10”°) m*

For section (b)

1 3 1 3 i
= —(0. 2 - —(0. ; = 1
l2(02)(036) 0 185)(0.3%) =0.36135(107) m

30 mm

(a) (b) i yl_c

Maximum Bending Stress: Applying the flexure formuha o, =

For section (a)

0%)(0.165
a, ‘=———————lso“ 0 )=ll4.3MPa
= 0.21645(1072)

For secuon (b)

_ 150(10°)(0. 18)

Ops = ——————— =74.72 MPa = 74.7 MPa Ans
™7 0.36135(10°%)

By comparison, section (b) will have the least amount of bending stress.

114.3-74.72
%ofe(fecﬁvcncss=————:’4—-72—-——x100%=53.0% Ans




6-99. The wood beam has a rectangular cross section in

the proportion shown. Determine its required dimension b

if the allowable bending stress is oanee = 10 MPa. ) {
|

S00 N/m

: A‘
"
1 2m = -2m
Se0(2)=/000N
IR S i
F F; 3
/m [ Im
7500 250n
V(N)
750
Allowable Bending Stress: The maximum moment is L 4
M., = 562.5N-mas indicated on the moment diagram. ? :5\ f .] X
Applying the flexure formula ~250
. MNm)
M,
Gmax = o:l]ow = s 5/025
I 5¢0
562.5(0.756
10(10°) = 7_-_————( )
L(b)(1.55)°
b=005313m=53.{ mm  Ans £y bR




*6-92. The beam is subjected to the loading shown. If its
cross-sectional  dimension ¢ = 180 mm, determine the

absolute maximum bending stress in the beam,

0N/ e

1 Yy iz
= Iy’
| 3
2 m 1 m—

Section Properties:

Lva  003(0.18)(0.06) +0.12(0.12)(0.09)
VE =

=()075
TA (0.18)(0.06)+ (0,12 (0.09 iR

Lo s end W g
l==(0, 18)(0.06") +0.18(0.06)(0.075 - 0.03)

+=(0.09(0.12") +0.0900.12)0. 120,075

=59.94( 10°) m'

Alluwable Bending Stress: The maximum moment is
My = 60.0 kN - mas indicuted on the moment diagram.
Applying the flexure formula

M,..c

max
Gmu i /

_60.0(10")(0.18-0.075)
T 59.94(10°)
= 105 MPa Ans

ESY

=

4002):80.0 kN /

bo ki
A ! J
" ‘ |
il |
m Um | m |
10-0kN 130 kA
V(kN)
©0.0
/0.0
AN Xm
el o ™ 3 )
~70-0
Mknm)
125
e ¢ Lx(m)
01 025
~60.0




6-90. The beam has a rectangular cross section as shown.
Determine the largest load P that can be supported on its -
overhanging ends so that the bending stress in the beam

does not exceed oy, = 10 MPa.

Absolute Muximum Bending Stress: The maximum
moment1s M, . =0.5P as indicated on the moment diagram.
Applying the flexure {ormula

M ¢

max
max
/

lo( 10%) = 0.5P(0.05)
50,05 (0.1%)
P=1666.7N = .67 kN Ans

P P
&-— 0.5 m =05 m——b— (.5 m -i

F p
i |
| A f‘ i
I 05m 05m ’{ o 5m ]

PP

‘L T )C(m
0 Lo Iy ‘
TR

T + X (m)

~05p

SO mm
$

>



Problem 4: (20 points)

A cantilever beam along with its cross-section is shown in the figure below. Determine the following at
point 4 of the beam:

a) Maximum tensile stress and its location

b) Maximum compressive stress and its location

¢) Normal stress distribution along the depth of the cross-section
d) Magnitude of the normal force on the lower flange.

M N 7 5 kN/m
at gobpert A’ é l l l l l
My = 5xs%x2.5 7 ,
:éz.gpg_w(g> '_52 e LR
‘jl«ﬂ- woweut 1 U ‘gﬁA
Canse temsle Shass abeye 1
MNLu : e 5 >
relovis dide Cmb%ve &H% wow m}«l,:.u!ra! Axy' s |
6S-8S r?[mw‘/ }4100 mm«»l
b T tﬁ;\\w 25 mm
el oL b Teungaou \\\
5= Aishibuh'on s t¥ewa R
d)aﬁvaww vlr . N 250Imm
N : P A
A \ 25 SHUNE Q) -
= %&“ 125tmm =% %
LN =~ T ISSISSNSSSSN ~ 25 mm
4703 R Jyuw f+—200 mm —
AL _Lvbpore A Iv=1.661x10° mm*
a NA
“ @“'ﬂk = MaSeep . 3_9_113‘15&5 Z£5-85 N|wmw' ()
Toa |-661% [0 e T
CuCﬂ* ‘B viD
foec o
) (G - e o
A

b ‘6‘4'_
- é'l-97<lo€’;< NS - 4F-03 N/ aam Locah )

8 °*””th;
I ST CER

£ N ovymal %\“% JAIS"Y"\OV\“)'BM &a@rtww\ ,wa‘w\ 61)0 )
(A ) fyom - Arshs buben d»‘a%ww«/w Ly esn over Q;wefﬁ'laﬂv&‘

0343762\ w2 x2ov
€2 x18x 62 (o V"_i,‘i?_i__-»'— ALl

ToIX 10 _ _
Qw@\:ywﬂ» =211625 N
L705, sonez i vy
f._g‘——-— %

Mu” 5T




Problem 5

The given beam has a T- cross section as shown below. Determine the largest
magnitude of P that can be safely applied. The allowable tensile and compressive
stresses are 30 MPa and 40MPa respectively, and the allowable shear stress is 20
MPa. (The 2 supports exert vertical reactions only).

i S
® - . o ”
o S— 20 mm
5 m R e W~
15 mm 150 mm
Solution:
i 4

Bending Moment diagram (kN.m) ©)
0.3P kN
g«* 14 (+) Jb‘
Shear Force diagram (kIN) - b
() | PN
ZA y 100 mm
y= A—
ZA ; ‘ B A
s e ——— 20 mm
2omm . :
_ (100%20%10)+(150*15)*95 e S
pe= =55 mm T 120 mm
(100*20+150*15) : 1,



B 100%20°
12
=11.935*%10° mm*

(O-l )max = Myl = 30

3
I, +100*20*(55—10)2+M—5+150*15*(95—55)2

v
I * *10°
—SM_ = (G/ max ~ 01100 MY =0.51kN.m
Mmax =1.5P=6.51
=434 e 0]

Q, =7, A'=0.036*%0.012*%0.12 =51.84*107° m’
M
(O—C)max :7yb :30

_ (0 ) I _ 40*11.935%10°

:Mmax i :451 ](N.n'l
<~y 115

M. =15P=45]

o o — (2)

O =Zf’A' =100*20*(10+35)+ 35*15*%5-:99.188*103 mm’

% *103
Tmax = VQmax = V 99].'886 ¥0 _ ZOMPa
it 11.935*10° *15

. Tt 20%11.935%10" #15

=V ="= ———=36.1kN
Qo 99.188*10
Vi =P =36.1 kN ) (3)

The largest magnitude of 7 that can be be safely applied is the minimum of the
resulting P values given by (1) , (2) & (3):

P=2.7T kN

9/9



Problem # 4

The given beam is subjected to a downward uniformly distributed load W (kN/m)
as shown. ;
a) Determine the moment of incrtia of the beam’s cross section about the
Neutral Axis.
b) Determine the maximum value of W that can be applied given the
following information :

Safety Factor = 2
For tension o,, = 30 MPa
For compression o, = 40 MPa.

&) Fad lowkin —ﬁ(‘m\h’oid W (kN/m)

L)) + (o)) (59)
))& (ra(ae)

W = “W\! %YM b VeBom s
@/— section

T {(m(« ) bu)(o@)m) J [ L‘“?S{‘)) v () (‘:\")@5)1

<~ 6 ¢ g
‘LMR: \S .43 X\o 5 H+.DL\ ¥ \0 — Zo\'o\q”m

—_ i e et e

= - %W Nm) S T
DR Pz 5w () 5.4 T
Tiw Yo e d\u_\ﬂ Fentive o7 ‘3_;:2\@
Y L
\f o , = EST (M b 5. Be
@N) <j l Y "
— W 5 eyt Cﬂm\{ﬁ%w\a g‘;\‘__: «_Z/—-;L"%

b
o (@] 20-= M?_? NNE L O8Y RN

- ¥ s
N N T U
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4 Determine the largest bending stress developed in
( the mefnber if it is subjected to an internal bending moment

of M = 40 kN -m.

30 mm

Section Properties:

__Zya
YE R

S
=)

_ 0.005(0.1)(0.01) +0.1(0.18) (0.01) +0.22() (0.03%) , ’ 4
H (0.1)(0.01) + (0.18) (0,01 + (m) (0.03) (50 mm-r 20 o
=0.143411 m =

= liz(o. 1)(0.01°) +(0.1)(0.01) (0.14341 1 = 0,005)*
+—l%(0.01)(0.18’) +(0.01)(0.18)(0.143411 - 0.1)
+ in(o.o:;‘) +7(0.03%) (0.22~0.143411)°

=44.64(107%) m* ' O

Maximum Bending Stress: The maximum bending stress occurs at
the borom fiber of the section which is subjecied tensile stress. Applying

the flexure formula. z}
Mc  40(10%)(0.143411)
PRt il eites SR T |S—]
Fear = 34.64(10-%) R

*6-60. The tapered casting supports the loading shown.
Determine the bending stress at points A and B. The cross
section at section a-a is given in the figure.

Casting:

GEMc =0, F(35) - 150(20) - 150(15) = 0
F =150 1b

Section:

C+ZM=0; M - 150(10) = O
M = 1500 1Ib - in.

1 3 1 3 .4
I = —(4)(5%) — —(4)(3)® = 32.67in
12( )(57) 12( )(3) 32.6

aA=E€=M= 115 psi (C) Ans 2 i
7 32.67 3 8
od |
y  1500(L.5) : i
O = — = ——= = 689 A
2 32.67 pHIED s
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Problem # 4

The simply supported T-beam is subjected to the loading shown:
a) Verify that y. = 75.87 mm from the bottom of the T- cross-section and that

Ina = 4.235x10° m*.
b) Determine the maximum tensile and the maximum compressive bending
stress in the T-cross-section at point C in the beam.
¢) Plot the bending stress distribution along the height of the T-cross-section at

point C in the beam.

3 kN 2 kN/m
4 KN-m I
i 2 I EEEEEEERER
s R ,g: i AT
{ 3 m .- Im . !
L [Q0mm: ——>
NA., cmmmmmmmmmmbe oo
80 mm
Ve
=
Sotution:
20 mm

~ ., ' ry : W
@) st determme reactlions at A and 8.

e
.2:1{}/5;’

= Y S

8 —FeBABZXB(BrE )2 (8 =0
o e BB T N 7

G

30 mm
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Problem # 4 Key Solution
Phe beam ABCD shown has o crossescetion that is composed of two identical
vertical buards and one horizontal board (all with comman thickness { = 200 mm)
and has the given lvwm:ng: momen diagram.

al Compude the maxinum it*m.ic SUCss o)
the beam.

bY Compute the resnltant force on the el vertical board
AN TR 'm\ihw rneni

wd cledardy specily Hs location in

ot

the location of

Given: v > i and £, 7083 % 17 g

BAAD (ARaam:

‘w"gi s
T
- = Lo, polxip e

- N . 2800 J F400 nun m.gé
R i i & |
t & 3
& - o0 *453 A4
B e Y
L ENTEY iug ’ :
SO0 mun R
~ Zbe M ; 3

o) e, 0bwm
¥ T (3 l‘\./]' ; . ol e o ) wll 4
2200 (s |
i

-

4

im,:g o ;wm

Crosg-section

i ! i
W Cragy Sy i & . g S R f ¢ B e L f“.-?;_j? 3
{ i i ? . ;
' afl lnpranily f( {1 miidy  wd om0l 5 ™ "3"'3“"'%' o
1A m «
b} s N = foda, i

Mivl = 7 b —

/ 5
5= ¥ 6 (ys=0025)
% B
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g
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Problem # 5

The bending moment diagram (BMD) and the cross-section of a beam are shown.
a) Sketch the bending stress variation along the y-axis at location B indicating
critical values, &
flange at location B. &

b) Determine the resultant force that the bending stresses produce on the

¢) Determine the maximum tensile stress and compressive stress in the whole
beam and indicate where each one acts. ¥

Take I =3 x 10* mm*

D) Oy = = e

o eh A B C D E
GZS) = - w—)_ 3 250 N.m
2 w01 : i
= BMD . j

E-ISON.
bop = 5 (1287 = 62.5 M =

boktem = 5 (=17.8) = = 87.5 MPa

,QMPL«,

Flange ? Y
20x10 mm

37 <

RN 125 mm
¥

N = A
¢ 17.5mm
@g 1.5 MPy |

W
b) F= U—c\‘lj e Aoy = (S‘h’? ‘\0/\""(\ (207""))

Cross section
z ®
o - = {2,% ™M ?a/
bowom ~ = S ‘

2.
C-) Consider Hwo VocaMons ax Ve morkn¥ (c) L mex ~ve 'mow,\%LD)
Since.  Seckian (o not  Symmedre WrE WA
3 -l
Ar ¢ Thpe = - (250913 )12, . _ |04, MFa ey
Y o x
o 5\*,2 = ’L*g'(éMme—tﬁs
bo®on = —255 x10 x(-‘7-'§)/”m‘i avom C
s Trop = - (w + 83.3 Mlw ok
2~ 104

G

- — il ™M
bot’iog,\ = __ (=2do xto”) (—173)/3 _,\]? = ! (iz_“‘)cu"
S ST
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Problem # 5

The bending moment diagram (BMD) and the cross-section of a beam are shown.

a) Sketch the bending stress variation along the y-axis at location B.

b) Determine the resultant force bending stresses produce on the flange at
location B.

¢) Determine the maximum tensile and compressive stresses in the whole
beam and indicate where they act.

Take I =3 x 10* mm*

A B @ D E
250 N.m
BMD ——
-150Nom |
5 5 -200 N.m
Flange A y
20x10 mm
.
\ A
; 12.5 mm
- v
4
' 17.5 mm
i
v

Cross section



Problem # 5
The bending moment diagram (BMD) and the cross-section of a beam are shown.
a) Sketch the bending stress variation along the y-axis at location B indicating

critical values. &

b) Determine the resultant force that the bending stresses produce on the
flange at location B. b

¢) Determine the maximum tensile stress and compressive stress in the whole
beam and indicate where each one acts.

Take I =3 x 10* mm*

(‘)—> O/U)“-‘ﬁi?- @ A B (@ D

=
’\50)(\0) _lj i : 250 N.m

G’(%): _(. : /\
> ptof : :

BMD -
U(\g) = 5 Y4 ™M P ; \/
150 N.m : ; :

[} - = o $ES MP‘& i i i
bop = 5 (125) = 625 ‘ ; ; : -200 N.m
bo-\,tbm = =3 (‘\7S> o %7‘3 M__.PL_\
©
03 .5 m P
Flange » 7
20x10 mm
<H o=
St S 125 mm
¥
N s A
¢ 17.5mm
g1.s MP | v

©

4 = (e & T ) (20 10)) Cross section
b) F< U_'\Vj « Niew LET—’ r

©,

= \2_;7‘4?@

(o5 =
bowom 5‘5\

2

C-) Consider Fwo YocaMans o @ sve monrkn CC-> £ mox -Ve W\o""""*LD)

Seckion LS nod gyMw\gﬁ.v\'c W N, A

Since

Ar C

PR——

At ©

O/«w? = (zsoxig?) x12:5 - — j04.2 " Fa mdxz;
SR s LT :
o @%5.%MF~ =
e oy = = o BT M ‘74'5‘)/3“0‘1 - owen C
i = Cw .+ 33.3 sals wok,
Pt S b7 MP. €=
T S reennst) IR 4 S
bOt*oﬁ\ 22 e ¢ oo 2 510 = ~
e (1Y Totrom B




Problem # 5

The beam with the shown cross-section is subjected to a vertical shear force of 20
kN.

a) Determine the moment of inertia about the neutral axis.

b) Determine the shear stress at point a.

¢) Determine the maximum shear stress and indicate where it acts.

@ cl'\\i'\(\e, nio .'f)‘rec%—am\g

3)
Iz 2( L XIEX ‘&o) 0mm \i

—_—

-+ L
l?.* 3b;u+o

o ) M N e
-LZ’ = 44 7\;0‘-f mm z

Ve ——— e .
———

——r

® .. Y& @ . ’ -
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