Chapter 5



Problem 5.1
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5.1 For the beam and loading shown, (q) draw the shear and bending-moment
diagrams, (&) determine the equations of the shear and bending-moment curves.
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Problem 5.2
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5.2 For the beam and loading shown, (¢) draw the shear and bending-moment
diagrams, (b) determine the equations of the shear and bending-moment curves.
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Problem 5.3 5.3 For the beam and loading shown, (@) draw the shear and bending-moment
diagrams, (%) determine the equations of the shear and bending-moment curves,
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Problem 5.4

5.4 For the beam and loading shown, (@) draw the shear and bending-moment
diagrams, (b) determine the equations of the shear and bending-moment curves.
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Problem 5.5 5.5 For the beam and loading shown, (a} draw the shear and bending-moment
diagrams, (b) determine the equations of the shear and bending-moment curves.
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Problem 5.6 5.6 For the beam and loading shown, (a) draw the shear and bending-moment
diagrams, (b) determine the equations of the shear and bending-moment curves.
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Problem 5.7

5.7 and 5.8 Draw the shear and bending-moment diagrams for the beam and
loading shown, and determine the maximum absolute value (a) of the shear, (b) of the
bending moment.
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Problem 5.8 5,7 and 5.8 Draw the shear and bending-moment diagrams for the beam and
loading shown, and determine the maximum absolute value (@) of the shear, (5) of the

bending moment.

Rewctions c&{* A w—.oo F.
‘DEMF: O

=3 R, +(2250(2) +(.5012d) +(0.75 (2%
- (075 )Y = O

ZLRN 24 kN 34 KN 24 kN

RA: 30 kN 1
V_\kN "f‘D‘ZMa = O
5 ~(©.75W24) = (1.50¥X24) — (2.257(24) + 3 Rg
8 24 C =275 20 = O
& Sheor cgfcugv*a.m._
x A to C \/‘: 2o e
TR C+ D V= 30-24 = 6 kv
D+ E Vs 6-24= ~I9kN
- 42 e L L
My Nt Ed F Vo =18 =24 = = HZ kv
27 FeB VT —H2 4 g€ = 24 kN
22.5
3.5 At A ot B My = Mg = O
— _
\/ At C ~\DP2- M, = O
-3 1ﬁ DMG - (05 (30)+ M, = O
2 sot M. = 22.5 kN
AD =t I M, o
30 § —(.50)(3e) + (0.I5)at) + My = ©
M, = 27 kN-m
Me
At E [ i/ J; =P PZM, = 0
30‘7 ' v ~(2.25)(80) + (1.50)(a4) + (0.2)(24) + Me = ©
Mz = 13.5 kN om
At F "'&F $ 1 &
v
@ IVl = 42,0 kN )
'D'Z'MP =0 " ]
) M., = 220 kN-m -

- Mg - (0.75)(24) = ©
Mp T '3 kuvhﬂ




M

Problem 5.9
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5.9 and 5.10 Draw the shear and bending-moment diagrams for the beam and

loading shown, and determine the maximum absolute value (&) of the shear, () of the

bending moment.
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Problem 5.10 5.9 and 5.10 Draw the shear and bending-moment diagrams for the beam and
loading shown, and determine the maximum absolute value {a) of the shear, {#) of the

5 Jeps bending moment.
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Problem 5.11
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5.1t and 5.12 Draw the shear and bending-moment diagrams for the beam and
loading shown, and determine the maximum absolute value (@) of the shear, (6) of the
bending moment.
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Problem 5.12
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5.1.1 and 5,12 Draw the shear and bending-moment diagrams for the beam and
loading shown, and determine the maximum absclute value () of the shear, (b} of the

bending moment.
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Problem 5.13 5.13 and 5.14 Assuming that the reaction of the ground to be uniformly

distributed, draw the shear and bending-moment diagrams for the beam 4B and

[N determine the maximum absolute vatue of (a) of the shear, (5) of the bending morment.
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Problem 5.14 5.13 and 5.14 Assuming that the reaction of the ground to be uniformly
distributed, draw the shear and bending-moment diagrams for the beam AB and

determine the maximum absolute value of (@) of the shear, (5} of the bending moment.
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5.15 and 5.16 For the beam and loading shown, determine the maximum normal
Problem 5.15 stress due to bending on a transverse section at €.

Rewrdion ot A

DZMe T O
- QA + (gi(7250) + (2)(F00) = ©
A = 700 tb.
Usinoj 'Fr-ee boj\{ . A +a C.
AF__:C, DMc DZM. =0 ~(Too)(8)Y & M, = O
fsrtd M, = 2100 %-Ft = 252x10°Jhiin = 252 kip- in
To0 v For +he cross Sedg‘om I = T’R'G-S‘)CQ.S\s: 107172 in*
&= 4,75 in.
Mw{w\um norma/? 5‘(‘r~e.55 Jde {'9 Eeﬂcpc‘"f’&.
_ Me _ (25.2)(4.75) .
€= T~ 107.172 | E= 1NN kse -y
Problem 5.16 5.15and 5.16 For the beam and loading shown, determine the maximum normal
stress due to bending on a transverse section at C.
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Problem 5.17 5.17 For the beam and loading shown, determine the maximum normal stress due
to bending on a transverse section at C,
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Problem 5.19 5.19 and 5.20 For the beam and loading shown, determine the maximum normal

23023 1 e

stress due to bending on a transverse section at C.
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Problem 5.20 5,19 and 5.20 For the beam and loading shown, determine the maximum normal

stress due to bending on a transverse section at C,
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Problem 5.21 5.21 and 5.22 Draw the shear and bending-moment diagrams for the beam and
loading shown and determine the maximum normal stress due to bending.
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M E 8 YD3IM =o -M+ @225 = 0 M= 45 kip £t
V1‘-2-;‘
22.5

max IM' - 45 l(s'J'H - 5—40 kfp-!ln

For Si12% 35 polled steed section S = 36.72 .43
Normal stress Q- -léﬁ = % = 1414 ks -l
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Problem 5.22

B0 kN
130 kN

90 kNAn

cYDVY E

S i

0.8m 0.8m
- 0.8 m
V, kN

M, kN
326.4

223.2
|

1
i

FTOM dfﬁér‘am
Mue = 326.4 kN-m
= 226 4 xlS N-m

W460 X 113

5.21 and 5.22 Draw the shear and bending-moment diagrams for the beam and
loading shown and determine the maxinum normal stress due to bending,

Kewction of A _4.)2'[‘/{'8 = O
- 18R, + (£0)1350) +(3.2)(I50)

+ (.2 2.4¥g90) = ©
RA = 279 kN
Qea‘,c},'iau\ ozl B + EMA_ = O

=(0.8)(150) ~ (1.6 )(150) ~ (3.6)(2.4) 90)
+ 8 Re = ©

Ro = 2237 kN
A+ C \V = 279 kN
C 4+ D V = 279 150 = 129 kN
D+t E V= 21-iS0-150 = ~21 kN
A B V= =237 kN
A T .M
=

At C +3ZM =0
~(0.8)(2712) + M =0
M= 223.2 kN-m

150 '.
At D +SM =0 ,%DM
~(1.6 Y272 ) +(0.8)(150) 29 v o
+ M =0
M= 32¢.4 kM.m
ME +DM=0

~(@24Y279) +(1.)(150) + (0.8)(150)+ M = ©
M= 209,¢& kN-w

For W H60 x|]3 Y‘O.”ej s+ee,? SQC«"HOM S = A4oox1o? .”,Mj
= 2400 % {67% w?
M.. 32¢.9 % 10*
Normed ctress Gmr -S.% = 2*001 [6-¢ = 136 % [0° Pa.

6.2 126.0 MPa <=8




Problem 5.23 5.23 and 5.24 Draw the shear and bending-moment diagrams for the beam and

loading shown and determine the maximum normal stress due to bending.

G kN/m
WEN - m
Af s‘ncc B hDQ: B | B I ‘\f) Z MB = O
7 ‘ "f" W200 X 22.5 “eA 4+ (EXS) + 30 = O
i A= 20 kN
2m 21m 2m 1
YDIM, 0
Y ki =2V + 36 x 6B = 6
20 B = -2kN ie 2k}
A to C O< x < 2dm
7A 9 kw/m -
! 1y Jlil M +T2.FJ,'—'-'O R0 -Gu -V = 0O
j ’ V= 20-9x
M (kNem) e X
" 26 Y X \; @Z_MJ:O
22 v - 20 x% +(qx§-§+M=o
' M s 0%~ 45 x?
A+ C V= 2 kN M= 22 kN-m
= At D suv AZF = o
| b &M 20 18 -V =0
I t)

‘F——L} N
WooPIM = o

-(MNMao)+ 3Y1R)+ M = ©
M= 26 KN-m

M 2kV +‘fo-_),=o V-2 =0
CD e V:QI(“
V“e-z-a| DEM, =0

-M - R¥2) =
M=- 4 kN-wm

max 1M} = 20 ¥WNew = 26 x(0® Nem

Fov Mﬂ,’ea‘ steed section W 260+ 22.5 S= 194 x/o* mm3

= 194 = |o"¢ "
_IME_ 26x 03

Norwmald st G = = & x}o° =
orwa ress 5 ad 15 134.0 xJ0° Pa 34.0 MPa, -




Problem 5.24 5.23 and 5.24 Draw the shear and.bending-moment diagrams for the beam and
loading shown and determine the maximum normal stress due to bending.

A0 kNm FhN . Qea.c.-l'ir)v\ a)‘L \ DTMG = O
~-3.6R, +2 (29Y24)Xyo) - 15 = O
‘RA T 55,778 KN
L2m ?&av{'ian a/+ B +DMA = O
V, &N | 25 —(1.2)(249)(4#e)~ 15 + 36 By = O
66.778 Re = 29.222 kN
| Tl
! O =2 € LY n § b M
E -Hf'EF—E il 2 ‘—x*’l
\ i . sV
rreeeenny 66.778 - How -V =0
-29,222 :
V= 66.778 - %0 »
M, W V=0 A x%=z L6394
2e. 728 :
' +2ZM = o
25 +(Hox)¥ — ¢ 7783 x + M =0
[ e
\1 M= 20x" + €6.778 % - 25
f -
~25 ' 'S M =—(20)(i.ca4#)" + (€c.778 )1 ca44) - 25
= 30,729 UN-n oA 2= L9444 w.
24y £ x < 3.6 V= _ 29.722 Ly
M= 29.222(3.¢- %) - 15
M= 20.067 kNem of 2224
M = 30,722 kNew = 30.728%(0° M-n
For W3iox 2g.7) 7‘0-0/!&’? steel Sec){'t‘o-—\ S 547"(03 Mw\s
= 549 % [0°° it
Muase 20,728 ¥(0° 6
O S 7 Sugxlo-¢ 55.977(0" Pa
56.0 MP,, =i
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Probiem 5.25 5.25 Draw the .shear and t?ending-moment diagrams for tl{le beam and loading
shown and determine the maximum normal stress due to bending.

5 kips 10 kips
Recetion ot & 'DMB = O

(8¥Y&5) ~ 13C 4+ (EXIoY = ©
C= [o.7¢64 Kips

Wi4 X 22
Keactiow of B +2 M. = O
| (5Y5)Y— (8¥ioY+ 13 B = ©
\/; k(ps B = 4.2.3, lo'los
5.764
Shear ofiagram.
Ate C Y V= =8 kips
e Ct4o ‘D-'| Ve=&4+ /0,769 = &5.7¢9 ch'ps
D"+ B8 V= 873 -10 = ~4.231 kips
T —4.234 A+ A and B M=o
MJ k"p"H' A+ C 4DML=D

21,155 S!A c M Ay + M. = ©

/\ Eﬁ‘tj Mc, = - 25 k-P "Ft
. x b

<

A+ D 4'3 ZM_D = O
~25 Mé o 8 "‘"\,40 + (GX4.231) -
£ o Mo = 21155 kip .t
v 4.23¢
IMl . occurs ot C M= 25 kp-Ft = 300 kip-in.
For W ithx22 I"Oﬂ}eo’ .S'['ee/p Seo‘Han S = 29.0 inz
M 3o _ .
Novmald stress g = S 7 a5 10349 ks, -}
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Problem 5.26

5.26 Knowing that /= 10 kN, draw the shear and bending-moment diagrams for
beam AB and determine the maximum normal stress due to bending.

BJ’ STMM&‘(-/,’ +Lg. V"QAO'{“IDV\S d AMJ B “ave e,o?ud,

Novmald stress

PROPRIETARY MATERIAL.

educators permitted by McGraw-I

W310 X 23.8 A= B
I +'T§'F:}:o: A+B-94+j0-9 = o
A=B = Y kN
Sheaw qugram.
A +o C \/-T L”(.N
C 4+ D V= 4-9= -5 kN
L D+ E V==54+10 = FkN
E + B V= &§-9 = =-4LN
— -4
™3 Beﬁwﬂ:na mowents. M'A: Mg = O
MJ.\U\\-N
5 s A Cch HZM, = o
4 4/ . _(l)(q3+ MC;O
tey VY M, = 4 kNem
%
V‘-l Mo ’QZMD = O
RN+ M, = o
M, = -1 kN-w
gj Symw\&'l‘r‘? ME:MC = L"ICU-MV
IM‘M‘: M, = 4 kNow = 4x103‘H-m
For W 3I0%23.8 Sz 280 %(0° mm® = 280 x/0° nid
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Problem 5.27 5.27 Determine {a) the magnitude of the upward force P for which the maximum

) absolute value of the bending moment in the beam is as small as possible, () the
corresponding maximum normal stress due to bending. ( Hint: Draw the bending-
moment diagram and the equate the absolute values of the largest positive and
negative bending moments obtained..)

g Wal0 x 238
E BY SYMM&‘{/\/ "H'\.e I"‘ELU‘*;O‘AS a,'} A a_vd' B -4 e?u:.j.
A= B

HZF0: A-94P-3+8 -0
M- A=B = 9-3P P = 18- 2A
’ 3 s AFSoJ LX 5jmme+r7" Lev\opt'na moments MC_= Me.

Usinﬂ Por‘l‘io-r\ AC &S @ Free Bu)\(
, : » r_ew\M, +OZ M, = ©
}:\[D .
A v “-YA &£ M, =0 M, = 1A
-3 ‘U&\'hzj \oor+t'om ACD a5 a tree lod)a?\/

q
) st» 1DZM, = ©
T -« —2A + (@) + My = O

AV,
h Mp T 2A -4
chn)c-)l’e MC“‘MD

A = 9-2A A= 3KN

Then  P: 18 —(RA3)= 12kN  (a)[2.00kN —=
Mg. = 2 kN-wm
Ms = 2Y2)Y-9 = ~Z kN

M, = 3 kMewy = 340" Nown

For W2310 v 23.4 polled steet Sﬁa{‘;‘on S5:- 280 x103 = QQOVIO_G m3
s
Normaf stress 6 = o 2xto 0. 7100 Pa (&) 10,7/ MPe. -l

S R8O W (O™
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Problem 5.28

| FATER
'-——a 8f 5ft

22,222 F1

- A.227 k.'f-«Ft

For W14 x 22 volled steef se.tion

NOD"MQP .S+If‘€5$

&= — r 22— = 9.20 ksi

5.28 Determine (a) the distance a for which the absolute value of the bending
moment in the beam is as small as possible, (b) the corresponding maximum normal
stress due to bending. (See hint of Prob. 5.27) ( Hint: Draw the bending-
moment diagram and the equate the absolute values of the largest positive and
negative bending moments obtained..)

Reaction ot B. +IEM_ = o
Soo —(8Wio) + 3Ry = O

Re = }"g(SO - Sa}

Bev\c’ﬁn? momenf a,‘!L D.
Mo

G £ +DZM, = ©
V_.__\S‘Ft_i —MD+5R3= (&
Qﬁ MD = SQQ = %(80“‘5&)

Beno!:‘m) homewf-z‘i- C

Z0kips tOM. = O
Ay CDHO Sa + M, = o
FG-—W/V Mc_ = - &5aAa

Equaﬂ‘e -M. = My
Sa.r-%"—@o—s‘aj |
cL = 444944 FE (@) a.=4.94 ft =
Then = M= My = (SYdaued) = 22,222 leip Tt
IMI = R2.222 kip- Pt = zec.¢7 k.',;'.;n

8 =
M 266,67

A9.0 in?

S 27.0 (b\ ?.Zo I(‘.'H\ il
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Problerm 5.29 5.29 For the beam and loading shown, determine («) the distance a for which the
' absolute value of the bending moment in the beam is as small as possible, (5) the

corresponding maximum normal stress due to bending. (See hint of Prob. 5.27)
300 kN 300 kN

00 12‘+n:1m
500 mm
C =

g;{n_m Reaction ot A Y M, = o

Bl

-~ Aa +{(500)(a-0.5)~ 500(l —a) = O
Ao.

A

(3]

1000 o - 750

780
|00 O - -

Belw“nj moment at D?Mc_ - O

\ " D"'c (0.5 (1000 - B2 4 M = ©
[4
6.98S “i M= So0 “:%i
100 - 252 v
Beho‘fnj MOMEH"' aj{’ D DZMD = O
M, 500 -Mp ~ (50 )(1-a) = ©
\
C! Mg = - Soo (1-a)
(] - )4
\
(@) Equate -M, = M, Soo (l-a )= 500 ——‘%‘i
0= 086603 wm A= BEE mm=-
A = 33,98 kv M, = 66.985 KNM-m Mp = - £6.985 kh-m

For rec‘f‘anjuﬁw cross section S-= 'CL bh® = ,-;’-(12)(18)3 S 1LCCY ¥ 10 mm
= 11.669 %167¢ p?

3
(b) Normald stress € = ]zﬂ = ?ﬁ'zﬁ:;‘;ﬂ. = 5.74x(0° Pa

= S\ MPe —
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<

300N 300N 40N 3N _23 mm
-4 D E ‘Fl I_J‘ Free ba‘r{y EFGH 4o 300
A e T TR\ H S8 30 mm Note .H‘& ME = O JUQ E F Y y
\nge ;9**; 3 iu \m'nae.. J\
7@ 200 mim = 1400 mm — YIZIMeg =0 Ve H
0.6 H-(6.2).C42 {0.4:)(200) = ©
VI(N) H= 213.22 N
258 tTTF'y -0 Ve=-40-300 4+ 213.33 =0
‘27-——1__87 Ve = 126-67 N
- x Shear ! E to F V = 126.67 Nowm
-43 Ft+té& V = £6.67 Newm
-713 G +0 H V = —2l3.33 N-W‘l
- 342 B%a‘nﬂa Vﬂonenf a‘l‘ F
m (U'M} e FDMF DSMF = 0O
5.6 , o Mg =(0.2)(12¢.67) = ©
431 427 1 Y Mg T 25.33 N-m

A E, 3 X Cf:::“ - Mg + (0.2¥213.33) = ©
Mg = H2.C7 Nem
\/ 213.33
- 253
3001, Lgoo \lmg_gy . Frge boclf ABCDE

B 1DZMg =0 T —0.6 A +(0.4)(360) +(6.2)(3060)
B < T 3 - (0.2K12¢.61) = ©O

' D A= 257.718 M

M D= 4cg.89 N
A 34_’) B Beno“nj moment af B
1\ QSME, =0 ' max IM = 51.56 Nom
/ -(0.2)(257.7%) + My = ©
25118 Y My = 5156 Nom Sz tbhts (o))
300 = 3%x10% wmP=: 3Zxf0¢W?
A B ¢ Benalina moment of C
{ t22IM =0 Normal stress
-(0.4(252.78) +(0.2)(300)
i v - + Mo s oo L1 1719 x1o° Pa

M, Behdinj moment & D
Cog  SFAT

Problem 5.30 3.30 and 5.3! Draw the shear and bending-moment diagrams for the beam and
loading shown and determine the maximum normat stress due to bending.

12¢.67

25.3 - RBend ;nﬂ moment at G

Mg > - -DEMG'-‘G

+-92M. =0 —{0.2)(200) - (0.4)(300) ~(0.8)(126.£7)
+ 06D = O

-G
Me = 4301 Nom | 3x10°%  _ 119 Mpa =

- M, -(6.2)(213.33) = o
Mp SR 25-33 N-m




Problem 5.31

20.2

Free bady BCDE

132
TV

X
\ _||-2

-28.8

M (kip4t)

E = 1.2 kips
56
38,4 : Ate C O< x < o+t
2 kipe/ft MSFE o
; M J
x iy 4 \9.2 - 48%x -~V = 0
A 8 E x-——l V= 19.2 -18x%  kips,
192 VV DHJ- =0
~4g

At C

' M= 19.9% - 2.",)(" k\‘p-‘F‘{
x= 10 V= 192 -@38¥Wio) = -28.8 Kips
Af ¢ x=zlo M= (19.2)0e)- @4)(10) = ~48 kip-H
C +o D V=19 2- (h3)Xe) + 49.8 T 20.8 Kigs.
D ‘f'a E V = - I’. 2 ‘(.’rsr
M
Behot:nj Momev\'l a,'! D °CD g “})?MD T D
A \ - M, + (H2XsY= ©
Vs ~ua My = 56 kip-H
max M| = 56 kn‘p--P'} = 672 kip-in
For W 2% 4o yolled steed section S = 5.9 i3
Mt g7 .
Normad stress § =3 Sig ° 1295 ks

I S
19.2 TC E o+ D ™M,

“19.2% + (485 + M=o
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5.30 and 5.31 Draw the shear and bending-moment diagrams for the beam and
loading shown and determine the maximum normal stress due to bending,

4.5 kipsitt 32 Kips
D Free bodj AR '-DEMB =D
: | g kps Mt WENBXE) - 8BA = D
W12 X 40 Iy A= 19.2 k‘.P’
A \"“" gH A D Mgz ©

- #8)8)MW) - 8V = ©
VB -l 2 k\‘PS

AT M. =0
(19.2)02) + (1.8)M2)X(1)

-loC +(8¥5)Y: ©
C = 49-1 MCPS
= O
(9. 2Y(2Y + (4.8 32X

-(82¥5) +lo E = ©




Problem 5.32 5.32 A solid steel bar has a square cross section of side & and is supported as
shown. Knowing that for steel o= 7860 kg/m’, determine the dimension 4 for which
the maximum normal stress due to bending is (a) 10 MPa, (&) 50 MPa.

Wel‘%H a)eus{{«/ Y= 3
Let L= 4udad Jenjw f beam

W= Uv = ALpg = b'lpg
B Reactions at C amd D C=D-
W {\
l AN X Bena{inj moment at C

N_w
N_»_v c !-‘% v DEM, =
2 A c

W
2

- E)(¥)+M = O
WL
2%
mex | M| = % =

Fov a sguave section

Noevmead stress )

o o - Lpe
Selve | o b EYS
Datas .= 8.6 m ,9 = 7862 l(j/w.s 3 = 4,8 m/s?
@ 6= Ox0* Pa (&) & = S0%)O¢ Pa
&Y . .
@ b EGTHAGE) g et e 5 33,3 e -
T
(b) ‘b = (g.C) (7360)(7-3') = G. GG )(JO-S ™ - G.“ i —aatl]

\sox ot b}




Problem 5.33

5.33 A solid steel rod of diameter 4'is supported as shown. Knowing that for steel

¥ =490 1b/ft>, determine the smallest diameter d that can be used if the normal stress
p due to bending is not to exceed 4 ksi.

let W= ‘{'o'f"-:a,;‘;’]we.‘jk‘}
W =9y = ALY = £Jd°LY
Reaction ot A
A= 2W

Behohwj momenf st center of beam

A I% CADM ‘D'}“_‘MC: o
FE37 k) ) ene o
w

2

= I 4*L°
8 32 AL
For civcodav cvross seckion (e = +d)
'. _ T 4 - L _ 3 . T ,3
L= wc, S'E“Z‘f'c ©
Nor‘ma.p 57Lr"e,ss
oo M EAUT Ly
G A E 7
: 2
So.pv(v\ﬂ ‘FO\/‘ 0' d = 'I:"G".r
Data: L= 1oFf = (2)1e) = 20
T w0 o/ = Ao o 023350 Jo/in’
G = 4 ki = Yooo fb/in"
_ (120)? (0.28356) _
C' = 4500 = .02l i,
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Problem 5.34 5,34 Using the method of Sec. 5.3, solve Prob. 5.1a.

5.1 through 5.6 Draw the shear and bending-moment diagrams for the beam and
loading shown.

DEM. = o LA -bP =0 A= L2
DEwm=o hc-oP=o0 ¢~ Ea
Po/L AL A* V‘-“A=Ji—b- M= o
/(,E‘L’Q-\ -
< L Af'OB 0< %< a
A e - g
z -] W= 0 Su wdx = O

: - T
Mg = Pfa.
* - A-P =Fb_ _ P2
"3 ™ At B V=A-F - ™ - 2
B++0C a< % < L

K4
o~
! |
3 <
| )
L~ O
~
¥
] < ’
i n
o
o
i
o

c G
Mc—: MB—E&L%':.-P—L—&L_E&L = O
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Problem 5.35

Al 5 3 | B
L "._. IJ é:‘.=lj~
[ wL/2 .
%)
B

'ﬁﬁ-ﬂt»w-- T Ty

5.35 Using the method of Sec. 5.3, solve Prob. 5.24a.

3.1 through 5.6 Draw the shear and bending-moment diagrams for the beam and
loading shown.

Dimezo »-AL+WL0§=O A:“’—z_"
DIMpz0  BL- wl-k = B: W
-W

%:l_’-:

=
V“VA: "SOW'IM = - Wk
Vo= A - wx %L;_qu
M - v
M % th
A'M"' MA-‘- SOVJX? go (—iﬂ—w%)oi)(

= wlhx _ wx
2 2

w/, i

M= My B2X . T () -
L
2

"

VA-WX -

=

Maximum W occuvs at x =
ﬁM
= = O
v - )

2
MwM:'W?L‘ ]
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Problem 5.36

§.36 Using the method of Sec. 5.3, solve Prob. 5.3a.

5.1 through 5.6 Draw the shear and beading-moment diagrams for the beam and
lcading shown.

= X
W - wo L
VA = o > MA = O
v
4aVv W, X
T - T = e
X Ao W Lk
. - woX _ _ w Xt
w, L v Vg Sa - -iﬂ['-
. By V- - W ®* -
) AL
M 2
A x At 2,
M- M, =5 VM*-SMAK
z o o 2L
wbl Wy
¢ T ST -
Problem 5.37 5.37 Using the method of Sec. 5.3, solve Prob. 5.4a.
5.1 through 5.6 Draw the shear and bending-moment diagrams for the beam and
w : loading shown.
me T
3 L _
e AZ5 =0 Vo - wlL = 0 Vi= wlL
— Ll.
v YIM,=o —V\-—(WLXZ'L")=O MA=-EZ—
r—WL jﬁj T - W
=
V- Vy = ={wote = - wx
V= wl« wx el
M z%: =V = wh-wx
l x 1
M-My = (wi-w)de = wly- %X
vJLl = - WLI - “_/j-&
- M = + WL)( Z ]
max IV} = wl
'R

2




. i .53
Problem 5.38 5.38 Using the method of Sec , solve Prob. 5.5q,

5.1 through 5.6 Draw the shear and bending-moment diagrams for the beam and
loading shown.

o

Qea\c)"fov\s A=D -} w(L-2a)

At A Viz A=3Fw(l-2a), My =0

M At B OC<xn<t W=o

! L ]

F(L-2a)
V= Va = 'S:Lwolw = O
) Vg= \/A = %WCL*QQ)
o o
~-¥(L-2a} Me-My = SOVO'% = 50 %W(L‘ZQ)J%_
Mgz %(w(L-2a)o. :
M
wk-g) BHC  a<x<l-a w-w
X
V‘VE.:"‘S;- Wo!-”: —'W(X—Q.ﬁ
— Vo= %W(L-/‘?a.)—W(x—/d_.)? -_‘;—w(l_-25¢)
PV dw(l-20
X %
M-Mg= OV = & wllx-x™))
= ‘%’W(LX -"Xz'—LQ.“'Q..t
M= 3w (L-Qa)ah'?hw(l.)(-x‘- La.+q_z)
= 3w ( Ly - x* - a*)
A C x* h-a Ve -%3w(l-2a) M, =3 (l-2a)a
C + D VeV, = =3dw(L-2a)
Mp= O
2 3
A+ x‘-”%" Muay = w(-l-'g—--%)
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5.39 Using the method of Sec. 5.3, solve Prob. 5.6a.

Problem 5.39

5.1 through 5.6 Draw the shear and bending-moment diagrams for the beam and
loading shown.

Rea.c\-iov\s A=D = wa
Ate B O<wea W= W
Vv VA: A = WCL_.' MA' o
wa »
(4wa) VoVa slowde = - wx
9 V= wla-yx) Vg = O
- 3wé) j% TV wa-wx
- Wa, x
M= Mp = SQV”"‘ = { (wa-wx)da
M = wWax- -gwx‘
-}wnf
My = Fwa a4 w= a.
< B+ C e xe |-e V=0
j—E‘ =V = O
b
M-Mg= S_V e = o
M: MB'.' J{WCLZ.
. .
C 4o D V=V, == Swae = -w [x- (-]

Ve —wlx-(L-a)]
x x
M- Mes § Ve SLPa-.-w[x-— CL-cY] A

~w -]

CoT$ e S0, e
~wl ¥ - L-a)x L—;‘Ul-_\ ;
fwal - w[-’-g- (L-a)Yx + Q;—“*)-]

i

1

M
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Problem 5.40

C D E
~—1.5 m—e{=—1.6m ‘—I"va

06m 09m

V, ki

4o
ool 1y (-1.2)
25 A,

L M SN

-8 -3
(- $o8)7

BN

)]
oW

43

7.2

5.40r Using the method of Sec. 5.3, solve Prob. 5.7,

5,7 and 5.8 Draw the shear and bending-moment diagrams for the beam and
loading shown, and determine the maximum absolute value (@) of the shear, (4) of the

bending moment.

Qea.a’hcws‘

""j EM@ = O
1SR+ (3.0)(48) + (1.5X¢0) ~(0.9)(40) = ©
R. = 4o kN
Shear

* Adte C V= 40N

CHe O V= 4O - 48
D' 4+ B V= -8-¢60
E*h B V = =68 + 60

Avreas of Shear 'D{a,ﬁra,w\.‘

H

I

-8 kN
1Y

= -8 kN

A4e C A = (1.51(40) = 6O kN-m

C+ D A, = (1.5)Y-8) = ~12 kN« m
D+ E Aps = (0.6)(Ce8) = - 40.8 kN-w
E + B Acg = (0.9Y-8) = = 7.2 kN- 4

Bevvhhé Mo ents .
Ma = O
M, = O+60
Mo = 60 =12

GO kM- wa
43 kN m

Me= UR-40.8 = 7.2 kN-m

Mg= 7.2-72 = o

From +he al{a,%raw\s () l\/lm"; 68.0 kW one

b) M., < 60.0kN-w, ~a
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Problem 5.41

AN 24 kN 24RN

§.41 Using the method of Sec. 5.3, solve Prob. 5.8,

5.7 and 5.8 Draw the shear and
loading shown, and determine the ma
bending moment.

24 kN

—4@0.75m=3m

V, kN
30

4

0.75m

-
M, kN-m
27

2.5 12,5

1 Reactions o A wnd F.
DZTM. =0

2R, +(2.29)04) + (1.8)24%) + (0.25)(24)

-7 a4) T o

+52ZM, = 0

Ry =30 kN ¢

-(0.75X2) - (I1.50)(24) - (.25 ¥24) + 3R*
-(2.75)a4) = ©

Re= 66 kN ¢

Sheer J-‘aﬁf*am.

- 18

Be,napin% momets.
My =0

MC.
Mo
Mg = 27-13.§ =
Me
Ma

il

i

o

-2 + 18 =

Areas

O+ 22.5 = 2.8 kN.w
2.5+ 4H.5= 27 kN .m

!3;5 kN"“"

O

A+t C
C+ D

D+ E
E+f
FtB

Ao C

C+ D
Dt &
€+ F
F+ B

13,8 ~ 31,8 = =18 kNem

V= 30kN
V= 30-24 + 6 kN
Ve 6-2Y = =/8 kN

V= =18 24 = =42 kN
V= ~42 +66 = 24 kN

O'Y Sl’\e.au" a)n'a Va

A = (0.78¥320) = 22.5 kN m

Ao = (0.75)() = 4.5 kN-m
Poc = (0.75)(-18) = =13.5 kN -m
Rer = (0.753(-42) = ~ 3L.5 kVeim
Bee = (0.75)a4) = 19 kN -

i

@) V.., = 920N

(b)) M. = 27.0 kVN-m

bending-moment diagrams for the beam and
ximum absolute value (@) of the shear, (#) of the

)

=]




S o}
; 6 ft 1 A -G k.‘Ps e G k\‘f:s P
DZM =0 60 - BYiS)-(36) = &
LACHTY C = 59 kips 1
2o

Problem 5.42 5.42 Using the method of Sec. 5.3, solve Prob. 5.9.

5.9 and 5.10 Draw the shear and bending-momeat diagrams for the beam and
3 kipsit 30 kips loading shown, and determine the maximum absolute value () of the shear, (b) of the
< l

bending moment.

]
2 DZM =0 —cA+ GYXI8) - (3)(86)
aft—-‘

Ske_am
VA = - G k\!:s

w Y At C  o<x<c W= - 3his /P
~24 Vg - V,

3
= —Sa w Ge)( H "'_g; J’b T o f8 kl"as
Va= =6- 18 = =24 kips

C+ B Ve ~-2¢4 +5"{. = 301(!}:5.

Aveas under sheawr of{o.jv\qm

AdsC Sudes (3)(-6-29))

~9o kip-Ft T -90 kip
C+B SV e = (3)z0) - 90 ke - 4

Bemdn‘nj Mom€n+5

MA = O

Me= My +SVdn = 0 - 90 = ~90 kip. P
HC+SVAx = =-90+9% = O

e
&

Maxi vvm |V\ - 30 k:Ps -l

Mavimowm IMI= 90 [ 5t -
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5.43 Using the method of Sec. 5.3, solve Prob. 5.10.

Problem 5.43
5.9 and 5.10 Draw the shear and bending-moment diagrams for the beam and
o 15 K loading shown, and determine the maximum absolute value {a) of the shear, (b) of the
2 kipslt : bending moment.
0.

V.Q = O
Va= §wde = 0= N2 = -8 Lips

~= 1 )
C+b D V= _8‘«k1‘F5

.D"‘DB V=-—8=—15='—23k;‘:s

<
=
-0
P
'
]
)
}
[AN]
P
—
*
<
n
1

Avreas vnder sheaw chiaqvecm

* AtoC  Svde= GUNEE)= - 16 Kip-H
CH D SVdx = @)-8)= -32 kip 4,
Dt B (Vs = (N(-28d+ -92 k- F

Bena‘ing vaowm ents

MA=Q

Mp = Ma+SVdx = O~ 16 = =16 kip 4

Mp= Mg+ SVolx = ~16-32= -48 kip-

Me= Mo + SVely = ~48-92 = - 4o kipft
Maximum !V‘ = 23 l{\'ps —
-Ma‘n’{mdh |Ml = 4o kff~ﬂ ey
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Problem 5.44 5.44 and 5.45 Draw the shear and bending-moment diagrams for the beam and
loading shown, and determine the maximum absolute value (a) of the shear, (b) of the
bending moment.

3.5 kiN/m
Rewction ot A,
D ZMp = O
~3.0 A+ (1:5)3.0)3.5) + (L§)3) = ©
A= 6&.75 kN
Kea ction oF B B = 6.75 kN
j““[ifj’hj’”ﬁ;ﬁ]’ Beqm Acg map ,poa.apfna. See 5!(:,4-¢,L\.
4
LA A 8 AU‘Q(A-S D'P ,puowp Olfdﬂvram-
! 6.5 kW Are C R.4)(2.5) = 3.4 kv
G‘?Skw 3N : C + B (6.6 WZsN~ 2.1 kW
(0.9Y3) = 2.7 kN-m
Sheawr o!s'q?r-q,m,
_ Va & 6.75 kN
V, kN Vo = 6,75 -84 = ~L¢&s kN
VY s <165 -3 T —4.45 kN
675 kN Wa T -4.65 =21 = -€.75 kW
/"/
‘/(;ffﬁ:,?) 5 Over A+ C V= 6.75-3.5 %
A K L c —f— % At & V=675-3286§% = O 9(,62 L9296
(-0.3289) Avees oF shear Jfa.-am.wx..
3.4 Ato & % (1.923€)(6.77) = _6.5089 kitam
G to & Z(0UMV-165) = - ©.2889 kN-wn
Che B £(0.6)-465~6.75) = - 3.92 leN-m
M, kN-m Bemaﬂino‘] moments,
6.5084 Nm M,.= O
Me = O 4 6.5089 = 6.5089 UN-m
o = 6.5089 ~0.3389 = £.12 kN-m
A G ¢ 8 Mt = 612- 2.7 = 3.42 kN-m
Me = 3.42 - 3.42 = ©
(@) Ve 6.75 kNN =t

'

(Y M, = €.51kN-m -




Problem 5.45

| 240 mm 240 mm 240 mm
1]

— 1

T2WNwm T2N-wm
£ Pran
L R4

T
A < (.24 o 0.2 —WB
20N 120 W

lcON

V()

|60

Y 4.
(24) ‘/(:.4.‘8)

. X
(-33.0)

-0

- 4o

M (N-m)

3.2 22.¢
24 264

5.44 and 5.45 Draw the shear and bending-moment diagrams for the beam and
loading shown, and determine the maximum absolute value (a) of the shear, (§) of the
bending moment.

- 0.712 A +(0.43¥120) Ho.29)120)
-~ 7.2 -7.2 =0

FDEM = 0

A= l1oo N
DSM, =0 -(0.2)(020) - (QH83(120) - 7.2
-7Z2 + O77 B0
B = ldo N
Sheav
Ate C V= Joo N

Cte D V= loo-120 = ~Zo N
Dk B V= -20-120 = -Il4O N
Aveas under shear al:'a.jNLm |
At C . Svdx =(0.ay¥)lee) = 24 Nem
¢t D Svde = (p.2u)20) = -3 Nom
D+t B Svdx = (.20} 140 ) = - 33.6 Now

Qelnc“laﬁ moments

Ma= o0

Mg = 012y = 2% Nwm

Me*= 24+ 7.2 = 3.2 Nom
Mp = 3.2 -4.8 = 2¢.4 Nom

i

¥

My = 264 +7.2 = 336 Nm

MB - 33.6 - 33.¢6 = O
Moaximum VI = 140 N il
Moximum M= 33.6 N-m —
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Probiem 5.46 5.46 Using the method of Sec. 5.3, solve Prob. 5.15.

5,15 and 516 For the beam and loading shown, determine the maximum normal
stress due to bending on a transverse section at C.

9.5 in. Re ccetron aﬂt A.
" ‘l"DEMG = O

~9A + {(£)XT150) ~ (2)(@Go0)T O
A = Too ,?‘9

Shear cuvve tvom A +o C V= 700 P

Aves of shear cuvrve fwowm A+ C
A, = (3)(700) = 2100 fb-f4

Beha“nﬁ momewts . MA - ©
Mp = My 4+ Ape = 0 +2100 = R10014hTt

= Qf.QX}Oa.pb-in = 252 I(:P-fn,

For the cross secbion L= 5 (L8)A5)7 102172 i

¢ = .95 0n,
Mossimum norcd stress olue 4o Benj.‘nra.
& = _':4_9_: (252 3(4.75) 7 G- T ks s

I fer.172
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Problem 5.47 5.47 Using the method of Sec. 5.3, solve Prob. 5.16,

5.15 and 5.16 For the beam and loading shown, determine the maximum normal
1oy stress due to bending on a transverse section at C.

DIM, =0
- 3A +(1.5¥10) = (1.1}(2.2)(3) = ©
A = 2.58 kn

4% My = O
~(.5 )Y+ 3C -@.NE2(2Y= 0

C = 4,02 kv
Shear

Ate DV = 2858 kv
D*+e C° V = 2.58-10 = ~7.42 kN
T ct V = =742+ 1402= 6.60 Ky
il B V = 660 -~(22)a) = ©

Areas under shear diaaram

M (W"") A+ D Svdy = (1.5%(?-5‘8) T 3.87 kN-wm

Dk C SvVdx = Lis)C-2492)= -11.13 KN -m
C+H B Svdyx = ($)2.2¥¢.€6Y = 7.26 kN -m

8 evwlinj_mo ments

A - O
Mg = O + 3.87 = 3.87kN.wm
Mo = 3,87 ~1.132% = 7.26 KN-m
Mg = 726 -7.26 = O :
IM) = 7.2¢ kNew = 7.26%10° N-m

2
Fov v*ec:lcmau.pqr cvoss -See:,‘;mw S= ‘g':lbl’it = (%)(IOO)(QOO)
= CE6.c7%10% mw® T 6CC.E7%I0 C

7.2¢ %10°
No(‘qup stress 67%-! = CGG?G?X’O"’ = lO.ZCiXIOGPQ

= 10.29 MPa —
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Problem 5.48

25 kips 23 kips

3 kipsiit

ik
cYD¥ ET I
, o

5.48 Using the method of Sec. 5.3, solve Prob. 5.17.

5.17 For the beam and loading shown, determine the maximum normal stress due
to bending on a transverse section at .

16 X 77

I

‘\-DE MB = O
~15 A & (12.8)25)s (o )Y25) + RI15UZ5Y5) = o

A = 46875 ips

Shear A +o & V= U6.3TS kips

Area uncler shear covve Ado C SVdn = (2.5%46.275)

MA"-'O

Me = 0 4 L1875 = 171875 kip- Tt

= L1875 et

]

[406. 25 k-‘pdn

FW‘ W 18 =77 m)fe::‘ S"'.QE;P Sec'—'{'l‘ova 8= j34 fna

H06.RS .
Nowma,’ stress G = -:_-3— = 'f';(:'-!- = 10,49 ks, ~h
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Problem §.49 5.49 Using the method of Sec. 5.3, solve Prob. 5.18.

5.18 For the beam and loading shown, determine the maximum normal stress due
30N 30 EN 50kN 20 kN to bending on section a-a.

1 l!nl 15;7 W310 % 52
! b

A B

?ea.cf‘|'t'ov~.sl By symmet A =
A ; ) J Sy 4

| +1"2"Fj:0 A =18 = & kV
V (kM) Shear
20 Ate C V = 80 kv
5o C +o D V = 80 -30 = 50 kv
() .;C‘“’) Dt E V = §0-50= o
‘ x Aveas undevr shear diecgram
M (kN-w) o4 At C SVdx = (20X0.8)~ &4 kiem
Ct D SVdv= (50)(0.8) = 4O kN-m
e DrE SVde=o
. Beno{;bﬂj mowments

MA = (&3

My &4 + Yo 104 KN -

Mg = lo4 +o = o4 KN

L1

M =. 104 W-m = [04%/0° N-wm
For W Blox 52 S 43 x10° mm® = 749%/0" % m®

_ oMl jogwier & - -
Norwmat stvess G = S ° Tizdo ° 139, 0%x/0 Pa = i139.0 MPa
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5.50 and 5.51 Determine (a) the equations of the shear and bending-moment

Problem 5.50 .
curves for the beam and loading shown, (b) the maximum absolute vatue of the
bending moment in the beam.

w 1w =y sin {L
‘3—\;{ T -w ot -W, m*{’-‘
_ w, L Tx _ dM
v - T Ces L <+ C. - d
= W LYo, IX
M = _:rzS|nL+C')(4Cz
M= o ot x=0 C =0
M=0 o x= L Oz 0+ (CL+O C,= 0
W, L %
= Lo ox -
w,lL* _. TIX
M= = Sin —
T* L
aM . = . L
A V= o «f  x= 3
w, LY . w,L*
Mo = ":"I".'rs'“‘.‘zr' = e —at
Problem 5.51 5.56 and 5.51 Determine (a) the equations of the shear and bending-moment
curves for the beam and loading shown, (b} the maxinum absolute value of the

bending moment in the beam.

;% S
V_—---2_‘LI_W° Sih% + C, = i—’g
M= "Ll‘ﬁ’_?;':u" ‘”5% +Cx + C,
V=0 4 x=0 Hence C, = ©
Heace C, = - ﬂ%—%%"
(23 Vo= = @Lws /) sin (nxe/2L) )
M= @ /1~ cos(meral)] ==
(b? M. = Hwl/7? -




Problem 5.52 5.52 Determine {a) the equations of the shear and bending-moment curves for the
' beam and loading shown, (b) the maximum absolute value of the bénding moment in

the beam.

w= o ow, (1-8)
av _ _ W, %
A -W = Wo+":_
= - W0X~L = i’ﬂ
v N°X+_2_{__ C, e
* s
R R e
M=O A)f. )(:'O CL:D
2z WQL
M=0© ot x=L 0= -tk %L L 2 (Y
- woxt . w, L
Vo —w,x + zL 1t 3

—_— w,,x"+ w, X2 . Wolx

2 GL

&
M IS mayimow w\gr\e %—E
WoXer | wl
3
LA L - G ER)

X axE)
N i
= (=2 YL

s _LETIEST, 0.42265 |

- “"’a(o-"22651-\"‘+ w, (0.422¢5 L )? w, L (0.422¢65L)
Mans = 7 cL 3 ;

O = =W, X, +

-
—
Pox
-
I
o
3

|
FR

= 0.06415 w,lt
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