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PROBLEM 5.1

At section B

3.1 through 5.6 Draw the shear and bending-moment diagrams for the beam ang
londing shown,

SOLUTION

Reactions
ZMe= 0 LA-bP =g A=
M0 [C-aPro C

From A o B




r
—L

D S N |

NS P

]

PROBLEM 5.2

A

wl

A

F'rg-a Ecr)y ola':._jv-a....,
for oi&em-'m‘ng
reactions

4
L wl/2

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

loading shown.
SOLUTION
?eadl’fons
DIMg=0 -AL+wlk:0 A Mt
DIM=0 BL-whb-0 -4
Over whole beam O« 2 < |
L ’ M Pluce section ot x.
S
w
b —iv
l“'* M Replace distmbuted
A oecel bs/ equi Yalent
WLT I"‘é"""J concentrates foudl.
7 v
«;.TZFJ:O %L—wx-V=o
V= w(f-x) -
DiMJ--o -‘%Lx.+wx-z’-‘-+M='°
M= -‘g‘(Lx -x*)
= % x(L-n) -

Mayx; m v m 'be,naffnﬂ momew* occurs at x = %.

 }

L
Moo= - | -
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PROBLEM 5.3

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

loading shown.

SOLUTION

1
W, X
-tx.y.a + M=0O
- _ W
Me-S0 0—-
- vl =Wl
5 lV‘m_ 'E et
- w it w, L*
"_é'_' lMIMu: ‘L -
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PROBLEM 5.4

<

5.1 through 5.6 Draw

the shear and bending-moment diagrams for the beam and
loading shown.

SOLUTION

Use For*h'on 4o the rfﬂhf of the section as the
free body. |

M 1_W(L-r:\

"I, O
N, L-x —sl VT._L_:Z".J
z

Rep.’m:e disteiboted Joad Ly e.qur'w\apen‘f

ton centredd Joadl.

$5F =0 V- w(L-%x)= 0
Vo= w{ll-x) ll
DZM =0 M = w(l-xXEX) = o
M= -%(L-0) -

Lar3351L neﬁml-'ve bE.ha“nﬁ moment ocecurs
at x = O.

E
Mrm'n = -_V!Z_L— —
a
T‘ﬂUS} ‘M\m.q, = y-zL )
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PROBLEM S.5 > '“llsl‘lm ‘

SOLUTION

Calcvlate teactions o ter replacin
afs“'l“;h“{@d poad bY an equl'ta‘(em':
Concerntrated Jood.

\'4 '—"-%l (L-~2a)

DZM¢=O M+ gwll-)(L-x) = &

| . . . M= 2w(l-2a)(L-x) -a
A+X=I Muax = w(%_%—) -t

LW(L'QQ) l?eao-}iov\s ave
j
) TD A =D = Jw(L-2a)
v From A o 8 O<x <
~3W(L-2a) M
}W( a ﬁj +fZF-} =0 Fwi{l-2a)- V=0
L . v Vo= %W(L-ZQ) -~
Zw(L~ a)
-~ W(L- 203 D = o v e2ademso
. M= 2—'W(L—2a)x —~a
M . From B +, ¢ A< % < |.-q
~wig-2) ral_ﬁ]] M W(X'-Ma.)
.D 'JD
. ta*' X%)J ‘Jb L X=Q
A e 3 D 3 V(L-2a) A %W(L-.?a.)x Rj’ >="Z
Place section et at x, ‘Replace distecbuted] Jooi L, equiv. conc. Jog).
+f'2‘F5,=o %W(L-Raﬁ-w(x-a.\-\/= o \/=w(-'z=>-x) -
9M3=0 ~zw(l-2a)x ., w(x—o.)(%s\ +M =0
M= dwliza) - peaag2] <
From C 4o D Lea.© x < [
M AV t
C r + SF}=O V + 2w (l-2a) = o
4
bt 14w (t-2a)

T g T
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5.1 through %.6 Draw the shear and

berding-moment diagrams for the beam and

PROBLEM 5.6 loading shown.
SOLUTION
Reections: A= D = wa
From A to B O<c <
w M WX M
v i ) D
Y =Yy ol yv
S LI HHzh =0 wo-wx -V = O
a.
w V = w(a-x) -
-wa
M :)EMJg'O -WQX"'(WX)é + M = D
—ywel M= wlox-%) =
\_.x From B +o o< %« L-a
A B8 C D WO
l ‘JM ZF7= 0
Aok Wh-wo - V= O
NQ‘L—K Yv
V=0 —f
D'Zf’lx = 0 -Wax + wa(?b-—%) + M=0 M= %waf —ath
From C +D - € x <« L
V w
M l +1Z[—}=O V-w{lL-2)+ wao = 0O
*h-‘“" V= w(l-x-0o) —
wo ) ) /Lex e o
v (L) DZM =0 -M - w @AY + wall-x)

ok

T

wo.

M= wla(-x)-4-x?] -
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5.7 through 5.12 Determine the equations of the shear and bending- moment curves

PROBLEM 5.7 for the beam and loading shown. (Place the origin at point 4.)
SOLUTION See PROBLEM §.\
5.7 through 5.12 Determine the equations of the shear and bending- moment curves
PROBLEM 5.8 for the beam and loading shown. (Place the origin at point A.)
SOLUTION See PROBLEM §.2
5.7 through 5.12 Determine the equations of the shear and bending- moment curves
PROBLEM 5.9 for the beam and loading shown. (Place the origin at point 4.)
SOLUTION See PROBLEM &.3
5.7'ti:r;:ugh 5.12 Determine the equations of the shear and bending- moment curves
PROBLEM 5.10 for the beamn and loading shown. (Place the origin at point 4.)
SOLUTION See PROBLEM S.4
57 ihfough 5.12 Determine the equations of the shear and bending- moment curves '
PROBLEM 5,11 for the beam and loading shown. (Place the origin at point 4.)
SOLUTION See PROBLEM 5.5
5.7 through 5.12 Determine the equations of the shear and bending- moment curves
PROBLEM 5.12 for the beam and loading shown. (Place the origin at point 4.)
SOLUTION See PROBLEM 5.6
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PROBLEM 5.13

5.13 and 5.14 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

L3 kN F2kN LSKN SOLUTION
) £ Caleolate reactions
l f DZMg =0 _
Fg 102 (400)(1.5) - 300 C +(228)().2) +(125°)(1.8) = ©
Dimensions in mm
C= 365 kN
V,(kN)
. 2.18 DM, -0 B = 0.85kN
0.45 A"- A v="-5 kN 3 M =0
s koo s Mo Il.sw.bm
0.8 e 100 #VV
.5 St zo -L5-V=0O V=-15kN
M (N-w) M
106.25 =0 (oo¥1.8Y + M = O
A u.zs/\x 1.5 M M =-150 Nom ;;
E B A+ :D- ¥ by D (.
A joo -
C_““lSO 355‘ = -:FV
ZF=0 -1§43.65 -V=0  V:2ISkN -
Q.
DIMy =0, (18)1.8) = (75)3.68) + M= © M= )i.25 N'm
- L5 1.2 _
At E ] | 95M IF =0
g -1.§ +3¢85 ~ 1.2 -V =0
- 00 +7$ +-\oo -
3.65 Yv V = 0.95 kN
DIM =0 (8)16) - 015)(2.68) + (100)(1.2) + M = ©
M= [06.25 Nwm
At B Vs B = -0.82 kN
M= 0
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- € Shear and bending.moment dia
loading shown, and determine the maximum absolute value
ding moment,

200N 200N S0ON 200N

SOLUTION
B
" At B V= .?OONJ M=o
300 T 2051 350 T T gas™ 200
imensions in mm A+ E* M -
v P C ;
200
00 v “
b ¢ B'x+f21-}=o V-200:0 V=20 N
~:oo' DZM-0 - M- (0.225)200) = o
-'_—-3———- M=-“‘45 N‘M
M (N-m]

. M S0 4 960
é1s At D C
3ns 45 V k300 zsz
13 -3
A

¢ o \/“x +TZF}=O, V+500-200:0
-45

V = =300 N ‘Cl

PROBLEM 5.14 ~ - - 513-and-5:44-Praw th grams for the beam ang
‘ (@) of the shear, (b) of the

_ a)
D3Myz0 _pm +(0.3)500) - (0.829) a00) = o
M 10 00 . M= ks VU
o0
ave e b 1
V K15« 300 cLzzraJ
#ZF -0 V - 200 +500 -200 = ¢ V=-joo N
*DZM. =0 M ~{0.225)(200) 4(6. 525)(500) =(0.75)(200) = o
_ 200 200 o ' 200 M= 678 N (-:)
At A MC
v [ 300 f225% 300 L 22c)
+H2F =0 V - 200 - 200 +$500-200 = ©

V= 100 N

+9 2M =0 .M. (0.3)(200) - (0,525 ) (700) + (0-825)(500) - (,

05Y(200) = 0
M= 37.5 Mom
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PROBLEM 5.15

bending moment.

ApF—3 1 33—

SOLUTION

Rea,cﬂons

DIM, =0

Ao C

3 g it
LM
>

- X

LT
6Y vV

+1‘25 =0

@ZV[T: o

C 4o B

+'ﬁ6 =0
DZM -0

(b)

5.15 and 5.16 Draw the shear and bending-moment diagrams for the bedm and
loading shown, and determine the maximum absolute value {a}ofthe shear, () of the

-6 A +(3)18) - (8)(80)= O
A=z -G kips e ¢ kips v

¥t DIM,:0  6C - (2)38) - (9)36)= O

C'::' 541(;175 1
0<x < ¢ f

l DM

v

GJr l;‘:

-6 -3x-V=0
v :'—6"3)( kt.rs.

-6x - (3XYEY-M = 6
M= -6x- L.Ex* kpft

GHt <« x <9 £

M 30 ke
G :
[ ) J
Vi"‘ L q -
V-3 =0
V=30 kipsy -
(ay

-M = (%-%)(30) = ©
M= 20x - 270 kip-t

Ml = 90 kip-Fi
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PROBLEM 3.16

2 kipw/it

13 dps

5.15 and 5.16 Draw the shear and bending-moment diagrams for the beam and

loading shown, and determine the maximum absolute value (a) of the shear, (5) of the
bending moment.

SOLUTION 2kt 9y

AteC ¥ M
0<x<4H E'JLLO P‘@
X-’#v 2 Vv

4125-;-0 ~-V=-2x =0 V= -2x lps

B, OUFMiz0o M= 0
M £ =X kfv‘)c'f.
M C V-8 ks M= —l6 ki ft

At D [zjﬁ"‘f“ DM

——

Yv
+4 El—'rzo -8 -V =0 V= - 8kips

DZIMy0 (6X8)-M=0 M=-ugk, i
M B LS Kips LIS Kips

|ltz+(—-6—+—'4—~v

HZHh=0 -8-15 -V =0
Vv = -231(;?5 .

(a)
O3Mg=0  -(10X(8) - W(1§) =M = ©

M= = 4O k‘.P $} -
(b)

M

D

\'{

A ( i

ﬁ m 4‘_

ot e
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PROBLEM 5.17

3 kN JkN

-l B D-i_ Ms =0

00 1

1 300 200 200
Dimensions in mm

v (k)
2.55
2 E 8.
~0. 48
- 3,45
M (N-m)
Was 1035

5.17 and 5.18 Draw the shear and ‘bending-moment diagrams for the beam and
loading shown, and determine the maximum absolute value (a) of the shear, {b)ofthe
bending moment,

SOLUTION

(706}(3) ~ U450 +@s0)(3)= 1000 A= O
A= 2.55 kv 1

DIMp =0  ~(300)(38) ~ 450 = (700 Y(3)+ 1000 8 =0
B = 3.45kN 3
At A V= 2.85 kN M=0D
A+ C V 5 2.55 kN
At C e_)” D5M, = o
4 '1'\/ ~(3oo) 258+ M = O
e 3200
2.55 M=z 765 N.m

C+ E V= ~0.45 N.m

- 3
At D 1 M :‘)fMo = O
/ ~(500)(2.55 )+ (206)(3)
2..5?3”4200"'\/ *M= o0
M= €75 Nom
A+ :D* 3 i$e M ‘92 MD - O

~(5oo)(2.55) +(200)(3)
-850 +M =0

M= 1125 Nom

E t B V = = 845 kW
At By 4V D3Me =0
C -M v (B00)(3.95) =
A
I"3"°’| M= 1035 N-p.
3.45
At B V= 345 Nm, M=D
Maximuwm W= 3.45 kN —
Mavimom IM\" 1125 N-wm -l
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PROBLEM 5.18

(@) Maximum |Vl
= 2000 lb

(b) Maximowm IMI

-400
-2000
M (.in)
9600
I.\WZOO
A F B
E
- 4800 ~ 4200
-19200

]

= 19200 Ab.-in.

3.17 and 5.18 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. '

SOLUTION

" DT M,z 0

~16 C + {36)Hoo", 4 (12216007 = 012)(Hoo) = D

C= 1800 Jb.
WhEF = O ~CH4Gr=0 By= 1800 Jb
MZH =0  -400-1600 + Gy - Yoo = O
Gz 2400 2i.
Ak E V= - 400 b,
E h F V= -2000
F te B V= 4o Jb
At A and B M= 0
A+ :D- 60 @ZM:‘ = 0
| M
9 (12Y4o0) + M = O
k12 y M= ~4800 fbin.

At D" |"eo Y
L—@T

DM, = ©
(2)(4o0)- §)(1800) + M = &

: M= 9600 Fb-in
1200
A E oo DsMm, =0
{ M (24)(400) - @Yig00) + M = @
j M= 4800 fh.in
vV
2460 'g00
At FT S oo D2 v, =
> ~M - 8){(1%00) - (12400} = ©
M :} M =-132%0 fb-in
N
AY F* e >M. -0
M - M- (20)(Weo) = O
12 5| M= -4860 fhin.

: i T .. .
s - L R

T R
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PROBLEM 5.19

4.5
o] € 8B,
A C
.5

18
M [kl m) 12.15

Z2.025

[ o) 13 X

() Mewamom IV
= 18 kW -

T LIS kN-m -

5.19 and 5.20 Assuming the upward reaction of the ground to be uniformly
distributed, draw the shear and bending-moment diagrams for the beam 4B and
determine the maximum value (a) of the shear, (5) of the bending motment.

SOLUTION

Over whole beawn 1 ZF =0
3.6 w - (0.9YI0)- 3¢ -(C.9)(l0) = ©

W= IS kN/m
A +°|o§w% M 0= Tofoq "
== [O"
SM:ALJV 5
11Z2F=o0 5x -lox-V = O
V= 5x
DZMrso  -01S0)X 10ox)% + M=o
M= 2.85x*
Mo C r\\ii- 4..;'.&0»25 kM- m
I € < | -
C-h]?wm % m X .Iq\ii/jmx-o-us
lsw'Fl__* ’ _,_.ILV 'ST:%%V
H#2F -0 I§x=-9 -V=0
V= Ex-9

DEMr=0  0sxE) + 7 (x-0.48)
+M = 0

M= 72.85x - 9x + 4.05 = o

At D Vo 18 kN
M= }2.15 kN.m

D+ B Dse s mme"‘ry to caleoate
the shear a-\d bendfnj mome'f'.
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PROBLEM 5.20

5.19 and 5.20 Assuming the upward reaction of the ground to be uniformly
distributed, draw the shear and bending-moment diagrams for the beam AB and
delermine the maximum value (a) of the shear, (4} of the bending moment.

SOLUTION
Over the wheole becm
+TEF7=O LSw=3-%8 = 0
w= O.8 kor/'ﬁ'
Ate C O<c < |5
J'DM H1ZF - o 0.8x-V =0
1.1 V= O.8x
e X ¥V
0.8 ket VZM;= o0
-08xY¥)+ M =0
M=z 0.4 x*
A'* C‘ V’ \02 k\‘Ps N M = O‘q knP"F"
C‘f‘bb .EFF « x « G F+
lg kDM Jrz.pj 2O
TFETFTT 68x -3-V = O
e—x —V V=0.8x - 3

DEMe=0 -0b.8x)%)+3(x-1hs)+M=0
M= 04x*-23x +4.5
A tle ceater of +he beam Xx= 3.75

v= O) M : - LIRS kl."'pf
At CY VT -LBkp M=xo0.9kpH

)

(&) Mosimom V] = L8 Kips

)

(.b) M_m:imdm M= Lag k:?-H
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PROBLEM 5.21

10kN

5.21 For the beam and loading shown, determine the maximum normal stress on a
transverse section at C.

SOLUTION
Us‘mj CB as a ¥ree boel)(

Eﬂm DZM = o
-M + (223N L1) = O
M = .f.zﬁxlo’ N-wm
Section modulus for mdqnjlpe
S-

3
= -61: (\oo)(ﬁ‘cnﬂt T 666.7 er.a3 vnw.;
= G66.7xI0"* m?

NOI‘M&} SMS a
- __T‘_"__ . 1.2éx|O ‘
€= S ° CecTxoc  10.89 %" Fa
G = 10,89 MPa -t

PROBLEM 5.22

el TAokh
150 it

e

Ics0 v

Sec+t'ou mo.:'mpus
Nof‘maf 5+ress )

5.22 For the beam and loading shown, determine the maximum normal stress on a
transverse section at the center of the beam

SOLUTION

Keaetions : C=A by Symwe'}'y
HZF =0  A+c- @05 -(2)0S) =0
A= C = 1650 B
Use DeFt had¥ of beawm as free body
DIM = o
-(1650)(c) + (7s0)2) + (150)(6X(3) + M = o
M= 5700 tbFt = 68.4x10° Jb-in

S= tbh =GN0 = 72in°

68.4% (0% _

M
S T2 -

950 Psi —l
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5.23 For the beam and loading shown, determine the maximum normal stress on
PROBLEM 5.23 section a-g.

30N 50N 50 kN 30 kN SOLUTION

Reuctions : Bj Sme\e*v‘\, A=B
+12r—3=o A=B = 50 kN
. Usinj fPC.H- lnaH’ o'P beaw- as ‘Ff‘ee bod_y
PIPa VEMesO

A ) —Bo)(3) + (80)(1.2) +(50)(o.4) + M = ©
.S'L.QJ.'J' M - 104 ¥N'm = oY ylo“ N+ m
g0 A
Fer W2S0x 67 S2 509 %(0° mm’

= RO ¥ (07¢ w3

3 -
Novmad stress 6 = “‘\S.i = ‘18%2";:"_!5:‘; = 128.6%10° Pa =128.C MPa, -

5.24 For the beam and loading shown, determine the maximum normal stress due to
PROBLEM 5.24 bending on a transverse section at C.

0 kips 30 kips SOLUTION
6 kips/it

Wisx76 Use entire beaw as ‘tvee 'body
DZ Mg =0

=5 A+ 025020 +(10)30) + (8)7.5)(3.75) = o
A = Se.a5 kfFS

Use por+ion AC as Free body
M
A[Je) DIM. =0  —fe.2sA2s) + M = ©

[

23 Bena“n momenl at C M= |40.625 kn‘p‘H
sexs Y . = |687.5 k!'p-l.n.

For WIBXx76 S= 146 ;a3

. . - ™M 16875 . -
Normal gfress, & = € YA = 11.56 Uksi

ey =

e
2

i "

N A
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PROBLEM 5.25

25 25 10 10 10
kN kN kN kN kN

A R T e

ts @0375m = 2.25m

3.25 and 5.26 For the beam and loading shown, determine the maximum normal
stress on a transverse section at C,

SOLUTION
Use entire beam as free boéy
I 9 Z Me z O

5200 X 27.4

225 A = .82 )28 = (1.5)X25) - (1.125¥10)
- (0.18(10) ~{0.375X16) = ©

" A = 47.5 kN
A, CD Use Por+ion AC as Free \ooaly
Y ~(0315)47.5)+ M = O M= |7.8125 kN-m
475 V
For S 200 x 27.4 S= 235%i0°mm = 235x/6°m?
~. M _ [7.8125 x10° _ ¢ B}
Normal stress G = S " “saceige C 75.8 /0% Pa = 75. 8 MPa -

PROBLEM 5.26

3 kN/m

3.25 and 5.26 For the beam and loading shown, determine the maximum normal
stress on a transverse section at C.

ot

15m 21m

M 3V

. SOLUTION
| Use For'i‘n'ow CB as free body.
X DEM - o
W310 X 60
- M+ &)ND0.08)= 8)2.1) = ©
18”\) M= - 23.415 KN-m

o ITL
C]
y Er—_

Novmald shress

For W 310x60 S = g5 %0 mm'
= 85ix10°° m?

Ml 23.4)5'%)0°

S 7 Emixioe - A1 Fa

= 27.5§ MPa —l

g =
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5.27 Draw the shear and bending-moment diagrams for the beam and loading shown

PROBLEM 5.27 and determine the maximum normal stress due to bending.
20 kN 40kN SOLUTION
SZMC = 0
(.6 20) = (24)(4H0) & (OB = ©
B = g kN
DZMe=o0
(5.6X20) ~@.0YC + (LE)Wo) = o
C = 44 kN
Sheay
Ate & V = ~ 20&N
C*+e D V = 24 kN
D*+~ B V = —16 kN

Benalina moment

At C o4 DEMco
Al* CD (1.€)20Y+ M= 0
1.
v

M= -3 kN.-m
¥-322
AtD Vv
MC“D 8 QEMD = O
L i -M +(l.eXi6) =0
R FPATY i

M= 256 kN-m

may lM\ T 32 kNem = 32*]03 N-m )

For rolled steed section W 360%¢4 S= 10230 2 16° wmm®
. = 030%™ wm?

ML 39408
- S ® 1o3oxlo*

= 3l xjo* Pa
2l.] MPa —t

Normald stress 5y
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5.28 and 5.29 Draw the shear and bending-moment diagrams for the beam and
PROBLEM 5.28 loading shown and determine the maximu(:lnmr%ormal stress g\rle to bending, an
SOLUTION
2kN ,
4 kN/m 9 2 Mc = 0
1 F14 : (0.6 2Y+ LO.N1)(4) + (0.4)B = ©

B = -~ 4 kN

LR I N vt B !
) ¥ S100 X 11.5 :)
e—— 600 mm‘i‘iwmm Z MB O

(1.0)(2) +(0.5)X4) - (o.)C = O

T |0
v (kMY ¢ 16 kN

‘Sch At C O< %< 0.6 m
a3y ¥ kN/w

A c X lL'“';DM +TZE T O

-2 -2-4x -V = o

V= -2-4x
M:(lm..,.‘; QZMJ-'-' ()
A < g 2x + 4xYX)+ M= 0o
M= -2x*-2x
~-1.92 At C M= -1.92 kN.m
Ct B Q4 m «<x < 1.0wm
Zk"I 4kN/mL M +'TSFJ=° ~2-4x +l6 -V = ©
V= 8-4x
- o"nfuﬁfl jv DIM,= 0 -2+x g(#x\(—}g-(lo)(x-o.d
< X =

M= -2x*+ 8x - ¢

wex 1Ml = 1,92 kN.m = .92 %16 N-m

For volled steed section S joOx 1.5 S = 49.6x0° mn
= HY9 Enio® wm?
3
Maximom novmal stress S = M =112 %10 2338.7 x{0° Pa

S T #9.¢x|o®
= 38.7 MPa

]
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PROBLEM 5.29

2.5 13
Al"JC D E
J-zs ~225
M (Kp-Pt),

E

e 2

2.5

Norm a.’ s'l-mess

Aé
MCE 2 ‘DEME
v

Q =

=0

5.28 and 5.29 Draw
loading shown and determine the

SOLUTION

UI2sY - 10 ¢ & (8)as), (21253 = o

$12 x 35 C = 52.5 Kips
DzZwm =0
M(28) - 2)(28) - @25+ log = o
B = 22.5 k.’::s
Shear

Ade C V= -25‘(.'?3
c +D ‘D- V ® 27‘ S- ‘kl'ri
Dite B v: 25 i,
Eth B v

Bendi ng momEfrfs

the shear and bending-moment diagrams for the beam and

maximum normal stress due to bending.

- 22.5 kt‘PS

B owm
At C RE: VTH,. = 0
NF C”(ZS)*M=O
v M= - 25 KrPH
25 M
MDY D) Dzm, -0
J (3)25) -~ (X852, 5)
52.8 f\/ + M = o

M+ R22.5) =

Cviax MU =4S kbt - oy kip- in
For S12% 35 polled steed section

_I-—H—' b4 -—s—q_o- -n‘
s 3.2 °

M = 30 kp.

M= yg ku‘p"F‘f

S = 382 i3

1914 ks, -
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PROBLEM 5.30

W12 x

V (KipsY LS
0.5
A € [o =
<0.5
-1.5
M (kp-#) L5

-3

max lMl = 3 kc'P,-‘H’
For volled steed section

Normal stress & =

5.30 Knowing that # = 3 kips, draw the shear and bending-moment diagrams for
beam A5 and determine the maximum normal stress due to bending,

SOLUTION
Bj .sjmme'h:’ A= 8B
2R =0 A-2+3-24+48 =0
A & B = 0.5 kaP
18 Slneaw
At C Ve 0.8 kips
Ct+e D Vs =15 k.’Ps
D' te E V= .5 Kips
E*+ 8 V= 0.8 Wips

Bemf inﬁ momen'f

AMC 4 DEMoe
c:*frﬁ -(8¥o.5Y+ M = ©
0-51‘3 ‘iv M = 1.5 kl.'i ‘P“
2 4+ -
At DA c1‘31"‘ DZM, -0
, I ‘(GYD.S)+(3)(2)+ M =0
O.S 6 _’i’v M = "3 k:PH
At E M= .5 kip t+ by 5ymm¢'lr){
2 3G l(;pol-lﬂ
W 12x 1g S= 71 it
Wl 2 . 2 ks -

s T 17
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PROBLEM 5.31

o wal0 x 387 A -

M (kN.m) -

72
&o

24

tna_leI = T2 kNewm =

For roffed steed section W 310« 338.7 S = 549 %/15° ma*

NDMRI 5“'7‘255 ]M I

S

72%/0° Nom

6= —= -

5.3] and 532 Draw the shear and ben

ding-moment diagrams for the beam and
loading shown and determine the maxim

um normal stress due to bending,

SOLUTION
DZMg=0

=12 - 3.6 A +(2.4Yz0) +(L2)BY + 24 = o
40 kN
Y ZM, T 0o

=12 =(.2)(30) = (2.4)(S0) + 2% + 348 - o
B = 4o kn

Sheew
Ade 07 V= Ho ki)
C*+o D V= 10 kN
D‘ to B V =-50 kN
geha['fmj moment

A A M=z 12 UN-m

M B M=24yiNvm

MC 7 M DM =0

G‘FD - 12 ~ (.2)04%0 )
B

tM =0
1778 M= 60 ikN-m

24 DMD = O
‘) ~ M 29 4(1.2 }vo)
= 0

M = T2 a.-m

A+t D

MC,’,}
v

8
[

et '-2
4

S4G (o™ wm?
T2 =10

W ]3|.|VIO‘PQ T

1311 MPa, —-




PROBLEM 5.32

9 kN/m

5.31 and 5.32 Draw the

(
[

M (kNaw)

2

@

may IM1| =
For volled steef section

Normad stress

SOLUTION
‘D Z Ms =0
~6A + (AaYXs) + 30 = O
A= 20 kN
+D 2 MA =0

~ZAY+ 36+ 6B = 6
BT -2ZkN e 2k}

Ate C O0< x < 4 m
9 kW/m

M 1 ZF =0 20-9x-V = 0o
D V=2-9%

X ¥ _
00 Vv QZ—MJ'-.-O

-ox 1+ @NE+M =0
M= 20x~ 45 x?

V= 2 kN M= 22 ¥N-m
+1§'F-'j“: o
20-18 -V =06
V = ;ZkN
@ZMD:f o

~-(1)ao)+ B3X1RY+ M = o
M= 26 WIN-m

2 ¥N-wm

A x|o?

2 kW +’TZF-,=O V-2 = o
B V=2ku

-M ~ &¥2) = &
M=-4kN-m

26 %6 Nem

W 2007 22.5  S= 194 %/0° mm

= 194 % |0 w?

134.6 0% Pa = 134,06 MPs -

|4 ¥ io™°

(.

. shear and bending-moment diagrams for the beam and
loading shown and determine the maximum normal stress due to bending
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5.33 Determine () the distance a for which the maximum absolute value of the

PROBLEM 5.33 bending moment in the beam 1s as small as possibie, (&) the corresponding maximum
normal stress due to bending.
20kN A0 kN (Hint: Draw the bending-moment diagram and then equate the absolute values of the

largest positive and negative bending moments obtained.)

T SOLUTION

¢ wisoxss FMeaction af B QSMC =0

20a - (24)u0) + 0)B =0
B> 24 - 5 a

Bend.’nj moment at D
! GM B bi MD = O

;ﬂ -M 3+ 1B
~18 M= 168 = 3%.4- 8a

-

-27.4 o

"
o

Benof:'nﬁ momevt at C
fio M DM =0

1 200 a0 +M=0
I"o"’v Mc.= - 20 o
Eqda*e ”MC - Mg
R0 o = 38.4 - 8a
a < L2371 m -\
Me 7 =27.429 V- Mp= 27.429 kV.m

For W 3¢0x% 64 polfed steed section S= 1030%[0° wmm®
= |030% (0" m*

' 3
Normal sfress 6= Ig] = ,‘2:3211::.2 = 26.6%{0°Pa = 266 MPy, ==

v _man .
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5.34 For the beam and loading shown, determine (a) the distance a for which the
maximum gbsolute 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.
5.33)

PROBLEM 5.34

SOLUTION

P liﬁm Reaction ot A D M, = 0

-~ Aa +(So0)(a-0.5)- Soo(l ~a) = O
Ao= 10004 - 750

M (KN-m) - . 7so
L A 1000 ur-

Belw“nj moment at C D?Mc.: o

Y X .
‘ \/ E:z‘)"" ~o.5 )1000 - IR + M= ©
3
. - E6.98S O-S'*{' MC = 500 - 'ig_i
1000 - ZE2 v
Beha“na moment ot D DZMD - o

M, ‘5"" -Mp - (500)(1-a) = ©
CA Mg = - Soo (1-a)
Flt- )
N
Equate -M, = M, 500 (t-o.} = Soo -—‘%_‘i

QA =0.86C08 vy = 8€6.03 mm -
A= 133,93 kN M, ® €6.985 KM-m Mp = - §6.985 ki-m

For r‘e,c'l‘anjopw cross section  S= & bh*® - ¢ (12)(18)% 7 11.¢Cq ¥ 10> mm
= 11.66¢ %167 m*

3
Normal stress € = hS/” = fﬁ':ﬁ:ﬁ.. = 5. 74x(0° Pa
= S.7% MPa ey
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s 5.35 Determine (a) the magnitude of the counterweight F for which the maximum
PROBLEM 8.3 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. 5.33.) (

SOLUTION
31 Sym met ry A= B

rtZr=0 A-2iWw-2+8B =0
2 kips A"B"' 2-—%

Wiz x 16

"
m,;_.;_; == Beho‘ing moment af C £y 2M‘ =z 0

Pae "3 ' 3n ' 3g | A cD”c -3N2-%)+ M, = 0
“_3 ] Mc. =6~ LS W
w W
2_._
2

eena‘;ns moment ot D 9 EH; O

z| .)M “6)z- %Y + @)

+My, = o
J-—-—S +—3
2w v Mo~ 6 -3W (
1 .
E-,od‘e - MD = Mg
BW-6 = G-1LSW W= 2.¢6¢7 kips —n
Mc':' 2,0 k;P ‘F‘” Mp'.'.' - 2_0 k‘r -F+

max IM| = 20 kipPt = 24 kip-in

For W I2x/C volled steed sechion S= (7.1 in?

G:M-:_gi—

Normal stress S 77 I. 404 ks -
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OBLEM 5.36 5.36 For the beam and loading shown, determine (a) the distance a for which the
PR : maximum absolute value of the bending moment in the bear is as small as possible,
(b} the corresponding maximum normal stress due to bending. (See hint of Prob. 5.33).

SOLUTION

DI M. =0

0.8a -(1570.2) - (.7%0.2) 4 (B3CYB = o
" " 15ft 12ft 09ft B = L4~ p.2222a

92 Ma = 0

0.8)(36+a) ~ 36 C +(2.11(1.2) +{0.9)(1.2) =&
C = 1.8+ 0.22222 0.

Bevwl:nj womenl ot C 0.8 _ ‘DZMC. - 0
0, .
d KDMc '54‘; Ma +(O.3)(Q.) e O
l(~a-qv I‘-Q i Mc = - 0.8 &
v
Benalin3 moment o1 D |03 Mb ZM, =0
L*" f) Mo +(0.8X0+1.5) - 1.EC = ©
I“’H‘*-S‘i Mg * ILS .- 0.4666T o
U/
Bending moment o1 E DZEMe=0
: Ve - ':E + 0.9 B= o
C“ Mg = 1.26 - 0.2 a
Vi=-0.4 a
Assome -M, = Mg 0.8a = 126 - .0.20a a=1Lx N --
Me= - 1,008 k.t Mg = 1008 Ui T M= 0.912 Kp.F+

max IM| = 1008 kpft = 12.09C Kkip-in
For volfed steed section S 3257 S = 1Le% i

- b _!..?.:_o_?_e.— - : y
NO*MA? S‘I"C-SS = -—é—- - e - 1.0 s -l
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PROBLEM 5,37

5.37 and $.38 Draw the shear and bending-moment diagrams for the beam and
loading shown and determine the maximum normal stress due to bending

20 mm SOLUTION
_.1 r— Free bady EFGH %0 300
0mm Note Hal Mg = O Jua £ _4F Yo u
] _r '}D h\nat -
7 @200 mm = 1400 mm DZME = Ve H
0.¢ H-(o. zlcw o4 )(800) =
V(W) He 2132.32 N
253 $TF, = Ve -40 -300 + 213.33 7 0
27— _ Ve T 126-67 N
‘ Sheavr: E +o F V = 126.67 N-wm
43 F+oé& V= 86.67 Nm
-218 G + H V = -213.33 N-m
-3¢z BuJuaa moncaf ot F
M () ' . Ve
5.6 j“' Mp -(o 2)6126 ¢7) =
vV Mp = 25 233 N-m
12067
Bend ing moment ol G
M° . *Di Mg = O
Ck - Mg + (0.2)(213.233) =
A t Mg = H42.€7 N-m
213.3%
- 253
SOOL Lgoo 126.67 Free bodf ABCDE
Y. 4 4 DZMg =0 ~0.6 A +(0.4)(3060) +(6.2)(300)
B r 2 - (0.2)(12¢.¢1) = ©
A D A= 257.718 M
+3i My 0 ~(0.2)(300) - (0.4)(300) -(0.8)(126.€7)
+ 06D = O
M D = chn 849 N
A D 8 Bﬂ\dmj moment af B
v—__-i 0(3;';(25778) " mMax IM = 5056 Nem
-{D. v =0
25178 v Mg = S1.£6 Nem z J-Ll," % (20)(2)"
360 = SKIO o’ 3 3*!0-‘\%3
b 84 ¢ Benalina moment of C
L DEM = -Normald stress
¥ -(0.41(252.7%) +(0.2)(300)
wm v .+ Mgz o0 6238 = 149 xio° Pa
Mc = 4311 Nem 8xlo = 17.19 MPa =
222,43

Bendma mome'ﬂ d D
DZM,=

» - M, ~(0. 2)(113 33)= o
v Mo # -~ 25.33 N-m




|

ane B BRE

L1

i

—]

L1

.

L

L3

U S B

]

]

R o 4_"_._1

PROBLEM 5.33

20.2

M (kIP ‘H‘)

P
=12

A

-4g

1)

[

A & x=1i0

At C ® =
C 4o D
D+ E

Benal:na moment ai D C

non

5.37 and 5.38 Draw the shear and bending-moment diagrams for the beam and
loading shown and determine the maximum normal stress due to bending

SOLUTION
Free body AB D5M, =0
Z ; hg ips At (2N 38X4) - 8A =D
Wi2 x 40 A - |q. z k‘.Ps

- (4.8 )X8)&) - 8Vg = O
Vs & - lQ.ZR\‘PS

Free body BCDE HIT M. =0
132 (19.2)02) + (4.8)2)X()
D ___ ~-loC +(82¥5s)= O

X e l N
i C = q.2 kirs
19.2 IC TE *‘D Mc, e

9. 232 + (4.8 )21
-(82X5) +loE = ©
E = .2 l(.'Ps

V= 19.2 -4.8%  kips.
DMJ L ) F
~19.2% + (.8x)F+ M= D

M= t‘?.Qx-.?.‘!x" k\‘p-‘F’{

V= 192 - @.8io) = -22.3 Kips
M.= (19.2)0e) ~ (2.4)(10)* = - 48 kip-F
V2= (1.3¥0) + 49,8 T 20.8 Kips.
- 1l 2 kn'rs

H' ©

X“ﬁ,

9.2

19 :
38.4 At C O< x < o+
4,8 kips /3t HASF o
X L P 19.5‘{—4.8x—\/=o
> : D)
\4

& DZM, - o
Fy -M,+ (.2XSY= ©
Vs j\m M, = 56 kip-F

max IM] = 56 k-‘p‘-ﬁ : 672 kfp-in

For W 12% 4o velled steed section S = 50.9 w3

Normad sheess

g =

Mt 672

. - - —~
S 5.9 = §2.95 ks
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LEM 5.39 £.39 A solid steel bar has a square cross section of side b and is supported as shown.
PROB ) Knowing that for steel p = 7860 kg/m’, determine the dimension b of the bar for
which the maximum normal stress due to bending is (@) 10 MPa, () 50 MPa.

SOLUTION Weialt dewsily Y'e pg
Let L= '\‘ﬂd )enj-\'k of beam

W= U= ALpg = biLpg
RG&O‘HQI&S at C and D C=D= 3
Be.ha”vaj wmoment at C '

W © _
A 11cDM M ©
(Y§)+ M = ©

M ) P_?....v M =-ﬂ‘§l—-_

P \
Bending momen?. ot center of beam
- Al v DZMy -0
D W -Erem-o
= w
Vv M= - WL

11
maxIM| = _V%l_}._ = %ﬁ&

For o square section S = é— v?
IM| bLtpg /18
Novmed stress g = < v —\_,é/%— - _Léig_

2
Sopvg 'For b b- —"gg:i
Data: L= 8¢ m pP= 7860 ka/m" q-= q. 81 m/s

1

@ &= 10x/of Pa (b} & = SoxjO¢ Pa
@ br (3-‘%%7:::3::)-8!) = 33.3%0 m = 23.3 mm -

2,
- (3.C) (7350)(7-”) = C.c6 xIO’s ™ 6.C¢ mm e

B b RE\sox1o')
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5.40 A solid steel rod of diameter d is supported as shown. Knowing that for steel y
=490 1b/fY*, determine the smallest diameter 4 which can be used if the normal stress
due to bending is not to exceed 4 ksi.

SOLUTION let W= toted weight

PROBLEM 5.40

W=9y = ALY = Ed°LY
Reaction of A

A= dW
Beha‘iwj moment at center of beam

A L%CDM ‘DS..MC-‘T o

4
S5 4T s v o
V_Z_J v M= -L;-—L-' = .g,% dlLaT

For c..'rcoﬂaw cvross Section (c = i'd)

= I .8 = L - L,z - Ty
I'*Ca S'c‘%c =z d

Nor‘-maﬂ s'{'r‘ess

5= M. BLUT Ly
S %% o3 )

Sopv\'\na For d H

Data: L= 108 = (12)10) = 120 in

= 490 Jb/H? = —1%22— = 0.2835¢ J6/in’

6= 4 ki = Hoo0 Jb/in"

d = (120)? (0.2835%¢)

'-|-OOO ,-02—| i“. -
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PROBLEM 5.41
r
A B C
e
- L
PL/L
A (Eb2)
A 3 S %
Pl
(- Ty P
M
Bab
A 8 e

5.41 Using the methods of Sec. 5,3, solve Prob. 5.1.

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

SOLUTION
DEM. = o VA -bP =0 A:Eﬁb.
Dew=0 LC-aPr o c=%
At A* \/.—A:-"-:"-_b- M=o
AfoB 0<x<a

W= 0 So wdy =0

Ve- u =0 VB’ELI‘D

Me-Ma = SV = §BRL, - Pha

Mg = Lo |

L
MB V=A-P=Ek.p. _PFa

a<x =<l

»
W= O S wde = 0

Vc."vg"o V="ELQ‘

L
M. - Mg = § Vo = —_tg-g.-q,)—ﬂeb
M= M- Bb . Tpe Bab oo

T P T W s TTRE T g ‘

e i TP
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] 5.42 Using the methods of Sec. 5,3, solve Prob. 5.2.

B PROBLEM 5.42

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

o loading shown.

N SOLUTION |

__1 -DZMB:-O -.AL;-WL-%:O A:—-"—Vi!-'

~ DZMi:o  Bl-w-t:=0 8:%

4 3 - -w

~ x

B V‘Va”-‘*SoW-lac-—wx

r—"[ V’VA-wa A“‘WY’:W{'-WX‘-

L. - V
[ * w

! M=M=z § Vg = § (% -wi)olx

M
. h = Wkx . WX
5 3 ” ;
M= M, s Wh¥_ wx*. Wi, ) a

. . 2 2 2

. 2 Maximum M ocecuvs et X = ? where
| A 8 V = %@ o
T G

2

i ot M= -
\

—




]

ot

L1

e

3

]

I
i
[ ——

1]

PROBLEM 5.43

o

$.43 Usjmg the methods of Sec. 5.3, solve Prob. 5.3.

5.1 through 5.6 Draw the shear and bending-tnoment diagrams for the beam and
loading shown,

SOLUTION

[

e
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PROBLEM 5.44

5.44 Using the methods of Sec. 5.3, solve Prob. 5.4.

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

loading shown.

SOLUTION

"12‘;}’0 \/A-"WL=O \[A-: wl

YZM= o -M-(wlY®) =0

V-V, = ~§°:u,l.,¢, : - wy
V = whk- wy

é)_: = V = wlL-wx
M-M, = S;c"w:_-wxu.,“ w
M= - WLh, whyx - wx’

Z Z
wmax V] = wl
wox (M) = %L"'

C_wlt
Moz -7
-l

x"-

Ly - 5~
| -
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PROBLEM 5.45

2

/v

C+ D VoV, = --}w(L-ZQ)
M= O
2 %
At x < & M = Wik -%) -

5.45 Using the methods of Sec. 5.3, solve Prob, 5.5.

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

SOLUTION

Reactions A =D 4wlL-2a)
At A = AsFw(l-2a), M, =0
Ade B Oex<a Weo

- Var =S wan = O
Ve= Vi = ww(L-2a)

Mg~ M, = Sjvolm = S:&WCL-zaWw
= dw(l-2a)a
B4 a<x<Ll-a w=w
N - Va = -S: woe = -wlix-a)
V oz dwl(l=22)-wh-a)s Lw(l-2¢)
j_; =V = 4w (L-2x)
M- Mg = S V A = éW(Lx-x“)\:

.= dw(kx - x*~ La 4+ at)

™M *-lw(L 2a)a.+lw(Lw-x‘-La+a_")
= 4w (kx - x* - a?)

= ~%w(l-22) M. =31(l-2a)a

5
i

a
%,
E 'I,
ki
]
£
ki
i
!
il
il
.l
B
o
4
3
i
)
e
| g
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PROBLEM 5,46

C 4 D

3.46 Using the methods of Sec. 5,3, solve Prob. 5.6.
3.1 through 5.6 Draw the shear and bending-moment diagrams for the beam and

loading shown.

SOLUTION

Re.q,c“'ious A>D = wa

Ate B O< e W= w
Va= A= wa, M,= ©

V-V = -S:Wo‘w 2 =Wk

w(o.- x) Vg = O

]

NV =
%"' V 2 wea -wy¥

® - ”
M-Mp = § Vex = § (wa-wx)da
= wax- fwx"

My = swa o w=a,

Bt C O< xe | -c Y= 0
=V = O
x
SV de = o

2
= Mg = jwa

;.xz z M
&

= —-wW [X - (L-a-)]
-wl x-(L-a]

. X
M_ Mc = SL..'V,L” = S&“a- w[x.- CL-&\]M

M

-—
-

- [~§ - (L- Q)X] L:.

~wl g (t-ex - Gsa)’, (L' ]
~wl % - -aixs gt

gwat - w[ £ - (Leadx + GAY]
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PROBLEM 5.47

L3 kN 12kN 18kN

v (kN)

5.47 Using the methods of Sec. 5.3, solve Prob. 5.13.

5.13 and 5.14 Draw the shear and bending-moment diagrams for the beam and
loading shown, and determine the maximun absotute value (a) of the shear, (b) of the
bending moment.

SOLUTION

QMQ = O
(460)(1.8)-300 C + (225)(1.2)+ (125 )LB ) = O

C= 3.65 kN

‘M, = o 8 = 0.85 kN
Sh.ear-' ]
A te C V= -5 kN
C+4 D w54 3.4 ¢ 215 kN
Db E = 215~ L2 = 0.95 kN
E+ B 2 0495~ 1.8 = -0.35kV

Aveos of sheanr ah'aij

AtoC  SNdx = (~.1.&XW100) = =150 N-im
CH+D SVdes (2.1 78) = 16125 N.m
DhE Svde- (0.98)loce) = A5 Nom
Et B (Vdx={oss)ias) = —166.25 N-m

BenJinj moments

Ma = ©

c
Mc = Mt 5, Vdx = O -150 = =150 Nom
Mo = Mg+ S0V ol = -1S041¢.25 = 11.25 N-m
Mg = Moy STvdy = 125 + 95 = [06.25 M- m

Mg= Mg+ PVl = 10€.25-106.25 = ©

Maximum (V= 2,15 kN et

Moximom IMI= |50 N-im —
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PROBLEM 5.48

200N 200N 300N 200N

wlmiml

VA Dimensions in mm

200

Llsogx )

z X
-lo | (-%)

Bev»ol;nj moments
Ma = 37.5 Nem
c
Mc? M“ + &VJQ(,
»
Mp= M+ (Ve
Me = Mo+ 5V
MB ¥ M"‘ S:VJ)(

5.48 Using the methods of Sec. 5.3, solve Prob. 5.14.
5.13 and 5.14 Draw the shear and bending-moment diagrams for the beam and

loading shown, and determine the maximum absolute vatue (a) of the shear, (b} of the
bending moment.

SOLUTION
DIM =0
=M, - (0.3)(200) = (0.525)(200) + (0. 825 X500)
- (1.0 20)= ©
My = 37.5 Nm

+Tif—} -0
V, — 200 - 200 +500 -300 = DO
Va = /o6 N

Shear |
A+o C -V:iooN
Ct D V= loo- 200 = - [00W
Dt E T - op ~200 T - 300N

Ed B V= -300+500 ¢ 200N

Preas under sheav draqram
Ate C  SVdx = (106)0.3) 730 Mem
CtoD S Vax = (-100Y0.225)7-22.5 M-
Dt E (Vi = (-300)(0.3) =-90 N-m
Etb B Svde = (oo )(0.225 )= 45 N m

328 +30 = €7.85 Nowm

u

GLS ~22.5 = 4S5 Nem

> Hg ~q90 = =43 M.wm

> -45+45 = 0

Maximum (V1= 300 N -l

Maximum 1M1z 67.5 N.wm —
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PROBLEM 5.49

V (lh?s)
30
{er0)
%
h -24
M (kip-#)
b 4
-90 l((f:-‘H

5.49 Using the methods of Sec. 5.3, solve Prob. 5.15.

5.15 and 5.16 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.

SOLUTION

DZM 0 -eA+ X12) -(3)(30) = ©
A= -6 kn'Fs e & k-";s v

WDZM 0 6C-G@YGs)-(3) = O

C = 54 kips ¢
Shear
Vﬂ =z -6 k;lbs
A+o C  0< %<6 #t w= - 3kps /4

€
VQ— V‘ =~Sode: "‘S;;“b = ‘—l8k|"a$
Vg= -6=- I8 = -4 k"fs
C4 B Ve o -24 +~5-‘1’_ = 301(",95.

Aveas undesr shear al.'o.jvum

AtoC  Svde= (5)(-6-293
= =90 kyp .

C+i SV e = (3)z0): 90 kep T4
Bena“na moments

MA = O

M= My+SVdx = O -0 = -90 kip- M

Mg = M+ SVA 7 -9049 = ©

Maxiwom (V1 = 30 Kips -

Movimom M= 20 kp-# -

i
s
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PROBLEM 5.50

2 kipwit

AT e

L—:; ft—s-

41t

13 kips

D

=
- B

]

~—4 ft

V(k:l:)a\ -16) '33_\
i ;
i
-8 -92)
-23
M (kip-#)
; A
-1e
-4
- Mo

5.50 Using the methods of Sec. 5.3, solve Prob. 5.16.

5.15 and 5.16 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.

SOLUTION

Shear
Na= O
Var Va-§wde = O-#¥RY= -3 kipe
C+ D V= -8 kips
D+ B =~ 8 =15 = -23 kips
Avecs wvnder sheav cliajv»am
Ao C  Svders GO = - 16 p-F
CH D Svdx = @)-8)= -32 kip
Dt B  Svdx = (NGB~ -92 k-4
Bending moments
My = O
Mp» Ma+SVidx = O =16 =16 kip 4
Mp= M+ SVlx = ~16-32 = -48 kip- P}
Me= Mo + SVelx = -48 ~92 = - |40 kipft

Maximum |V‘ = 23 k{ps i

A

Maximom M| = 4o kip- £t




[

Lo

)

|

1

PROBLEM 5.51

240 mm 240mm 240 mm

120N 120N

72N-wm 7.2 H-m

P

L 1 f¥ ™y
F C+ ) 29 4
A 0.y o.M 0.24 8

20N 120 N

looN

Y

160
4 -4.8
24} '/(:;‘l ) )

(-33.0)

- 20

- 4o

M (N-m)
312 a3.¢
a4 24

$.57and $.52  Draw the shear and bending-moment diagrams for the beam and
loading shown, and deterrnine the maximum absolute value (a) of the shear, (5) of the
bending moment.

SOLUTION

+DZTM =0 - 0,92 A +(0.42Y120) ¥0.2)(120)
-7.2-7.2 = 0O

A= 106 N

DSM, = 0 -(0.29)02) (048X 120) - 2.2
~-7Z2 + 0.2 B0

B = ljyo N

Shear

A to C V = oo N

Ct+o D V= loo- 120

D B V= -20-)20
Aveas under shear ala‘a.jv*un

At C v dx =(0.2¢)ioe) = 24 Nem

C+t D Svde = (0.240-20)7 -43 N-m

Dh B  SVix =@.24)140)x - 33.6 Nom

"

-Zo N
-140 N

BEMJ;‘G‘j momen+5

My = O

Mg = 0124 = 2% N-w,
Me*s 24+ 72 = 3.2 N-m
MD- r 8.2 - ‘f.s < 26“" N‘m

Mg = 26.4 +7.2 = 33.6 Nom

Mg = 33.C6 - 3%.¢ = O
Maximem [VI = 145 N et
Maxiwmum IMIT 33.6 N-m —
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PROBLEM 5.52

$.51 and 5,52 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.

SOLUTION

DIMm, -0
0.075 Fp —(0.2X3800) -(0.6)(300) = O
Fer = 3.2%x10% N

‘.!"Z'F:t'-o Ag" F-ar =0 A,“'-',3-2*103N

A c ‘\2 4 +T'ZF:.}=O Ay - 300 ~800 = O
“’T J’ e Ayx 60O N
>y
¢60 Soo 300 Covple ot D ™, = (0.0757(3.2%10")
= 24O N-wm
Vv (N
CoHo S‘“e&.\f‘
At C V= cooN
20y 320
. {60) : (60) ChB V = 600 -300 = 300 N
‘ ¥
Aveas vnder shear Ju‘aﬁMm
N (- 50 Ats € SVax = (6.2)(€00) = 120 N-m
120 Ct D SVdx (0.2)3e0 )" 60 N-wm

D4 B SVelx (0.2 )80)=60 Nem

-&o

/ x  Bending moments

MA= 0
M= O+ 120 = 120 Nm
M 2 122 +60 = 180 N-m

M = 180 ~ 24D = =60 Nem

MQ) = - Go + Go = O
Moty mum IVli= Goo N l
Maximom IM \ T 80 Nem wtl
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5.3 Using the methods of Sec. 5.3, solve Prob. 5.21.
PROBLEM 5.53 sing the m 3,

5.21 For the beam and loading shown, determine the maximum normal stress on a
transverse section at C.

10kN

I kNAn

SOLUTION

1 DEMC =&
- 3A +01.5Y16Y) = (1.1)(2.2)(3) = ©

A= 2. 58 kN
+IDIM, =0
~(.8Xi)+ 3C -@.NE2Y(3)= 0
C = 14062 kv
Shear
Ata D V = 258 kv
D*+ C° V = 2.58-10 ° ~7.42 kN
T Cc? V = =42+ 14022 G.60 Ky
B V = 660 ~(22)a) = ©
M (let)ew) Areas under shear diaqram

At D SvVdy = (1.87(2.58) ~ 2.37 kN-wm
Dt C Svdy = (Ls)-242)7 -1, 13 KN-m
CH B Svdx = ($¥2206.€0) = T.26 kN-m

Bend inﬂ mo ments

MA = O

M, = O + 3.87 = 3.87kNim
Me = 3,871,182 = T.2¢ KN-m
Mg = 726 -7.26 = O

Ml = 7.2¢ kWewm = 7.26%10° Nem

For rectangufar cross sechion S- 2bh' - (+)(100)(200)"

= CCC.CTx]0d mwm® = €CC.CTXID

_Mmg 7.2¢ %10*

&
& T Tebeaxio~ ¢ 10BIXo Pa

= l0.89 MPa -

Normqj stress (&)




)

5.54 Using the methods of Sec. 5 3, solve Prob. 5.22.

PROBLEM 5.54
5.22 For the beam and loading shown, determine the maximum normal stress on a
30b 7300 transverse section at the center of the beam
ls"/“"& 3in, SOLUTION

M L-F)

| 54004 ]5700
Y

Reuctions C = A \?_y Smee"V\,
-\-?25:0 As+C - @)750)- (RYISE) = ©
A=C = |50 Jb.

Sheav
Va = 1650 S,
V.- = 16sp - (1150} = 1050 fb

Neo = 108D - 750 = 3oo fh
Ve 360 - RXSC) = ©

"

Avees under shean JIQJMM

Ado C SV = )1eSo +1050)(H)
= Sqoo Sb-Pt

C+t E  (Vdx = (£)X300)@) = 300 Jo- F4.
Bemafinﬂ moments

M;\ = &
M, = O 4 S%00 = Stoo fb-Ft

Me = S400 + 300 = S700 Jb-#i

ME = 5700 ‘pL.-F-I- * GS.'J"'[O’ fL-iM.

Fov r‘eo‘}anjuqu‘ cvoss section S-= 'é‘ bh* = (-“-)(3)(12 )z._ 72 wd

Normaf stress

I L Y L :
=275 = =g = Wem -




S

N I

L1 ]

—

PROBLEM 5.55

30N 50 kN 50 kN 30 kN

v (kW
20
So
4!
« i)
} “ Yy,
M (kN-w)
oY
{Ei
x

M. = 104 kNV.- m
For W 250 %¢7
Nov‘md S’l’VeSS

5.55 Using the methods of Sec. 5.3, solve Prob. 5.23.

5.23 For the beam and loading shown, determine the maximum normal stress on

BJSJmmeW A‘-‘B
A =8 = RO kv

80 kv
€0 - 30 = S0 kv
So-~-85¢0 = o

= (80X0.8)° &4 kiem
= (50)(0.8) = HOkN-m

SVdx = o

O +64 = 64 ki.m

T 04 KN-n

section a-a.
SOLUTION
Rea.o'l’fov.si
+f 2\3 = 0
Shear
A C Vo=
C +o D Vo=
D+t £ V =
Aveas under sheaw diagram
Ate ¢ Svdx
C+ D S vax
DB
Bevwl-.nj Momenfs
MA = O
M. =
Mg = 64 + 40
Mg = lo4 +0O

o4 %ic® N-owm

(o4 KN-m

S* 809 % 10° mm® = 80Ux[D " m®

€

Ml . 104 x|o3

s soqxfo~*

3 l

28.6x/0° Pa = 128.6 MPa -a
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$.56 Using the methods of Sec. 5.3, solve Prob. 5.24.

PROBLEM 5.56
5.24 For the beam and loading shown, determine the maximum normal stress dueto
30 kips 30 kips bending on a transverse section at C.
SOLUTION

A=z 56.25 kips
Shear A +H C V= 58625 kips

Avea vmoder shean corve Ado C. SVdx * (56.25)(2.5)
T 140.628 k-t

MA - O
Mc = O 4 140,625 = 140625 k.-r,.H = 1687.5 kip-in

For W 18276 m)fe.a‘ steet sed"iou S= 14¢ in®

Nofmm! steess G = ‘gl' s -!%%?—g = .56 Us\

~15 A+ (2.5 XY (lo)X3e) +(6)(7.5)(2.78) » ©
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m 5.57 and 5.58 Determine (a) the equations of the shear and bending-moment curves
PROBLEM 5.57 for the given beam and loading, (b) the maximum absolute value of the bending
L. moment in the beam.
[ SOLUTION
o eufi-5)
= w = W, ( I - %—\
- A —— d__v w, oo
T oW T =W, 4 =2
- A¥ ° L
L L V 5 -won + YeX = oM
| ° zc " x
e ™M = WoX©T L WX
B = - + . + -
: L—: ﬂ' GL lx CI.
M=o ot x=0 C,=o
f _ _ C_wlt o w Lt . - Wl
B M=0 ot x=1L Ox - "= + 2= + CL = C’,-3°
™ WoX© L w, bl
S - —. 2
| \'% WoX + Z— + =2 et
: - woX*  w wi b %
r‘\i M 2 cL 3 —-
L M is maximum where . %‘-4; =V Q
i e
L, L2 L34 L - &EED)
- = X — L¥X,. 4 = O
- = (1 B)HL
1 > _LE67T3ST, D.42265 |
= a
- .- W, (042265 L), (0,42265L)? , Yel(o.#22¢sL)
| e 2 €L 3 '
- = 0,06415 w,l" -
—
|
=

> —Smmry = e




L

3

o

1

N [ AN e

3

PROBLEM 5.58

w w = wysin ZX

L

.57 and 5.8 Determine (a) the equations of the shear and bending-moment curves
for the given beam and loading, (b) the maximum absolute value of the bending

moment in the beam.

SOLUTION
N - - iw IX
ax - W T o St
vV = E.;—':—l:cos,]f_x + C, "%’?‘
2 o
M = Y#-lg—s:nf+c,x+ C,
= O C&=°
= | 0= 0+ (CL+0O C, -
COSIE!'
Sl'nlrf-(—
o of  x= 3
2 wol®
b —-’-—-—-Su\% = 1:_‘;.




[

1

O

| Vlr’;lOBI;IVJVM 559 “ 4.59 Determine (a) the equations of the shear and bendin

beam and loading, (b) the maximum absolute value of the bending moment in the
beam.

SOLUTION
dV _ 1 . %X-Vt
Ax = ~Ww < "Wo(f-)‘ 2 - =
an
O B ¢
V= at x= L
O - -%W.L-O-C. C\’:sz'-'woL
Sl
- £ 2 WX
V" EW‘L-E Ln —
am _ 2 wly - 2.2 wxh
x-.- M-Cz-l-—a*wotx 36'-?‘_
M-'-'O‘ d X:‘L O:- C n éz'woL“"%woLt Cz:-—%w’Lt
.y
‘MIM oceurs ot ¥= G IM\».....,,"‘ é%Lm —

g-mornent curves for the given




Cod

]

|

T

L

]

—

C ]

PROBLEM 5.60

.60 For the beam and loading shown, determine the equations of the shear and
bending-moment curves and the maximum absolute vatue of the bending moment in
the beam, knowing that (a)k = 1, (b) k = 0.5.

SOLUTION

Woa X L0 L ()% e,

ﬂ\-jz» -w = kw, - Q+k) %X
” L

V= Kkw,x - (\+ﬂ%,—_3-z + C,
¢, = o

w,oX*
Kw,x ~ CHH‘?TL—

3
- (HV)%'LE‘ + C,

o
" e Kuxt
M
M

2
= QO 0:'- X = 0O C" o
- Kwx* (k)W ¥?
- 2 6L
i N
(2y k= |\ V= w,x-‘wfx— -
M: ..“.".ni:.- _w.ei'! -
2 3L .
Morimum M occuvs a/'f ¥ = L \ML.-..- WZL —-
o x*
() k= % Vs XX -3-!’4{—!- -
w,x* Wy X -
M= = -
V=0 o x= 3L
"= Wol Ot ,Wo(.%l-\a - AN - *
At x=§L M.‘ __é_)__._m___ = - 0.03704 w,L
A+ X = L M= 0O
wo L' -
Mhe = 35
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! mowmvsa  SAmMSGIEeimiesgEmpeesses |
-1 AkN SOLUTION
| 12 kEN/m
| , Iy . I fDEM, =0
D 1 " B waox 103 0.4)(%F, - Q.8)8¥2) + 3B =0
el 3m B~ 153 v
09m
| *DTM, = 0
- ALY (8.9)(9) = 8C +(.5)N3¥%12Y = o
— W 20.1 a = 297 W
- o Shear: A4 C V=-9 iw
ATE I RV
(o) V= -9+ 217 = 20.7kN
s B VT 207-()2) = - 153 kN
e 3-€
e - . Llocate point E wheve V = ©
= : e _3-e
M (kom) .15 2.7 - 5.3 @ 36ce =(20.7)(2)
;J: l /\ e * 1,728 ¥t 3-e = (.275 $# (
; oo X
T Areas under sheav o’faj\l&w\
- -8 AdoC  SVow= (0.9Y3) = 81 KN-m
F CH E  SVde = @V1L728)20.7)
b = |7.85375 W.m
Eh B  Sve = )225)05.2)
L = ~9.75375 kN.m
M Bem’lfnﬁ moments
| -—-i MA - o
7l Mg = 0-81 = -8.1 kiVowm
= Vg » =81 4 17.85328 = 9.75375 kN-m
= Mg = 9.75375 - 9.75375 = O
|
L
Migimom IMI = 2.785378x10° Newn ot point E
D for W 200 219.% rolfed s+e¢ﬁ section Sz 164 ot mey > 164 Vlo_c - ‘
SIS % 102
D Normad stress g = H;l * q,?::,",’;.ﬂc’ = £9.5x(0° Pa = £3.5 MPa -

1

M
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PROBLEM 5.62 5.61 and 5.62 Draw the shear and bending-moment diagrams for the beam and Joading
shown and determine the maximum normal stress due to bending.

. 16kN/m SOLUTION

e E ' DEMg = ©

~25A + (L18Y1.8Y(16) = ©

Eod 5150 X 186
As 16.8 kw
-\-DEM& = O
(0.7 Y1EY16) + 1.5 B = ©
B - T.2kN
Shear
Vi = 16,8 kv
Ve = 16.8 =(.8X16) = =72 kv
Ng = -7.2 kW
Locate point D where V=0
g.82 \zs = i'f,;d 24d= 262
1.
2 d= Lo§ m L5 -d = 0.45 m

A reas under shear An‘aaf‘am

Ate D SVolw= (5)(1.68)(16.8) 7 2,82 kV.m
Dt C  SVax=(d)ous)-7.2)= -1.62 kN-n
Ch B SViy=s 0U-22) = -7.2 kNem

Bevtol;n‘s w-omew"‘s
Ma = O
Mp = O + 8.82 = 8.82 kN.w
Mc = 8.82- 162 = 7.2 ki - w1

Me'—' 7.2 -722 = O
Mesimorm IM] = 8.8 kN-m = 8.82%/0% N-w
Tor S 160 %19.6 rolled steed section S = 120x10%mm® = 120 %16 m®
M} _ 8.82 «jO3

Notmad stress 6= 5 —ﬁ-;gqé: = 73.85%10° P = 73.§ MPg -

@
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5.6 and 5.64 Draw the shear and bending-moment diagrams for the beam and loading

PROBLEM 5.63 shown and determine the maximum normal stress due to bending.

3 kips/t SOLUTION

*DZMB =0
~2A + @Y8)3) ~ 12 =0
A = 5 k\'ps
VDsm, =0
-(4gX3) + 2B -1 * ©
B = 9 k-'?s

Sheav: VA = |5 k.'Pa

@.5) /(- 18.8) Ve = 18 - @Y3)~ - Tkpe
A Dic sx C+ B V"‘?k(rs.
A] (-%) Locate Paiu‘f D wheve V=0
. -9 -
«d gt %= g'q'i 24d = 120
d= S+ 3-o = 3+
M (kip-‘Pn Avreas under shear Jiaaram
- AtD  (Vde = (3SHs) = 328 kip-Ft
24 Dt Svae = (H(3)2) » -13.5 kip §

CH B Svde = G2) = -3¢ kyp-Hi

_N Bevv“n:) moments: M, =0
M, = O +325 = 82§ ip-Fi
Mc = 3825 - i13.8§ = 24 kpft
Mp = 24 -36 = =~ |2 kpFt
Maximum Mz 228 kipTt = 4S50 k.":.in

For f‘eo‘}a.v\auptw cvoss secfion S+ 't"' bh* = (*)(3)00)1 T 50 i’

Normal stress G = "\2_, s %2* = 9 sy =k

S

St (R s, T et

= e
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PROBLEM 5.64

5.63 and 5.64 Draw the shear and bending-moment diagrams for the beam and loading
shown and determine the maximum normal stress due to bending.

! \| 29

SOLUTION
M=o
-12A » @YY - @WK) = o
[ W8 % 31 A= g kips
+DOM o
@YY+ 1D - (9ed) = o
D= I0 kips
Shear: VA s g ku'\as
Ve s 8 - (8)2) = - % kips
C+OD V: -4 k-“oa
-4 Dt B V= -4+1i0 = € kips.
Locate point E where \V = O
_es_ x %.;_e e = 48

e:L‘H G-C*.?ﬁ

Areas under shean Jn‘nﬂum
At £ SVdx = GN4)(8) = 1€ kip Tt
E4o & SVdax = B)2)e4)= -4 kypf
ChoD SVaes @N-4)7 24 kipfh

1r

Magimom M| =

For W 8x3i V‘olleal steed section S= 2.5 in?

Nofma! S‘*’N'.»S

\/ Dt B SVAK = (2)(6) = |2 ku"-'P*
- 12 Beutl:nﬁ lMoMen‘h‘. MA s 0

H

0+ 16 = 16 kip i
16-4 = 12 kip-H
\2- 24 > -2 ‘(l'p +1+
~12+12 = O

it

*

Mg
Me
My
Mg

L

16 k.‘P.-F-t = 192 k.'P-in.

R L. IR . - T i
€= 5 ° 735 - 6.9 ki -
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PROBLEM 5.65

2.4 kips
1.2 kips/ft

12 ft 8in.

| =
A, 3

5 65 and 5. 66 Draw the shear and bending-moment diagrams for the beam and loading
shown and determine the maximum normal stress due to bending.

SOLUTION

DM =0
(3 24) - eY2)¥1r2) + 2 B = O
B = 6.6 k-":s

+DIM3 = 0O

3ft
0s¥24) + (CXRY02) - 12C = ©
V {kips) C = 10.2 kips
rE Shear: A+ C Vo= =24 k.'rs
C*  V:-24 41102 = 7.8 kips
A L= > 8 2 Vg = 7.8 - 02)X(L2) T - 6.6 k.":s
-4 - LOC.av“'C Poin" D whewve V=0
-6.¢ % - 1a-d 4.4 of = 98.6
< d iz d= 6.5 F 12-d 7 5.5 £
M(It.-"-vﬂ') Aveas under sheav Jfgjmm
1915 Ato C  SVdx = B)-24) = =22 kipFt
Ch D SV - (G)eSY78) - 25.35 kipFt
\1/ , Dw B SV - GUssYese)r -/8.15 kpTt
7.2
Bending moments My = O
M= O -7.2 = -72kp-tt
M, = =722+ 25.35 = 18.1§5 ik:p- T4
Mg = 1815 - 18.15 = ©
Max i moum |M\ = 1815 k-'p-“'\‘l' = 2I17.8 l(."o-fn-
For Pipe C,* %9.- g-.- Y in C - -’-;-‘:-,- -—:;Z-.- 3.5in.
L= Fe'-c= %(4'-3s)= 8220 in"
. I, 322
S c. e 20 .80
Normad stress g = %“' = ;2;7£ = 10,47 ksi -




5.65 and 5.66 Draw the shear and bending-moment diagrams for the beam and ioading
PROBLEM 5.66 shown and determine the maximum normai stress due to bending.

SOLUTION
DZTM=0 -20A+ (6)(18)(800) = O
A= 6.72x16* Jb,
DIMa=0 208 - (u)28)(800) = ©
B =1568x%)0* fh

v (10* #b) Shear: V= &72x%l0" tb
% Q B~ Vg = 6.72x{0"% - (70)(800) = - 9.28 x13" Ih,

L R D 8 c BY V- -7.23:/0*4(]5.431‘;03): 6.4x)0® I
\ C Lt CHxlo®-@)seo) = ©
_ * N-9.28 Locate point D where V= 0
j e d e 20-4 é’?a: 2_:{3_“’. 1€ d = 1344
) M (10° i) de 84in  20-d7 116 in
_} 28.22% Areas under shear diagram

A+ D SV =4)(8.4)(c.72:10") = 28.224x10° b in
* D+ B SVJx - (i)(n.c)é?.?b }03)=- 53, szqqos ,PL in
Y4

]
®

Bh € SVier ($)&)etxicP) = 25.€ x10" fb- in.
Behc‘inj morments & Ma= 0

Mp= O 4+ 28224 %(0° = 22.224x10% Bb.im
Mg = 28.224x|0*~53.824xj0% = - 25.¢x (0% b in.
M,z -25Cx10* + 25,6 x{o? = O

A

.25

—T! ‘. " Mavimumm lMl T 78.224 ”oa Fbin

— T , locake cewtruid of cross section
1 3 . VS - 13333 in.  frou botfom
F L @ For each 'h"l'am],’e. -i = 3"; 5}13
| ¥ | _ | Mom eat of iv\erﬁ'q
i sl T I- 21z A
F Port A_ji..‘ Y, in Ay,in d,m i im? ind = .25+ 2.8125 * 4,065 n?
N @ | 1.918] 2 | 3.5 | 0.6cc7 [0.8383 0.9315 Novmal stress

B 375 | | LS . Mc . (28.22uvj0* Y1667}
! L @ o S7¢ |o-se 0 = 3 4, 0615

. T [5.62s 7.5 1,25 |2.3125 j
| = .58 x(0” psi -
[] = .58 ksi -l

S
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PROBLEM 5.67

shown and determine the maximum normal stress due to bending,

250 kN 150kN

maximom [Ml= 300 kM-

For WHIO Y 1Y rolled S+
ML, _

8, =

300%1Q° .
S, 2200 (07¢

SOLUTION

Me = MA’*SV&X = O4 |00 = {00 WM
Mp = M.+ SVex = 100-400 = -200 KW-wm
Ma = My Svdy = -3004300 = O

= 360x10 Newn

S, = 2200 2/0° miss = 2200510 € m

eej section

136.9%10° Pa. = '136.4 MPe

5.67 and 5.68 Draw the shear and béndiné—momeni diagrams for the beam and loading

w = 0
A cl D 8 DEM, = o
. _ : I ~Y4R, + (@)(250) ~(2X1Is6) = ©
P W410 X 114 Ry = 50 kvt
Lzm*‘_?‘"’"l"“‘" | +DIM, =0
20 150 ; HR - AN250)- G Xi1s0) = ©
, .l, Ry = 350 kN1
f ]
TP. TF?D Shear : Va = SO k¥
v (kv o A 4o C V= 50 ky
50 (300) C 4 © V:r So- 250 = -200 kN
0o0)) o D B = -200+350 = |50 kN
~200 Aveas of sheaw Ju‘ajhhn
M (k- m ) A+ C  SVdx® (S0)R)= 100 keN-m
> o 8 C %D § Valx'® (-200)(2) = =400 kM« m
: © \/ DR Svdx = (156 )2) = Boo k¥ wa
- 300 Beonding moments: Mpz O

3

il




PROBLEM 5.63 5.67 and 5.68 Draw the shear and bending-moment diagrams for the beam and loading
shown and determine the maximum normal stress due to bending.
5 kN SOLUTION
4 kN/n
} DYMg =0 (0A4RN- (0.1 )4 ) -(0.€)2) = O
A R .AHW d E RA = Y kN }
: e B .
SI0X 15 DEM, =0 (0.9)(Re)- GHHI - (M) = 0.
_‘:E 00 600 mm —s % = [0 kN f
| th ,l,qu 2 kv At B 0<% < O0H4m
L ]
7
M ; A c ﬁ Tew = =4 kN/mm
L L?n VvV r -4x -4 kN
At x=0.4 Vo = -5.6 kN
F VG e
H A " T M= M, - 2x =% = 0-2x"- 1x
- b .
< A x= 0.4m Mg= .92 kN-m
D . \"5-6 k¥ B4 C 0.4 m < % < 1.0 m
- M (kN e w2 - 4N/
| A 8 ¢,
i V= HHd- H(x-0.4)17 ¢-4x kV
|
- G- ux
- - 122 KN-m
] M= Gx - 2x + C, UN- m
|
.L Mz O ot x=1 = C = ¥ kVNem
"]l M = H+6x-2%" kN-wm
— Ml = 1.92 kowa = 1.92x/0° Newm
— For S 100 xI1.S rolled steed section Sy = 49.6 x 10w’ = HT.EXIOC
Ml (.92 % {0° P
H - bl - — e et - -
E Em S, T Yo (ot ° 387 i Pao = 387 MPa ~—
A
K
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5.69 Beam AB, of length L and square cross section of side 4, is supported by a pivot
at C and loaded as shown. (a) Check that the beam is in equilibrium. (b) Show that the
maximum normal stress due to bending occurs at C and is equal to wy£2/(1.5a)*.

PROBLEM 5.69

1y
SOLUTION

[}
--| |- ?epfnr_e a|€s4rt">u+!4 apecJ Lj equu‘uxlen‘l‘
B "ia Conce.n'}rw“ei Apou’i °v+ 'HH- c.ev‘+v’*ot'o\ a‘}\
t Hhe awrao. of +he dondd dtn‘d.gmm..

For the Hx'anau!aw ons"‘n‘Lu‘h'ov. +hs
tewtvord ﬁfes et x-= %"—

W= Ew,lL
2
2k =0 Ro-W=0 B, :=%wl
ZM:-‘-O 0O =0 e?m‘f."bn‘um
-§ (-]
‘3WL|.\B V=0, M=0 A x =0
€ 0<% < &
WX
oo
JM - - - Wokt - WDKL
;” v 2L tC o= 2t
* B M= - W0K3+C ng:
V TTer ttr Tt L
..i‘t',“.l_*. Jost +o the LeFt &F C

Ve - SQUBY . Zwl

Just +o the NﬂH of ¢
Ve~gwlsRy = §wel
Note siqn ol\'mjc. Mayiwmom | M) occurs

ot C.
M, = - He(L/SY
Maximom |M] = ﬁ wo L™
For square cross secthion I- ,'—10-4 ¢c:za
6. Mhae . fuie . gl gpel ol
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PROBLEM 5.70

-30

M (1b41)

\ 8
-4

Cross se ction

1- !..]"-C.* = (E)(o.?ﬂS) =

Mle | 282(0.375)
I 15.532 % [p-3

Normal stress G =

5.70 Knowing that rod AB is in equilibrivm under the loading shown, draw the shear
and bending-moment diagrams and determine the maximum normal stress due to
bending.

SOLUTION

At C O< %< 1.2
w=So(l-%)° So- 4l.¢67x

N _w = 4.7 - So
M

n
V= Vot So(‘-H.éé?x' - S0)dx
= O+ 20833 x - S0x%x = i—-:'

1
M= M, + S‘,de
= 0O + S:(RO.SSS Xt-SOX)JX
= C.944 x* - 25 x™

At x= L2#, V -30 Jb
M- =249 fb-in.

C +.B
Maximom IMi -

Use sym«d‘r\/ conditions.

24 fb-Pr - 233 4b-in

c= % : ($)0.75) = 0.375 iq

18,532 "ID_S ;n'

.95 %10 ps,
6.15 ks -
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*3.71 Beam A8 supports a uniformly distributed
PROBLEM 5,71 lond.'._ P and Q. It has been experimentally determined that the normal stress due to
gidm&emﬁthe bogdom edge of the bean:hxs ~56.9 MPaat 4 and -29.9 MPa at C.
w ear bending-moment iagrams for the beam d d i
P 0 magnitudes of the loads P and Q. € celetmine the
i8mm
2 kN/
ALL ™1 SOLUTION

load of 2 kN/m and two concentrated

(1t |

= w08N)® = 59, 980 x0* e
€= odd = 8 um
S= 2 = 3.883x10" v’ = 3,888/ w

ﬁ E{mm I

4

‘AVC\DﬂB
L

"0lm Odm 0125

oy P a

‘ M A M"-' Ss-‘
C ' M, * (8,888 %107V 8569 ) = -221.28 Nom
Zm.zs -_1 l? la M = (2,888x (0" )(—21.‘:): -16.25 Neim
"_1 -
11625 TC- D E > ZMy =0
| 221,23 ~ (0.1)(400) - 0.2 P - 0.325Q = o
v N 0.2P + 0.325 Q. » 121, 25 (1)
+DH,_ = 0O
16.25 ~(0.05)200) - O} P -~ 0.22¢0 = o
O.1 P+ 0.229Q = |06.25 ()
Sofvina 0 and (2) simujfaneousjj

P= Sco N et
Q: 250 N -
Qeaa{'{m 'FDN.: aJ}' A

£, - 400~ 8o - 250 = ©
Ba = 1HSO Now

7-221.28 N-w Vi, = S0 N Vp = 250

M‘ ‘22’.25 N‘M
MG-' - “G-Qf N'“’I
Mb T - 3‘-2? N'h
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* 5.72 Beam AB supports a uniformly distributed load of 1000 Ib/ft and two
PROBLEM 5.72 concentrated loads P and Q. it has been experimentally determined that the normal
stress due to bending on the bottom edge of the lower flange of the W 10 x 22
rolled-steel beam is +2.07 ksi at D and +0.776 ksi at E. (a) Draw the shear and

4 | kip/F Q bending- moment diagrams for the beam. (b) Determine the maximum normal stress
1000 Ibvit due to bending which occurs in the beam.
m "
SOLUTION
) e
s I i ?R—J Tor WI0* 22 volled s‘fee.p seckion S= 23.2 in’
3t
2f Be.n&(ns moments al D aud E M=Se

M= (23.202.07) = 48.0 kip-in = Y4, 00 Kip.Ft
Mg® (28.2)(0.12¢) = I8.0kip.in = 150 kip.Ft

Using portion DE as a Tree Baely ‘ . .
R Ty DZM =0 -Mor M, =5V, ¢ (25)s)(1D

Mo D g VD = 2 kl‘?’

C*L_ g E :

D +DTMps ~Moa Mg -8V, - @SS
VE VE - - 3 kfrs

o

"
o

Us.‘nj For'l‘ion ACD as o free bod
D 2P O+ M, - 2V, = O

P Pice Pt DIM, =
| i} DH’ © P = | ¥p
k2424 I =0 Py C-@W=-V x O
C ® cC= 5 k.'r—vs.
Usinj Por‘Hon EFB oas a free LOJJ
M, Lkp/B qa +2ZTMeF0 -G (S)EXD- 3Ve - Mg < O
'C**Lttll y Q_= 2 k:rs
“TE 8
Er._g_it._q +t 2R =0 FrVpe -BXN-Q=o0
V‘- F F= 9 u:rt
Shear: A$ C V= -} k"rﬁ V(h:‘u)
ct V=l +85 = 4 kps y
F- Vz #-00)N > - € kips \ 3
F' V=-ct9 = 3kps Al e S K E|

Fte B V= 3 kips. LA \ 8"
Loc,¢:|‘¢. Poiu‘l‘ G Vh!n V=0 |

-6

-Ld--u 'LQE:B lou = YO je— 1 D-U———'-I
U= 4 # lo-v = 6 HB

continved
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B ~ Problem 5,72 continved
”1[ Mreas under shear elfa.aram
L Ate € Svdx = QEN= -2 ¥
| Cho & Svax =(F (1)) 8k H

—

Gt F SVdx =
F+B Svdx -

(1

Bewlfws rrowents
M= 0=~2 =
Ms = =2+ 8 =
Me = 6-18 =
Mg = =12+ 12

Maximuwm 1M \

-

1

]

i 4

™ Nanl‘ wa S‘I’Nss

FXO6Y = <18 kip H

“xz)=> 12 ,l;'P + M (k-r‘ﬂ')
G
Ma= O /\
- 2 k.-P-'P‘l A c = 8
6 kip M ) G
- I.?k-"-'H'
O
12 ep ¥t
qu k:p . I‘V\.. - 12
ML 4y |
= s = —"'"'"'23.1 = G.Z.) kS| il

)

PROBLEM 4,73

r
L

wwr"v.‘ o " - . ¥

i ] 1 i
o]
h oo
=
3

| S——
(=]
L]
=
o
<
g

24m

g M/ m

—

Ré=———p
V°F3—o.‘l =

* 5. 73 Beam AB supports a uniformly distributed load of 8 kN/m and two concentrated
loads P and Q. It has been experimentally determined that the normal stress due to
bending on the bottom edge of the lower flange of the W 200 x52 rolled-stee] beam is
100 MPa at D and 70 MPa at E. (g) Draw the shear and bending- moment diagrams
for the beam. () Determine the maximum nerral stress due to bending which oceurs
in the beam.

i SOLUTION

W200x52 For W 200% 52 rolled stecl seckion
Sz 512%10° wm' & 512%10°¢ m?

Behols'nj momeats ot D awd & M= S6G
M, = (512500 N1oox10*) = SLAxI® N-w
Me = [5!‘2:!0“)(70![0‘ ) * 35.84 ¥ 103 Nem

Using Por‘\‘\‘on DE as a Yree bodj

Me D3IMe=0 -09V, - M + Mg 4 (0.45¥e.X8) = ©
Vp = =T3.4¢7 N

AZF =0 V, - Vg -(0.9)8) = ©
Ve = - 20,667 k¥

continuved

cueem.
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Using Par‘l'a'on ACD as a free bo:&

P +DZM,= 0  -045 P - (0.375)(0.75)(8)
[TIRTII Ms ~ 01V, + My = O
A _i D P = 131.222 &N
N OHTFRY, +ZREo A=P -y, -(08)e)= o
® A = 123.75¢ kv
Veing Por'\-ion EFB as afree body
i Q + 2 Mg=0 0.45 Q + (03075 ®)
‘0-75Vf - M‘ =0
Q= Ho.2 kN

+f2r=0 Ve- Q-(075X8)+ B = ©
B = 66.9¢7 kN

SheQV‘: VA = |23.756 kN V(W\

V- = 123,756 - (04SN B) = 120,155 kN {—123.8

Ver = 120,158 - 131,222 = - 11.067 kN

Vi- = ~1.067-(1.5)(8) = - 23,067 kN

Vpt = =23.067 - Yo% = -(63.267 kN

Vg = = 63.276 - (0.45)(8) = - 66.867 kN X 2 E
Avreas under sheear J{q_lr-am

P ————

Ao #(0.45Y(123.158 % 120.155) = 5Y. 88 kN-m

Cto F: 2(1.8)-11.06)~ 23.0¢7) =~ 25.6 kN-m

Fi B 3(045)(-63.X7-6.%2) = =~ 29,28 kN-m
Beno‘ina mamu‘h-’ My =0

M.= O + §4.88 = 54.88 kN-m
Me = 54.88-25.6 7 29.28 kN m

W (kN-w)

2493

Mg= 29.28-20.28 = O

Maximum IM) * $4.88 kMVom = 54.88 x10° N-m

3
Normal siress g = |2"‘ g?agf;‘o'ﬁ = 107.2%(0‘ Pa

s 1072.2 MPa
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* 5.74 Beam AB supports two concentrated loads P and Q. It has been experimentally
determined that the normal stress due to bending on the bottom edge of the beam is
+]5 MPa at C and +22 MPa at £. (a) Draw the shear and beriding-moment diagrams
for the beam. (&)} Determine the maximum normal stress due to bending which occurs
it the beam.

24 mm SOLUTION
el
Iﬁomm For reo+an309af aross sechon S=ibht
S =(FW2)co Y = 1H.4%10  mm’ = 4.4 %15 m®
Bemlinj momenls at C and E M= S€
M= (9.4 x107°Wisx10%) = 216 N-m
Me= (144%™ Y 2ax 0t = 216.3 N-m

Us:‘ns Por“}iov\ AC as o Free booly

PROBLEM 5.74

0 L - A M. DiM;= o6 -0.3A +M. = O
y | EgTT 4 _1-‘) A* 726 N
A"‘"-"“ VV HZR =0 A-_ V. = O
N Ne = 720'N
Using Par'l‘ion CDE as a Pree boa(y
M, P ME g ZM. =0
- 1440 > tj 03P- 0S8V, -M + M, =0
\}‘%O.Q-LO.S AV, P= 84 N
M (Nem) o HZF:0, V.-P- V=0, VAR TTNY
e Using For‘“on EFR ae a free luA?
He Q DZ Mgz o
. : ¢ 0.2@ -04Vy - Mg = ©
A o Fe’ yleahoady Q= 129¢ n
H#ZFR ro0, Ve-Qt+Rro, B =440 N

Area.s undev sllea.v\ c‘itjmn
A+teD (65X72%) - 366 N-m
Do F (0.8)ma)*r =72 Nem

Fh 8 (0214 =288 Nom

Maximuowm M) = 32¢0 N-m
\er 260

Bewlinj momesls: My= 0
Mp=0+ 360 = 3¢o Newm
Me = 360-72 = 288 N-wy
M, - 283-288 = ©

Norwmald stress S- <

1.4 x10~¢

= R5%10° Pa = 25 MPa, —=
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PROBLEM 5,75

LEkN 3.6 kN

M

(1.92) | 4.6
7‘_
(0."'3‘) (‘_ l.‘l)
-3
(k- m)
t.92 2.4

5.75 and 8,76 For the beam and loading shown, design the cross section of the beam,

knowing that the grade of timber used has an allowable normal stress of 12_ MPa.

SOLUTION
+'> z M’ = O
“2HA + (.6X1L3) (0.8
Ax 2.4 kv

*'jZM* = O
-@.80.8) - (1.LY3.¢
D = 3 kN

(.¢) - o

)+24D =0

Cons+r0c+ sl\ear amrJ benc‘e‘nj Momev\'r

d{anr«w\s

IMlmax = 2.8 Kem = 24900 Ne-m

€ = 12 MPa = |

MMl 2.4x107

2510 Pa

Smin " Gt " 12xlo

T 200 x[os mm

= s 0o HID-‘ w\,

2 bh' = 2@WoYh* s 200xi0°

1 Y
do T 30x%|0 mm

S :
h‘ - (6 X200%10%) _
ho-

173.2 mm

ot
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5.75 and 5.76 For the beam and loading shown, design the cross section of the beam,

PROBLEM 5.76 knowing that the grade of timber used has an allowable normal stress of 12 MPa.

10 kN/m

120 mm SOLUTION
l-—

Reua+ioms? A=1B Ly samw\c‘{'ﬁj
ﬂZFJ-‘O A+8B - (§)io) = ©

A= 8B 25 ku

vV (kWY . .
Nas From henclnmj wom et Jl‘aﬁmuﬂ
% WM\, @ 3125 kNem 78128 %107 Newm
w Gut = 12 MPq = 12%]0* Pa
1Ml . 108 .
. -5 sh-’n= G‘JU i —?—2!—'3‘56::-— - Q,GOQVID‘M’
W (Ve ) - c 2
- 3125 -m s 2.604%10 mm
S=+hh' « (£)20)h' = 2.604 wlo®
e 6)2084210°) o155 2 x10° e
| 20 :
1= 3¢ mm et
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5.77 and 5.78 For the beam and loading shown, design the cross section of the beam,
PROBLEM 5.77 knowing that the grade of timber used has an allowable normal stress of 1.75 ksi.

SOLUTION

EQUI‘VA.JCWQ-N* CDﬂcew‘*m/fg,' [Q‘J
P o= (AUeN2) = 3% Kips
Bewo“nﬂ wmomenT ot A
My = (@)3L) = 7.2 kp-F+ = 2¢.4 kipein

B S.. = [ M e - &4
min 6 | LI§

For a Square section S - ';L Qs

49,37 in®

3
Vi I N a=9163

MAU Qi = \3/(5)(47,37) T 6.67 iw. —

PROBLEM 5.78 5.77 and 3.78 For the beam and loading shown, design the cross section of the beam,
knowing that the grade of timber used has an allowable normal stress of 1.75 ksi.

200 Ikt

SOLUTION

e
s 10 Coatroct shear and bénding moweat curvee,

- 58 | M, = 2o dbFt = 2.5 kipFH
v (L) * 30 kip-in.

V G = LIS ksi

Mlewy . _3 .
2 1060 Sn:... = St = I.T:‘ = 17.143 in?
S=4bh'= Fb(ab) = Zb*= 172143

Ba= (3)(2-”31 r 257 in?

/‘JSOD b= 295 in. —
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]
M i”gnd&JﬂForthebcamandloadmg‘ sh design th i
| PROBLEM 5.79 knowing that the grade of timber used bas an allowatle normct ssus?st;?}?guﬁfpzem
m 3 kN/m P SOLUTION
‘ -—j l +§ Mg, =0
B JC I}mm 2.4 A +(06X3.6)2) =0 A =27 kN
_} . 24m le12m +D M, = © '
-(L2¥36X2)+248 = O -8 kN
i V (N |
Lo L2 3¢ Shear: Ny = 2.7 kW
| Vg= 27 -(24)(3) = ~45 kv
U Vp--4.548.1 = 3.6 kv
A o T— V.= 2.6-(2x3)= ©
ﬂ Vocote ?aiq'} D wheve V=0
. d . 24-4
F s 25 43 7.2d= cug
L e d 24 A= 0.9m 24-d= 1.§m
! ﬁrcus Una‘er ahear curJe
D M (iv-wm)
- At D Svdy = @)o.2)2.1) = 1.2S kN-m

| D B (vh:= @XN1S)e4S) = -3.375 kN-m
BhC (V= @E)1-2)X3.6) = 2.16 kN.m

1

(1

1

o1

C_J

r
[S—

]

[

| :
I X 3¢n4|in3 moments? M, = O
My = O %+ 1.21§ = LRI§ ti-m
Mg = L2IS-3.378 = ~2.16 kV-m
M, = =2.16+2 14 = ©

Maximom Ml = 2.16 kN-m =~ 2.[6:“)3 N-m

G = 12 MPa = 12¢10° Pa
S... = M 2.14wjo?
N i2 ¢ lo¢

lSOwlo-‘ma = l?oxlo‘ mm’

For l\to’!‘avﬁjv.’d‘ seetion
S= 2bh® = #blse) = 1goxio?
. ' ”

t:%—&——r 48....". «ail)
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PROBLEM 5.80

SOLUTION

By Sym
IR
B =
Shear:
Ve =
Ve =
C o

Are as

A te

B h
E o

M (kN-m)

M3 =
M
X M, =
My =

]

1.5 L5

Mayiwium |Ml T 8.25 kVNewm -~

Cur = 12 MPa =

L. M
Sw Oatt

For a rea{'amau far section

1I2x10°¢ Peq

£.2S5x 03
\2xi0*

c8nsxio® = (Floo) h*

Ct+D

Bend: nq wmowr ents

5.79 and 5.80 For the beam and loading shown, design the cross section of the beam,
knowing that the grade of timber used has an allowable normal stress of 12 MPa.

B=C

=0 B+C +25+25-38Y) = o
C = 65 kv
Ate B V= 2.5 kv
25+ 6.5 = 9 k¥
q -3¢ = =T kV
D V= ~94+6.8 = =25 kV

me}v‘y

under shear a'l'Q.QMM

€ SVdx =(0.6)RS) T 1S kN-w
E SVae=)8)) = 6.75 V- m
C Svdx = -~ 6.7 kN-w

SVdx = =~ 1.5 kV-m

MA'-:O

1.8 kN

£.25 kMiw
LS kW wmn

4

O 4+ L5
LE + 676 -~
8.25-6.75 =
LS -1.5

1]

O

8.25x10* New

3

- 2 ]
C87.8%210 m = 687, 5210 rmm

S=¢bh?
e)(ce7 2)
Wt }(,oos""’ = 41.25%10° ma'
h- 20% mm g
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5.81 and 5.82 Knowing that the allowable normal stress for the steel used is 160

PROBLEM 5.81 MPa, select the most economical metric wide-flange beam to support the loading
shown.
SOLUTION
DTM =0 -3.cA +(3X)3(24)(30) 4 (L9)Xq0) = O
‘. A = |8 kN
06m | 06m +OM, 20 3.6E-(L8)%)-(2)(9) {0.6) (07 = ©
nom F = 90 kv
v (kW)
180 Shear: A+ B V = 180 k¥
B+ C V = ]80 -90 = 70 kW
v 0 CHhD V=90-90 ¢ ©
! v & DBE V=-O-90 -9 kN
A& ¢ I Avess under shear AEQUMM
—Ae A+ B SVdw=00.008) = 108 kN-w
M (- B+ C § Veix =(0.6Y(10 )= SY kN-m
162
C++D SVi=o0
169 Dt E S(Vdx = (L8)(-70) = -162 WNrm
Eeulinj momerts My =0
Mg = O+ 108 = [08 kiVm
’ M, = 168+§49 c 162 kNewm
Me = 62+ 0 = 16 2 kN wa
Me = €2-162 = ©
Magimum IMIZ 162 KNem = 162x10° Nem
Gz 160 MPa = 160 x 0 ¢ Pa
A R L L (S € (- -3 s _ s 3
Sw\u\ &x - 160%I6 © = 1.01285210"m = |012.8x10" mm
____§ha.pe S (o? m’»,sj
W 460 =74 1460 L.‘ﬂH‘e.d' wide 'uamje beaw
| 6O
h\:, 43:‘:,.;4 :gg‘; W YHOXEO @60 kg/m t
W 3lox 74 160
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5.81 and 5.82 Knowing that the allowable normal stress for the steel used is 160

PROBLEM 5.82 MPa, select the most economical metric wide-flange beam to support the loading
shown.
50 kN/m
SOLUTION
DZTM, =6 - 328 +24)(z.2)50) = ©

B = 120 kN

A D)TMg=0  3.2D -(0.8)2.2)50) = ©
D = Ho kW

S\'\ed\(‘ : Va =0

Vo- = O = (0.8)(50) = ~4o kw
Vet = =40 + 120 = 80 kv

Ve = 80 = (24)¥S0)= - 40 kN
‘ No= =40 + O = —490 kN
: j L— Locate POI';R','-' E where V=0
2.4-€e
‘ 5 = &s IRoe = 142
M (N- m) e= 1.6 m 24-€ = 0.8m
-m

4g Areas: AtaB, Svdx: (3X0.8)-#) = - 1¢ kNom
/\ B+, E SVJ\: ’('&YI-G)(&?) = G4 kNV-m
E 4 C §Vdx=@GYo. %) = - 16 kN-m
-le Ct D SVee= (6.8)-10) = - 32 kU-m
Bending moments: Ms= 0
ME.'-'O",é = =l kkN-w
Mg = -6 +64 ~ 43 k.m
Mc = 48 =16 = 32kN-m
Mp ® 3232 = O
Maximom IM] = 42 kMew = 4830% N-w

G = 160 MPa = [60%x (D¢ Pa
S = ImM1 - 49 x o3 -
™t T Qu  loxlo*
Shape S (0 mn')
W3lox32.7 | 4is Lightest wide FHange beam

Wasox2s.4 | 303 -
W 200 35.9 a2 Waso x 28.4 @ 28.4 ka/m

L

8300 XD W = 3000 mm




(

1
JRp—

N

£ 1

L

L1

(-1

PROBLEM 5.53

5.83 and 5.84 Knowing that the allowable normal stress for the steel used is 24
ksi, select the most economical wide-flange beam to support the loading shown.
24 kips SOLUTION
l 275 kipsit DIM=0  -HA -+ (12 X2 B)s 05)(24) = ©
(717 ‘ A 48 %ips
AN gl DTIMc 0 24 - 12Ny @) = o
o ’ 58 ' C = 1}2"1(“?3.
. Sl‘lemf‘: VA = lfg N
Y e Ve T H8-AX275) = 23,25 kips
Vet = 28.25- 24 » ~ 0.7 kips
23.25° Ve = =078 '~(15X2.75) = - 42 leips
e - Areas vnden shecr alu'a.jm,m
meis At B  Svdx =()a)4z+ 23.28) = 820.¢ kip- P+
Bh C §Vix=(3)isYoars - 42 ==320.6 kip T4
M ey - 42 Bending moments: M, - o |
—320.C Me = O +320.6 = 320.6 kip Pt
M. = 320.€-320.¢ = o
x Maximom [M1= 3206 kit = 3848 kip.in
'A ) c
; St = 24 lest
= Ml 3348 3
Swin= & T i ¢ 160.3
Shape 5 (i)
W 3079 6? Lt‘:H’CS‘l‘ wide 'Pfa.h,c begm
W 27 » 8¢ A3
W 2 x lo| 227
W13 a 106 204




$.83 and 5.84 Knowing that the allowable normal stress for the steel used is 24
PROBLEM 5.84 ksi,.select the most economical wide-flange beam to support the loading shown.

L3kip't O LUTION

Wz 0.5 + (“5“;‘5“ = 0.5 +0.0865 %

.3 kap/tt
i% a-W = ‘-0-5* O-OSSSGX
- - O, - .0 * - JM
vV o Sx - 0.0207178 % vy
M= O = 0.25x" - 0.009251 x*
Maximum |M| ocecurs at x= IR Ft

IMle * (0.2930R) (6.0092594)(18Y° = 13§ kp-F+ = 1620 kip-in

- _ M) 1620 Y
6 = 2‘)‘ l( ' SM“'\: g = G?.S. wk

alf 5 Cut 24
S\ane S Gn*)
W2l x 44 gl.¢ Lt‘jHes‘I“ wicle -F'ﬂamje beaw
Wisx 50 28.
Wigx57 q2. 2 WiIg»r50 @ o fh/Ft —-
Wida 53 77.%
W2 x72 974
Wlox 6% 87T
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5.85 and 5.86 Knowing that the allowable normal stress for the steel used is 160
PROBLEM 5.85 MPa, select the most economical metric S-shape beam to support the loading shown.

TBEN SOLUTION
40 KN/

OIM =0 =36 A +(2.7Y28) +(0.9X1-8YHo) = O

A = 7¢.25 kW
+DIM =0 326D ~(0.1s)=-@(e)i) = o
D= 72.75 k¥
Shear: A+ B V= 7428 kN
B+t+.C V2 .25 -5 = -0.75 kV
< > Vo = = 0.5~ (1L.8)o) = = 72.75 kN

A _o.as
0.
\l Aveas vneler shean olu‘a_jl‘a.m

At B SV = (0.a)74.25) = G6.825 kN-m
M (KN o) ce.azs Bt ¢  SVd=(0.9)-0.75)= - 0.675 ki-m
. ChD  (N-8X-075-72.75) = = 66.1S kN-m

; Bef\ﬂll.nﬂ Mow\ep\"‘si MA 2o

A B8 C D Mg = O + 66.825 = 66.825 kN-m
Me = 66.825 - 0.675 = G&. IS KN - m
Mp = 66.15 - 66.15 = 0

Maximus IM] = 66.8285 Nem = ¢€.82%10° Nevwm
G- 60 MPa = 160 x10° Pa

M G. 3 _
Swin = ‘G'.ul N Glec? i{; TR PRSIV R DY,
S\mp'. ls (l():s \mn‘)
S 330» 64 971 Lightest  S-section
S 3093 | 593
S 20052 Y8 S 3ox47.3 @473 ky/m et

bl



5.85 and 5.86 Knowing that the allowable normal stress for the steel used is 160
PROBLEM 5.86 MPa, select the most economiical metric S-shape beam to support the loading shown.

SO kN SOLUTION
100KNm AOTM. = 0 0.8A ~(0.4Y4)(loc)-(1.6)B0) = ©
A= 250 kN |
$OZM, = 0 0.2 B -(1.2)24)eoK-(2.4)(z0) = ©
R = Goo kN f

Sheanz Vp = - 280 kW

Vg- = -280 - (0.8)lo0) = - 360 kw
Vet = =360 + GO0 = 240 kN
Ve = 240 - (1.6)jeo) = 8O kN

Aveas under shear aﬂl‘q_:)Mm
i DY A+B  (3Y0.8)(-280-8¢0) = ~ 256 kN-m
- %o Bh(C (F)ucY24o+rre)>s RS6 kN-m

Sy Beholina moments Mp=o
Mg = O -256 = =256 kN -m
Mc = -256 + 256 = ©
~25¢€ Maximon IM1 = 256 kV.om = 256 %(0° N-m

A e e Jeewwn{ e

{7
x4
=
[
g
-

i

®

Gt * 160 MPa, = 1gox 10" Pa

S = 1M} - 256!!0‘_
M \Cox 0%

Shape, l S (1% m )
S Slox 98.% 1950

L]

— 3 3
LE¥IO S = 1600 *{O mm

1

Lightest S- section

S yeor |OoY 1685 35/0x98.%3 Y

T T e T T e !
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PROBLEM 5.87

v (& ps) ]

q
\Eﬂ' c D

A ;
-9 N

M (kp-H)

3.5

-84

c
I E X

$.37 and 5.88 Knowing that the allowable normal stress for the steel used is 24
ksi, select the most economical S-shape beam to support the loading shown.

SOLUTION

1DZM =0 -~ 1A + (NS ~BWY = ©
A= 9 k-’ps

+IZM= 0 120 - GBI = ©
c = 17 lﬁrs

Sheav : VA = 9 k."os

Bte C V= 9-(¥8)=* -9 kips
Ct+t.D V= -9+27 = I8 kips
Avecs: A+ E  (E¥a) » 2.8 kpft
E 4 B ($N3)X-1) = -138.5 kipFt
Bt ¢ (€X-a):= -54 kip-Fi
C+D (@&8) > s¢ kip-¥t

geﬂa‘ina moments M, = ©
O 4 13.5 = 13.¢% kn‘p Tt

Mg =

Mg = 13.5 -13.5 ¢ ©
Me = 0 + 54 = 54 kip-Tt
Mg = S4- 84 = O

Maximum 1M} = 54 ku‘ln--rf r G4¥ k-"hin

6.” = 1‘/ k&:'

¢ 48
Smn= S 7 27 ml

Shape l S Q."]

S 2x321.8 3¢.4
S lox 38 9.4

Ll‘a htest S -sh-‘oed beaw

S l2x30.8 il




5.87 and 5.88 Knowing that the allowable normal stress for the steel used is 24
PROBLEM 5.88 ksi,.select the most economical S-shape beam to support the loading shown,

f5kips 48 kips SOLUTION
+ZTMp =0 {12X48) - o B +(8X48)+(21X48) = O

B < 1085.¢ k\'f-'s

S e B o
®
&
Z

Ml tZMg =0 (2)48) - @(8) - (8Xus)+ JoE * O
17 2ft 2fe 2ft E = 32.4 kips
! : Shear: At B V= o~ 48 Jkips
kips)
| v_( s B+ C V=-48 +105.6 = 57.C Kips
|1 C+ D V= $§1.6-4g = 9.C kips
U Dt E V: 9.6-48 = -38.4 Kips
,\ 9.6 c
‘—1* MO ? Aveas: A 4B X-48) = - 76 Kip-ft
T ~-38.4 Rt C 2X57.6) = 15,2 kip-H
‘_. -4 C+ D 6¥a.¢) = 576 kip-ft
a D+ E (2)(-28.4) = 76.8 kipFt
| M (kip- 1) |
n .8 ano“rlj moments : Mp=0O
| a2 Mg » O - 96 = -96 . ¥p- ¥4
- a. .

3
Me = ~9€ +115.2 = 19.2 kip-Ft
n A\ & /C D & Mg = 19.2+522 = 76.8 jptt
[ . Mp = 7¢.8-76.8 = O

D Moximom 1M1= 96 Kbt = 1152 kip - in
G“u = A ksy
I LS W 1T S .8
Sh'n * G.J( - 24 = 48 in

“ ( .Shape I S (in?)

‘E S 5% 42.4 5.4
\ ' S 12» S0 50.8 S I5 » 42.9 -

Liqhtest S--al\-,!od bea




£.89 Two metric rolled-steel channels are to be welded along their edges and used to
ﬂ PROBLEM 589 support the loading shown. Knowing that the allowable normal stress for the steel used
- is 150 MPa , determine the most economical channetls that can be used. (
0kN 20kN 320kN
D . SOLUTION )
Bj sjmmcfrj A= E
+ 1 2% o A+E - 20-20-20 =« ©
)
A = = = 30 kN 2
i v o Shear: A B  V=-80iw )
‘”J a0 Bt C V=30 -20 = |OKNV R
| C+ D Ve jo-20 r-lokv !
T 12 D+ E Ve -lo6-20 = - 30kV
L 1 e 2 E i
po8 Areas: A B (0.675K30) = 20.25 MN-wm R
| -le B 4 ¢ (0.€25)e) T 6.75 kN-w ;
| _so C 4D (0.818)-10) -6.75 kN-m #
Db E (0.678¥:307) 7 2025k m 3
| D MGm) E
20.25 BLn‘anj MDMCV\+~5 : M, = © !
. Mg = O + 20.25 ° 20,95 WN-wm |
D W,z 2025 + 6.7% = 27 k- m N
Mg = 27- 6.7% = 20.15 fvJ- wm '
E A B ¢ D E Mg = 20.25- 20,25 = © ( }
il o
Maximue M1 = 27 0)ewm = 27x/0° N-m ‘
] Q. = 150 MPa = 1502 10° Pa
'“1 For o sea’hm C-WS\‘S*‘inj oF hw ckanneﬂi .
i 5. = -t 22x10* . |g8ox0 ¢ m* = 180 x10° mm
i Catt 150 x (G*
] 1 For E.M‘k cha.nnc.p S,;,? (‘;!g' )(ISDHO") = 90 810" Mms
s | Shape | S (0% mm)
|
- C 130xl4. 6 9. A Lia‘-‘i‘es"’ o‘\-\.wm,’ sedn‘om
— C Sox1 3 q3.¢ C 180x 4.6 —
i
L
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PROBLEM 5.90

75 kN

0.9m
vV (V)
.28
A @ FO.EN
-12.75
M) g s
ce. 1S
A 8 ¢ D

For doubfe channel

For each channel

5.90 Two metric rolled-steel channels are to be welded back to back and used to
support the loading shown. Knowing that the allowable normal stress for the steel used
is 190 MPa , determine the most economical channels that can be used.

SOLUTION

ANZM=0  -3.¢A +(2.7(18) +(0.aXi.8)¥ ) = O
A= T74.25 kN

ADITM, = 6 36D -(0.aUB)-27NEN %) = &
' D= 72.75 kv

Shear? A 4o 8 V= 7425 W
B+ C V=7925-75 = =095 kV
V, = -0.75 - (1.8 4o) = - 72.75 kN

Areas: AL B (0.0(74.25) T 66.825 UN-m
Bt C (0.9Y-0.7) = -~ 0.675 kKN -wm
C +D (DN 0.75-72.75) 7 - 665

o

Bending moments : M,

Mg = O 4 66.825 = 66.825 kN-ww
Me = 66.825 - 0.675 T G6.IS kM. m
Mo = G6.18 - €6.18 = O
Maximom IM| = G6.825 WN-m = 66.828x/C° Nem

Guar = 190 MPa = |90 %IO‘ Pa
3 - 3
Swin = il o LB - 35) 7407 m
= 351.7x (0" mm'

Sm‘n = ({.)(35{’7‘103] = 175.9‘#]03 vmm"

Shape | S (10° )
C 2%0x 22 |85 L!'al\""uf channed Section
C 200 » 22.9 174 C 230 %22 e
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5.91 Two L 4 = 3 rolled-steel angles are bolted together to support the loading shown.
PROBLEM 5.91 Knowing that the allowable normal stress for the steel used is 24 ksi, determine the
minimun angle thickness that can be used.

2000 th

300 b/ - SOLUTION
l _ By symmely A= C
D e iy +ZF =0 A+ C - 2000 - (&) (302) = ©
A= C = 1900 Lb.
e— 3 &

Sheant V4 = 1900 fb. = 1.9 kips _
ki Vg = 1900 - {3300 = [0oo tb = | K.p
vy Vgt = 1000 - 2000 = oo tb = - | kip

I
\1|_° V.:.: —-fDOO-—Cg)(SO-O\ =—J‘ioo,ﬂ, s ~-L9 I(\‘P
e ¢

" e Aveas: AdB GUB(L9+1): 4.35 Kpft
l_\.,l

. B C (£X8)¥-1-19) > -4.25 ki £
M (kip A7) Bena“hj moments My= O
NG Mo = O + #.35 = #4.85 kip T
| M, * H435-4.35 = o
A é d Maximum M l r 4 235 ’(;P-'H‘ - 52.2 kilP"in
Cut = 24 ks:
F ¢ 'sting oF + les S - M S22 : 2178 i’
o Section ConsisTing o wo  angle min o - 4.

For each angfle  Suw = (FX2175) ° 1.0875 in’
Aﬂ)e section S GaM)

Swmallest allowahle thickness

L 4xz3 =% .84
L U4x3 x4 146 t=% in -\
L dx3 x4 \.00
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PROBLEM 5.92 5.92 A steel pipe of 4-in. dismeter is to support the loading shown. Knowing that the

stock of pipes available have thicknesses varying from %in. to 1 in. in %- n.

500 Ib increments, and that the allowable normal stress for the steel used is 24 ksi, determine
the minimum wall thickness ¢ that can be used.

SOLUTION

Shear! Ah B  V:=-500 & - - 0.5k
Bt C V= ~500-500 = - )000 4h = ~LO Wiy,

Aveas: A4 R #Y(-0.8) = =2.6" Jup. T4
= BtC  (#-1Lo)= -Ho kipFt
5 Bevxoh‘ns moments Mp=o0
M (ki ) ) Mag= 0-20 = -20 kiptt
|P' N
\ 8 =) M= ~2.0-40 = -6.0 kip- Tt
~2.0 . . .
Maximom \Mi=* GO kuP-'H' = 72 ¥Wp-in
~ée Gt = 24 ks
I L] I - . s
Sun = xS 3in
I = %(C;-C,q) C = C, czr-'.liJ“z 2.0 (.
I _ow ¢i-ct t_ .t
S‘_E"#LZC._ :%27\&’ 3w
c's 2'- %@—1 = 2.3¢06 in'! C, = .7004 ;.

Taw = Ca=8C, 7 2017004 = ©.2996 in

Ue:’na T in increments For Je.s.'an L= ‘E in. —
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PROBLEM 5.93

Total load = 2 MN

L \& ¢ P
A B \/
""'D.‘.
M(MN'M)
0.375
. X
A E >

5.93 Assuming the upward reaction of the ground to be uniformly distributed and
knowing that the allowable normal stress for the steel used is 170 MPa, select the most
economical metric wide-flange beam to support the loading shown..

SOLUTION

Down ward distei buted foad w = t.zo = .2 MN/m

Upwam‘ distv buted veecrion %: %..g. = 0.8 MN/m

Net distriboted Jowcd over BC 1.2 MN/m
Shear: Vo= 0O
Va= O 4+ (0.7 08)~ 0.6 MN
Vezr 0.6 =(l.2)Y1.2) = = 0.6 MN
Vpr =0.6 4+ (0,75)(0.8) = ©

Aveas? At B  (FNo5)0.6)= 0.228 MN-w»m
BY £ G)o.§X0.6)= 0.i50 MN-m
£ h C  @Yos)-06)~ -0.i50 MN-m
Ch D E)No15X-0.6)7 -0.225 MN+m

Bem«una moments ¢ MA =0

Mg = © + 0,225 = 0.225§ MN-m
Mg = 0.225+ 0.150 = 0.375 MN-m
Mg = 0.31§- 0,150 * 0,225 MV 'm
M, = 0.22§ -0.225 = ©

Mavimos 1M1=  0.375 MN-wm = 375 x/0° Nem

€u= 170 MPa =

170 xlo¢ Pa.

iM) _ 3§ xjot _

3 2206 % |0° wm®

th

Gatt T Y7ox\0%

2.208 107w *

s 3
Shﬁpe S(lO MM) LfaHes',‘ wl'ole 'Fapaﬂje Sea“’;m
W 690 %125 asio
W glox|ol 2530 ' W G610 = Jo| -
W 530» 150 3720
Wdgo *1\3 2400
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PROBLEM 35.94

240 kips 240 kips

5.94 Assuming the upward reaction of the i istri

; ground to be uniformly distributed and
knowmg that the allowable normal stress for the steel used is 24 ks);, select the most
economical S-shape beam to support the loading shown.

SOLUTION
Distviboded veackhon ?_,-‘ 430 . Yo k-‘P/'H

12
Shear: Va=0

Vo = 0+ (#)4o) = 160 kips

Vet = 160 - 240 =-80 Kips

e T - 80 ‘5(4)('-"0) = 80 kt'bs

* = 80-29 = -160 kips
Vo = —leor (Y 4o): O

Aveas? A B $ND(Kke) = 3820 kp-$4

Bt £ (H)N2)(-8) = - 80 kip-Ft
Ed C (-k)(ﬂ‘)_(sﬂ = 2o kp-PH
Ct D HWGI10) = ~320 kip.Ft

Maximum M} =

Benal{mj moments * My2 ©

Mg = 0 + 320 = R0 k\‘p-‘H'

Mg = 320 -80 = 240 kip Tt

ch M. = R0+ 80 = 320 k“p-“"f

Mp = 320 -0 = O
320 ku'p-‘H' =+ 3%4o \(;P-in

) ' . = 'M_l ____.___.38.*0 - . 3
St 24 sy Snm o T 24 16O in
Sh S (i
i I (i) ijHes‘,' S-Skcpeel section
S 24» 80 175
S 20x 96 1S S 24 =80 -
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B - 5.95 and 5.96 Determine the largest permissible value of P for the beam and loading
PROBLEM 5,95 shown, knowing that the allowable normal stress is +80 MPa in tension and - 140 MPa
in compression,

‘,1 r._ SOLUTION

; I 48 mm Rea.dl‘ious': A = D = P
12 mm
L—“*JT S\'\eavf

96 mm A%‘B v - P
Bt C V=P-p = o
' P C + D VT O-‘P > - P
Apeas ® A+ B 0.2 P
A L — B k¢ o
P C to D ~0.2P
y : Beml\-n:' moments: M, =0
0.2pP Ma = O + 02P = 2P
Mc = 0.2P + © = 0.2P
M = 0.2P-0.2P « o

l\dhqef' PGSHH'VQ bevw“n3 W‘IDMQ!\-.": 0.2P
Lcujesi' M.jdivo. be.mi.‘w:l momet: o

Centroid @J moment o \nertia
® ! Part | A Gt | § (nwd)| A (med) | of Gom Y Ad 2 wt) | T vs?
_ 444 £i¢ 3¢ | 2073¢ 20 | 2304212 | o gmiS
[ I ) A | o,
x of——+t @ usa | ¢ | cqys 10

HS.2%10* | 13,8407
L =k = | 1728 27648 345:8~10% [ 124, 4% 107 |
% 1 Y= 2142 - 1C

I=TAdt., ST - U706 %10° mm®
Top Celddmm Se L - ﬂl’ﬁ!:ﬂa

10.68%)0% mn® = 5 cgwio~® ot

Alovebde gos. M., M=lg’ S = (040t Yi0.cax16%) = 1495 Nowm
E.o"". C= 16 mum S= g = %—k;'zwl = 2"1.38&![9*'"»13 P 27.38x)07¢ 3
Mﬂou«ﬂg pes. M

M= 6] S - (8o x10°)(21.88x10*) = 2350 M- m
S-&”e:-_n[oe M S 1498 Nem

Albowehle vadve of P 0P = 495

Pr7428 Ni=- 7.98 ki) —a
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0

~0,53%F
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5.95 and 5.96 Determine the largest permissible value of P for the bear and loading
;hovm, knowing that the allowable normal stress is +80 MPa in tension and - 140 MPa
In compression

SOLUTION
DZM, =0 -015A +0.5f-04sP =
A= D.4¢eT P
tDIMy =0 0.25C - 0.25P-0aP=o
C = |.53%33 P
Shear: A + B V> 0.46€C7 P
B+ C VO 447 P-P = - 0.5%333 P
C 4+ D V:--059%33P+ 1L 53333P = P
Avecs: A 4o B  (25¥4EKIPY = 0.1/6cT P
B t+o ¢ (0.6%2.523383P--0.2¢6¢7 P
C 4o D (0.SYP = 0.ISP
Bemai;'mj Mom?a‘fsi MA =0

Mg = O + 0.11667P = O.11667 P
Mg 20. 11T P - 0.2€7P = - 0.1S P
Mp = -0-ISP + 0.ISP = O

Ce.u*'woml auJ Mdmemf o‘F |‘nel'*;'¢...

RS _
Al Lo _Part|AG|G e AF () o) Ad*omi¥) | T (o)
* —*—f ®© | 152 | 54 [€2208 | 1© | 11520 |. 13824.
@ | 57¢ | 24 13324 | 20 | 28040 |il0§592
A "éj e T |1128 16032 345too | 129416
+ ! Y- 932, 4y
dizle T T2s
I=SAd*+ ZI = 470016 et
Top:  y= 16 mm L o 1001 . g 890 ut0} et v 29.876 w10 W
P J y 16
Botom: vz ddmm L = H7001C _ 10 82,10 med = ~10.CB2 IO E m"
J Y ™
Bcne“n momen‘f ):n:‘l's H M = "E
3 J,
Tension of B =(-10,63200°) (0¥ (04} = 854.54 Nem <1 B
Comp. ot B ~(29.37¢ v10°* ) -Hoxo®) = 4. 1N2¢ = (0% N-m
Tenaion ai'c -(2#,37‘!(0"'\(801{,0‘)7 '2.35"40‘ Nem :
Comp. .o C = lo.682 > 16 Y-Ho =(6* ) = - |HASS »i0* N-m = C
Abdowable foad: O.NEETP = 2854.5¢ P: 7.32xi0> N
~0.s P = - 14955 xi0* P= 997%10%N
The smadder vadse s P+ 7.32 &N -
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PROBLEM 5.97
2
u T
Al -
e’ ‘W |
' 20 in. T
Sin. 8in

PR ¥
0,75 ke
Top: = .28
Bff‘f‘om_‘:y y - Io a,f

Bendimj wowmegat fim’h

Tension at B and C
Comp. ot Band C
Teunsion ot £

Compression ol E

Aowabde fosd w

5.97 Determine the largest permissible uniformly distributed load w for the beam
shown, knowing that the allowable normal stress is +12 ksi in tension and - 19,5 ksi
in compression.

%m. o
__f. SOLUTION

B+C-36w=0 B=C1Fw

Recctions:

3in. Shear: V, = o

Vg-= 0- 8w = - 8w
Vg+* ~Bw + 18w = 0w
Ve 8w - 0w = -ibw
Vet = <low + 18 w = 8w
Vo= Sw - 3w = O

Arece: A+ B {£)(2)48w) =-32 w
B to £ (FXe)low) =Sow
Bena“ns momeats : Mp =0
Mgro-&?v r =32 w
Mg = -32w +SO0 w = 18w
Centvoicl and moment of inertia
Part| A Gin )T G Y| AF Ga¥)| Aot [ AP T Gn )]

® [1.6825{ 2.625 uzq? | 0.75 .| 0.9u97 [ 0.0791
@ |r.c275 1125 18984 | 0.78 4| 0.9992 [0.7114

z 3.375 g.3281 | . . 8988 | 0.79]0
o, 6.3281 .
Y= —---—-3.373 = |.875 in

IT=3Ad*+ 2T~ 26894 in'

I{y 2 23906 it
I7 = =1.4343 tnd

M= - G’I/y

- (12X 2.2906) =

-~ (19.5 %~ L4343) =
~(12X -1, 4343) =

- (-19.5§ ¥ 2.390¢ } =

- 28.6%7 k"P' in

- 27 962 Kip- in. <

17212 kip: in |
Yé. ¢ k:f' in

BsC - 32w -~ 27 99 ws 0.87¢ kp/in
E I8 w= [7.2i2 w= (), 95 k(p Lin
SMJJ es'l‘ wer 0.27¢% kt'p /r'v\ T |0.49 k.fp /Pt —am
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3.97 Determine the largest permissible uniformly distributed load w for the beam
shown, knowing that the allowable normal stress is +12 ksi in tension and - 19,5 ksi
in compression.

PROBLEM 5.98

§.98 Solve Prob. 5.97, assuming that the cross section of the beam is reversed, with the
flange of the beam resting on the supports at B and C.

2* 3in.
j_l_in Recch oms BR+C-3Cw=0

SOLUTION

B=C=)8w

10w + |=2in. Shear: V4= 0

l\ R ‘ Vg=0-8w = -3w
Al e 8 ¢ \g Vgt = 8w + 18w = IOw
10w - 20w © -{OW

= -low 4|18 w = 8 w
VQ:QW"'SW:O

Aveas® A +. B
B i E

HN8)8w) =+ 82 w
AVieYiow) = SO W
M, = o ‘

Mg = O -32w =-32w
Mg = ~3Aw+Sow = |8 w

Bew 0‘-';43 moments !

Centroid and momend of inertia

Ol o Pact | A Ga')|3 () AT )| d Gin)] AdYin®) | T Gt
_*_ ® J1.csrs}ig1s| 2064t | 075 | 0.94992 | o. 71
> @ {1.¢875[0.315| 0.6328 | 0.75 | 0.99% | a o1
125 in s l3.27% 3.19¢9 1.89%4 | 0.7%10
A — @] B e

L-—?ZS—\'I Y=—"3“—3—??- = 1125 in.

375 I- TAIEL = 2.ce99in’

Top* Y 1.875 in

I/y = 1.4343 .7
Bo ttowm y'—'".lﬂ.s

-I/y =-2.390¢ in'
Berwl;nj woment ,p;'nu""i

Tension at Band C  ~(12)(1.4243)
Comp- ot Band C -(19. 8 (- 2.3906 )
Tewsion ot F - (12)(= 2.%%c%)
Co-npne.asn'ov\ ot E =(+17.54.4343)

M= “G'.I/y

= JIRZ Kip-in <
-'4.6 k;'f-l'm
‘28,627 k:r- in
27.96¢ kip-in W

Hu i

AMowable bad w: B¢ C -32wz= - |22 w= 0.534 t“f in
E Igw v 2299 w= 1.554 kip/in
Swmallest W= 0.53% kip/in = C.4S kip it ==
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A & B 1 | b Ce.n“’V‘Oic\ and Momew+ st ;v\ev"“q
l \k] Part | Alwe) Y (mm) A:{- (mn‘) d {mn) A,l"(m")l _-f(mm"}
M

5.99 Beams AB, BC, and CD have the cross section shown and are pin-connected at B
PROBLEM 5.99 and C. Knowing that the allowable normal stress is +110 MPa in tension and -150
MPa in compression, determine (a) the largest permissible value of wif beam BC is not
to be overstressed, (b) the corresponding maximum distance a for which the cantilever

beams AB and CD are not overstrcssed
12.5 mm
[+~29 mm | l SOLUTION

| k —f (a) MB= MC- = &

Vo ==Ve = )72 )w= 3ew

Aveo B to E oF sheanr Jl‘«am-n.
E(BLW) = 643 w

Mgz O+ 643 w = G483 W

12,5 mm

€. 43w ® | 2500 ise.25| 290625 | 34.82 |3.08) vi0*[0.032¢ *40°
5 @ | 1875 | 18 140628 | ue. 48 |4.082x)0'] 3.51¢ ¥ 0"
? £ K X Z |uzry 531250 7.073 %ol 3.5 8 vio*
= . 53280 _
Y = ———-—4375_ 12143 wmm

I= SAI* +ZI = j0.620 x16° mm’
Location .Y(*mu) I/yuos-_-\;) - afig (107 wm?)

' +°P Yo T'T 25%.6
bottoml- 121,43 | — 87.47

Bend;nﬂ mamen{‘ ll'm.'}'s M= -G'I/y
Teuliﬂ tEs - = (Hovio }{-87.474.!0 ) = 1622*!0 New

hr o4 ES - nsh:o‘)(z,ss.cxzo“)— 38, 8%10° Mem
I2-5-'| L Tensiomst AID: =(1iox0®) (258.¢06F) =28 4suio' B
Compuat A4D: '-(-:souo*)(-w.«?-:o = 43120 x o} N

Adowable Jocd w CHtw = eA1xIo’ W= L4sS¥Iot N
s 1488 KN/ m el

Bhear ot A Vi = (aa+3.6)w
Area. A b B of shear diagram talV, +V) = yala+7.2dw
béuqi,ina m»ma;i o A Galso D) M=+ 4 alar22)w

.+i:a£a+22)¢w. 4gsxie*) = - 1312 xjo?

1o+ 2éa - 08372 <0 _ Q= 1.985 m e

) ) L
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PROBLEM 5.100

v
P
o) L °
A8 E ¥ |x
-P
M

AMowable Jood P

Shear of A Vi~ P
B%Mfina wmome~t of A

Distance a -4 .0/

5.100 Beams 48, BC, and CD have the cross section shown and are pin-connected at
B and C. Knowing that the allowable normal stress is +110 MPa in tension and - 150
MPa in compression, determine (a) the largest permissible value of P if beam BC is not
to be overstressed, (b) the corresponding maximum distance a for which the cantilever
beams AB and CD are not overstressed

12.5 mm

SOLUTION
Yy Mg = M, =0
Vg = - V,_ = P

Aren. B'}hE J‘ s‘\ea» a‘(q,amu\.
24 P

Me =0+ 24P = 24P = Me
Cev&mf:l andl hwme-n"‘ dFinenr'H«

Avea A+t B of shear J.‘a,jum

Part | Almwt)| 3 | AF () | A ()] AL® Gowd)] T Gonn)
®© [2500 l:sc.zs 90625 B4.82 |3.081 xj0° [0.0%C~ o¢
® |i31s | s 140 625 [R6. 43 [£092 % [0°(3.S1C %0
T 4315 | 531250 | 7.073% (64| 3. SU B njor
v - $31250 _
Y - —is—"_-—- H '1'-"‘3 MM

IT- $Ad* + £I = 10.c2 xJo*

"\m"

Locadion | YOmm] I/y (0*wd) « g (lo™%3)
*bp Uy o7 15%8.6
botdowm 12143 ~ 872,47

Bend: ne mom et ,p\'wu"i‘s

Tension of E4F 2 - (110xiIc* )« 82.47x16° )=
Co-:p. ot E4F: -(-isoxio*X258.6x 107 )=
Tensian J’ AtD: - (1ot (2586 «(07%) =
C"“"P‘ at AAD: =(-I1So0* )- 824 7x10%)=

24 P- 9.¢2axiot

= 4.0}
aV, = oF
M, -aP = -401x10" a
x10® a+ - (3.12x10° a>* 3.217

M= - 6Ly

9.622%10° N-m
33.8%4° Nm
~28.451S Newm
13,121 %10 N-m

P= 4.0 x(o® N

kN )

" el
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PROBLEM 5,191

£.101 Each of the three rolled-steel beams shown (numbered 1, 2, and 3) is to carry a
64-kip load uniformly distributed over the beam. Each of these beams has a 12-ft span
and is to be supported by the two 24-ft rolled-steel girders AC and BD. Knowing that
the allowable normal stress for the steel used is 24 ks, select (a) the most economical
S-shape for the three beams, (b) the most economical W-shape for the two girders.

SOLUTION
Beaws !, 2, ava 3
5.33 Kips /¥4

r !
' ¢ L

12 ¥ Slk?fas

- 22
K6 1

“52. kl‘?‘il‘)

S © Ml Hs2 = U8 Shape | S (in)
Saa 2 SiSx 42.a| s3.¢
@) Use S I5¥ 4.1 --a S22 x50 | JS0.8
Beams AC and BC
2 32 32 kips Avews unden sheavn diaavauva
] lf l f l4ed) = 192 k.",}f
! (8)(1¢ ) = 128 kip #
WL# J-—f e 3 _.Lq ug
v (Kips) Maximum M = 192 +128 » 320 ke-$ = 3840 kip-m
| qu Ml 3840
(HZ) Sm‘-\: & = "'_'2"4— 6O t.ns
I (128)
Shape S Gin?)
Tic W 20x 49 264 (b) Dse W27284 =
43 W 27« 84 213
. - W 2y xloY 258
Mk 32e w2 xjol | 227
191 192 W13 x b6 204

G




@
ﬂ
:
J
{

R T s T s IOV S

PROBLEM 5.102

(M 2304
Swa = Lo .

Qut = M
(@) Use SA0v66  -m

Beams AC and BD
o Gl s

f' ]
4 -*l-l-—- 8 .l-_g -.Lq..qg

K;
v ( vﬂqg

(wd| e
y (128D

=16

M (1{.'9. H) 320 — qs

ISk

5.101 Each of the three rolled-steel beams shown (numbered 1, 2, and 3) is to carry a
64-kip lead uniformly distributed ovet the beam. Each of these beams has a 12-ft span
and is to be supported by the two 24-ft rolled-stee] girders AC and BD. Knowing that
the allowable normal stress for the steel used is 24 ksi, select (a) the most economical
3-shape for the three beams, (b) the most economical W-shape for the two girders.

5,102 Solve Prob. 5.101, assuming that the 64-kip distributed loads are replaced by 64-
kip concentrated loads applied at the midpoints of the three beams.

A SOLUTION
12 Beams 1,2, and 8

leq kips

{ 1
‘2-2?‘ T“g ‘H‘—!IG—G‘H'—bf 32 kipe

V) (ke

32

-32
™ (,ka’p-*ff)

Pas

Maximum M = (€¥22)= 192 k-"o-"H‘ s 2304 kn'f:-fn

a¢ il .S‘mpe | S{in®)
Sovée W
S1gEnlo 163

Areas under shear diaarem
(MWY2) = 192 kp
@6 = 128 kip 4

Maximum M= [92+128 = 320&-}-'?" = 3840 k-'P- "

- _l_!:‘_] . 3g4o _ , 8
Swin ® & 5 7 le0in
SLq.pe Sc;n’)
W 3ov99 269 (b} Use W 21x 89 -m

W 27x 84 2173
W 24 « |04 258
W 2lx ol 217
Wigxloé 204
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PROBLEM 5.103

vk
‘ Beaw AB
——H 120 .
(12°

< 0

®

- Q wb—-—-—) —ty R, -

Ul-m) 174.9
Ao 5 2
240 kv
¢ E*[

h
20 : 1.oM1S ] {0425 y 120

VW

120 KW

5.103 A 240-kN loed is to be supported at the center of the 5-m span shown. Knowing
that the allowable normal stress for the steel used is 165 MPa, determine (a) the
smallest allowable length / of beam CD if the W 310 x 74 beam 4B is not to be

overstressed, (b) the W shape which should be used for beam CD. Neglect the weight
of both beams.

SOLUTION
For roMed steed section W 216x 74 of beawm AB

S = 1060 mm' T 1060 % IG™C m?

Gy = 165 MPa = |5 xI1D® Pa
Allowakle Bend;na moment

Mt = S6la = (1060x0™ Y65 xi0" ) = 174.9%16° N-w
= 179.9 kN-wm

©) Beam AB
Area A +o C T sheavn Jfa,ﬁt‘ﬁm s (20 a

Bene“na moment ot C 120 a.
120 = 174.9 = 14575 m

G-eow&“v'_\j: .+ f=5 P=5-20 = 2,088 m —
(b) Beam CD (-im‘e]poiuf E)
Aree C to E oF sheavr A{ajmm
= (Lo425 126 v 1251 kNewm
Bewuns momenl at E
M= 1250 kNem = {25.1%]0° N

M 2
Suin = 2 B51%I00 _ 2ep 2vic® W

Se 1Ot L g 2108 e
Shape S (16% wm
W 4éo n 52 M2
WHID * Y, 1 7Y - Arswewn
W3gor57 8 399 WuHioc4{.]| =m
W 3lo % 60 851
w2sex 67 | 804
w2cor 86 853
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PROBLEM 5.104

4 £N/m

¥ [

je— 2,388 —f

[21.3 kv 121, 3 kW
(e
12,3 Beam CD

1>

o

M (kW-m)

Qenc\fh Momu‘f 4,"' E

W30 X 74

5. 104 A uniformly distributed load of 84 kN/m is to be supported over the 5-m
shown.' Knowing that the allowable normaj stress for the steel used is 165 hs{%?
determine (a) the smaliest allowable length ! of beam CD if the W 310 x 74 beam AB

is not to be overstressed, (b) the W shape which should be used for beam eglect
the weight of both beams, P orbeam CD. N

SOLUTION

For volfed s*ee,o section W3IOxT¢ of bea AB
S=1060%/0" mm® T |06OWO wm®

G = 165 MPa = |ESx10¢ Pa
Alowible bending moment »
Mae s S 8y = (10601071685 %10°) = 174, 9% 40" Nemd
T 1749 kN-m

B:[ SVMmd“r\/ v\eazﬁf.'on‘s A MJ B awe, E?dﬂj.
HZF,r0 A+ B-GKs)=o
A= 8 - 210 kN

B:f .Sijb'lf?/J Pea,c+;on Aj' & a.»\J D ara 819J.
+1ZF=0 C+D -840 = o
C=D = 420
Geow--’.‘i'rj a= (5-2)
Beam AR :  Avea A 4ol of shear cliaqram

FWAICY = k-4 (5-0) 210 +420)
= (1050 - H2 2%

Behof.'nj Momew‘f at C
¥(loso- 42.0%) = 174.9

$(1os0-42 9*)

A= 8.8429 wmt

() = 2.8388 m -
C=D = 420~ 121,83 kN
Beam CD  (midpocat E)

Avea, CHo E of sheawr dl‘ﬂ.ﬁﬂ&“’\
& (1L.4494)(12).8) = 2058 kVN.m

M= 82.58 KN.m = 27.58x/C Nowm

87.58
‘Qo Sy M = BLEBXIO o g3yy 503« 531 (St mn

C.q = 185 »10°¢ Pa

C VYR $9T-0
S (ic*md)

W 460 52 42 {b) Use W 3lOox38 7 -
Whiiox 382 &3

W 3¢ox 39 £7¢

W 3jo % 38.7 S4q

W 250 = 44. 8 538

W 200 ~ 54 582
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PROBLEM 5.105

L=y ¥
Q=14 H
P 7 24 kips
Pz= G k-'ps
W = 0,75 kip /‘F{'
0.75 kip /¥4
P
A 2

Blips it kips

13
m g
A ,
-— 3 —’I\l
-ig

216 kSt

YN

Mg
1 ALY
AL [ [ 'L 8

4 3
b—UgP—ie 14 -J- "y -

Maas kﬂrs : 15,875

{4125
{-138.25)
(31.227) / p Eito.v71)
T /1®

A CL :
XTI

- 5895
319.225 Wp.ft

i80.97¢

*5.105 A bridge of length L = 48 ft is to be built on a secondary road whose access to
trucks is limited to two-axle vehicles of medium weight. It will consist of a concrete
slab and of simply supported steel beams with an ultimate strength ¢, = 60 ksi. The
combined weight of the slab and beams can be approximated by a uniformly distributed
load w = 0.75 kip/ft on each beam. For the purpose of the design, it is assumed that a
truck with axles located at & distance a = 14 fi from each other will be driven across the
bridge and that the resulting concentrated loads P, and P, exerted on each beam could
be as large as 24 kips and 6 kips, respectively. Determine the most economical wide-
flange shape for the beams, using LRFD with the load factors y,=1.25, y, = 1.75 and
the resistance factor ¢ =0.9. [Hint. It can be shown that the maximum value of |Af, |
occurs under the larger load when that load is located to the left of the center of the
beam at & distance equal to aP,/2(P, + F,).]

SOLUTION

Dead Doad : Ry = Re = (518 X075 ) = 18 kips

Avea A+ E of shear o‘-‘n\,jram (FN8X18)) = 214 kp - H
Mu = 216 kip-Ft = 2592 kipoin ot point E

: . -1 S (1) (S

hive foad: U = 2By @Yy L4+
x:—fg—-u:zq-l.‘Jsz.éﬂ
X+ & = 2.6 + 14 = 3¢.¢++
L=%-a = 48-3¢.€ = |[[. 4 +

ZMg 7 0 48Ry +@SVQNY FULU(G) = ©
PA T 4128 k:pc

v - ’q. |2 S. k\vlﬁs
V'—' !‘*‘. |ls-- z‘f > - ‘?.375‘ k\“‘}!
V - '5‘. 875 kI'PS

o0>
ki a
®no0

Arec At € (2.6)(W.128) 7 214225 kip- P4
Bewling woment: M. 3/2.225 kip-H = 3831 kip- in.

Design: KM+ TM = PM; = PGy Swin

g - Mo e M. _ (1.25)2g92)+ (1.75 )(es31)
- P Cuse (0.9)(en)

= 184.2 inf

S}mpe S (;n")
wW3orqq | 269
WZIx 84 | 213 -
W 24« lo§ 25¢
W 21 »jol 21
wWIigx{oe{ 204

W27 = 84 -t




PROBLEM 5.106

*5.108 A bridge of length L = 48 ft is to be built on a secondary road whose access to
trucks is limited to two-axle vehicles of medium weight. It will consist of a concrete
slab and of simply supported steel beams with an ultimate strength g, = 60 ksi. The
combined weight of the slab and beams can be approximated by a uniformly distributed
load w = 0.75 kip/ft on each beam. For the purpose of the design, it is assumed that a
truck with axles located at a distance a = 14 ft from each other will be driven across the
bridge and that the resulting concentrated loads P, and P, exerted on each beam could
be as large as 24 kips and 6 kips, respectively. Determine the most economical wide-
flange shape for the beams, using LRFD with the load factors y, = 1.25, y, = 1.75 and
the resistance factor ¢ =0.9. [Hint. It can be shown that the maximum value of |A| |
occurs under the larger load when that load is located to the left of the center of the
beam at a distance equal to aP, /2(P, + P;).]

*5.106 Assuming that the front and rear axle loads remain in the same ratio as for the

truck of Prob. 5.105, determine how much heavier a truck could safely cross the bridge
designed in that problem.

SOLUTION

See Soﬂd'“om fo PROBLEM 5. 108 for ca.pcuja"‘t'ou o‘y the ‘Fﬂjjowl'hj:

MD = 2592 k-'p-in

ML'-'

3831 kip-in.

For volled steed section W27x84 S = 213 in’
AMowable five foad moment ™M
oMo + VM) = @M, = @P6uS
MF = 9062!% - YoMs (0-‘*)(“”1(-’_;‘;)‘("25)(25"): 4721 kip-in
Ratio ﬁ’%: —;-;g-’l = 1.232 = |+ 0.232
Iherease 23.2 % —
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PROBLEM 5.107

wp +wy

0,35 IN/m

*5.107 A roof structure comsisting of plywood and roofing material is supported by
several timber beams of length L = 16 m. The dead load carried by each beam,
mciuding the estimated weight of the beam, can be represented by a uniformly
distributed load w;, = 350 N/m. The live loads consist of the snow load, represented
by a uniformly distributed load w,, = 600 N/m, and a 6-kN concentrated load P applied
at the midpoint C of each beam. Knowing that the ultimate strength for the timber used
is @y = 50 MPa and that the width of the beams is b = 75 mm, determine the minimum
allowable depth h of the beams, using LRFD with the load factors y,= 1.2, y, = 1.6
and the resistance factor ¢ = 0.9

SOLUTION
Lz 16w .
W, = 600 N/m = O.G K\ /|

Wp = B350 Nfm = 0.38 kN/m
P=€ k¥

Dead foad:  Raz @FNie)0.38) = 2.8 kv

4

f— IKm

PXI 2§ kv

VIRZE kv
m g

Avea A “9 c 0"'\ .SLQM ol\'d.j"am
(W& )(2.8) = 1.2 kN.m

Benokna Mone.d ." C: H2Wm:= ILQMIC‘)‘ Newm

Live foad:  R,: 211X (0.0Y3¢] = 7.8 kv

A =
e 8w —>l N

~2.8kN )
M < 112 Ko Shear ot C V= 78-8)06) * 3 kv
Avea A to C of sheaw o‘\‘d.aMh
G278+ 3) = 43.2 kN-m
0.¢ kN/m (Ckul ] Be”élfw‘j mmmenf a1 CF HB. A kNem e '-13.21:]05 Newm
Vibllel | ]
: M ’.Y.‘DMD'.'—YJ‘.ML:@MU: CPS'JS
T.mfm—wl-——ih 7.8kN g= ToMo+ Ti M. . L2X1L2x16* Y410 Y (4327 10)
| PCu (0-a)(50%10%)
i = 1834 TxI0 > W = 18347 %[O yaud
miaw =\

_3w|\\l
~78h

For a V‘ec:l*anaopav\ section S-= 'é‘loht

h = ,% < J (€N 3347 410%) _ 393 ,,., -

s

M h_43.2 (Wem
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PROBLEM 5.108

0.35 kN/m

Jletld

.

h

- & w
28kv - 2.8 kv

2.8 kN
\ .
A CN
~ 2.8 kN

M H.2 \New
A < [
0.6 kN /im
TRRERTNEEN
A D ¢ E |8
"ln-»k-lh se Yom A e =
1.3kw 3 3kN 78kw
Vi 18
5.4 kv
2.4 kv

*5.107 A roof structure consisting of plywood and roofing material is supported by
several timber beams of length L = 16 m. The dead load carried by each beam,
including the estimated weight of the beam, can be represented by a uniformly
distributed load w, = 350 N/m. The live loads consist of the snow load, represented
by a uniformly distributed load w, = 600 N/m, and a 6-kN concentrated load P applied
at the midpoint C of each beam. Knowing that the ultimate strength for the timber used
is oy = 50 MPa and that the width of the beams is b = 75 mm, determine the minimum
allowabie depth 4 of the beams, using LRFD with the load factors ¥o=12,7=16
and the resistance factor ¢ = 0.9,

*5.108 Solve.Prob. 5.107, assuming that the 6-kN concentrated loads are replaced by
3-kN concentrated loads P, and P, applied at a distance of 4 m from each end of the
beams.

SOLUTION

L=1em, a=4m, wW,=350N/Mm= 0.3 kN/m
W= 600 N/m = 0.8 kN/wm P=3 kv

Dead Joad: R = G)06)035) = 2.8 kn

AN& At C dr Sl'-ea» G}I‘ajmu
(£)(8)(2.8) = 1.2 kN-wm

Bevw“nﬂ moment o C: 2 kWem = 1.2 %/0® N-m
Live Joad: Ry= 1[(16)0.6)+ 343] = 7.2 kn

Shear ol D 7.8 -(4)0.6) = 5.4 kN
Shear ot D' &4 - 3 = 2.4 k¥

Area A D (E)EN72+5.9)° 26.4 kN-n
Avea Do & E)4)(2.4) = 4.8 kN-m

BenAfnﬁ mowment a1 C = 2¢.4 + 4.8~ 3.2 k-
T 3’-2"03 N'.*!

Design oMo+ ViM = OM, = @6&uS
S = oMo+ Yo M (1.2)18 202 )+ (16 XBL2xIoY)

P C.n (6.9 50 %(0%)
= L4088 103w’ = LYOB IO tn

For e red}«»‘jujar section S-= Jg bht
h-= / 83 =J(6)('-_‘:;’3"'°‘) = 336 mm -
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£.109 through 5.111 (a) Using singularity functions, write the equations defining the

PROBLEM 5.109 shear and bending moment for the beam and loading shown. (b) Use the equation
obtained for M to determine the bending moment at point E and check your answer by
drawing the free-body diagram of the portion of beam to the right of £

SOLUTION .
DTM. =0 -3aA4 2aP =0 A=EP
V= 2P - PLx-ad’
M= ZPx - Pl
Al pot E  x= Za
Mg = 4P(22) - Pa = zPa -

ZM, =0 BaC -aP=o0 C=37
DZMe =0 - Mg + (@QY3P)= ©

ME = é'Pa_ |

5,109 through 5.111 (a) Using singularity functions, write the equations defining the

PROBLEM 5.110 shear and bending moment for the beam and loading shown. () Use the equation
obtained for M to determine the bending moment at point £ and check your answer by
drawing the free-body diagram of the portion of beam to the right of E.

Wy

SOLUTION
HIM =0  -Hah+ Ba)28w) - ©  AzFwo

WS W, — W, <x~—Qo.)° ‘-'—5—:5
M

V = -w,x ¢ w,(x-ft‘a,)' + —i—w,,o. -

)
M = —dw+ 2w, {x-2a)) + §W,ax + O

|

At Poia" E X = 3a

&
M= - 3w (3a) + fwa’ + Fwala)
= iw,a‘ -

DTM = o Yo C - (a¥2aw,) = O Cz%wa

DM - 0 ~Mes(@gwr) = ©
ME 3 '&Wgat -l

0




PROBLEM 5.111

Wo

e

nf

<

Check -

5.109 through 5.111 (a) Using singuiarity functions, write the equations defining the
shear and bending moment for the beam and loading shown. () Use the equation
obtained for M to determine the bending moment at point £ and check your answer by
drawing the free-body diagram of the portion of beam to the right of E,

SOLUTION

DZM =0 -ZaA - (2)Y3aw):=0 =-3wa

-3
3 Vo
20.C 4 (s?a\(%aw.\=o C= -;-SW.Q.

wWos W {x-a)® = -jy

X

1DZM, =0

Vs W dx-a) - Zw,a 4 —'éu:,a(x-zn;-‘:i'-"
M= -dw, {x-a)" - .'ﬁw,,ax + J‘-f-' woa.<x-za,7' t O
A‘} be&'} E
Me = -4w, (223~ w,a(3a)+ Fwala)

= "éwoa‘ e
+ZMF=0 —Me“%(‘}oa)=0

Mg * "*W.,O.‘

x= 3a

PROBLEM 5.112

Wy

Check:
[

1%

W,0.

3
T dv,0

W= we - w0<x'q>° = -ﬁg
M= ~3w ¥ + fwdx-ad

A‘} Poild c
M= ~dw,(20) + dwa' = ~2w,q -

VZIM =0

V= -W, ¥ 4 W¢<X‘ﬂ.>|
¥ = 2a

-(%;)(V,Q) + M, =0
M. = - fwea®

- e

S

- e g
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5.112 through 5.114 (#) Using singularity functions, write the equations defining the

PROBLEM 5,113 shear and bending moment for the beam and loading shown. (b) Use the equation
obtained for M to determine the bending moment at point C and check your answer by
drawing the free-body diagram of the entire beam.

SOLUTION

W, X . | !
we B - wlxeay - Yedx-oy . -9

. o Wt N W _aNt - JdM
Ve -i-ﬂé_—+wo<xa7+i-;—(xa)-§;

M= - WXD ) Mol ayt s o (x-a)?

6a
A+ peiat C X = e
3 L 3
= - W, (2"‘) W, & W, & I 4 * el
M, = oo * 7t g T "3%a
Check 49ZM, : © #)13wa) + M= 0
w. Mc_ P %woa:'
l: €
r‘ﬂﬂ[ﬂ ID %w,o."
A B T
| yeo
5.112 through 5.114 (a) Using singularity functions, write the equations defining the
PROBLEM 5.114 shear and bending moment for the beam and loading shown. (b) Use the equation

obtained for M to determine the bending moment at point C and check your answer by
drawing the free-body diagram of the entire beam.

SOLUTION
- W, % W, ' -
W= W, - f:’- + "a_—o<x‘°"> = g

- woXr w, 2 5’_4
Vs o-wx o+ 2 -2 dx-ay = Iy

= oWt oW we fy o
M= -3ty X - g lx-a)

A“!‘ Foa‘n"' C x = 20

= - w0a) | we(za)_ wa' _ &, ot
Moz -FE s el L 22 - -Emat -

Check:
+DZM .= & (FaXiwa) +. M. = 0O
M, = -%W,Q}

We [Tyw. )
: A g ‘ “D-EW,O-

e
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PROBLEM 5.118

3.115 and 5. 116 (a) Using singularity functions, write the equations defining the shear
and bending moment for beam ABC under the loading shown. (b) Use the equation
obtained for M to determine the bending moment just to the right of point B.

SOLUTION
V= -Plx-a’® ' —
&= - plx-a)’
1 ™
M= - Plx-a) - Palx-a) -
P
‘ (J" Z Just to the wight of B x =a
A B ¢ ;
Pa 2 Ms -0 «Pa = =Pa -
5.115 and 5. 116 (a) Using singularity functions, write the equations defining the shear
PROBLEM 5.116 and bending moment for beam ABC under the loading shown. (5) Use the equation
obtained for M o determine the bending moment just to the right of point B.
P

Ra P
Pa 4 Ik?d-
C {
A 8 cr
7
P R

SOLUTION
M, = © (22)P + aP - 2(Pa)~2af 70
Ra= %P
V: R=P) = Plxt-a)°
= <4P - P{x-a)’
B o P - P
M= -4Px - P{x~-a)'+ Pa 4 Palx-ad°

Jus+ +p +'|€ WaL" a‘F Poin'f B ¥ C4_+

Mz -4Pa -0 + Pa+Pa- i?a- -
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PROBLEM 5.117
maximum value of the bending moment in the beam.

25 kN/in

SOLUTION

By symud\fj R = Ko

*12:‘:3’0 K+ Ry = #0o-(1.8)32s)-4%0 = ©

?A = ?D = GZ.S k”

W= 25{x-0.6Y ~ 25{x-24Y = —j‘;"

V T 625 - 25{x-0.c) + 25{x- 247 - 40{x=0.6) = o (x-24" kN =
M= 62.5% - 12.5{x-0.60%+ 12.s<w-2.'4>2-l+o<>’¢-o.c>'- 4o (xt=-2.45" kN- o em
Locde‘Poinf vhere Vs O, Assome 0.6 < x* < I8

07 625 - 25(x*~04) + 0 - 4o - © x"r= 1.E

M = (e2.5N1.8)-025X 0.9 + &0 - (40X0.9) =0 =  47.625 kN-wm —

3.117 through 5.120 (a) Using singularity functions, write the equations defining the
shear and bending moment for the beam and loading shown. (b) Determine the

5.117 through 5.120 (@) Using singularity functions, write the equations defining the
PROBLEM 5.118 shear and bending moment for the beam and loading shown. (b) Determine the
maximum value of the bending moment in the beam.

SOLUTION
BJ Sj mme”'f‘j RA = Qg

HTZF =0 Re + R, -(.2)(125) - 1.8 ~(1.2)(1.27)= ©

Ka » R, = 2.4 kN

o o vV
w = 125 - 1254x~12)° + 128 {x- 2.4 = -4

] o
Vr-b25x + L25¢x-12)" ~1.25{x-2.4D + 24 - L.8{x~18D>" kN -

M=-0.625 x' + 0.625 {x=1.2) ~ 0.625 {x~ 2.4 D"

y 2.4%x - L8LEx-1.8>5  kN-m —

M..,“ OCGUs u.«'!‘ X = (.8 w

Muay =H0.628X1.8) +(0.625X0.6)" + © +(24)(1.8) -~ 0 = 2.52 iv.»» -

Pk
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5.117 through 5.120 (a) Using singularity functions, write the equations defining the
shear and bending moment for the beam and loading shown. (b) Determine the
maximum value of the bending moment in the beam.

PROBLEM 5.119

20 kips

20 kips 20 kips SOLUTION

D +ZM =0 =12A 1(I)(20)+ 8)}20) 4 (6W20) = ©

‘ ‘ A= 4o kips.
Toft oft ot ot '
Vo= Ho - 20{x-25° - 204x-4)" - 20{x-6>" ks -
M= 4ox - 204x-2> - 2043 -4 - 20{x-6% kip-F -
Valves of V

A "}‘D B V= 4o k|?

B+ C V-40-20 = 20 kips

C+ D Ve 4p=-20 - 20 = o

Db E V= Y4o-20-20-20 = -20 kyp

Bend.‘nﬂ mowment is constant and maximom over C 4 D.

At C X = 4Ft M: oY) -(20)(R) -6 -0 = 120 kip-Ft -

5,117 through 5.120 (a) Using singularity functions, write the equations defining the
PROBLEM 5.120 shear and bending moment for the beam and loading shown. (b) Determine the
maximum value of the bending moment in the beam.

SOLUTION
DTM= 0  -45R, + (3.0X43)+ (.8H¢o)-(0.9)(¢0) = ©
RA = 4O kh
1.5 mewpa—1.5m | |
0.6m 0.9m
V= 40 - 48<x-1.8> = Go{x-30>" + €0{x-3.6> k¥ e
M= Yoy - 48 {x~15> ~ 60<x-3.0" + 604x-34%" kN-m -
1% S 8 M (kN-m)
A 0 O
8 L3 @we)1.8Y = Go kN-m
¢ 30 (o) (3.0) = [@WLEY = HE kN-wm
D 3.¢ (4o Y(2.¢) - (4a)(21) ~(66X0.6) = 7.2 kN-m
E 4.5 (40)(4.5) - B3)(3.0N -(6)(1.8) + o) (0.9) = O
Mux = 60 kMo —




PROBLEM 5.121

10 kips 25 kipy

5.121 and 5,122 (&) Using singularity functions, write the equations defining the shear

and bending moment for the beam and loading shown. (b) Determine the maximum
normal stress due to bending,

10 kips
SOLUTION

[ s6x 125 +DZM =0
<2 (CeXlo )+ 45 Ry + (25)(25) - (loYi0) = ©

T 25 in T 1 Ra = 25. kl‘T'
15in.  20in. 10 in. |
ADEMg= ©
(s Yro) = (22Y(28) + 45R, - 55Y¥(10) = ©
R° = 20 k.";s
V= =10 4 25{x-15)° - 26{x-35)" + Zo{%-c0>" Lips —
M= = j0x + 25<x-157" - 25{x-28>' 4+ 20{x- 60  kip- in -
P+ x(‘H’) M (kt‘r' L) \
B Is —=Q0s) T - 50 Kpean
C 35 -(10)(3s)+ (25)(20) = 150 k‘F' in ._
D ¢o - (10)eo )4 (25)us) - (25Kas) = - 100 Kp-m
E o — (16 M7 ) + (25)(55 ) -(25%(35) + (X)) = O cheeles
Maximum 'M\ = |S0O ktlﬂ in
For SGx12.5 volled steed section S= 1.370°
N.ol‘wma? stress G = Ll . Be 20. 35 ks, Y

T 737 -




PROBLEM 5.122

24 kN

5.121 and . 122 (a) Using singularity functions, write the equations defining the shear
and bending moment for the beam and loading shown. (b) Determine the maximum
normal stress due to bending. '

SOLUTION
tDZM, =0

F zW?.SO X 28.4

-3R, +(2.25X249) - (1-5¥24)
- (0.75124) + (0.1 Xad) = o

4@0.75m = 3m TS Ra = 30 kips
DTMy =0 - (038 - (1L.5)HaY) - (2.25)24) + 3 Re - 3.19(2¢) = 6
R, = G6 k-'fs

Ve 30 - 244x-0.75)" - W {x-1.5Y ~ 24{x-2.25% + Gedx-35 kN -
M= Box - 24{x-0,78) - 24(x~ LSY - 24<x~2.257 + ¢e{x-3>" KkNew -t
Pt X () MUkN-m)

B 0.75 (8303(0.78) = 2.5 KN-wm

C l.s AT -2N(D.3) = 27 KN-wm

D 2.28 (32225 ) Q4Y1.5) - (24X0.35) = 13,5 KN-m

E 30 (20 )(3.6) = (24)(225) ~ (24X 1.5) = (291 (0.75) = = 1% kN-m

F o 37 (30)(3.75)-(24 X3.0) - (24N 2.25) ~ (Y}(1.§) +({¢)(0.75) = 6 o+
Momimumw M) = 27 kN.m = 27x/0® N-m

Fov rolled steed section

Normal stress

W250 x 28. 4 S= 308 (0% mm®

308 x 0% m?t

- ]Ml - 27*'03 . P L
C="§ ° Zgrem ° 27.7x%10° Pa = 87.7 MPa. =
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PROBLEM 5.123

10 kN
80 kN/m

4m |

V = ~-10 + 190 ¢{x-

T -Jo +
M= ~lox + 140¢
At pt. B x= I

5.123 nnd 5.124 () Using singularity functions, find the magnitude and location of the
maximum bending moment for the beam and loading show. (b) Determine the
maximum nommnal stress due to bending,

SOLUTION

'_‘::.?7’ i W530 X 150 +DM° = O

(E)¥ic)- S KRg + 2N4I(BE) = O
RB - i‘-fo KN

W= 804x~27" kN/m = - dV/Adx
1Y - 8o{x-2) N

At 8 V= -lo kv

Bh C V=-lo +1Ho = 130 kW

D {(x=6) V= ~lo+ 14yo - 80(4) = - [90 KN

V changes sign ot B and ot Pon‘n‘f E (x* %) betweena Cand D,
V=0 = =-jo+ (4o {xg~1"Y = 86{%g-2>

4o - 80 (%3 ~-2) Xg= 3.62§5 m
x -1 -—Ho(x-z)" KN« m
Mg oY1) = - 1o kN-wm

Ad P'L E %= 3.62% —

Me = -(0X(2.625 )+ (4o)(2.628) - (4o)(1.625)" = 225.¢ kN.m

’M\h." ke 225.6
For W 530 x 150

Nov-mad strvess

kN-m af ¥ = 3.625 m ' -

S = 3720 21w = 3720 %13 Mt

G = M} 225.¢=t0*
S ~ 3nroxiot

60.6 % 10° Pa
T 60.6 MPa -
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5,123 and 5.124 (a) Using singularity functions, find the magnitude and location of the
maximum bending moment for the beam and loading shown. (b) Determine the
maximum notial stress due to bending.

PROBLEM 5.124

40 kN/m

SOLUTION

§ sow0xs2 DM, =0

I8 - 3.6 Ry + (-2)(24¥H4o) -~ 27 = ©
Ra= 29.5 k¥

V= 29.5 - 46{x-12) kv

Point D V=0 29.5 - o (xg - 1L2) = O

o = 1.9375 m
M= -18 4+ 29.8§x - 20{x~ 127" kN-m

Mp = - 18 kN-m

Mp = 18 + 29.5X1.9375) ~ (26)(0.71378 )" = 28.278 kN-m
Mg = — 18 +(20.5)(2.6) - @eX2.4)* = =27 kNem
Memimom M| = 22278 kMo at x= L9375 m — -

S= £35 »ic> mm®
= 6ASw(6"¢ m*

Eor S 310 %852 volled steeld section

Ml 28,278 ¥(o®
S ~ e25xle-©

Novmad stress 6 = = 452 %10° Pa = 45.2 MPa =




PROBLEM 5.125

5.125 and 5.126 A beam is being designed to be supported and loaded as shown. (a)
Using singularity functions, determine the magnitude and location of the maximum
bending moment in the beam (b) Knowing that the allowable stress for the steel to be
used is 24 ksi, find the most economical wide-flange shape that should be selected..

SOLUTION

DZM =0 =I5R, « (2.5)5)BY+ (12W22.8) = ©
Ra= H0.5 kips.

W= 8 kips /P = -

V = 40.§ - 3x - 22.5{x~3>" kips

Location of peint D wheve V = O, Assome 3<% < |2
0= HO0.5 = 3%, ~-22.5 X = G B

M= 40.§x - 1Ex* - 22.5{%~3> kip-+L

At Pdu"’ D (x= &)

Mo xiwrum )M\ =

- Mo 1483
s""'"‘ S M

Shape | S Cint)

W 21 U4 2.6
WitxSo | ¥8.9
Wit x Yo [« T B
WHxYy3 ] 62,7
Wi2« So 4.7
Wiox 68 15.7

M = (o.s)e)-0.5)e) -(22.5)(a)
= 41.58 k-'p"P‘l' - 145® ku'p-in.
121.5 k.'P-Ff at x =&+t —ath

= &0.1715 in®

Answer WIExHO etk

K T

I 1 1

9
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PROBLEM 5.126

12 kips 12 kips
2.4 kips/ft _

5,125 and 5.126 A beam is being designed to be supported and loaded as shown. {a)
Using singularity functions, determine the magnitude and location of the maximum
bending moment in the beam (b) Knowing that the allowable stress for the steel to be
used is 24 ksi, find the most economical wide-flange shape that should be selected..

SOLUTION
DZM.;_ -0
~18 R, + (2.8¥1s¥2d) - @¥12) - (3)(12) = ©
R, = 2.6 kips
w= 24 ks M = -
V = 27.6 - 2.4x - 124x-6) - 12<x-i12>"  kips
Vg- = 27.6-(24Y6) = 13.2 Kips
Vgt = 272.6 - R4X&Y - 12 = .2 k-'ps } Point wheve V=0
V.o = 27.6 - (24)u2) - 12 = -]3.2 k.'l:s fies between £ emd C.
lct'.a"}e Po‘w\f E wheve V= 0O
O = R7.6 - 24 % -12 - O Xg = 6.5t
M= 27.6 % - 1ax® - 12{x-¢) = 12{x-12) kp-Ft

At Pofh‘\‘ E (x= 6.5 F4)

M = (22.6)(6.5) - (.2)(e.8) - (12 ¥0.§) - ©

= 1227 kip-Tt = 1472.4 kip-in.
Moz im om ,M\ [22.7 l(\'p-'F‘{“ o w= ¢.5 'FT -l
_ Ml 1472.4 . 3
SMfl\ = Gtr 24 = GI.35 in
Shape. S (i*)
W2RIx 4Y 81.6
wig « &0 38.9
W i x Yo 64.1 -— Answer i Wit x 4o —
W e 43 62.1
W 12 x50 a4.7
Wiox63 75.7




5,127 and 5.128. A timber beam is being designed to be supported and loaded as
shown. (a) Using singularity functions, determine the magnitude and location of the
maximum bending moment in the beam, (4) Knowing that the available stock consists
of beams with a 12-MPa allowable stress and a rectangular cross section of 30-mm
width and depth 4 varying from 80 to160 mm in 10-mm increments, determine the most
480 N/m economical cross section that can be used.

30 mm

PROBLEM 35.127

SOLUTION

DEM, =0
4Ry +(EANRN1.5)(0.48) + (125N 2.5)(oM8) = O

Ry = O.645 kN

480 N/m = 0.48 kN /m

B

1.3 m—r+—25m

= 0.48 - 5.48 - ! = - ! 4
w e X - T dx-1.8) = 0.32x - 0.324x-1.5) kw/m=-F

V= 0.645 - 0.16 x*+ 0.164x-1.5D" kN

Loca.+e Pé\'n"' D wheve V = O Assume I.LEwm < Xp < Hm

O

1

0.645 ~ 0.16 Xe + 0I(%p-1.5)"
0.645 - OAGE 1 006X - 0.48% + 0.386

"

M= 0.645 x - 0.05333 x> + 0.05333 {x-1.53  lM-m

At poiat D My (0.645)(2.09%75)- (605333 )(2.09375 )} +(0.05333)0.55375 )
= 0.872{1 kN-m -

g - Mo, 0.37211 %10’
win St ) 12 %[0

Fovi‘ o r‘eo+an3w’qv cross sedl'l'om 5 = %‘ID h‘ h=1‘/§'€S’

E f(‘)(”-;"oﬁ*w_’_l - 120.56 wm

s 72,6168 %10 W = T2.6ISE RO wm

At KWext 'ﬁarjer- [O=-pm inerement h = 130 mm -
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5.127 and 5.128. A timber beam is being designed to be supported and loaded as
shown. (a) Using singularity functions, determine the magnitude and location of the
maximum bending moment in the beam, (b) Knowing that the available stock consists
of beams with a 12-MPa allowable stress and a rectangular cross section of 30-mm
width and depth / varying from 80 tol160 mm in 10-mm increments, determine the most

PROBLEM 5.128

300 N/an economical cross section that can be used.
30 mm
SOLUTION
500 N/m = O,G eV Jm
+DZM =0

~4R, + (3.2X1c)o.8) + (1.eM4X24)(0.8) = ©
Ry = 0.880 kN

W = 0.54 %’f(x—l;é)' = 0.5 - 0.20833{x- lc) ku/,,.,--_i‘!

V : 0.880 - 0.5x% + 0.104167 {x- L&» kW

Va ~ 0.%80 -(0.5Y1.6) = 0.080 kN } Sign
No = 0.880 - (0.5 +(0.104167)(2.4)° = ~0.520 KN 1 _fange
hoeate peiat D where V= 0
O = 0.880 - 0.5 %y + 0.104167 (Xpo- 1.6)*
0.104167 %, — 0..83333x, + [|.146e7 = O
w = ©.33333 x40, 83333}~ (U\(0.104167 X 1.14¢6 1)
° )(0.1041¢7)
= Yot 22342 - €841 , [.76¢58 m —
M= 0.880 x - 0.28x* + 0.347222<{x ~ e Y KN-w
+ (0.830X1.7¢53) ~(0.25)(1.7658)" + (0.34722)(0.1658)° = 0,776 Mv-wm
Muwe = 0.776 kN-m st X = 1.7658 m —
. Man . 0.7 w{o? _ -6 3 _ 3 3
Snm'n - 6:1( = 2 % 10 = e4.66 % 1D n T GU. €6 % T wim
For & red anau.?a» cvoss section 8- tbh' h= %
P, = (G](;‘:‘;“HO’) 12,7 v
At wnext h.’sl\er JO- mw  inerement h= 120 wmw e




PROBLEM 5,129

9kN AL=03m

12 kNAn

<

5.129 through 5.132 Using a computer and step functions, calculate the shear and
bending moment for the beam and loading shown. Use the specified increments AL,

starting at point 4 and ending at the right-hand support.

SOLUTION
-\-DW\C = O
Re = 29.7 kN
W= 12{x-0.9>°

-9 + 29.1{x-0.9Y = 124{%-0.9) KN =

- Gx + 20.74{%-0.9) - e{x-0.aP" YN.-» =4

X
m

. . [

WWWWNNDBRBPROOOO
mmboqummmwmuo

. *

(3.93(2) —'SPB y (LSY(B.0¥G2) = ©

kN»m

0.00
-2.70
-5.40
-8.10
-2.43

2.16

5.67

8.10

9.45

9.72

8.91

7.02

4.05

0.00

}




PROBLEM 5.130

AL=025m

120 kN

V= 85 - 120 {x-2) =

5.129 through 5.132 Using a computer and step functions, calculate the shear and
bending moment for the beam and loading shown. Use the specified increments AL,

starting at point 4 and ending at the right-hand support.

SOLUTION

DZM=0

& R+ W0eY s (NENBNBE) = ©

Ra = 89 k¥
W = %(x-S)’ = 124x-2)

G{x—S}l LAV x

M= 39x - 120<¢-2D = 2¢¢- 35 KN-yy ==

v
m kN
0.0 89.0
0.3 89.0
0.5 89.0
0.8 89.0
1.0 89.0
1.3 89.0
1.5 89.0
1.8 89.0
2.0 ~-31.0
2.3 -31.0
2.5 -31.0
2.8 ~-31.0
3.0 -31.0
3.3 ~31.4
3.5 ~-32.5
3.8 ~-34.4
4.0 -37.0
4.3 -40.4
4.5 -44 .5
4.8 -49 .4
5.0 -55.0
5.3 -6l1.4
5.5 -68.5
5.8 ~-76.4
6.0 -85.0

kN+*m

0.0
22.3
44.5
66.8
89.0
111.3
133.5
155.8
178.0
170.3
162.5
154.8
147.0
139.2
131.3
122.9
114.0
104.3
93.8
82.0
69.0
54.5
38.3
20.2
-0.0




5.129 through 5.132 Using a computer and step functions, calculate the shear and
PROBLEM 5.131 bending moment for the beam and loading shown. Use the specified increments AL,
starting at point 4 and ending at the right-hand support.

3.6 kips/t AL = 05 6 SOLUTION
-\-DZMC = 0
—12 Ry + (6)(12)(1.8) 4 (10X£Xe)(1.8) T ©
R.= 15.3 kips.

. L8 L8 (e
w= 86~ Z=x =+ = {x—~¢Y

1
= 3.¢- 0.83x + 0.3{X-&7

VT I5.3 = 3.0% + 0.15x" - 0.15{x-€)" kips ™ x v M
. ft kips kip-ft
= - LB8X* +0.05 x® -00 - x -
M= 15.3% - L8X* +0.05 x* — 0.05{x-¢) UpHt - 1530 -

0.5 13.54 7.2

1.0 11.85 13.6

1.5 10.24 19.1

2.0 8.70 23.8

2.5 7.24 27.8

3.0 5.85 31.1

3.5 4.54 33.6

4.0 3.30 35.6

4.5 2.14 37.0

5.0 1.05 37.8

5.5 0.04 38.0

6.0 -0.90 37.8

6.5 -1.80 37.1

7.0 -2.70 36.0

7.5 -3.60 34.4

8.0 -4.50 32.4

8.5 -5.40 29.9

9.0 -6.30 27.0

9.5 -7.20 23.6

10.0 -8.10 19.8

10.5 -9.00 15.5

11.0 -9.90 10.8

11.5 -10.80 5.6

12.0 -11.70 0.0

————

)

! T §

SR S B




—/ ™M

—

5.129 through 5.132 Using a computer and step functions, calculate the shear and
PROBLEM 5,132 bending moment for the beam and loading shown. Use the specified increments AL,
starting at point 4 and ending at the right-hand support.

AL =051t SOLUTION

Sy —-%50-3y-$5<x-3f

1]

W E;

1)

LEx ~ 1.5<x=-3>" -~ #.5{x~3)°

V = = 0.5 K" + 0.954x-3% + #.5<x-3) ~ 6<x-4%" ks -
= —0.25%2 +0.25¢x-2Y +225X-30% - cdx-4Y k- B -
x v M
ft kips kip-ft
0.0 0.00 0.00
0.5 -0.19 -0.03
1.0 -0.75 -0.25
1.5 -1.69 -0.84
2.0 -3.00 -2.00
2.5 -4.69 -3.91
3.0 ~-6.75 -6.75
3.5 ~-6.75 -10.13
4.0 -12.75 -13.50
4.5 -12.75 ~19.88
5.0 ~12.75 -26.25
5.5 -12.75 -32.63
6.0 -12.75 ~-39.00




PROBLEM 5.133

3 kN/m

5 kN/m

L=5m -5R, + h.0)(20)(3) 4(1-5')(33C53+(l-5¥3) T O
MLTOBm Ryt 10,2 kN
W3 4 24x25 WN/m s - G
V= 0.2 - 3x = 2{x-2) - 3{x-3.5)° -
M= 10.2% = LExX* = {x-2% - 3Ex-2.§) Km -

x
m

0.00
0.25
0.50
0.75
1.00
1.25
1.50
1.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.75
4.00
4.25
4.50
4.75
5.00

2.83
2.84
2.85

kN

v
kN

10.20
9.45
8.70
7.95
7.20
6.45
5.70
4.95
4.20
2.95
1.70
0.45

~-0.80

-2.05

-6.30

-7.5%

-8.8Q

-10.05
-11.30
-12.55
-13.80

0.05
0.00
-0.05

15m Y 1.5m

M
kN+'m

0.00
2.46
4.72
6.81
8.70
10.41
11.92
13.26
14.40
15.29
15.88
l6.14
16.10
15.74
15.07
13.34
11.30
8.94
6.27
3.29
-0.00

l6.164
l6.164
16.164

5,133 and 5.134 For the beam and loading shown, and using a computer and step
functions, (a) tabulate the shear, bending moment, and maximum normal stress in
sections of the beam from  x = 0 to x = L, using the increments AL indicated, (b)
using smailer increments if necessary, determine with a 2-percent accuracy the
meximum normal stress in the beam..

SOLUTION

m&m -DZMD: o

W W200 x 22.5

For volled stee) section
W 200% 22§

S = 194 % 103 mm®

sigma
MPa

0.0
12.7
24.4
35.1
44.8
53.6
61.5
68.3 -
74.2
78.8 -
81.8
83.2
83.0
81.2
77.7
68.8
58.2
46.1
32.3
17.0
-0.0

S = (44 %0 mm> = |94 =)0 m®

o = Mo o 16164 %10°
g 194 »jo0~*

83.3%]0° Py

32.2 MPa st

83.3
83.3 <«
83.3
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5,133 and 5.134 For the beam and loading shown, and using a computer and step

PROBLEM 5.134 functions, (a) tabulate the shear, bending moment, and maximurmn normal stress in
sections of the beam from  x =0 to x = L, using the increments AL indicated, (&)
using smaller increments if necessary, determine with a 2-percent accuracy the

N maximum normal stress in the beam..
20 kN/m
50 mm N
e SOLUTIO
D E:[Sﬁomm +DZMD =0
A - ~4Rg + (US> + 2.5%3)(20) = O
2 m—st 3m s AL=05m Re = 45 k¥
Im . o &/
W= 204x=2)" = 204%~87 kN/m = =45
Ve =5 + 454%-27 ~ 20{{x - 25" + 20¢%=-5> kv el
Mz =8x + 45<x=27 - 10<x~ 27" + I0<X-S> kil e
X v M Bigma Ma)c;gvrdw\ lM\ = 30 ku'M
m kN kN-m MPa ®r YO w
ggg :g _ggg _gg Fov md‘amaoﬂaw cvoss sechion
1.00 -5 -5.00 -6.7 S = Lbh?=()(50)(200)"
1.50 -5 =-7.50 -10.0 ¢ £)(5e)(z00)
2.00 40 -10.00 -13.3 = 750 % |O% mm~
2.50 30 7.50 10.0 e 2
3.50 10 27.50 36.7 .
4.00 0 30.00 40.0 —=— s - Mo, 3010
4.50 -10 27.50 36.7 L= S - 7so x{D"'
5.00 -20 20.00 26.7 .
5.50 -20 10.00 13.3 = 40 x%(0° Pa = 4O MPa -
6.00 -20 0.00 0.0
_ Ml
6= g




PROBLEM 5.135

9 kips/ft

5.135 and 5.136 For the beam and loading shown, and using a computer and step
functions, (@) tabulate the shear, bending moment, and maximum normal stress in
_x=0to x = L, using the increments AL indicated, (b)
using smaller increments if necessary, determine with a 2-percent accuracy the
meximum normal stress in the beam..

sections of the beam from

X
"

3.00
3.25
3.50
3.75
4.00
4.25
4.50
4.75
5.00

2.10
2.20
2.30

: SOLUTION
e . 200 0 0.5 %ips
Ium +DEM, = 0
L=5# SR, 4 (4.28)018)2) + 25)R)(1.2) +U.5X0.8) =0
‘ Sn T AL=035k RA = 3. ¢4 k:rs.

300 b

2,84 - 2% +

3,80x -x° + 0.4{x-15) +0.6{x-3.5 - 0.8{x- 8.5V kip-Ft ==

v
kips

3.84
3.34
2.84
2.34
1.84
1.34
0.84
0.54
0.24
-0.06
-0.36
-0.66
~-0.96
-1.26
-1.86
-1.86
~1.86
-1.86
-1.86
-1.86
-1.86

0.12
0.00
-0.12

M
kip-ft

0.00
0.90
1.67
2.32
2.84
3.24
3.51
3.68
3.78
3.80
3.75
3.62
3.42
3.14
2.79
2.32
1.86
1.39
0.93
0.46
-0.00

3.80
3.80
3.80

w=2-0,8{x~1.57"=1.24x~3:5)° kp/FT

sigma
ksi

0.000
0.224
0.417
0.579
0.710
0.809
0.877
0.921
0.945
0.951
0.937
0.906
0.855
0.786
0.697
0.581
0.465
0.349
0.232
0.116
-.000

0.949
0.951 <«
0.949

0.8 {x =15 + 1.2{%-35) - 0.3{x-2.8) ks ==

Moximom ]M\: 2,804 k:r-H
T 45.648 k\'}:- n
at #= 2 20

Qeo‘l‘amaulpat’ Sev}'foq

2 ¢ 12 in.
S= £ bh*= (DY)
= 43 ins
M 45.c48
~s 42
= O.‘fSl ka e

O

(G R ‘

. _




PROBLEM 5.136

4.8 kips/it

3.2 kips/it

T
25ft 251t

w =

X <L
] i

ft

0.00
1.25
2.50
3.75
5.00
6.25
7.50
8.75
10.00
11.25
12.50
13.75
15.00

8.90
.9.00
9.10

10 ft

§.135 and 5.136 For the beam and loading shown, and using a computer and step
functions, (2) tabulate the shear, bending moment, and maximum normal stress in
sections of the beam from  x = 0 to x = L, using the increments AL indicated, ()
using smaller increments if necessary, determine with a 2-percent accuracy the
maximum normal stress in the beam..

SOLUTION

-

WiZX30 T My = o

e L= 150 ‘

T AL = 1.95 f ~12.5 Ry +(12.5)(80X48) + (5Xi0)(82) = ©

Rgz 36-8 kt.PS.

4.8 - 1§ {x-8) kips /Bt

-4 8 X + 36.8<><-2.s>° + 1.6dx-5 kips

v
kips

il
_24 % 4 26.8{x-2.5> + 0.8{x-5)  lip-Ft —
M sigma Maxi muns M = 57.6¢ koo T
. Y L) . ‘P
kip+ft ksi = €91.2 kip-in
0.00  0.00 at x = 9.0
-3.75  -1.17
-15.00 -4.66 For rolled steel section Wi2x30
12.25 3,81 - s
32.00 9.95 S =36
45.50 14.15
54.00 16.79 ‘
57 .50 17.88 Maximom normal stress
56.00 17.41 M cal.2 .
49,50 15.39 € =2 35¢ - 11ki -
38.00 11.81
21.50 6.68
0.00 0.00
57.58 17.90
57.60  17.91 <«
57.58 17.90




5,137 and 5.138 The cantilever beam 4B, consisting of a cast-iron plate of uniform
thickness b and length L, is to support the distributed load w(x) shown. () Knowing
that the beam is to be of constant strength, express A in terms of x, L, and h,. (b)
Determine the smallest allowable value of A, if L =750 mm, b = 30 mm, w, = 300
kN/m, and ¢ = 250 MPa.

PROBLEM 5.137

SOLUTION
AU = = X
aw - "W T L
— W,XE - dM
ve-gE =g 3
SN & o WX
b 6L Ml 6L
_ Ml w, %2
Bau 6 LG
. 2
For a v-ec'|'an3ufav~ evoss seckion 3= tbh
-~ . I 2 w3 _ wx?
Equeting T bk = T, S
_ - WoLl . - l 3/t
At x=L h=h,-= SN - ho= h,(L) -
Duda: L=750 mm = 0.75m, b= 30mm= 0.030m
W, = 300 KN /m = BooxIOS N/m | G =250 MPa: 25010 Fa
z
h°='| (300x10*)(0.75 ) 150%10 " m = 150 mm -k

(250 % |04 )(0.030)
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5.137 and 5.138 The cantilever beam AB, consisting of a cast-iron plate of uniform
thickness 4 and length L, is to support the distributed load w(x) shown. (@) Knowing

that the beam is to be of constant strength, express 4 in terms of x, L, and hy (b)

Determine the smallest allowable value of ho if L =750 mm, b = 30 mm, w, = 300
kN/m, and o = 250 Mpa.

PROBLEM 5,138

w=wosing:

SOLUTION
%\(—’- = —w = -woSEn%
V’%c«:s%}f—+c. L
V:o of xz0 — (z-2
= IERVIER . Y (T < 4
M o=- ek (2L, IX IMf= BEeL (¢ - R, XY
S = Jﬁ%u‘- = %(K—&an%
For a r‘ec—'fanjuja» cvoss Section S=¢bht
E:Tua"’inj nghz = %(X—% St'nl;"'_&
h= % (x - %—sin%—_’f)}m
T ST~
@ he h [ -Ea By /G- 2)]" -
Pete? 1;\!: -”-ngogmkuflmo'j‘;é le:): 3/03-:;” 26‘3;0:33;0 HPa - 250 %]0° P,
(b) he= 1178 (@300 10%)(0.75)* 176.7 %10 "4 = 176.7 mp —m

" ¥(350 % (0°) (0.030)




PROBLEM 5.139

5.139 and 5.140 The beam 4B, consisting of a cast-iron plate of uniform thickness b
and length L, is to support the load shown. (a) Knowing that the beam is to be of
constant strength, express h in terms of x, L, and A, (b) Determine the maximum
-allowable load if L = 36 in., Ay =12 in., & =1.25in, and oy = 36 ksi.

P
SOLUTION
4P DM = -7
'“—*Elw M==-Px  IM)=Px
TR
Gt S
For o rec;l-a.mﬂvﬂaw cross Section S =é"l>l-a"
. 2 .}_
Equol“ma 'é'bln & -E—:— h‘-‘(%&'
= = r E_P_L ‘a
A x=L h=h, {sﬂb}
h= h %, -
bh: : 2 |
Sa.pw'nj for P P ig"[___ = (3‘(})232:)\02) = 30 kips e

PROBLEM 5.140

5,139 and 5.140 The beam AB, consisting of a cast-iron plate of uniform thickness b
and length Z, is to support the load shown. () Knowing that the beam is to be of
constant strength, express 4 in terms of x, L, and h,. (b) Determine the maximum
.allownble load if L = 36 in., b, =12in., & =1.25in., and gy = 36 ksi.

SOLUTION
2k =0 Ru+ Rg — WL=0O RA=RB=~“-’Z——’—'
w
JOILELL SM.= 0O
A .-.DM \:?L 7 "
wLf % T Yex-Wig +M= o0
M= B (L-x)
S = ll"_\_ = ._.L(_——w L-%)
S A Cote
For o Mafanaufar cvross sechon S-= 'é'bht
. | r _ wx{lL-~ _ 3wx{L-x) Ve
Equa)"lnj Ebl’l = —%S-I—} h-{-m"" -
L - (3wl - ) r
Ax= g e het (38R h= ho[EQ-EN =
. . 4Gumbhs _ @Y3e XL2SYBY = 2 67 kiphin =
S»«Pvmj for w w 31 (3)(%3 .67 phm
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PROBLEM 5,141

5.141 and 5.142 The beam AB, consisting of a cast-alumipum plate of uniform
thickness & and length L, is to support the load shown. {a) Knowing that the beam is
to be of constant strength, express / in terms of x, L, and A, for portion AC of the beam.
(b) Determine the maximum allowable load if L = 800 mim, A, = 200 mm, b =25 mm,

P and oy =72 MPa.
SOLUTION
Ra= Ra = %
W DIM=o
J\{O ~-Px+M=o0
3=l M= BX (oex<
- M _ Px
S = Cu = AbGw
For a r‘ec;f‘amjuﬁaw evoss section S- é‘bhz

. Px 3Px
Equ&inj +bh = 26 h= -\)m
‘ ‘ 2
@ A x-§  he ho- o3P W= hoyB | o<xck -
Fov ?C»>% r\qz.’a.c.e, X Iod L-x
. _ 28ubh? Q@210 X(0.025 Xo.200)" - b,
(b) Sopvl‘nj for P P-= 3L B\0.8) = goxio® N

= GO kN

el




3.141 and 5,142 The beam AB, consisting of a cast-aluminum plate of uniform
thickness b and length L, is to support the load shown. (a) Knowing that the beam is
to be of constant strength, express / in terms of x, L, and h, for portion AC of the beam.
(b) Determine the maximum allowable load if L = 800 mm, A, = 200 mm, b =25 mm,
and gy =72 Mpa.

PROBLEM 5.142

. " SoLUTION
- o Ro= ML 4 Re = M/L 1
M M. /L
M./ M BIMr =0
| 7 L_" —l M-————ML‘:X (pex<%
-Ma
/2 For %> % M = M,(t-x\ (Lex< L)

L] , X
S g, T gx For (0€w 3) R %35 repluca ¥ by L-x.

For a Nc,'l'unauﬁcr cross section St bk’

Eguw'h'nj ‘é'lohl = -&M r_ h"-\’ g..:lz::_

A ox=5  h=ho 2% he b2/ -
Soling For M, M, = %Lb; - (72sla~)(%ozs§(o.2w)=—: 24510 Nom

= 24 k”"'"l Y
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PROBLEM 5.143

Se
Se

%

h: _ [ OO wm
—h:;— "\ 200 wm
l.2-x¢ 0.9

3.143 and 5.144 A preliminary design based on the use of a simply supported prismatic
timber beam indicated that a beam with a rectangular cross section 50 mm wide and 200
mm deep would be required to safely support the load shown in part a of the figure. It
was then decided to replace that beam with a built-up beam obtained by giuing together,
as shown in part b of the figure, four pieces of the same timber as the original beam and

of 50 x 50- mm cross section. Determine the length  of the two outer pieces of timber
that will yield the same factor of safety as the original design.

SOLUTION

_.E‘_x—“f
2

DM o¢§(<lz'-
?2M¢=o

v M=

-zx*M= 0
or M= LnmX
Bev\oh'ns MomEn‘I‘ cl{asra.m s two S+Mu'?l|+}ines -

A C  S=¢bht Mi= Moon
= Maw X
At D -S,= £bh Mp= Mo Xo
)z=-#: -E-E:-Fg— xp:O.3M
. .
= 1.300 m -




PROBLEM 5.144

5.143 and 5.144 A preliminary design based on the use of a simply supported prismatic
timber beam indicated that a beam with a rectangular cross section 50 mm wide and
200 mm deep would be required to safely support the load shown in part a of the figure.
It was then decided to replace that beam with a built-up beam obtained by gluing
together, as shown in part b of the figure, four pieces of the same timber as the original
beam and of 50 x 50- mm cross section. Determine the length / of the two outer pieces
of timber that will yield the same factor of safety as the original design.

SOLUTION
0.8
Ry = Re = = = OA4w
Shear: A+ C ~N=04w
D+ B V=-0.4w
Aveas: At C 0w = 0.32 w
C to (F)od)o.4)w = 0.08 W
Be\no“na ‘moments,
At~ C M, = O.40 w
A+ C M = 0.40 wx
At ¢ S.=1bh’ M, = My, =040 w
MFE Sc=%tbh Me= 0.40 WXe

Se . he .,.(!.3?._":.‘.‘3)'} 1. Me_ olowxe
Se e \ Aodmm M 0.490 w

Xe = 0.25 m L= 12-%= 0.95m

A= 1.900 m I

— =

[_‘1
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PROBLEM 5,145

5,145 and 5.146 A preliminary design based on the use of a cantilever prismatic beam
indicated that a beam with a rectangular cross section 2 in. wide and10 in. deep would
be required to safely support the load shown in part a of the figure. It was then decided
to replace that beam with a built-up beam obtained by gluing together, as shown in part
b of the figure, five pieces of the same timber as the original beam and of 2 x 2- in. cross
section. Determine the respective lengths /, and [, of the two inner and two outer pieces
of timber that will yield the same factor of safety as the original design.

SOLUTION
|P " -D'ZMJ.:Q

A__._..__Jﬁj Pc+ M =0 M= ~Px
k= F—"\t Ml = Px

A+ B IMIQ’? Mhn,c.
At C IMIZ M Xe 7 6.25
At D IMET Mux X7 6.25

Mle = %
iMe 625
Mip | X
Mg~ 6.2%

a
Wy Sac: tbht= g-b(seY = T
Atoc S.= z- b = ¢
C4tD S, &b = Zb°
::..e_. e xo = LLUE2S) o o 25 ot
‘ 0, = G25-0.25 =G.coff -
%2% x°=_&2l§'£.a_s)= 2.25+1

¢ 6.25 -2.25 = 4.00Ft =




PROBLEM 5.146

W

M

Me _ /% Vo S
ml: ) (‘-25) S
M, _ () - S .
,Mls &2¢ 55 -

5.145 and 5.146 A preliminary design based on the use of a cantilever prismatic beam
indicated that & beam with a rectangular cross section 2 in. wide and10 in. deep would

be required to safely support the

load shown in part a of the figure. It was then decided

to replace that beam with a built-up beam obtained by gluing together, as shown in part
b of the figure, five pieces of the same timber as the original beam and of 2 x 2- in. cross

section. Determine the respective lengths /,

and £, of the two inner and two outer pieces

of timber that will yield the same factor of safety as the original design.

SOLUTION
W DPZM;=0 wxX + M = o
Wi L. 2
A 19 M= - %x—l IM\: wfx""
=
M B ML M. .
At C ML= 1M, (X Z6.2¢)
A+ D Miy= (Ml 06 /76.25)"

M B

S, = thht s bl - 25

At C S.=tbh*= 24k = +5°

C+HD

4
25

S,z ¢bh*= 4@ 22

.25 _ '
Xe T = .25 ¥t

725
g, = 6.25-1.25 Pt = S.co i -
%‘ Xp = -‘—’-‘—"a—gﬁ = 3.25F¢
vas
A cers-2P T 250 P -




5.147 A cantilevered machine element of cast aluminum and in the shape of a solid of
PROBLEM 5.147 revolution of variable diameter 4 is being designed to support a horizontal concentrated
load P as shown. (a) Knowing that the machine element is to be of constant strength,
express d in terms of y, L, and d,. () Determine the maximum allowable value of P if
L = 300 mm, d, = 60 mm, and oy =72 Mpa.

SOLUTION

A e ‘:DZMJ"-O ‘M-—'PJ=O

¥ M= Py
Ll Ml P
u = ree— T —ay_
M S Cau C.e
For o godid cirevdar cross section ¢ = % T-= gc"‘
< ';" - Tr 3 ] M:
SR L S 4 . (382 Py\"®
Erting 300" G 4= (L) y /
, va /3 ‘
Aby s b dedos (57 Z= (@) ~
~ - Wol'Gle T (0,060)2(72%10%) _ s
SJvms For P P FL < ! (32)(6.300" - 5.09xj0 N

= 5.09 kV -

5.148 A camtilevered machine element of cast aluminum and in the shape of a solid of
PROBLEM 5.148 revolution of variable diameter d is being designed to support a horizontal distributed
load w as shown. {a) Knowing that the machine element is to be of constant strength,
express 4 in terms of y, L, and 4. () Determine the smallest allowable value of d, if L.
= 300 mm, w = 20 kN/m, and g, =72 MPa.

w
3\ SOLUTION Szm
+ = O
Ny =7 J,x Wt
-~ Sw oy M- Fwy =0 M=
~~ L v - |
= Jgl= v S = Ml wyt
o U Cuse 26

yi
N
e

For a sol):‘al c_.'r\c.))w cevoss secthion

] - I _wei_ wd
I- I‘EC" S=¢ - 4 32 /
) ' ds W H _ IGW 2\ /3
E:quo.‘{'mj %}:‘ = ?6.\{; d h ('11—6"‘}1 ) v
] Ty W
Wl de d(182L)” 3= a) ~

L _$16X20%10*)(0.300Y* 1 = 5p g wo,
Using the data o, =25 (12xj0% ) } = 5.3 mm -




PROBLEM 5.149

At x=o0
SO'VI‘ﬂﬂ ‘For "\

5.149 A cantilever beam AB consisting of 4 stee] plate of uniform depth 4 and variable
width & is to support a concentrated load P at point 4. (a) Knowing that the beam is to
be of constant strength, express b in terms of x, L, and by. (b) Determine the smallest
allowable value of & if ‘

L=12in, by=151in., P=3.2 kips, and g, = 24 ksi.

SOLUTION
DZIM; = o -M- PUL-¥Y= 0O M=z~ P(L-x)
MY = P-%)
- L'f‘_'. P(L"xz
S S Gt
Fof‘ a. reo-{umau?aw Cross sec+|'om S = .Gl_bh"
. dr. PL-x) - 6 P-»)
E?()df'l.ﬂﬂ G bl'l = —é.;(_ b‘ _E(”T
boz g:rzt‘;\z o b= b"(,-%\ -
= JePL _ [G)a.2uay _ » i
h '/6;40 bo T (25, - OBoe

PROBLEM 5,150

CL-L-x»I

Mx=o0

So.pvfnﬂ for \.W

A

b =

5.150 A cantilever beam AB consisting of a steel plate of uniform depth / and variable
width b is to support a distributed load w along its center line AB. (a) Knowing that the
beam is to be of constant strength, express & in terms of x, L, and &, (b) Determine the
maximum allowable value of wif L = 15 in., by= 18 in., h = 0.75 in., and oy = 24 ksi

SOLUTION
4DZMJ=O -M—W(L‘X‘)L;__)s = O

2 X
- o wilL-x w{L-%)
M = .._%J_ w
S - IM| w(L-»)*
" B A6
reofa.nsujaw cvoss Section S = 'G]‘"blnt
w(L-x)* be 3wWl-x*
26 G h®
2 ™
b = o b s b, (1= F)

- Saub.h® _ (241080350
W= %L’- T @Y0s)®

M) =

Fov a

Lok

0.340 kip /in
= 860 Sb/in

il
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PROBLEM 5.151

40 kN/m

5.151 Two cover plates, each 7.5 mum thick, are welded to a W460 x 74 beam as shown.

Knowing that / = 5 m and b = 200 mm, determine the maximum normal stress on a
transverse section {«) through the center of the beam, (b) just to the left of D.

ﬂnm SOLUTION

160 kN

+Dfﬂd- =0
—l6ox + Hox)E + M= O

M= |60 % -~ 20%X% KN-m

A‘l‘ cen"‘ew a'P Leﬂwn X = Y pn Mc. = 320 kU'I’h

A D x= %£(8-0) =

A'} ce.n'l'ew J Joeaw\

Novim af S+N§S

J.SM Mb- qu kN'm

I= TI... +21a
= 233x10° + 2§ (o015 W+ % 25) + oo XA 5§
T 494.8 ¥ [0° mm®

c = ‘f%—?-r 7.8 T 236 mm S= g = 2097 % 10> mm®
M 3 3 = 2omxiote’
- 2Ox {0 .
= o _EETIM - 1526+ )0° Pa
U7 ST o = 152.6 MPa -

At D S = 1460 ¥/O  mm® = 1460 1% m®

Novead stress

c= M . _1asxio®

l'-fé,ovtO"’ 133.6 "IO‘P@

= 133.6¢ MPa. w—h




5,152 Assuming that the length and width of the cover plates used with the beam of
PROBLEM 5.152 Sample Prob. 5.12 are, tespectively, / = 4 m and b = 285 mm, and recailing that the
thickness of each plate is 16 mm, determine the maximum normal stress on a transverse

section () through the center of the bearn, () just to the Teft of D.
500 kN 16 .

SOLUTION
Ra = Ra = 250 kN

M ‘_-DEMJ.:O
—2A50 % + M = O

!
- ¥ M= 250 x KN:m
250\ v
At center of beam X = 4y Me = (2504 = 100 kN-m
MD  xs 3(8-0)% 2G0T 2m  Myr 500 ke

A'l' C.en"‘e.-f‘ o“P beam I = Iu...\ + QI,'I—J'.
90 ¢/0® + 29 (28516 )( €8 4 £+ (2851

A28 xI0% wmm"Y

1}

c = 78 + 16 = 355 mm S= % = GHQS*IO‘ MMS
2 = GHUS x 107 Wt
M 060 = (O3 < .
Novmald stvess G'= <7 &49'5:7? T 155.2 %10 Pa, = |S5.2 MPa, -
At D S = 3510%16° mm® = 35/0x10 “m?

M _ Sooxio® _ T -
Nof‘me\j S+NS$ 6= g = W" = 1424 20" Pe, = 142.4 MPa_

[ A U N A
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PROBLEM 5.153 5.153 Two cover plates, each “%‘ -in. thick, are welded to a W27 x 84 beam as shown.

Knowing that / = 10 ftand b = 10.5 in., determine the maximum normal stress on a
transverse section (a) through the center of the beam, (b) just to thg left of D.

-f_ RA = Ra - Bo ih'?s

160 kips

SOLUTION

W27 x 84 D - 80xa M= O
X —-a\Jf ‘
= ku - 1
Sokips M 8o % s ¥
™ 120 k{f-'ﬂ At ¢ K= 9P Mcr 7RO k"p M= g2¢qd0 kip:in

M D Xxs9-5= 4yt
M= (B0)H) = 320 kip Pt = 3840 kip-in.

A+ centenr o‘P beam I= I,,,m + QI,.M'. .
L= 2850 + 2{(!0.5)(0.500)(1‘&-7-‘ U= L R -‘l-a-(m.s‘)(o.Soo)sj

= %794 ,.°
e= 2lioswo - 3855,
Normad stress G = l\J’|:c - (864::393.355) = 250 ks -
At Faim+ D Sz 213 Wt
Novrwad stress ¢ = Sﬁ : i!;;o = 18. 03 ks g,




PROBLEM 5.154 5.154 Two cover plates, each 'g' -in. thick, are welded to 8 W30 x 99 beam as shown.
Knowing that / = 9 ft and b = 12 in., determine the maximwm normsl siress on a
transverse section (a)
30 kpwft through the center of the beam, (b) just to the left of D.

3 m. b
ai_ ‘_m SOLUTION
; Rg = RB = 240 lt.'fs
DE MJ =0

20 ks A
UHTH 'DM —-290 % + 32Ow -} +r M= 0O
A
e X M= 240 x =~ ISx* kp-Ft
240 kips v
™ 9¢o \Gp-ﬂ ¢
At center of beam X = Bt
M= 960 kp-Ft = LSO Ky in
-

At pent D, x= F-(l6-9) = 3.5 H
M, = 656.25 k-'f-'P'l' = 7815 kipein,

At ceafer of beam I-= Iu...., + ZIFPA\ ,
T = 3990 + 2§U)(0.c28)(BEF+ 245V 4 & (2)( m)g = 7428 in
c = ALe3 | 5,025 - 1545 in

2
15.45 .
Normal stress G = ;IC. = (“5_}2"‘;}; ) T 24. C ksy il
Ad Poin‘f‘ D S5 = 269 in®
M 7 .
No\r‘maj Stress 6 = < T ;Zf = X9.3 ks, et




5.155 Two cover plates, each 7.5 mm thick, are welded to a W460 x 74 beam as shown.
PROBLEM 5.155 Knowing that o = 150 MPa for both the beam and the plates, determine the required

value of (a) the length of the plates, () the width of the plates.
A0 kN/m

160 kN

\DM '*'D?MJ- = 0O

—160 x +(40xY£) « M= o
M= 16O x - 20 x* kv.m

-

a0 kv

For W 460 x74 V‘o}.,eo‘ s‘i"gc,o bea
S = 1460 x10% mm> = 1960 % }0™¢ m*
AMowebde bemafn'nj momeanl
M= G S = (150104 Y1460%15¢)
= 219%10% N-wma = 29 kN-wm

To ,Por,a{-e Pofﬂfsb ond E) Se-+ M = M.u

16Ox - 20 x* - 219 0x*-160% + 219 = ©
x = l1eo+ o 1c0* —“(4\oY217) s 1753 m
@y 6.247 m
Xp = L1583 £ e = €.247 F¢ £=Xg~%y = 449 m —

At éen"'qw of Leam M= 320 kN ew = 320 %(O N-m

S = M _ 32o%jo*

2
Gy  Isoxio © 2133x 0 m* = 2133 % 0% mm
et
457

|

C=r B 75 ¢ 236 mm'
Reqyfucl Momeﬂ'i' O'P fner'h‘q I=’ SC. d 503.",' YID‘ mmg
BU+ I = I"ﬁh + Q.Iﬂ.h
i 3
Sos.4x10t = 33304 2{(hYrsY LT 2T ), ;‘5(5)(7.5)}
= 333xj0°+ BoT.axi0d b

b = A mm -




PROBLEM 5,156 5.156 Two cover plates, cach 7§ -in. thick, arc welded to a W27 x 84 beam as shown.

Knowing that g, = 24 ksi for both the beam and the plates, determine the required value

) of (a) the length of the plates, (b) the width of the plates.
160 kips

- _%li_n SOLUTION
“.:P’ Rya= Ra = ®0 Kips

-80% + M = p»

je——— o

Sokf[:s 'v M= B0 ¥ l(.'F-'H

/HO\M At D S= 213 i’
X Azp.powa—‘w’e bcﬂolu‘na momew’f

Mast = 6y S = (24)(218) = 5112 Kip- i
= B26 l'(t":.

Set M, = M. 80 Xy = 426 Xo = 5.325 F
L= 18-2x%x, -~ 7.35 —

At center of beam M= (80)(a) = 720 kip ¥t = 8¢40 ki in.

cC = 1‘;!_1'_ + 0,500 = \3,85% .,

?equimal moment of inerta IT=Sc = 49%87.8 "

Bu'\' I = Ibeau\ + 2 IP“*‘
N987.8 = 2350 + 2§(b)o.5e0)(2EM 4 029N, (LY (0.500)°

= 2850 + I185.12 b

b= 11.55 in g

(7
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5.157 Two cover plates, each % -in. thick, are welded to a W30 x 99 beam as shown.

Knowing that g, =22 ksi for both the beam and the plates, determine the required value
of (a) the length of the plates, (b) the width of the plates.

PROBLEM 5.157

30 kipvft
b~  SOLUTION
Ry= Rg = 240 Kips
30 ks /M DE Mp=0
\ i)y el -24ox + Box%¥ + M= 0O
- —‘Ja;l M= 240 x - 1I§x"  kipft
?‘*Dkifs )

For W 230 x 99 v‘oﬂea(- steed section
8 = 269 in>
AU ow b be Eemol:'nj momen"'

Mu = GuS = (22)263) = 5718 kip- in
= H93.1867 l(fp-'H‘

Teo .pacou"e Po{n+s D awd £, set M = My

240 x - 1S x ¥ = 493,167 ISx* — 240 x + 493.167 = ©
240 £ /(240)*~(N(15)(473.167)

@yas)

2.42 ft | 13.58 £

A= Xg-%Xp = 13.§8-2.42 = l.ic —
Center oF beam M= a66 kip-Ft = 11520 kip-in
5= & - 2> - 52504 it
c = Ej,iié_' v 0.625 = 1545
Requived moment oF inertia I=38c = 2090 in'

BO+ I = Ibe.w. + ZIF&»{!
gogq0 = 2990 + 2{(&:\(0.@5)(%—5—54 e.qaryt f;(g)(o.eas)’}
= 3990 + 28647 b
b= 14.31 in ~y




TIRUBLED 5.155 be applied at end £ of the beam ShOWI.  NEgletl LG BAISALS UL Wik e e e e

plates.

12 X 225 mm

SOLUTION

DZM =0 —-HS5R - 21P = O
Ra= - O.H66CT P ie 046667 P )

+DEM 0O 45R, -66P =0

R. = l.46¢e7 P
v Shear: At C V= -0.467 P
‘ P C 4+ E V= P
BenJJn3 moments *
M*""T.Faﬁi’_ Mc = ~(4.5)(0.466¢7 P) = -2.10 P KN-m
Mg = ";_} Me = =112 P kiewm

Mo = %)':'?"Mc. = =0.9 P kNew

At B and D S = 85"!!03 amns = 85!*!0..‘ Ma

- M 1120 Py _ e
Cu=™ ' = Fowioe 165 x 1o ot B

Pu= 125.4% kN

A‘l‘ C I- Ih«m"‘ ZIM
12810t » 25X B+ % (a28)(2)
= 269 % 10% mwt
c = 3-,1—"+|1= 167 mm S=%— = 161} »10° mm”
= 161 »lo°C w®
G- M, 2o les = fo°

S - Teéixio*
Pu = 1R6.6 kN
A low sAde Locd s Fhe smetler vae P - oras 4 kv i,




5.159 For the tapered beam shown, and knowing that P = 150 kN, determine (a) the
PROBLEM 5.159 transverse section in which the maximum normal stress occurs, (b) the corresponziing
value of the normal stress,

4] - - Px -
xos —-Li 6 [_:x ..D ‘QZMJ = G Xy M O
- (0,6 M 0.6m —
;T“ VY M= _P;_x (0 «x < £)
For o 'I'aPereal V‘eo‘f'anﬂupa.w beaw h= o+ l()( (O < u< i\
8= thoh = Eh(avk
M 3 Px

Behnlms s+nss g - = = m

To find docation o7  vheuxi mumn Lena‘;nj stress  set j‘ks'; = O

ds” . 3P _d_{ X _ 3P tarku) - % 2(a+kx) X
M T b Hdxl{ar kx\‘} b (a+kx)t

3P a-kx

m—

b = (a+ k)

—
—

Data: Q=120 wmm

. XA
YT B = O.HOO m -
M o= PX o (5o)o.4oe) | zh pN.w
w2 2
o= O+ Kx, = 120+ (300)(0M00) 7 240 mm
S.: £ bh' - (D) = 192 x10* mm® = 19216 w1

M . 30908

== T e T 15¢.3%0° Pa = 156.3 MPa -




PROBLEM 5.16 5.160 For the tapered beam shown, and knowing that w = 160 kN/m, determine (a) the
RO M 5.160 transverse section in which the maximum normal stress occurs, (b) the corresponding

value of the normal stress.

I M DZM; =0
A&‘Lﬂmj Z™M

“.i --:!I-wLx-l-wx-:—_ ™M = o
X
v W(Lx - x*+)

M=

Fx(L-x)
whewve w = |60 kN/w | uwf L= 1.2 wm.
For +he +apere.a} ,oe,a.w\ h‘r e+ Jex

O = |20 mm k = 300- 120 _ 300 mm/m

0.6

For o rea}anawpqr cross section S-= é b ha = "6" b (C¢+ kY

: - M. 3w Lx-x*
Bema\ma st ress Q- 57 % (ax+1(x)"‘

%-Pmd poca,“‘[on of mayimym Lehcl;”j stress SB']' .;j_f‘ = 0O
ds,_ 3w {_LL-_X_‘_ _ 3w § (askex ) (L= 2x) - (Ly - x2)2(ct k) &
e b ﬁ (a4 k*)'} T b { (oo Kw )

3w{ (ot kx){L- 2% - 21 (Ly = x?) E

b (& +kx)?

if

aw § al+ kix - 2ax - Zbew™ - 2kLx _+,,2-kse‘}
b @+ kxd)?

"

b (a4 kx)® -
w.= 2L (120)0.2)

a+ kL T @azow (Boo)(1.2)

3w {_a_u- 2ax-k-Lw} = o

J

0.24 m

h, = o+ kx, = 120 +(300N0.24) = 192 rw

Sew= zbh = (X192 = 122.38 x5 mm® T 122.88 %10 e

3
Min s %% (Loxn ) = 2252700 24)(0.90) = 18.482%10° N
M 432 1ot
Mol mouem Bevnalu'mj stress G * = %2——-;:1—3—(0—_‘ = 150 %0 Pq
" ' = 150 MPq

}

i

9
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$.161 For the tapered beam shown, determine (a) the transverse section in which the
PROBLEM 5.161 maximum normal stress occurs, (b) the largest concentrated load P that can be applied,
knowing that gz = 140 MPa.

_22|"F SOLUTION
£
126 mm A th Ra= Ra = 7

Yor o +a.r¢¢‘c¢1 beaw h= a+ kx

For I"ed"a.njuﬂav‘ cvoss  Section S= 'c!- bhz = %b(a+ kx)z

.M _ 3Px
=3 b (a+ ket

To Find Location oF Wia s mom loevdu'n:) stress  set é—g = O
Js . 3P _i{ X 'g_ 3P (arkx)- x-2{a+kx}k

Bending stress

M T e Ll k)] b (a+ Ux)®
= & (i:ﬁ:)s =0 Xm =
Then M, BXe . Ta
h, = a+kx, = 2a
S.= £bht - Zba
Data: @ = 120 mim K = %'—.'33 s .gto hﬂ/r‘:?' b=20 mm
Xp = % *  0.400 m i
S, = 32-(20)(120)z= 192 x10% wm® = 1922107 W
My, = GugSw = (140x10°)(192%10¢) = 26.88 10" N-m
Pz ZMm | (2 N26.88%19°) 344y O’ N = I34.4 kV —=-

K o too




5.162 For the tapered beam shown, determine (a) the transverse section in which the
maximum normal stress occurs, (b) the largest distributed load w that can be applied,
knowing that g = 140 MPa.

PROBLEM 5.162

SOLUTION

R » Re = '%_'WL L= VW2 wm

THIH g PEmee

-2 X =
] RWL*wxz"'M

e—— A
M ol v M= ¥ (Lx-x*)
ik = .g X(L-%)

% Fow 'H'n_e +a-pev~eal bea.m h=o+ Jex

300- |20

oz 120 mw K==g = 300 mm/m
For reol-a,ngu,qr cross section S-= ébha s é‘b(OH kx\"

M | 3w Lx-xt
S

Beno\fv\s Stress 6 = b (a+vw)*

To Find focation of maximum Bendu’nﬂ stress set -‘;"'-g o
ds _ 3w i_% Ax- % }= 3w§ (e kx )L -2x)- (L= x)Z(aukx\k'k
&

Ax " o+ k) b (ot kn )®
_ g_vy{ (a+ k)L -2x )= 2k (Lw-*")§
b (a+ kx)?
qw § ol t kix - 2ax 2dx - RULx + dex*
Y (ot kx)®
w§ oL - (2a+klL)x =
= 35—5 (a+ kx}* e
__al _ (120 )(1. 2) - 2 —
o= TaF KL (Y120 + (360 )(I-2) 0.4 m
ho = O+ kX, = 1204 (300)(0.24) = [92 mm

Sn = Lbhl = +(20)(192) = 122.88x10° mm = 122.88%107C m!
'A.Ppoud.fc‘ vahve of M. Mw = S.06y = (122,88»10-‘)(1‘*0!{0‘)
= |7.2032 x{0° Nem

- 2Mw _ (2)(17-2032% ()
Alowohle vedve of w W= en T (029 1(0.9¢)

= 144.3x10> N/ wm = 149.3 kN/m —=m

PSRN

| )
NS
r [
—_— |
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PROBLEM 5.163

4in.

5.163 For the tapered beam shown, determine (o) the transverse section in which the
maximum normal stress occurs, (b) the largest concentrated load P that can be applied,
knowing that oy = 24 ksi.

SOLUTION

l e, = ©
30 in. M
3 —B% + M =0
K i
P Y M= BEX  (o<cx< )
2
Fov a.-f-afereol beaw h= o+ kx

For o veckangular cross section S = tbh® = Fbla+ kx)
M_ _3Px

Benoh'ha stress

6= 3§~ vlo+ kvt

To Fine focation of mawt mom be.na“ha stress set ‘j’g: o)

]

e T e N s D s R o R e

{

)

L1

1 L1

)

s T —

d€ .3_.?2'-5_"_._} _ 3P (a+ kx)- x-2(a+kk
ax - b Il (atkw)* b (a+kx)?
b— 3—8 _.,_......_Q"- k* - b'e - __Q._
T b (a4 k) "k
Data: a=4in, k=23l = 0.13338 in/in
Xm = (T?ST&% = 30 in, el
h.,~ &+ kx, = 8 in

Sw= tbhr= (EUYY = 8w

Mo= 6uS. = @48)= 192 kipin
. M. (2)(192 :
p- A . BUR) . 2.3 ks —




5.164 For the tapered beam shown, determine («) the transverse section in which the

PROBLEM 5.164 maximum normal stress occurs, (&) the largest distributed load w that can be applied,

knowing that oy = 24 ksi

h SOLUTION
s

" Ejﬁ Ra = Rag = %WL L= GO in.
W 1 DEM; - o
AAHHH DM —dwlx . wx-} T+ M= O
% M= ¥ (Lx-x*)
?L-. Fwl Vv . %X(L-X)

. - For the +apere«.l beaw h = a+ kx

o= U4 in kfgs;oq'-f 7?;- wn/in.

For o vectangular cross sechion S = +hh*= gh{a+kx)”

E’end{nc“ stress =g

M . 3w, bx-Xx"
b (o k)

To +ind Hocation of maximom Benalu'ncj stress set -f-ﬁ: = O

d¢ _ 3w {Lx- x* 1 . 3w{ (atkx)(L-2x)=-(Lx-x"N2(a+ kK
dx = b (a+ kx)* o o+ W )
= g_vg{ (a+ kx)(L—zx)-zk(Lx-x*)}
™ (o + ¥x )*
- 3wi al + kbx -2ax - 2kx™ - 2KLx -\-zkx"}
) (a+ kx )3
= aw{ al - (2a + kL)x]g = 0
Y (o+ k)3
., bt #)(e0) - : —
Xm T Toa kL T @ s@Nesy | ¢
b= a+ ki, = 4 +(EU5) = ¢.00.in.
S.= tbhl = @)X3)e00) = 450 in’
M)owalic Vaﬂue oF Mh = S..,S;” = ('-}_SQ)(ZV) = |80.0D ki‘p-l‘h
AJ)W«U: vadoe o" w W= 2 M = @)(1ag. 0} = 0.320 k-.P/.‘,,

Ko (L% 5 148)

I

320 Db/ in -
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PROBLEM 5.165

5.165 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.

SOLUTION
DEMg =0
15 Ry +(12)(eX2.5) +(e)is) = ©

Ra = I8 kips

DZM, =0
15 Re —BXN6)a.8) ~(aY1s) = ©
RB = 12 It.'P.S

Sheaw: VA = R k.'Ps
V, = 18 - 6)(2.8) = 3 kips
C +° D V = 3 k:Ps
Dt B V= 3-18 = =12 k;fs

AV'ec.,s vnder sheavr a‘n‘a e

Ao ¢ SV = (£)e)18+8) = 63 kip-T1
CioD SViw = (BY)3) = 9 kip it
Dh B Svde = @X-12) = =72 kipe-Ft

Bebw“na mamew‘l('s : M, r O

Me = O+ 63 = 63 k.‘la.H
M, = 63+ 9 = 72 kpFi
Mg = T2 ~-72 =0
lv‘nup = |8 k:?s tl




PROBLEM 5.166

- 237

Norwmal stress

8,166 For the beam and loading shown, determine the maximum normal stress due to
bending on a transverse section at D.

SOLUTION
I DHZMa = 0
wiox s - H3 Ra + (0001500 v (3.2 Yiso) +(1.2)2.4)90) = &
' R, = 219 KN
DZM, To

HAR, ~(0.83)150) - (1EY(iso) - (3.6)(2.4X %)= ©
Re = 237 kW
Shear: At C V= 279
C+D V=279 =150 129 kv
Dt E V=124 =150 -21 kN
= -2 kv
Ve = =21 -(@W4e): - 237 kv

Aveas under shear diaaraw
AteC SVdx = (0.2)(279)= 223.2 kN.m

CtD SVee= (0.2)129.)= 163.2 kN-m

Macimoum bending moment occurs at PofnfD
where V chanses siaqn.

D
MD MA + Sn V olx
O+ 222.2+ 103.2 = 326.4. kN-m

L]

1)

Fowr I"o;“ec‘ steed section W HCO ¥ 113
S = 2400 x10° pm* = 2400 %107 m’

M _ 2264 xjo’

- <
G‘ S-\ - 2"'00 xlo_‘ !36.0 *,D Pa.

= {36.0 MPa —-—

OL
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o

M 3 1 1 3 1 a3

—1 T3 [

N s L s R
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5.167 Determine (a) the distance a for which the maximum absolute value of the
PROBLEM 5,167 bending moment in the beam is as small as possible, (b) the corresponding maximum
normal stress due to bending. (Hint: Draw the bending-moment diagram and then
equate the absolute values of the largest positive and negative bending moments

I<—20 in.—»l*— 20 in.‘l obtained.)

120 1b 120 b
SOLUTION
'!-D E Ms =0
-R. o + (#0)20) +(20Xi20) = ©
R, = '?2:0

BEnJ\'na momeat ot C 32”c = o
| R M M+ 120 (4o-a) =
4 13
I__tfp_q _j/p M:, = =400 + 120 a
Benolfmﬂ moment ot D +DZ Mp = ©
el 20 ", My +(20)120) - R.(a-20) = ©

D My, = R, (a-20) - 2400
A ? > o c
' c \

2 N W, - R.a - 20 R, - 2400
e Q-20 = 7200 - -———(20)32”) - 24006
_ _ 144000
= {300 —a |
' {44 o000
Equate =-M = M, 4goo - 120 60 = H800 - —F
120 @ = 194 000 . a=34.¢41 in. —t

M, = - 4800 +(120)(84.611) = - ¢43,08 b in

Mo = 4800 W22 - Cus o3 fhin v |
l20 120 For V‘Ec/"'cmﬂular section S-= -Gl-b\n‘
l" “’"“t‘ 2o — S :(-&—Yo.s)(«.s.’zs)z = 0.044%75 in
T:— 4.¢41 49 Mosimom notmal stress
M (%in) Munay

€43.08 :
oy - = 3.
/\ S ™ TE T Gowesrs - | IAnlep

= 13.72 ks\ -

~&43




PROBLEM 5.168

30 kN/m 24 kN

V. (kN
L 73
P
Y ) 2 I
4 o324
M (kV-w)
29.4
c ®
A D
-19.2

5,168 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
Homett.

SOLUTION

DEM. =0
- 2.2 Ry + (16X3.2)(30) -(0.3)24) = ©
Rh = 4z kN

+DEMA = O
3.2 R, - (1.6)(3.2)(380) = W.0)(24) = ©
Re = 78 k¥

Shearn: V= 42 kN
Vo= 42 =(@.2)30) = = 5% kN
Nptt -S54 + 78 = 24 kv
c + D V = 24 kv

hocate poiw‘k D where V=0

d4 _ 22-d _
4z - 59 96 d = 1344

dr 1.4 m 3.2-cd = L8 wm

Areas under shear dragram

AteD Svdx = @Q0¢E) = 299 kem
Dt C  SVdx = (H)E2)(s4) = -48.¢ W-m
B SV = (0.8)(24) = 12.2kN-m

Bema‘fnj mowents M, = ©

My= O +2%.4 = 214 kN-m

M = 29.9-48.¢ = ~T9.2 kN-m

Mg = 192 -19.2 = O checks
Maximym iVl = 54 kv -t
Mayimom 1Ml = 29.4 kU-m -

@
r }

T ]
1 L J

]

-

I e

O,

—

]




PROBLEM 5.169

3 kips/ft

Q

Moximum \M ]

I

5.169 For the beam and loading shown, determine (#) the maximum value of the
bending moment, (5) the maximum normat stress due to bending.

SOLUTION

DEM,. = o -10R, +{(#5)Us)X(3) = ©
S10 X 25.4 K.~ 20,25 k.‘Ps

O7iM, -0 10 Ry ~(5.5)s)(3)= ©
RD = 24— 75- k“P‘

\ Shear: V,: O
3 Vo= O - (2)(3)=z -6 Kips

=
Ver= =6 4 20.25 = 14.25 kips
Vg = 14.25 - (103(8) = - 15,75 Kips
Vor = - 1S5 + 2475 = 9 kips
Vg 9- @Y23) = © checks

Loccu'l'e Poc‘n"‘ E where \/ = O

e_ _ lo-e _
w.as ~ i5.7% 30e = 142.§5
er %15 # lo-e = §.25 Pt

Aveas under sheavr cll‘q,jr'aw\
Ate C SVdv = (FYX2¥-¢Y = -6 kip-F
C E  SVdx = (3)475X14.25) = 33.84 idip-H
E+ D [V * (3)s25)0s.70) =-H1.34 kep -
Dt B JVix = (F)3)F) = 13.5 kp-#

BQH&“I\S moments: My =
Mc = 0O - &6 = -
Mg - - 6+ 33.84 7.84 kip-Pl
Mp = 27.84 -~ 41.34 = ~i3.§ kp-Ft
Mg = -13.5 + R.§ =~ 0o checks

k.p-F4

n nd'\o

27.84 kip-tt =
334. I kip-in

For volled steel section Slov 25.4 S= 24.7 at

Max;mow\ nor‘ch S“'I‘CSS

- Ma., _ 3341
S sy Tae?

= 13.83 ks et




5.170.(a) Using singularity functions, write the equations defining the shear and
bending moment for the beamn and loading shown. (b) Determine the maximum value
of the bending moment in the beam.

PROBLEM 5.170

SOLUTION

2 OTM =0

(4.602) = 3.6 R, 4+ (2.4 + (212) = ©
T08m 12m ' L2m ' 12m R. = 35 kN
V= -2+ 85¢x-0aY - 24{x-2.1% - 24x-3.3Y WV et
M= -12x + 85<x-0.9) = 24{x- 21 = 12 {%-3.3>" kN-m -
Pt £ (x= 0.9m) M, = ={l2¥0.9) = = 10.8 kN m
P4 D (x=21m) Mo = -(:'2)('2.!) + 385 (1.2) = 16.8 kN-m
P+ £ (x= 33m) Mg = - (12)(3.3) +(38)(2.4) - (393(1.2)

= [5.6 kN-m -~

M ot mum ]M\ = 16.8 kN-m ~—




1 3 3
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5.171 For the beam and loading shown, design the cross section of the beam, knowing
that the grade of timber used has an allowable normal stress of 1.75 ksi.

PROBLEM 5.171

L5 kips/ft ——T 0 n|'<— SOLUTION
'.:W;;
N d ‘1'1 ra F\} = O ?A - (3.5)([.5) = 0O
R, 2 £.25 kN
t TTIiT1 1DZMp=0 -M, - (£25)(3.5)0.8 = 0
i MA :‘27-5‘ I(N
R, Shear! A+ B V = 5.25 Kips
N, (s 515 Ve = 5.2€ = (B.5)/.5) = © checks
‘\ Av\eas O‘P 5|n€¢ul\ diae ram
A 2 > At B SVdi*(3.5)s.25) 7 1938 kipH
M (k) Bt C  SVex= @)85)525)r 919 kp ¥
A e < Bendling Mmom eats Ma= ~27.5¢6 kp-Fi

Zq.18 M@ = - 27.56 + !8,‘38 = =918
- Mgz =708 + 9419 % O checks.
- 2756

Maximom M= 2256 kip- 1 = 330.7 kip-in

S.. = IMlM. - 230.7
min 6“1‘ - \-75

For a r‘ecf+aujvlav~ cvoss Section

_ [ ®Y181.6)
d =/ 5

I89. O i’

S=4iba* d- /%5

= 1506 in i




£.172 For the beam and loading shown, design the cross section of the beam, knowing

PROBLEM 5.172 that the grade of timber used has an allowable normal stress of 12 MPa.
18 kN SOLUTION
‘ 8)_{ Symmeﬂ'f‘j Qg = KRe +25 = 0
A B - 3Xo.9)18) - (1.8)(18 )-(AN0.9N18) + Rg = ©
" Ry = Rg = 24.3 kN
09m . 09m Maximuim Bemdinj moment occuvs ot tHhe cewler
18 KW/ PDZM, = o
M ~(1.8)(24.3) +(LRYB)(0-1)(18) + (0:45X0.9Y(18) + M. = O
, = M, = 26.73 kN-m = 26.13 x/0® W/m
A ™ 78%/0" -
2402 kv Sain = g::w = f:,:sol';o_ﬁ' 2.2278 WS> w® = 2222.5% 15w
For a V‘ec“'anjufaﬂ section S = a’bd‘ = é(‘a"ﬂ”dt 4 'i‘i ol?

T d® = 2227.5xi0° 43 - 40.09%)0¢ d = 342 mm —




PROBLEM 5,173

40 kN
2.2 kNrm.

5.173 Knowing that the allowable normal stress for the steel used is 160 MPa, select
the most economical metric wide-flange beam to support the loading shown.

SOLUTION
PZ M =

~T.2R,

Shear:

V, = 22.92 kv
Vag= = R22.92 - (4.§)(2.2Y = 13.02 kv
Vgt = 18,02 « 40 = = 26.98 N
V, = ~26.98-(2.7)2.2) > -32.92 kW
Aveas under sheanr a’\'a,ﬁv\a.w\
At B SV =($H4.52(2292+ 13.02) = 30,365 kihm
Bt € SVdy =(#X2.7)(-2¢.98- 3292) = ~ 80,365 kN-n]
50.86S .
Bencllns moments: Ma= ©
M& = O+ 30.85¢5 » 80_865 kN-m
] XX M, = 80.865 - §0.845 = © checks
3
Swmin T *g‘:ﬁ = ’360(;8:6;;':0 S08 Jﬂ(loﬁ‘;m‘!b = 506»«10‘ Mms
altd
Shape S (10*mm’
W jiox3eg | 637 Use W 3JOx 38.7 —~
W 360 % 29 578
W 3o » 38.7 | 548 @ -
W 2Sox .3 | 53§
W 200 % §2 S

Ra= 22.92 kN

o |
+ (3.6X71.2X2.2) +{2.1)40) = ©




S

i ]

C

1

1

-

(3 ]

1

Lo§

—

[
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PROBLEM 5.174

20 kips 11 kipsrit

3. 174 Knowing that the allowable normal stress for the steel used is 24 ksi, select the

most economical wide-flange beam to support the loading shown.
SOLUTION

Bd synme’ky RA - Rp

HTE =0 R-20-6Y0N-20+ R = o

Ra= Re = &S0 kipt.
Maximum Beno‘-'nj women]l occurs at cewler of beawm
20 1 kips /0t
’ﬁ M DIMpz0  ~(7Ns)+ (SN2 +1.6)X3XNY + M, = ©
1 AR} J
el My = 221.§ kM - 2658 kip-in
i v e M - RESS ")
53 I VJ. Smn ﬁ - T‘ - flo-?s n
ﬁﬁafe X - S (in®)
W 24 « €% 154
W 21l x 82 129 Use W21x€2 -
W8 »x 76 L[4
Wit v |34
W id x g2 123
W 12 ¥ 96 13}




5.175 A machine element of cast aluminum and in the shape of a solid of revolution

PROBLEM 5.175 of variable diameter d is being designed to support a distributed load w as shown. (a)
Knowing that the machine element is to be of constant strength, express d in terms
w of x L, and d,. (b) Determine the smallest allowable value of d, if . =250 mm, w = 30

kN/m, and oy =72 MPa.

SOLUTION
R = Re = %&b
';IL Lw M ’l‘DiMI =0
y 0 ~Wh, L wxE e M= 0O
X s "
Wt M= 5 x{L-x)
S = \_':“_\' - WX‘L-‘K) :
Caut R G T d-’-
For a sodiel c.irr..)z?ar‘ gross sechion C=—%’- I=1-.§C.3 S= == %{'
- wd® _ wx O . $16 wx(L—x}}"‘
Egqocting 32 20w 4 { T G "
1 27} W ; X/
M ox= L d=d= {ReE® d = L{HEC-E) -
Usf"‘g +Ha a'c-/""a_ da = (IH(?T?'T;S:O)"(?.QSQ\‘ = 32-“!04"1 = 32| mm =




)

PROBLEM 5.C1 5.C1 Several concentrated loads P;(i = 1,2, ..., n) can be applied to a

beam as shown, Write a computer program that can be used to calculate the
shear, bending moment, and normal stress at any point of the beam for a given
loading of the beam and a given value of its section modulus. Use this pro-
gram to solve Probs. 5.23, 5.27, and 5.29. (Hint: Maximum values will occur
at a support or under a load.)

SOLUTION
REACTIONS AT A AND B

b

‘flPL NZM, =01 Rgl—Z R (7 -a)
pla [ Rg= (VL) Z F(%74)
o L) R=-SP-F
“'r, Rab s~ <07 B

WE USE STEP FuNcTions (See bottom of page 348 of text)
We DEFINE: [Fx >a THEN STPp=! ELSE STFA =0
|FX 2 a4l THEN STPB=] ELSE STPe=0

IFx > %, THEN STP(I)=! ELSE STH(I).=9
V= R, STPA+ Ry STPE - ZP STP(I)

M= R, (x-a)STPA+ Ry (X-a-L)STPE = LP(?(-:&-)STP(I)
0= M/S, where S ts ohtained from “Arpendix C,

PROGRAM QUTPUTS

Prob. 5.23
Prob. 5.29
RA=80.0 kN = :
RB=80.0 kN Rl = 52.5 kips R2 = 22.5 kips
X v M Sigma i
m X v M Sigma
kN kN.m MPa ft kips kip.ft  kei
2.00  0.00 104.00 128.55 0.00 -25.00  0.00  ©0.00
1.00 27.50 -25.00 -7.85
Prob. 5.27 3.00 2.50 30.00 9.42
o 00 -22.50 45.00 14.14 i
R1 = 44.0 KN R2 = 16.0 kN 11.00 0.00 0.00 0.00
X V' M Sigma
m kN kN.m MPa
0.00 -20.00 0.00 0.00
1.60 24.00 -32.00 -31.07 <@
4.00 -16.00 25.60 24.85
5.60 -16.00 0.00 0.00




PROBLEM 5.C2

X4
Xy

~tje

B

5.C2 A timber beam is to be designed to support a distributed load and
up to two concentrated loads as shown. One of the dimensions of its uniform
rectangular cross section has been specified and the other is to be determined
so that the maximum normal stress in the beam will not exceed a given al-
lowable value ¢ Write a computer program that can be used to calculate at
given intervals AL the shear, the bending moment, and the smallest acceptable
value of the unknown dimension. Apply this program to soive the following
problems, using the intervals AL indicated: {@) Prob. 5.75 (AL = 0.1 m), (¥)
Prob. 5.79 (AL = 0.2 m), {c) Prob. 5.80 (AL = 0.3 m),

R, Fel

2= T
%//Z/}’ IS I ///T/ e

SOLUTION
% qu—-—P—w REACTIONS AT A AND B
PN E .
x,'f?, o : ‘fz,l/\/\ﬂ:o P L—F (2.’ -d> (1 -a)

%) (Za2s a0

Rg-L[R 0 a)+P(JC -2+ 2 w‘( X220,

WE _VSE ST!:P FUNCTIDN.S (§ee bottom af,ogge 348 of text)
SET m T (a+é+L)/AL

FOR L =0 Tp = :
WE DEFINE @ /FJ(

AL L
2a THEN STPA=I! ELSE STPR=0

IFx > a +L THEN STPB=I £15F, STE=w

[Fx >
[F o >
F x

X, THeN STP) =| ELSE STPI ¢

7‘7_ THEN STpP2={" ELSE STP2 =0

= X3 THEN STP3 =1 ELSE .STP2 =0

Iz >)c;, THEN STPy=/ Else STP4=0
V= Ry STPA + Rg STPB~ P STPI- R STF2

- (A -

xj) STPI + W (X =X4) STPH

M= Ry (X-2) 5TPA + Ry (x~a-LYSTPB — P, (x-%)STP!
—P (2~ XL)STPZ*'-—W(Z I) S57P3 +4 M(I—ly) STPY4.

M/ Gat

/j UN/erou//l/ DIMENSIEN Js b2

From SsZth*, we have h=|/6S/t
IF _UNKNVOWN DIMEWS|ON )5 E:

Feom S -"é f.hz, we hewe LT 65/52

(CONTINUED})

Vo - v m - Y

- L e e B A e Y L M |

......




)

PROBLEM 5.C2 CONTINUED PROGRAM DU TPPUTS

Prob. 5.75 Prob. 5.79
RA = 2.40 kN RB = 3.00 kN RA = 2.70 kN RB = 8.10 kN
X v M H X A M T
m kN kN.m mm m kN kKN.m mm
0.00 2.40 0.000 0.00 0.00 2.70 0.000 0.00
0.10 2.40 0.240 54.77 0.20 2.10 0.480 10.67
0.20 2.40 0.480 77.46 0.40 1.50 0.840 18.67
0.30 2.40 0.720 94.87 0.60 0.90 1.080 24.00
0.40 2.40 0.960 109.54 0.80 0.30 1.200 26.67
0.50 2.40 1.200 122.47 1.00 -0.30 1.200 26.67
0.60 2.40 1.440 134.16 1.20 ~0.90 1.080 24.00
0.70 2.40 1.680 144.91 1.40 -1.50 0.840 18.67
0.80 0.60 1.920 154.92 . 1.60 -2.10 0.480 10.67
0.90 0.60 1.980 157.32 1.80 -2.70 0.000 0.00
1.00 0.60 2.040 159.69 2.00 -3.30 -0.600 13.33
1.10 0.60 2.100 162.02 2.20 -3.%0 -1.320 29.33
1.20 0.60 2.160 164.32 2.40 3.60 -2.160 48.004
1.30 0.60 2.220 166.58 2.60 3.00 -1.500 33.33
1.40 0.60 2.280 168.82 2.80 2.40 -0.960 21.33
'1.50 0.60 2.340 171.03 3.00 1.80 -0.540 12.00
1 60 -3.00 2.400 173.21+® 3.20 1.20 -0.240 5.33
1.70 -3.00 2.100 162.02 3.40 0.60 -0.060 1.33
1.80 -3.00 1.800 150.00 3.60 0.00 -0.000 0.00
1.90 -3.00 1.500 136.93
2.00 -3.00 1.200 122.47
2.10 -3.00 0.900 106.07 Prob. 5.80
2.20 -3.00 0.600 86.60
2.30 -3.00 0.300 61.24 RA = €.50 KN RB = €.50 kN
2.40 0.00 0.000 0.05 X v M H
m kN kKN.m am
0.00 2.50 0.000 0.00
0.30 2,50 C.750 61.24
0.60 9.00 1.500 86.60
0.90 7.20 3.930 140.18
1.20 5.40 5.820 170.59
1.50 3.60 7.170 185%.34
1.80 1.80 7.980 19%9.75
2.10 -0.00 8.250 203.104
2.40 -1.80 7.980 189.75
2.70 -3.60 7.170 189.34
3.00 -5.40 5.820 170.59
3.30 -7.20 3.930 140.18
3.60 -2.50 1.500 86.60
3.90 -2.50 0.750 61.24
4.20 0.00 0.000 0.06




PROBLEM 5.C3 5.C3 Two cover plates, each of thickness ¢, are to be welded to a wide-
t flange beam of length L, which is to support a uniformly distributed load w.

¢ b Denoting by oy the allowable normal stress in the beam and in the plates, by
_L_|<_ _.1 d the depth of the beam, and by I, and S,, respectively, the moment of inertia
) T_ and the section modulus of the cross section of the unreinforced beam about a
| B horizontal centroidal axis, write a computer program that can be used to cal-
SOLUTION

culate the required value of () the length a of the plates, (b) the width b of
(a) Re? Dlré’d Len,qfh of Plates

the plates. Use this program to solve Probs. 5.155 and 5.157.
WX

(&) Reguired Wiclth et Plates

At mitfPCmf' U dF beam
WL et

FB=AC:4)ZM 0" M-;Wltf ?;14“2‘—"0
Compuite /Vl b” wil® T

Clompute. . o = Z—fE—af _

From %/-%9 compute T = M C

-—sq______

L T | ;- | Ca 2

d g8 Bk I=D T =T+2 E%bt‘g-rbt(d.z_tf) ]
" | SOTWﬂJoj%rb” b= & (T-Tys)

A gAT 3@+t <

OGRAM QUTPUTS
1;1;0& £ 1553 W a60x74,Gy=150MFa | PROB, 5,15/ W30x99 Gy = 22 kst
W= GO RN/M, L=8m,t=75mn M= 30kips/t, L=16fE, b= S/Bm
d. Lf‘b-?mm I’)_ 333)( m;“f{%éoxlomm d 29 b5n, I,[D' 3930”“/ Sz 269")

Prob. 5.155 Prob. 5.157
a =4.49 m a = 11.16 ft
b = 211 mm b = 14.31 1n.

Iyl FF=AD: D2z M, =o! M_D-fwz(éﬁ) R 1 =20
A%#jma But: K= Jw“L and My = 50, wade by 2’.4/0“:
x4 o o
Rp= 7 WL 2= Lx+ (256 ”/w) =0 . Set k= %@Q

A Lx k= -
Soling the quadratict x = Z, VZL 4k
Compute X and = [ -2% <

S R .




PROBLEM 5.C4

5.C4 Two 25-kip loads are maintained 6 ft apart as they are moved
slowly across the 18-ft beam AB. Write a computer program and use it to cal-
culate the bending moment under each load and at the midpoint C of the beam
for vaiues of x from 0 to 24 ft at intervals Ax = 1.5 ft.

SOLUTION '
NeTATION : Length of beam = L = /BfL
Loads : ?7 zh=P=25kips

Distance  'petgseen loacs = A= 6 f&-

We nofe that 4 < L/2
(f)"FR'OM x=0. TOo x=d°*
S Mo=0r P(l~x)~RL=0.
S Mg=0: P(L~2) A@-: oL
Under K > M, - RA.Z
AC: Mes By(L) - P(5-2)
(Z)FRC)M':{:GK To 2= L .°
£y sM =0: P(l‘l)—r.P(L*X—#d)_&f;O
Ra=P(2L-2x+d)/L
Under E‘- Mi:/?,q 2 - Py
[/nder};_v Mz: /?A ()C- d)
(28) FRom x = d To =L/
M = PA(EA)'.;_ P(é‘ ‘x)"'P(} xad)
= Ra(L/2) - P(L-2%+d)
2B Fhom X=L/2 To X=ljs +d
Me =R (t/2)-P(£ -x+d)
(2C) FRom a=Lj24d To 7=/ :
MC: PAL/Z
(3) FROM A=/ TO x=/[+d:
+D L M= 0 Pl-x+d) - R 1L =0
Ry= P(L-x+d)/L
Under 2 M, = R, (x-d)
ALCL M= Rp(L/2)

(CONTINUED)
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PROBLEM 5.C4 CONTINUED

PROGRAM OQUTPUT

P=25kips, L =18 ft, D = 6 ft

=Y
COUNABWREO QN

SNl ot ol el
oo

[\
[\

%) -
£ Y 18]
owvmoummouvounmounonnounounno

MC M1

kip.ft kip.ft
0.00 0.00
18.75 34.38
37.50 62.50
56.25 84.38
75.00 100.00
112.50 131.25
150.00 ~ 150.00
150.00 156 .25
150.00 150.00
150.00 131.25
150.00 100.00
112.50 56.25
75.00 0.00
56.25 0.00
37.50 0.00
18.75 0.00
0.00 0.00

100.
131.
150.
i56.
150.
131.
100.

84.

62.

34,




PROBLEM 5.C5

5.C5 Write a computer program that can be used to plot the shear and
bending-moment diagrams for the beam and loading shown. Apply this pro-
gram with a plotting interval AL = 0.2 fi to the beam and loading of (@) Prob.
5.83, (b) Prob. 5.125.

SOLUTION

REACTIONS AT A AND B
VSING FB DIAGRAM OF BLAM ¢

F9ZM,T 0 Ryl = Pb - wa(e/z) =0
Rg = (I/L)(Pb+ {wa?)
RA = P4+ —-].?3

WE USE STEP FUNCTIONS (See bottom of page 348 of text).
SET VL:L/QL. FORZ:OTO’Q: -Z:(AL)i

WE DEFINE & IF X > @ THEN STPA=} ELST STPA=U
[FF)2b THEN STPB=z/ ELSE STPB=0-

V= Ry ~wx + w(x-a) STPA - PSTPRB

M= RyX - yax? +1 w0 (X-)*STPA ~ P(z-b) STPR

LOCATE AND FRINT (X, V) AND (2, M)

SEE NEXT PAGES FOR PROGRAM OUTPUTS

(CONTINUED)




1

.

L1 [

— 1 ]

.

L

PROBLEM 5.CS CONTINUED

PROBLEM 5,83

RA = 48.0

0 kips RB =

PROGRAM QUTPUT FOR P5.83

42.00 kips
Shear Diagram
60
40 TN
20

£ | ,

” 500 10 20
-40 \
-60

x (ft)
Moment Diagram
350
300 S
250 // N\

£ 200 N\

& / N\

s 100
so 17 \

0 . —\
-50 0 10 20 310
x (ft)

(CONTINUED)
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PROBLEM 5.C5 CONTINUED | PROGRAM OUTPUT FOR P5, 125

PROBLEM 5.125

RA = 40.50 kips RB = 27.00 kips

Shear Diagram

50
40
30
20

10 —J\
0 i , |
9 #}‘ > x«i\ 1520
20

-30 ~

-40

V (ft)

x (ft)

Moment Diagram
140
120 7-\
100
80
60 / A
Wl N
20 {f \

0 5 10 15 20
x (ft)

M (kip-ft)
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PR
OBLEM 5.C 5.C6 Write a computer program that can be used to plot the shear and

bending-moment diagrams for the beam and loading shown. Apply this pro-

' b gram with a plotting interval AL = 0.025 m to the beam and loading of Prob.
s 5.124.
M et 1 M
A B
(o i
A - A 3 s

‘ SOLUTION

REACTIONS AT A avp B
“ 1% EMA:o:
;g'__(a“f)';‘“‘r(b'@ - RgltMg =My~ w(b-a)y (atb)=0
5 R, = (YD[My=My 4w (5~ &0)]
E RA‘:MT'(E)—CL)—RB

We _USE STEP FUNCTIONS (See bottur of page 348 of text)
SET MIL/aL, FoR L=0 To NS xz(AL)(
WE PEFINE °, [F x2a THEN STPA =) EBLSE STTA=(
" IF x2b THEN STPB=] ELSE STPB =
V=Ra - W (X-a) STPA + 45 (x~b) STPR
M= Ma s Rad - L (2-a)" STPA + Jur (2~ )* STPB
LOCATL  AND  PRINT (Z,V)AND (x, M)

PROGRAM 0UTPUT ON NEXT PAGE

(CONTINUED)
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PROBLEM 5.C6 CONTINUED PROGRAM UT

PROBLEM 5.124

29,50 kips RB = 66.50 kips

RA =

Shear Diagram

V {kN)

X (m)

Moment Diagram

M (kN-m)






