PROBLEM 7.1

Determine the internal forces (axial force, shearing force, and bending
moment) at point J of the structure indicated:

J Frame and loading of Prob. 6.77.

— ¥F, =0:-F =0

[SF, =0:7-201b-201b =0
V=4001 | <
(=M, = 0: M - (2in)(20 1b) - (6 in.)(20 Ib) = 0

M =160.0 Ib-in. ) 4




PROBLEM 7.2

Determine the internal forces (axial force, shearing force, and bending
moment) at point J of the structure indicated:
Frame and loading of Prob. 6.76.

SOLUTION

FBD AJ:

| Sn
1m oy T

M
£

— 3F, =0:60lb—V =0
V=600 ~— 4

{sF,=0.-F=0

(=M, = 0: M —(1in.)(60 1b) = 0

M = 60.0 Ib-in. ) 4




PROBLEM 7.3

. R For the frame and loading of Prob. 6.80, determine the internal forces
\o) at a point J located halfway between points 4 and B.

5 - T~
E D C
I 80 kN
1.5m —»L— 1.5m

SOLUTION
FBD Frame: —3F,=0:4,-80kN=0 A, =80kN |
(=M, = 0: (1.2m)4, — (1.5m)(80kN) = 0

A, =100 kN ~—

0= tan_l( 0.3m j —21.801°
075m

\ ZF, = 0: F — (80 kN)sin21.801° - (100 kN) cos21.801° = 0

F =122.6 kN \ <«

/ ZF, =0:V + (80 kN) cos21.801° — (100 kN) sin21.801° = 0

V =37.1kN / 4
(( =M, = 0: M + (.3 m)(100 kN) - (.75 m)(80 kN) = 0

M =30.0kN-m ) 4




PROBLEM 7.4

For the frame and loading of Prob. 6.101, determine the internal forces

LD at a point J located halfway between points 4 and B.
%0 n:/l; I] 60 nmll 240 mm I
SOLUTION
FBD Frame: [ $F, =0:4,-100N=0 A, =100N |

(_ =My = 0:[2(0.32 m)cos30° |4, — (0.48 m)(100 N) = 0

A, =86.603N ~—

\ ZF, = 0: F — (100 N) cos 30° — (86.603 N) sin30° = 0

F=1299N \ «
g A / ZF, =0:7 + (100 N)sin30° - (86.603 N) cos 30° = 0
. 60,

R\ V=250N /<

—
e (=M, = 0:[(0.16 m) cos30°](86.603 N)
Ty —[(0.16 m) sin30°] (100 N) = M = 0
NN E M =400N-m )<«




|e 200 mm —
] § PROBLEM 7.5
e

150 mm

|
T

150 mm

~<— 240 mm

Determine the internal forces at point J of the structure shown.

390 N

120 mm 120 mm

SOLUTION
FBD Frame: AB is two-force member, so
Ay A
1A T A _ 24 4, = iAx
ST 036m 0.15m 12
~ o _Asm D
3m - 5/1 o (( =M = 0: (0.3 m)4, —(0.48m)(390N) = 0
c ‘ A, =624N ~—
Cx Em I
ey 5
A, =-=4,=260N or A, = 260N |
12 Y
—+ XF, =0: F - 624N =0
F=624N — 4
FBD AJ:
4 2eon [ 2F, =0:260N -7 =0
M
] 7 9:4 F
VI T F V=260N | <
v

(=M, =0: M - (02m)(260N) = 0

M=520N-m )«




150 mm

|

|—7 200 mm —

s J : PROBLEM 7.6

A

op Determine the internal forces at point K of the structure shown.

T

150 mm

~— 240 mm
120 mm 120 mm

SOLUTION

FBD Frame:

(( =M = 0:(0.3m)4, —(0.48 m)(390N) = 0
Ry

A, = 624N~

AB is two-force member, so

390N
A
4 A 4 =24 A, =2600N1
036m  0.15m 12
= 3F, =0:-4,+C, =0 C,=A, =64N—
[ XF, =0: 4,+C,-390N =0
C, =390N -260N =130Nor C, =130N |
/EF,:0:F+£(624N)+i(130N)=0
FBD CK: g 13 13
oo F=-626N F=66N /4

\@f 2F, =0: 12 130N > 624N)-V =0
426//\/\/ \A/’N Ny \ v E( )_E( )_ -

V =-120N V=1200N X <«
( =My = 0: (0.1m)(624 N) — (0.24 m)(130 N) — M = 0

M=312N-m )<




PROBLEM 7.7

A semicircular rod is loaded as shown. Determine the internal forces

} N\ at point J.
9in I §0° /\}I"
| e \"-II .".I
+— /|
e
9in b ’;
130°N ’ //
B oo
ec EL K
SOLUTION
FBD Rod:
(( =My =0:4,(2r)=0
A =0
/ TF, =0:¥ —(301b) cos 60° = 0
V=15001b /<«
FBD AJ
\ ZF, =0: F + (30 Ib)sin60° =
l\?o b
— i F =-25.98 b
. v -
9 | Drm F=2601b " 4
o X
N o F (=M, = 0: M —[(9 in.) sin 60°](30 Ib) = 0
\
\

M = -233.8 Ib-in.

M =234 Ib-in. ) 4




PROBLEM 7.8

A semicircular rod is loaded as shown. Determine the internal forces
at point K.

Yin : 60° /).J’
| o -~
i S F |
I
9in \
:r;uv\\‘, //
: P, 24
- EL K
SOLUTION
FBD Rod:

FBD BK:

30°
f—

XF, =0:B8,-30lb=20 B, =301b
¥ y y

(M, =0:2:B,=0 B, =0

\ ZF, = 0:7 —(301b)cos30° = 0

v =25981b
V=2601Ib "\ 4
/ XF, =0: F + (30 lb) sin30° = 0
F=-151Ib
F=15001b / <

( =My =0: M —[(9in)sin30°](30 Ib) = 0

M =135.0 Ib-in. ') 4




480 mm

~—160 mm

\ I

320 mm

320 mm

6540 mm

PROBLEM 7.9

An archer aiming at a target is pulling with a 210-N force on the
bowstring. Assuming that the shape of the bow can be approximated
by a parabola, determine the internal forces at point J.

SOLUTION

FBD Point A:

By symmetry T, = 7,

HZFX=O:2(%T1J—210N=O T,=T,=175N

Curve CJB is parabolic: y = ax?

AtB: x=064m  y=0l6m q=—10m _ 1

(0.64m)’  236m

(0.32m)* = 0.04 m

So, at J: =
YT ) 56m

Slope of parabola = tané = % = 2ax
X

At J: 6, =tan”' 2 (0.32m) | = 14.036°
2.56

m
So a-= tan_1§ —14.036° = 39.094°

/ EF, =0:7 — (175 N)cos(39.094°) = 0
V=1358N /4
\ IF, = 0: F + (175 N)sin(39.094°) = 0

F =-11035N F=1104N X\ <




PROBLEM 7.9 CONTINUED

(\:ZMJ =0: M +(0.32 m)[%(ns N)}

4

+U016—oo4ﬁ@w§@75Nﬂ::0

M =504N-m )«




480 mm

~—160 mm

PROBLEM 7.10

320 mm

: For the bow of Prob. 7.9, determine the magnitude and location of
{ 320mm  the maximum (a) axial force, (b) shearing force, (¢) bending moment.

I

G40 mm

) 12“
-l -1

SOLUTION

By symmetry 1, =7,=T

FBD Point A:

— ZFX:O:ZTl[gj—ﬂON:O T,=175N

TZFy=0:FC—%(175N)=0 Fo =140N |
HZFX=O:%(175N)—VC=O Ve =105N —~
(=M =0: M - (0.64 m)E(ns N)} -(0.16 m)[%(ns N)} =0

Mg =89.6N-m )

Also: if y = ax® and, at B, y = 0.16 m,x = 0.64 m

L__0l6m _ 1
(0.64m)*  2.56m’

Then

And 0= tan_lﬂ = tan"! 2ax
dx

\ ZFy = 0: (140 N)cosd — (105N)sind + F = 0

So F =(105N)sin6 — (140 N) cos &

Z—Z = (105 N) cosd + (140 N) sind

/ EF, =0:V - (105N)cos® - (140 N)sin6 = 0

So V =(105N)cos® + (140 N) sin @




PROBLEM 7.10 CONTINUED

And Z—Z = —(105 N)sin & + (140 N)cos &

(M = 0: M + x(105N) + y(140 N) - 89.6 N-m = 0

(140 N)x*

M =—(105N)x — (256 m)

+ 89.6 N-m

ar_ —(105N) — (109.4 N/m)x + 89.6 N-m

dx

Since none of the functions, F, V, or M has a vanishing derivative in
the valid range of 0 < x < 0.64 m(0 < # < 26.6°), the maxima are at

the limits (x = 0, orx = 0.64 m).

Therefore, (a) F,

max

=140.0N [ at C «
(b) Viax = 1565N / at B 4

() M, =89.6N-m ) at C <4




" PROBLEM 7.11

S in *—rme —

T ja)i— ——= ——————5‘ ) A semicircular rod is loaded as shown. Determine the internal forces at
| M B pointJ knowing that 6 = 30°.
Sin. ' : y :

T Q. | /
Pl %
G in.
L owr

D

SOLUTION
4 3
(=M, =0:r SCJ+r|5C)-2r(0m) =0
c=1001b /
4

— IF, =0: -4, + g(100 Ib) =0

A, =801b ~—

3
2F, = 0:4, +5(10016) = 701b = 0

A, =101 |

\ EF, = 0: F — (80 1b)sin30° — (10 Ib)cos30° = 0

FBD AlJ:
/0 /é o =
(T _i/ oy F =48.661b
A O F = 48.71b ~X60° <
solb LG
T v / £F, = 0: 7 — (80 Ib)cos30° + (10 Ib)sin30° = 0
M V =64281b
A
N V =6431b .~730° 4
\
NP (=M, = 0: (8 in.)(48.66 Ib) — (8 in.)(10 Ib) — M = 0

M =309.28 Ib-in,
M =309 Ib-in. ) <




e PROBLEM 7.12

R }_ I ——————21
g|, M A semicircular rod is loaded as shown. Determine the magnitude and
L TN i ' location of the maximum bending moment in the rod.
l y 5‘(} F
6in.
SOLUTION
FBD AB:

(=M, =o: r[%C] + r@Cj ~27(701b) = 0

c=1001b /

70 1b

— IF, = 0: -4, + %(100 Ib) =0

A, =801b ~—

3
I =F, =0 A, +2(1001b) = 701b = 0
A, =100 |

(=M, =0: M —(8in.)(1 - cosd)(10 Ib) — (8 in.)(sin&)(80 Ib) = 0

M = (640 lb-in.) sind + (80 1b~in.) (cosH - 1)

‘;—Ag = (640 lb~in.) cosd — (80 1b-in.)sint9 =0

for 60 =tan'8 =82.87°,

2

where C;;\;I = —(640 1b~in.) sin@ — (80 Ib-in.)cos & < 0

M = 5651b-in. at @ = 82.9° is a max for AC
FBD BK:

(( =My = 0: M — (8in.)(1 - cos #)(70 Ib) = 0
M = (560 Ib-in.)(1 - cos j3)

fl_];[ = (560 lb-in.) sinff=0 forf =0, where M =0

So, for g = %, M = 560 Ib-in. is max for BC

M, =5651b-in. at & = 82.9° «




T [t e PROBLEM 7.13

168 mm c
* | g S+ Two members, each consisting of straight and 168-mm-radius quarter-
168 mm | K ] Mmm circle portions, are connected as shown and support a 480-N load at D.
i tA L d Determine the internal forces at point J.
D_J
1(1(1 mim 150 N L
54 mm
<252 m 1111324 mimm
SOLUTION
FBD Frame:

(=M, = 0: (0336 )@‘5‘ cj_(o.zsz m)(480 N) = 0

C=375N
— XF, = 0: 4, 2o A, = 24(375N)—360N
25 25
A, =360N —
{SF, = 0: 4, — 480N + L (375N) = 0
oo 24 -

A, =375N |
375N, (=M =0:(0.324 m)(480 N) - (027 m)B = 0
;>33¢—>Q%— B =576N
1S, )
05| le—. 27 m—s —3F. =0:C, - 2—5(375 N)=0
N e C, = 360N —

tsF =0 —480N+%(375 N)+ (576 N)-C, =0

y

C, =20IN |

365N \ ZF, = 0: 7 — (360 N)cos30° — (201 N)sin30° = 0
V=412N \ <
/ TF, = 0: F + (360 N)sin30° - (201 N)cos30° = 0

- F=-593N F=593N /<«
(_ =M, = 0:(0.168 m)(201N + 593 N) ~ M =0

M =3476 N-m M =348N-m )«




PROBLEM 7.14

:-@ k —-‘ ‘-— 84 mim
105 | ¢ | Twomembers, each consisting of straight and 168-mm-radius quarter-
o 2% 7)) 84mm circle portions, are connected as shown and support a 480-N load at D.
min J/e . . .
1A B I Determine the internal forces at point K.
(e] il ]
A .
—
100 mm {80 N
L 54 mm
<252 m t]\l324 mm
SOLUTION
FBD CD:

8 —> ¢ —3F, =0: C,=0
yc\/ (_ =My = 0:(0.054 m)(480 N) - (0.27 m)C, = 0
D e—H— 27m— C,=9N |

-324m
% ISF,=0:B-C,=0 B=96N
vSOoN
FBD CK:
, \ £F, = 0: 7 — (96 N)cos30° = 0
i o
)g‘{*—“ V=83.1N \ <
v LN .
SF, = 0: F — (96 N)sin30° = 0
N /S, = 0: F = (96 N)sin
\ = F=4380N /<«
- (=M =0: M —(0.186 m)(96 N) = 0
L 0¥ Ym [ r027>
M =17.86N-m ) 4




i PROBLEM 7.15

PN Knowing that the radius of each pulley is 7.2 in. and neglecting friction,
544t \ determine the internal forces at point J of the frame shown.
g2 =r .,
YTl
0.6 ft -
SOLUTION
FBD Frame: Note: Tension 7 in cord is 90 Ib at any cut. All radii = 0.6 ft
By (=M, =0:(541t)B, —(7.8)(90 Ib) - (0.6 ft)(90 Ib) = 0
fi
.. =L
i B, =1401b ~—
5.4 ft

é! (=M, = 0: (5.4 ft)(140 Ib) - (7.2 £t) B,

Ayt B} 1 0.6 ft
RYVLs RN 24ft | 24ft
06f ém N + (4.8 )90 Ib — (0.6 ft)90 Ib = 0
FBD BCE with pulleys and B, =157.51b |
cord:
- —~3F. =0:E, -140lb=0 E_=1401b —
=y
‘»—BL”"“‘“//‘ ISF =0:157.51b-901b-901b + E, = 0
Zx ¥ y
7%0 /b
E, =225 |
Sy FF
£y aolb

JSF, =0: -V + %(140 Ib) + ?(22.5 Ib—-901b) =0
V =301b V=3001b / <
4 3

N\ ZF, =0: F+901b - §(140 Ib) - §(90 Ib-2251b)=0

F =62.51b F=6251b "\ «
(=M, = 0: M + (1.8 ft)(140 Ib) + (0.6 ft)(90 Ib)

+ (2.4 1t)(22.51b) - (3.0 ft)(90 1b) = 0

M =-901b-ft M =90.01b-ft )«







PROBLEM 7.16

Knowing that the radius of each pulley is 7.2 in. and neglecting
friction, determine the internal forces at point K of the frame shown.

541t

L )

o o h - K - -

i N N Y B

L8ft' N 24ft | 24ft

0.6 ft
90 b

SOLUTION
FBD Whole:

Note: 7 =90 1b

(=M = 0: (5.4 ft) 4, — (6 ft)(90 Ib) — (7.8 £t)(90 Ib) = 0

A, =2301b—

FBD AE: Note: Cord tensions moved to point D as per Problem 6.91

i —+ 3F. =0:2301b-901b—E, =0
E,=1401b ~—
-

(=M, =0: (1.8 ft)(901b) - (7.2 f)E, = 0

%L
»1
)\

E, =225 |
FBD KE:
o = 3F, =0: F~1401b =0
A qolb | D £
ﬁX=Z3DAlb 7 o/ iﬁx F =140.01b — «
Ay £,
’ [2F, =0V -2251b=0

V=254
(=M =0: M — (2.4 f)(22.51b) = 0

M =5401b-ft )«




PROBLEM 7.17

Knowing that the radius of each pulley is 7.2 in. and neglecting friction,
determine the internal forces at point J of the frame shown.

541t Ny
Fa ]:
A MW .1 Y
2.4 ft 2.4 ft 2.4 ft
SOLUTION
FBD Whole:
&

5.4 ft

2.4 ft 2.4 ft

! i« o
S0 1h

FBD BE with pulleys and cord:

130lb

FBD JE and pulley:

sl
[ ( qolb o "
E, =1301b —
note cord %ensl wlh &x x
e wh {SF, = 0: £, +1501b 90 1b - 90 1b = 0

: (=M, = 0: —M + (1.8 ft)(130 Ib) + (2.4 ft)(30 Ib) + (0.6 t)(90 Ib)

(=M, =0:(541)B, —(7.81)(901b) =0

B, =1301b ~—

(=M, = 0: (5.4 ft)(130 Ib) - (7.2 £t) B,
+ (4.8 1t)(90 Ib) - (0.6 ft)(90 Ib) = 0
B, =1501b |

—~ 3SF. =0:E, —1301b=0

E, =300 |

\ZF, =0:-F-901b+ %(130 Ib) + %(90 Ib-301b) =0

F=5001b "\ «
JIF, =0:V + %(130 Ib) + %(30 b-901b) =0

V =-301b V=300 /<

~(3.0ft)(901b) = 0

M =90.01b-ft ) <




PROBLEM 7.18

|<—31't——
TR o Knowing that the radius of each pulley is 7.2 in. and neglecting
k\?’\ friction, determine the internal forces at point K of the frame shown.
54 f SN
t AN
A D Uh DY
o [] —9))
| . Elr./«— 0.6 1t
Toan 24k " zaf |
%' )11
SOLUTION
FBD Whole:
(=M =0:(541t)4, - (7.8 f)(901b) = 0
A, =1301b —
FBD AE:
=My =0:—(72ft)4, — (4.8 1£)(901b) = 0
A,=-60lb A, =601b |
— XF, =0: F=04
FBD AK:
ISF, =0:-601b+901b—-V =0
40 lb Y
5 2 | 2dft F V=300 |«
) K|Zm
solb (( =My = 0: (4.8 1t)(60 Ib) — (2.4 ft)(90 Ib) - M = 0

M=720b-ft )«




RN o PROBLEM 7.19
h T b \ r= U mm
A N —
300 mm . AN . . .
& ) A 140-mm-diameter pipe is supported every 3 m by a small frame
E \\:;ﬁ/f/) consisting of two members as shown. Knowing that the combined
yz P mass per unit length of the pipe and its contents is 28 kg/m and
300 mm o neglecting the effect of friction, determine the internal forces at
150 mm /’: o E pOln'[ J
= A
|-—.‘3I5 mm ——|
SOLUTION
FBD Whole:

300

300

FBD BC:

A

~Y
262N
T 5885 95N
.3m
| - 0bbb7m
l— 315 m & Q}’
&,

W = (3m)(28 ke/m)(9.81 m/s” ) = 824.04 N
(=M, =(0.6m)C, - (0.315m)(824.04 N) = 0

C, = 432.62N «—

By symmetry: N, = N,
sk 022N —w =0
29

N, = 2 (824.04 N)
42
= 568.98 N
20
Also note: a = rtan@ = 70 mm 1

a = 66.67 mm

(_ =My = 0: (0.3 m)(432.62N) - (0.315m)C,

+(0.06667 m)(568.98 N) = 0
C, =53242N |




FBD CJ:

PROBLEM 7.19 CONTINUED

21

20

F., =0: F ——(432.62N)—-—(53242N)=0
\ o7, Lanen) - 2(snan)

20

F =680 N \ 4

21
SF, =0: —(53242N) - —(432.62N) -V =
/ IF, 029(53 )29(36 )=V =0

V=872N / 4

(=M, = 0:(0.15m)(432.62 N) - (0.1575 m)(532.42 N) + M = 0

M =1896N-m )«




o b PROBLEM 7.20

o
150 mm S r =T mm
300 mm \\.\-’\ £ A 140-mm-diameter pipe is supported every 3 m by a small frame
i O D consisting of two members as shown. Knowing that the combined mass
£ \\;\B/ D per unit length of the pipe and its contents is 28 kg/m and neglecting the
Vs 4 effect of friction, determine the internal forces at point K.
s
300 mm ‘0 4
150 mm s ; / 5
. oA
|_7 315 mm ——
SOLUTION
FBD Whole:

200 W = (3m)(28 kg/m)(9.81 m/s”) = 824.04 N

(=M = 0: (.6 m)4, —(315m)(824.04 N) = 0

A, =43262N —
300

By symmetry: N, = N,

sk 022N —w =0
29

N, = 29 824.04 N
42
= 56898 N
20
Also note: a=rtand = (70 mm)a
FBD AD: a = 66.67 mm

SLEIEN

. \>//.%M,7 - (=M =0:(03m)(432.62N) - (0315 m) 4,
é\’ 3w
}

A

by A —(0.06667 m)(568.98 N) = 0

432.62N

A, =2916N |

S 315w




PROBLEM 7.20 CONTINUED

FBD AK: / IF, = 0: %(432.62 N)+ %(291.6 N)-F =0

F=514N / <

21 20
XF, =0:—(291.6 N) — —(432.62N)+V =0

V=872N X\ «
(L =My = 0:(0.15m)(432.62 N) - (0.1575 m)(291.6 N) - M = 0

M =1897N-m )«




PROBLEM 7.21

r:
t‘j A force P is applied to a bent rod which is supported by a roller and
" a pin and bracket. For each of the three cases shown, determine the
] internal forces at point J.
4 ‘Ii 3
Tb’,r “"!‘I‘*“‘LI
SOLUTION

(a) FBD Rod:

LB 0!
B o .
c D
a
f.
O-
Ale A
FBD AJ:
£
’ﬁkP
N Y
a_
P
A U Z

(b) FBD Rod:

((=Mp =0:aP - 2ad = 0

A=
2
—e3F =07 =L 20

2

v=L . <

2
I F, = 0: F=0 <
QZMJ=0:M—a§=o
M:% 7) <

( =My =0: aP—%[%A) =0

5p
A=
2 /




FBD AJ:

(c) FBD Rod:

PROBLEM 7.21 CONTINUED

—esr =022 oy
52

TZFy:O:ig—F:O
52

(M, =0:aP -2a| >4 |- 24| 2 4
° 5 5

)

v-3L . <
2
F=2P| <
M=%aP)4
0
v="_. 4
14
F=2—Pi<
7
M:iaP‘><




PROBLEM 7.22

-r_. 8 Ll
*ﬂ—“ A force P is applied to a bent rod which is supported by a roller and
Ll a pin and bracket. For each of the three cases shown, determine the
internal forces at point J.
-“.r_u_-lhu -1:4
,,.'I"“"I‘II'“‘II:I
b
SOLUTION
(a) FBD Rod: —2F, =0:4,=0
£ AR P
oya ((=Mp = 0: aP - 2a4, = 0 4,==
2a0T
A A,
ﬂ/
FBD AJ: —~3F. =0:V=0 <
= P -
A Tsz_o.E—F_o
T Y
P
F=—|4
A 4 2
7 (=M, =0:M=0 <«
(b) FBD Rod:
. (=M, =0
oy o
IR Za(iDj-i-Za(éDj—aP:O D=2
T f20- ! 5 5 14
Ax—r4, —-ZFx:O:Ax—iiP:O Ax_z—P
4, 514 7
{SF, =0:4,-P+22p=0 4 =22
’ 7 514 714




>

(c) FBD Rod:

FBD AJ:

PROBLEM 7.22 CONTINUED

e SE =0:2P V=0
7
Vo2 g
7
ter, =0: 22 _pog
g 14
FZEi‘
14
QZMJ=O:a§—M:O
M=3P)<
QZMAzo;ﬂﬂ_ap:o p.or
20 5 2
—-ZFX=0:Ax—i%=0 A, =2P
tsF, =0:4, -P-2L_o 4 =2F
! 52 )
—~ 3F, =0:2P -V =0
V=2P - 4
tsr =022 F oo
2
FZEi‘
2
(=M, =0:a(2P)-M =0
M =2aP )4




PROBLEM 7.23

A rod of weight W and uniform cross section is bent into the circular
arc of radius » shown. Determine the bending moment at point J
when @ =30°.

SOLUTION

FBD CJ:

2 3
_ 33 33
F=—sing = ——="—
a T 2 2r
Weight of section = WE = iW
270 9
\ZF,=0:F—iWc0530°= F=£W
7 9 9

(=M, =0:rF - (75in60°)4TW -M =0

PR N EREN XY S N
"N T 2090 T e AT

M = 0.0666/r ) 4




PROBLEM 7.24

A rod of weight W and uniform cross section is bent into the circular

// = \\:\ ] arc of radius » shown. Determine the bending moment at point J
when 6 = 120°.
."; I
:'\EU)E I I|
c
SOLUTION
(a) FBD Rod: — EFX = O: Ax =
(sMy=0:ra, + 222220
Y3 n 3
2w
A =
Y 3
0= 300 %
6
Weight of segment = Wﬂ = 2w
270 9
F="Lsing = —sin30° = 3
a /6 b4

Q XM, =0: (7cosa — rsin30°)2—W + (r - rsin3()°)2_W - M=0
9 RY/4

M

3z 9 31

:2_W(3r\/§ r 3’"}:%(@ 1 1}

9\lz 2 2 27

M = 0.1788%r ) 4




: PROBLEM 7.25

A quarter-circular rod of weight W and uniform cross section is
supported as shown. Determine the bending moment at point J when

6 =30°.

SOLUTION

FBD Rod:

(ZMBZOIEW—FA}}ZO Ay:%T
T T
a =15°, weight of segment = W3O _r
90° 3
7= Zsing = sin15° = 0.9886r
a /1

/ IF, =0: %005300 —%00530O -F=0

T
F:W_ﬁ(z_lj/
2 \r 3

4 7
A \{7 l

w T o _ LW s

3 e (IMy=M+r|F - +rc08153—0
v M = 0.0557Wr ) <




PROBLEM 7.26

A quarter-circular rod of weight W and uniform cross section is
supported as shown. Determine the bending moment at point J when

6 =30°.

SOLUTION

FBD Rod:

B="— -«
T
a=15 =2
12
— r .
r = ——sinl5° = 0.98862r
/12
Weight of segment = W 300 _ W
90° 3

/ IF, =0: F - %005300 —2—Wsin30° =0
pis

V31
F=|—+—W
(6 +7z /
Q My =0:rF —(7005150)%—M =0

M = rW[g + lj - (0.98862 005315 )Wr

T

M = 02891 )«




PROBLEM 7.27

For the rod of Prob.7.26, determine the magnitude and location of the
maximum bending moment.

SOLUTION

FBD Bar:

FBD BJ:

2r 2W

QZMA=0VB——W=O B:—q—
V.4 V.4
azg SO OSasz
2 4
7 = —sina,
a

Weight of segment = W2_a
/2

_day,
T

JXF,=0:F —4—aW0052a —%sinZa =0
7 r

F = %(sin%y + 2acos2a)
V4

= %(sinﬁ + 6’0059)
Vs

Q XMy =0:rF - (7cosa)4—aW -M=0
T

M = gWr(sinH + 6’cost9) - (Lsinacosa]4—aW
Vs a Vs

But, sinacosa = %sinZa = %sin&

SO M = %(siné’ + Hcosl — sinH)
V4

or M = zWré’cose
Vs

a_ 2Wr(cosé’ - Hsiné’) =0 atftand =1
do T




PROBLEM 7.27 CONTINUED

Solving numerically 6 = 0.8603 rad and M = 0.357Wr )4
at 6 = 49.3° 4

(Since M = 0 at both limits, this is the maximum)




T PROBLEM 7.28

B
' T For the rod of Prob.7.25, determine the magnitude and location of the
: maximum bending moment.

SOLUTION
FBD Rod: —2XF, =0:4,=0
(sMy=0:Zw-ra =0 4, =22
p/a p/a
0 _ r .
a=—, 7 =—sna
2 a
Weight of segment = W2_a = 4—aW
T/2

J SF,=0:-F —4—aW0052a +2—Wcos2a =0
/s p/a

F = 2—W(l - 2a)cos2a = 2—W(1 —0)cosd
Vs Vi
FBD AJ: Q ZMO =0: M + (F —%jr + (70080()4—aW =0
: T T
M = %(1 + Hcosl — cos&)r — MLsinoacosoz
T T o
. 1 . 1 .
But, sinacosa = —sin2a = —sin@
2 2
2r .
) M :—W(l—cos¢9+ecost9—sm9)
Vs
ar_ 2w (sin@ — Osind + cosf — cosf) = 0
do Vs
for (1 - H)Siné? =0
d—M=0 for 0=0,1nr (n=1,2,---)
do

Only 0 and 1 in valid range
At 6=0 M=0, at 6 =1rad

at 0 =573° M =M_, =0.1009 Wr 4

max




= PROBLEM 7.29

For the beam and loading shown, (a) draw the shear and bending-

Al g‘ D" moment diagrams, () determine the maximum absolute values of the
B C :
shear and bending moment.
L L L
47 2 !
SOLUTION
FBD beam: 1 L wL
B try: A, =D=—(w)=— A, =D=—
) . ! (a) By symmetry: 4, 5 (w) 5 v 2 T
g N b PTVDVTUVILLTL]L o
Lz & L ° Along AB:
D

i M

g | Ao
ST

v S~ 4 -

I wL wL
i % j_u_L/f_L TZFyZO:T_VZO V:T
—
! L alE ‘ wL wL .
| 7 | Q M, =0: M - XT =0 M = Tx (straight)

Along BC:

/ | r)
A) L 2
e e e Y

4

tsr =02k g —v =0
4
V= T— wx;
. . L
straight with V=0 at x = "

(=M, =O:M+%wxl—(§+xlijL=O

2
m=2 L—+£)cl—xl2
2108 2




PROBLEM 7.29 CONTINUED

Parabola with M = isz at x; =
32 4

Section CD by symmetry
(b) From diagrams:

= WTLonAB and CD <«

| | max

3wl?
= at center 4

| | max




PROBLEM 7.30
C
A | For the beam and loading shown, (a) draw the shear and bending-
B moment diagrams, (b) determine the maximum absolute values of the
L. I, shear and bending moment.
2 2
SOLUTION
(a) Along AB:
e ) wJ
LLLLELLLE e
I  FELLLELH
! ~7 ' % T ~
| v
v \__—_— TZFyzo:—wx—Vzo V =-wx
= straight with V' = _wk at X = L
2 2
M , |
parsh 7 QEMJ=O:M+£wx=O M = ——wx
_ 20 /,." 2 2
Ea
SR
o
wi*
parabola with M = Y atx = —
Along BC:
LJ-
T T 711 s kg
A = 5”
L e w—J7 ~
2. 1 v
tsF =0—wk-v=0 v=-twr
2 2
(=M, =0: M + EZ) e
4) 2
M = _W_L £ + X
2 \ 4
straight with M =-—"wI? atx, ==
. wL
(b) From diagrams: | |max > on BC 4




PROBLEM 7.31

l)
l C For the beam and loading shown, (a) draw the shear and bending-
Al s moment diagrams, (b) determine the maximum absolute values of
3 ’ . the shear and bending moment.
Pl 3 I 3
SOLUTION
P (a) Along AB: T
I

/ L . "
e Pﬁi’c P‘]r G v

£

[2F,=0: P-¥V =0 V=P

v :
| M, =0: M -Px=0 M =Px
/_PL/Z_ straight with M = % at B
M ‘ Along BC: J,P
| # 8 K 5M
i 1 L
‘ P | 2 I_VI_"AV/

[2F,=0:P-P-V=0 V=0

M = % (constant)

(b) From diagrams: |V|rrlax = P along AB 4

= % along BC 4

| | max




PROBLEM 7.32

| L | L |
2 2 . .
‘ ’ For the beam and loading shown, (a) draw the shear and bending-
B moment diagrams, (b) determine the maximum absolute values of
] < \© " the shear and bendin
o g moment.
My
SOLUTION
(a) FBD Beam: QZMC =0: L4, - M, =0
M
A [ ¢ M,
Ax Pt Ay - T i
v %_—;"— T %
: [2F, =0:-4,+C=0 C=%T
L
1%
Along AB: A T l? M
“Ms /| ~
- Moy
T 4
Mo
A
I 2F, = Moy oy M
M ‘ L L
| ue (sMy =0 M=o m=-2oy
c L L
straight with M = -—C at B
Along BC: He
A B\ K ’} M
/
Ho L A g
T 9 Z \%
%
Tsz: My y—_My
L L

straight with M = % at B M =0atC

(b) From diagrams: |V|max = P everywhere 4

| = Mo 4 <
X 2




10 kips 8 kips 4 kips

PROBLEM 7.33

Al ¢ b 2 B For the beam and loading shown, (a) draw the shear and bending-
A B moment diagrams, (b) determine the maximum absolute values of
! ‘ ‘ L5R __l |_(_ s the shear and bending moment.
1.81ft 2.7ft
SOLUTION
(a) FBD Beam:
10 kips  gkips A kips SM., =0:
Ay A ¢ b £y B Q B
ol ! B (-6 ft)(4 kips) + (5.1 ft)(8 kips) + (7.8 ft)(10 kips) — (9.6 ft) 4, = 0
<+ |§H e 21— 45 fF— > :—o.eﬁf
| A, =12.625kips |
o [ £F, = 0: 12.625 kips — 10 kips — 8 kips — 4 kips + B = 0
V L8
Gips) B = 9.375 kips |
T -s5.375 I
N Along AC: A T
' ———
‘2?.5/25’ f:& lsﬂ
< 12 b2y
kps X
M [ £F, = 0: 12.625kips -V = 0
(Iﬂp»?f)

V' =12.625 kips
(=M, = 0: M —x(12.625 kips) = 0
M = (12.625 kips)x

M =22725kip-ftat C

Along CD: N wkps
:«1}
12625
k//CLS

[ XF, = 0: 12.625 kips — 10 kips — // = 0
V = 2.625 kips
((IMy = 0: M +(x — 1.8 £t)(10 kips) — x(12.625 kips) = 0
M =18 kip-ft + (2.625 kips) x

M =29.8125kip-ftat D (x = 4.5 ft)




PROBLEM 7.33 CONTINUED

Along DE: Along DE:
lokps kips I SF, =0:(12625-10-8) kips = =0 ¥ = —5.375 kips
2t 1 (M, = 0: M + x(8 kips) + (2.7 ft + x,)(10 kips)
//(2 d /X/f%lezﬁ’/ H\e —7! — (4.5 ft + x7)(12.625 kips) = 0
M = 29.8125 kip-ft — (5.375 kips) x,
M =5.625kip-ftat E (x, = 4.5 ft)
Along EB: Along EB:
M‘Q T [XF, =0:7 +9.375kips =0 ¥ = 9.375 kips
—A%, (M = 0: x,(9.375 kip) - M =0
9.375kps |
M = (9.375 kips) x,
M =5.625kip-ftat E
(b) From diagrams: |V|max =12.63 kips on AC 4

\M| =298 kip-ftat D 4




t kN 16 kN PROBLEM 7.34
‘ C D E For the beam and loading shown, (a) draw the shear and bending-
A = : moment diagrams, (b) determine the maximum absolute values of
the shear and bending moment.
8 kN
! ! | \
IZm  Im Im 12m
SOLUTION
(a) FBD Beam:
(=M =0
Hhn 16kN
J T By s (1.2m)(4 kN) - (1m)(16 kN) + (2 m)(8 kN) + (3.2m) B = 0
¢r wa 19
) B=-15kN |
7.8
‘\ [ 2F, =0: 4 KN+ C, ~16kN + 8 kN - 1.5 kN = 0
v | 1.5
w1 | . C, =135kN |
AT Along AC: dleN
J
. v
(k/\l:m)—‘
A3 [XF, =0:-4kN-V =0
/-7 V = -4 kN

(M, =0: M + x(4kN)=0 M = -4kNx

M =-48kN-matC

AN 8 5 M
Jr2m Tz, ~

1250 VY
[2F, =0: 4kN+135kN -V =0

Along CD: L%é/«/
A ‘l

V =9.5kN
(Mg =0: M +(1.2m +x;)(4kN) - x,(13.5 kN) = 0
M =-48kN-m + (9.5kN)x,

M =47kN-matD (x, =1m)




PROBLEM 7.34 CONTINUED

Along DE:
Jr\/,
(=
L ?@T lam l
7 kA /:_S’:é/\]

[ZF, =0: 7 +8kN-1.5kN =0
V =-65kN
(=M, = 0: M - x;(8kN) + (x3 + 1.2 m)(L.5kN) = 0
M =-1.8kN-m + (6.5 kN)x;

M =47kN-matD (x; =1 m)

Along EB:

4Y

M‘C N %y
LS

[2F, =0:7 - 1.5kN =0
V =15kN
(=My =0: x,(L5KN)+ M =0
M =-(15kN)x, M =-18kN-matE

(b) From diagrams: 4 . =9.50kN-on CD <

ma:

|M

= 4.80 kN-mat C 4

max




3 Lips 5 Lip.\ 4 Lip.\ PROBLEM 7.35

For the beam and loading shown, (a) draw the shear and bending-
moment diagrams, (b) determine the maximum absolute values of

the shear and bending moment.
L 3 ft “ % 24 ft

09ft" 6 ]\IP\ 1.2 ft

SOLUTION
(a) Along AC: §3'<'P3 S WM
p =)
jkuPs \fkl,bs V/(yo ‘F/\L
R cy D D e
— "i—ﬂwi.zﬁu—zm =0:3kip-V = = -3k
AR 7 4% SF, =0:3kip-¥ =0 ¥ = -3kips
y (=M, =0: M +x(3kips)=0 M = (3kips)x
{/u
P9 - = M = -9 kip-ftat C
- b
: SK
Along CD Bll!ps {%LK; y M
A TS S
RSN %
-3 [ £F, = 0: -3kips —Skips =/ =0  V = -8 kips

QZMK =0: M+ (x -3 ft)(S kips) + x(3 kips) =0
M = +15 kip-ft—(8 kips)x

M = -16.2 kip-ftat D (x =39 ft)

Along DE: 3kips lfk//bs [
¢ D L
bkhips

[ 2F, = 0: -3 kips — 5 kips + 6 kips = V' = 0
V = -2 kips
(M, = 0: M —x,(6 kips) + (.9 ft + x,)(5 kips)
+(3.9 ft + x;)(3 kips) = 0
M = —16.2 kip-ft — (2 kips)x;

M = -18.6kip-ftatE (x =12 ft)




PROBLEM 7.35 CONTINUED
Along EB:

fk//os ‘?’/e/ps

ljie‘]o;,cf C,\L Z.IFfl’ Xz SM
4 z.9Ft TD 2 N\l’/\é ~
ékllbs

TZFy = 0: -3 kips — 5 kips + 6 kips —4 kips—V =0 V = —6 kips

(EMy = 0: M + (4 kips)x, + (2.1 ft + x,)(5 kips)
+(5.1ft+ x,)(3 Kips) — (12 ft + x,)(6 kips) = 0
M = ~18.6 kip-ft — (6 kips)x,
M = -33kip-ftat B (x, = 2.4 ft)

(b) From diagrams: || = 8.00kipson CD 4

max

|M| = 33.0kip-ftat B 4




9]

D E

=

i B
200 mm 300 mm

500 mm 400 mm

PROBLEM 7.36

For the beam and loading shown, (a) draw the shear and bending-
moment diagrams, (b) determine the maximum absolute values of
the shear and bending moment.

SOLUTION
P CpY 7 (@) FBD Beam: (zMm; =0
CTL T IS (1m)(540N) - (0.9 m)C, + (0.4 m) (1350 N) - (0.3 m) (540 N) = 0
v 10 C, =1080N |
o [ F, = 0: =540 N + 1080 N - 1350 N
Tz | -s0 |

(/\/-n«)

—l1é2

~540N+E, =0 E, =1350N |

oM
Along AC: {Lﬂ% . M
A x lj -
14

[ 2F, =0:-540N -V =0
V = -540N
(M, =0: x(540N)+ M =0 M =—(540 N)x

Along CD: SHoN

/050N
TEFyzo:—54ON+1080N—V=0 V =540 N

(Mg =0: M +(02m + x)(540 N) - x, (1080 N) = 0
M = —-108 N-m + (540 N)x,

M =162 N-matD (x1 =05 m)




PROBLEM 7.36 CONTINUED

Along DE: AV SHoN, l
N
M C Kz T +3m
~ I3SON

TZF),:O: V' +1350N -540N =0 V' =-810N

(EMy =0: M +(x3 +0.3m)(540 N) - x5 (1350 N) = 0

M =-162N-m + (810 N)x,
M =162N-m atD (x3 = 0.4)

Along EB:

v i/ Yo N
M C FL--—-Q,?:I;._

TZFy:O:V—54ON=0 V =540 N

(=M, =0: M +x,(540N) =0 M =-540Nux,
M =-162N-matE (x2=0.3m)

(b) From diagrams |V| =810 N on DE 4

max

|M|maX =162.0 N-mat D and E 4




. _ PROBLEM 7.37
12 kips 2 kips
" For the beam and loading shown, (a) draw the shear and bending-
‘ c 2 B moment diagrams, (b) determine the maximum absolute values of the
shear and bending moment.

2 kips/ft

~—6 ft—=<4.5 ft ~<1.5 ft

SOLUTION
12kps - 2t0ps (g) FBD Beam:
M p & ft C Y5t /,.:rff\L
6 SFT T 8 _ o ~ - ins —
Y o T I'2F, = 0: 4, + (6 ft)(2 kips/ft) — 12 kips — 2 kips = 0

A, = 2kips|

(=M, =0: M, + (3 ft)(6 ft)(2 kips/ft)

—(10.5 ft)(12 kips) — (12 ft)(2 kips) = 0

M, = 114 kip-ft )

//¢/<W/f<~‘ﬂ£ i ? T ;—3 N

2k/,b< ZkJ/os/H V}ﬁ

Along AC:

I XF, = 0: 2 kips + x(2 kips/ft) - V' = 0
V = 2 kips + (2 kips/ft) x
V =14kipsat C (x = 6 ft)
(LM, = 0:114 kip-ft — x(2 kips)
—%x(Z kips/ft) + M = 0
M = (1kip/ft)x” + (2 kips)x — 114 kip-ft

M =—66 kip-ftat C (x = 6 ft)

94

Along CD: ,g/a/oj /e;lbj
K % /-s’/fi

X

N

[ F, =0:V -12kips - 2kips =0 ¥ = 14 kips

(=M = 0: —M — x;(12 kips) — (1.5 ft + x,)(2 kips) = 0




PROBLEM 7.37 CONTINUED

M = 3 kip-ft - (14 kips))c1

M = —66kip-ftat C (x; = 4.5 ft)
Along DB:

L PP
T F,=0: V-2kips=0 V =+ 2 kips

QEML =0:-M - 2kipx; =0
—(2 kips ) x;
M = 3 kip-ftat D (x =1.5 ft)

|| =14.00kips on CD <

(b) From diagrams: max

|M|_ =114.0 kip-frat 4 4

max




PROBLEM 7.38

e S e
4 c¥ D For the beam and loading shown, (a) draw the shear and bending-
[ = L8 homent diagrams, () determine the maximum absolute values of the
il shear and bending moment.
I-— £t T i [l—-l
SOLUTION
(a) FBD Beam:
ZEPE Sk s /Rt k .
bt Vet [TTLY 5 M, = (15 ft)B — (12 ft)(2 kips/ft)(6 ft) — (6 ft)(12 kips) = 0
o D &ff
ol L g B = 14.4 kips |
9.6 ‘
| [ XF, = 0: 4, - 12 kips — (2 kips/ft)(6 ft) + 14.4 kips
v
U<¢’o5 — Ay =9.6 klpS T
Along AC: 45 J :‘3 M
x Y “~
-144 V
96 141/95 ~
576 50,4 fﬂ:a /‘m /4,
[ 2F, =0:9.6kips =V =0
M l
[k:/»ﬁ) f V = 9.6 kips

QEMJ =0: M —x(9.6kips) = 0
M = (9.6 kips)x

M = 57.6kip-ftat C (x =6 ft)

Along CD: l/zé,/%
A b yX
f—~a—;€i D
iéé//-’o; v

[ £F, = 0:9.6 kips — 12 kips =V = 0
V = -2.4 kips
((EMy = 0: M + x (12 kips) — (6 ft + x;) (9.6 kips) = 0
M = 57.6 kip-ft — (2.4 kips) x,

M = 50.4kip-ftat D




PROBLEM 7.38 CONTINUED

Along DB:

Y a zleps/Ft
Lk v iy

L %4 T
: /‘//’7‘/4//35

Al

SF, = 0: ¥ - x;(2 kips/ft) + 14.4 kips = 0
V = —14.4 kips + (2 kips/ft) x5
V = 2.4 kips at D
(=M, = 0: M + %(2 Kips/ft)(x;) — x; (14.4 kips) = 0
M = (14.4 kips)x; — (1 kip/ft) x3°
M =504kip-ftat D (x; = 6 ft)
(b) From diagrams: |V|maX = 14.40 kips at B 4

|M| = 57.6kip-ftat C 4




£ kN/m PROBLEM 7.39

For the beam and loading shown, (a) draw the shear and bending-
Al B moment diagrams, () determine the maximum absolute values of the
shear and bending moment.

| 5m
2m 2 m
8 kN 8 kN
SOLUTION
(@) By symmetry:
1
A, =B =8kN + —(4 kN/ 5 A, =B =18kN
o y Lakum)(sm) A, T
p
Ax el b bl ip AB Along AC: A 3—!3 M
i - - | !
| : 1SEN Y
| [SF, =0:18kN-V =0 ¥V =18kN

(M, =0: M - x(18kN) M = (I8kN)x

M=36kN-matC(x:2m)

Along CD:
A o

[\ J5EN

om)

[ ZF, = 0: 18 kN = 8 kN — (4 kN/m)x, -/ = 0
V' =10 kN — (4 kN/m)x,

V=0atx =25 m(at center)
QZMK =0: M+ %(4 kN/m)x1 + (8 kN)x1 - (2 m + x1)(18 kN) =0

M =36 kN-m + (10 kN/m)x, — (2 kN/m)x{
M =485kN-matx, =2.5m

Complete diagram by symmetry
(b) From diagrams: |V|max =18.00 kN on AC and DB 4

|M|max = 48.5 kN -m at center 4




9 kN/m { kN/m PROBLEM 7.40

Al GO - B For the beam and loading shown, (a) draw the shear and bending-
oo A moment diagrams, (b) determine the maximum absolute values of the
L ‘ ‘ | 22 kN  shear and bending moment.
2 M=f=rf=>{=—23m |
Ilmlm 1m
SOLUTION
(=M}, = 0: (2m)(2 kN/m)(2 m) — (2.5 m)(4 kN/m)(3 m)
2kl 1) 22k —(4m)F - (5m)(22kN) =0
A ¢ _Dr EVV ‘F T@
I e F = 22kN |
e P27, = 0: (2 m)(2 kN/m) + D
(i) ] | - (3m)(4 kN/m) —22kN+22kN =0
| | D, = 16kN |
|
Along AC: 26N/ "‘j{
Z I+ Y

[ 2F, = 0: =x(2kN/m) - ¥ = 0

V = —(2kN/m)x V =—-4kNatC

(=M, =0: M + 2(2kN/m)( x)#0

M =-(1kN/m)x> M =-4kN-matC

Along CD: 2kN/n
L1 gt

A —Zm —= 'ﬂ Y;

A~

[2F, =0:-(2m)(2kN/m)-¥ =0 ¥V =-4kN

(=M =0:(1m +x)(2 kN/m)(2m) = 0

M = -4kN-m—(4kN/m)x, M =-8kN-matD




PROBLEM 7.40 CONTINUED

Y, ~
?

A —2m —= K|
I2F, =0:—(2 kN/m)(2m) + 16 kN -V =0 ¥V =12kN
(=M} = 0: M — x,(16 kN) + (x, + 2m)(2 kN/m)(2 m) = 0

M = -8kN-m+(12kN)x, M =4kN-matE

YA _AENS T 22N
a T)/ N N = B
M o Xy rm

~ 22N

Along EF:

[ 2F, = 0: 7 - x, (4 kN/m) — 22 kN + 22 kN = 0

V=(4kN/m)x, V =12kNatE
(=My=0: M + x—z‘*(4 KN/m)x, - (1m)(22kN) = 0
M =22kN-m-(2kN/m)x; M =4kN-matE

Along FB:

Vv A2zkN
&@M i

TZFy=0;V+22kN=o V =22 kN

(EMy =0: M - x;(22kN) = 0
M = (22 kN)x,
M =22kN-matF

(b) From diagrams: |V|maX =22.0kN on FB 4

|M| ~=220kN-matF <

max




3 kN/m PROBLEM 7.41

> Assuming the upward reaction of the ground on beam AB to be
Al B uniformly distributed, (@) draw the shear and bending-moment

diagrams, (b) determine the maximum absolute values of the shear
and bending moment.

"3m R B
SOLUTION
3kt fom (a) [ 2F, = 0: (12m)w — (6 m)(3 kN/m) = 0

‘ 5 .

o "
SRS v A

@ \ w = 1.5 kN/m

4T | \

Along AC:

v,
A x U
=) v
405 kN e

(1.5 kN/m)x

[2F, =0:x(L5kNm) -V =0

V=45kNatC

(=M, =0: M - %(1.5 kN/m)(x) = 0

M =(0.75kN/m)x> M =6.75N-matC

Along CD: 3 kNfm

» %lLI Q%

l’ R IV Ly

[ 2. D

[ 2F, = 0: x(1.5kN/m) — (x = 3m)(3kN/m) -V = 0

V=9kN-(1.5kN/m)x ¥V =0atx=6m

x—3m

QZMK =0: M +( j(3 kN/m)(x -3 m) - %(1.5 kN/m)x =0

M =-13.5kN-m + (9 kN)x — (0.75 kN/m) x>
M =13.5 kN-m at center (x =6 m)

Finish by symmetry
(b) From diagrams: |V|max =450kNat C and D 4

|M|_=13.50 kN-m at center 4




12 kN/m 12 kN/m PROBLEM 7.42
b 4 & A E Dy | Assuming the upward reaction of the ground on beam 4B to be
Al | B uniformly distributed, (a) draw the shear and bending-moment
diagrams, () determine the maximum absolute values of the shear
| | and bending moment.
I I 2m I I
1m Im
SOLUTION
12 NYim 12 A (@) FBD Beam:
A 2 8
' XF, =0:(4 -(2 12kN/m) =0
EmEEEEEREERS [ £F, = 0: (4m)(w) - (2 m)(12 kN/m)
_— w = 6 kKN/m
y Along AC: é/f\:/fjl
(kN y .__,_;Z»:}:_ l{é M

[ 2F, = 0: =x(6KN/m) - ¥ =0 ¥ = —(6 kN/m)x

V =-6kNatC(x =1m)
(=M, =0: M + %(6 KN/m)(x) = 0
M =-(3kN/m)x> M =-3kN-matC

Along CD:
& & ki/m

I]:l: [ 1(3':}
Im

A

kNl Y
T IF, = 0: —(1 m)(6 kN/m) + x1(6 kN/m) -v=0

V=(6kN/m)(Im-x) ¥V =0atx; =1m
(=M = 0: M +(0.5m + x)(6 KN/m)(1 m) - %(6 KN/m)x, = 0
M =-3kN-m — (6 kN)x, + (3 kN/m)x{
M = -6 kN-m at center ()c1 = lm)

Finish by symmetry

(b) From diagrams: |V|maX = 6.00 kN at C and D 4

|M|max = 6.00 kN at center 4




900 b

L‘

900 Ib

B

o

B!
o

-

4.5 ft

PROBLEM 7.43

Assuming the upward reaction of the ground on beam AB to be
uniformly distributed and knowing that a = 0.9 ft, (a) draw the
shear and bending-moment diagrams, (b) determine the maximum
absolute values of the shear and bending moment.

9

SOLUTION

Qo0 /b

B

T

360

5o

(h)

- 5’;7/0

162

M
(1b-f1)

900lb  (g) FBD Beam:
e 27 Ft DJ, A

TTLTT 1

[2F, = 0: (4.5 ft)w - 900 1b — 900 Ib = 0
w = 400 Ib/ft

Along AC: A_X T

il

<o bt Y

<___._
< A
X

[2F, = 0:x(4001b) =¥ =0 ¥ = (400 Ib)x

¥ =360IbatC (x =09 ft)
(=M, = 0: M- 3(400 Ib/ft)x = 0

M = (200 Ib/ft)x> M =1621b-ftat C

Along CD: qo0 /b
ﬂ‘ /qﬁ w< X K

P
Y

o0 64 )
IF, = 0:(0.9 ft + x,)(400 Ib/ft) - 900 Ib — V" = 0

V =-5401b + (400 Ib/ft)x;, ¥V =0atx; =1.35ft

0.9 ft+x1(

(ZMy = 0: M + x,(900 Ib) - 400 Ib/ft)(0.9 ft + x,) = 0

M =162 1b-ft — (540 1b)x, + (200 Ib/ft)x,”
M =-202.5Ib-ft at center (x; = 1.35 ft)

Finish by symmetry
(b) From diagrams: |V|maX =540 1bat C* and D~ 4

|M|max = 203 Ib-ft at center 4




900 1b

900 1b

A

Al

B

PROBLEM 7.44

Solve Prob. 7.43 assuming that a =1.5 ft.

o] sz
P
SOLUTION
qoolb | 900 lb () FBD Beam:
A Oy /15’/77‘ D R
O O O [2F, = 0: (4.5 ft)w - 900 1b — 900 Ib = 0
RPN Y G W o
| w = 400 Ib/ft
400 % T
Along AC: A l{s
300 M
v 4;;_@/; )4
(Ib)
- 3200
[SF, =0:  x(400Ib/ft) -V =0
—£00
e | o V =(4001b/ft)x ¥V =600lbatC (x = 1.5 ft)
|

" e \\ (=M, =0 M—§(400 Ib/ft)x = 0
(1h-F1) s

: M = (200 Ib/ft)x* M =4501Ib-ftat C

Along CD: Goo Ib
4 15H§ K l
N A

Yoo Ib/A

.

o

<A

e 3
[2F, = 0: x(400 1b/ft) = 900 Ib — ¥ = 0
V =-9001b+ (400 Ib/ft)x ¥ =-300atx = 1.5 ft
V=0atx =225ft

(=M = 0: M + (x — 1.5 ft)(900 Ib) - %(400 Ib/ft)x = 0

M =1350 Ib-ft — (900 Ib)x + (200 lb/ft)x2
M =4501b-fratx = 1.5 ft
M =33751b-ftatx = 2.25 ft(center)
Finish by symmetry
(b) From diagrams: [V | = 600 Ibat C” and D* 4

|M| =450 1b-ftat C and D <




PROBLEM 7.45

Y
Two short angle sections CE and DF are bolted to the uniform
G, J beam AB of weight 3.33 kN, and the assembly is temporarily
O/l it e oiim supported by the vertical cables EG and FH as shown. A second
r *| beam resting on beam AB at [ exerts a downward force of 3 kN
Al ¥ on AB. Knowing that ¢ = 0.3 m and neglecting the weight of the
| |-'—" ——a —’| ngle sections, (a) draw the shear and bending-moment diagrams for
. 15m 15m I beam 4B, (b) determine the maximum absolute values of the shear
and bending moment in the beam.
SOLUTION
FBD angle CE: (@) By symmetry: 7 3.33 sz+ 3kN 3165 kKN

[XF, =0:T-P. =0 P =T=3165kN

(IMc =0:Mc —(0.1m)(3.165kN) =0 M, = 0.3165kN-m

By symmetry: Py =3.165kN; M, = 03165 kN-m
o ) 4 Along AC: VLI
swskv g | 4 New
oty /w/m‘% e Pt ) ’)
At lgn wu] L] -
\¢ 7 RS \’(J
1’ /l2m ><{3;45>< —lam T
| L | [2F, = 0: —x(1.11 KN/m) -V = 0
/,J33 /jé:
< 1.332

V =—(L.11kN/m)x ¥V =-1332kNatC (x=12m)

(m) \ (=M, =0:M += (lllkN/m) =0

-4332 ,
et | mf8a3 M =(0.5551N/m)x> M =—0.7992 kN-mat C
| \‘ ) 3. és,—
0/721{ Along CI: i A as | /{(/\/
(m ’”>\( V
| =.7992 —.77992

= */227

[2F, = 0: =(1.11 KN/m)x + 3.165 KN = ¥ = 0
V =3165kN - (1.11kN/m)x ¥V =15kNat/ (x =1.5m)
(=M, = 0:

M + (1.11kN/m)x — (x = 1.2 m)(3.165 kN) — (0.3165 kN-m) = 0




PROBLEM 7.45 CONTINUED

M =3.4815kN-m + (3.165 kN)x — (0.555 kN/m) x°
M =-04827kN-matC M =0.01725kN-mat/

Note: At /, the downward 3 kN force will reduce the shear V' by 3
kN, from +1.5 kN to —1.5 kN, with no change in M. From [/ to B,
the diagram can be completed by symmetry.

(b) From diagrams: V|, =1833kNatCand D <

M| =799 N-matC and D 4




PROBLEM 7.46

i
Solve Prob. 7.45 when a = 0.6 m.
-
01mﬂ.|e %‘kom

A B

| P |

| 1.5m 1.5m |
SOLUTION
FBD angle CE: (a) By symmetry: T = w = 3.165kN

[2F,=0:T-P.=0 PR =T=3165kN

(EMc =0: Mc —(0.1m)(3.165kN) =0 M, = 0.3165kN-m

- By symmetry: Py =3.165kN Mp =0.3165kN-m
365N 3. GSTN
nil kifn ' [ st Along AC: / /0 BN v
A A A L A \IB
o T D | \L ,)
L L Y B D
, | s o X
Z»/éé\/é, 999 ‘
% | -0 — —y =
oy 1 [2F, = 0: —(LI1kN/m)x -V = 0
PSS |
-20e6 v =—(111 kN/m)x V=-0999kNatC (x =0.9m)
W75 ‘
o (=M, =0: M+2(111kN/m) =0
Mé,\jm) \['{-,13505/%/ ‘

Cervpss? ' M =—(0.555kN/m)x> M =-0.44955kN-mat C

Along CI: AFA6S kN
1.4 kN

) Ll fy
REZZVZ%
—, g — l

e JE e

[2F, = 0: =x(1.11 KN/m) + 3.165 KN = ¥ = 0

V =3.165kN - (1.11 kN/m)x ¥ =2.166 kN at C
V=15kNatl (x=15m)

(Mg =0

M —0.3165kN-m + (x — 0.9 m)(3.165 kN) + %(1.11 kN/m)x =




PROBLEM 7.46 CONTINUED

M =-2.532kN-m + (3.165 kN)x — (0.555 kN/m) x”
M =-0.13305kN-matC M = 0.96675 kN-mat /

Note: At /, the downward 3 kN force will reduce the shear V' by 3
kN, from +1.5 kN to —1.5 kN, with no change in M. From [ to B,
the diagram can be completed by symmetry.

(b) From diagrams: |V|max =2.17kNatC and D 4

M| =967 N-mat/ <




C PROBLEM 7.47

Al B
=i Draw the shear and bending-moment diagrams for the beam 45,
and determine the shear and bending moment (a) just to the left
o :| of C, (b) just to the right of C.
I400 mm ., 400 mm I 400 mm l
1.2 kN
SOLUTION
FBD CD:
¢
<y
%ﬁc {SF, =0:~12kN +C, =0 €, =12kN1
el &x
(=M =0:(04m)(12kN) - Mo =0 Mg =048kN-m
D
r.n/m
1.2 &N
Y ENm
A ) r FBD Beam:
ﬁz Sm ) 4m
4;[ N Tg (M, =0:(12m)B + 0.48 kN-m — (0.8 m)(1.2 kN) = 0
L | B =04kN |
v {SF, = 0:4, - 12kN+04kN =0 A, =08kN|
(kn) i |
- ~7 | Along AC: A Javsﬁ
Y 1 o v
T kA
M e [2F, =0:08kN-V =0 V=08kN
(kn). ) | |
| (M, =0: M — x(0.8kN)=0 M = (0.8kN)x
M =0.64kN-matx = 0.8 m
Along CB: Cﬂ“ﬂ/,
K X\
o l Al
[F,=0: V¥ +04kN=0 ¥V =-04kN
(Mg = 0:x(04kN)-M =0 M =(04kN)xy,

M =0.16kN-matx, =04 m
(a)

Just left of C: V =800 N «
M =640 N-m 4
(b) Just right of C: V =-400 N 4

M =160.0 N-m 4




| 600 mm i 600 mm i600 mim i PROBLEM 748

600 N 600 N 600 N

Draw the shear and bending-moment diagrams for the beam 45,
and determine the maximum absolute values of the shear and bending
" ‘ ‘ moment.

Al _ B
AN (}‘ D E fo.s0.4]
| |

300I1111'n 600 mm 600 mm 300Il'mn

SOLUTION

FBD angle:
TZFy:O:Fy—600N:O F, =600 N

oo N y

(EMpye = 0: M —(03m)(600N)=0 M =180 N-m

. Em
M \fy«—-l» Fx All three angles are the same.
By

GooN GooN & ooN FBD Beam:

180 N 180N - 180N #
A 3w w TP\ ew 3w
o r

& T (=M, =0:(1.8m)B - 3(180 N-m)
b s Lo
| cool 1 g 3
e o ; -(03m+0.9m+1.5m)(600N) =0
“ ] B =1200N |
17200
I [2F, =0: 4, -3(600N) +1200N =0 A, = 600N
” 150 } 73\ Along AC: = ;)
e | | | | GooN v ",3
[XF, =0:600N-¥V =0 ¥V =600N
(=M, = 0: M — x(600N) = 0
M =(600N)x =180 N-matx =.3m
Along CD: EOQN

gooN 17, .
[XF, =0:600N-600N-V =0 V=0
(EMy = 0: M + (x - 0.3 m)(600 N) — 180 N-m — x(600 N) = 0

M =360 N-m




PROBLEM 7.48 CONTINUED

Along DE:

((EMy = 0: =M — 180 N-m — x, (600 N) + (x + 0.3 m)(1200 N) = 0

M =180 N-m + (600 N)x, = 540 N-mat D, x, = 0.6 m
M =180 N-matE (x, = 0)

Along EB:

[SF, =0:7 +1200N =0 ¥ =-1200N
(=M, =0:x(1200N)-M =0 M = (1200 N)x,
M =360N-matx; =0.3m

From diagrams: V| . =1200NonEB 4

|M|max =540 N-mat D" 4




PROBLEM 7.49

Draw the shear and bending-moment diagrams for the beam 45,
and determine the maximum absolute values of the shear and

bending moment.

&

SOLUTION
FBD Whole:
1 o (=M}, = 0: (1.2 m)(1.5kN) - (1.2 m)(6 kN)
T ek 1SkN
PR S P —(3.6m)(1.5kN) + (1.6 m)G = 0
pstnd T IRE g G =675kN —

—+3F,=0:-D,+G=0 D, =675kN ~—

[XF, =0:D, ~1.5kN-6kN-15kN=0 D, =9kN|

Beam AB, with forces D and G

replaced by equivalent Along AD: /. SKN
force/couples at C and F 5 M
1SHN TN Gk LSTIN x v
” 6.75kN B E. [(Fo6285/N Y i ~
v oy
R i AP [SF, =0:-15kN-V =0 ¥V =-15kN
7.8 | (=M, =0:x(15KN)+ M =0 M =—(L.5kN)x
v N M=-18kN at x=12m
en) == _
| ; | | . Along DE: /SAN Qlen
: . J 4,75k~T RSk N|~ 14
3.6 | ¥ ~
M ”M N ?9
(enow) | ~1/5 \ '/ffﬁl —plm > K, - }C
7.2 |

[XF, =0:-15kN+9kN-FV =0 ¥V =75kN
(Mg = 0: M +54kN-m —x (9kN) + (1.2 m + x )(1.5kN) = 0

M =72kN-m+(75kN)y, M =18kN-maty, =12m




PROBLEM 7.49 CONTINUED

Along EF: py  Sthwm I'SkN

[2F,=0:7 -15kN=0 7 =15kN
(EMy = 0: -M + 54 kN-m — (x, + 1.2 m)(1.5 kN)
M =3.6kN-m—(1.5kN)x,
M =18kN-matx, =1.2m; M=3.6kN-matx, =0

Along FB:

LV LSkN

NA
CL = 3¢
X3

[2F,=0:7 -15kN=0 7 =15kN
(=M, =0:-M - x;(1.5kN) =0 M = (-1.5kN)x,
M =-18kN'-m at x; =12m

From diagrams: V| ~=7.50kNonDE 4

max

M| =720kN-matD" <




PROBLEM 7.50

Neglecting the size of the pulley at G, (a) draw the shear and
bending-moment diagrams for the beam AB, (b) determine the
maximum absolute values of the shear and bending moment.

SOLUTION
FBD Whole:
b o
15 - 3m
4__A E I3 §
Ax s.2m Zz] B
Z’VT ,Zﬂ 5 452 N
=

Beam AB with pulley forces and
force at D replaced by equivalent
force-couples at B, F, E

73’YNT 25N Y5OoN
A /fi?/\/\:—' :)%N B ow
Ax ‘L 60ONTM  ZEEN M
20N t-s— 12077 %o,#mq.' O, &M —:
| |
| |28
\ ¥
‘ :
v | |
(N) 20 1
| |
m |
Ww) | 2] ‘ |
i 258
| f— 306.8
-624 !

12 5
(@) (=M, =0:(05 m)ED +(1.2 m)ED —(2.5m)(480N) =0

D =1300N
5
[2F, =0: 4, +5(1300N) ~ 480N = 0
A4,=-20N A, =20N]|
Along AE: A________.‘J' M
bom 127
20N Y YL

[2F, =0:20N-¥ =0 ¥V =-20N

(M, =0: M +x(20N) M =—(20N)x
M =-24N-matx =12m
Along EF: 288N

v HZoN
4 ’l\ N | &
G

= < 4SON
tZXFN'm

K oM >
TEFy:O:V—288N—48ON=O V =768 N

(=M, = 0: M - x,(288 N) — (28.8 N-m) — (x, + 0.6 m)(480 N) = 0
M =-316.8 N-m — (768 N)x,
M =-3168 N-m atx, =0; M =-624N-matx, = 0.4 m

AV ‘ 450N
Along FB: N Gw_w

%,

[LF,=0:7 -480N=0 7 =480N
(EMy = 0:-M - x(480N) =0 M = —(480N)x,

M = -288N-matx; = 0.6 m




PROBLEM 7.50 CONTINUED

(b) From diagrams:

V| =768 Nalong EF 4

M| =624N-matE* <4




900 1b 900 1b

B

e o
-

B

PROBLEM 7.51

For the beam of Prob. 7.43, determine () the distance a for which the
maximum absolute value of the bending moment in the beam is as small

as possible, (b) the corresponding value of |M |maX .

(Hint: Draw the bending-moment diagram and then equate the absolute
values of the largest positive and negative bending moments obtained.)

SOLUTION
FBD Beam:
P=|700/6 P=900lb
p oo Lt-za l a

LT CTTqETTDWTT

i
N

Pl-3)

z
P ——,

Along AC:

/ ﬁﬁ

Along CD:

[ SF, =0:Lw-2P=0

w=2£
L

CZMJ:O:M—i(Eszo M=£x2
2\ L L
M:£a2 at x=a
L
QZMK=0:M+(x—a)P—£[%xJ=O
2
M:P(a—x)+—x2—P% at xX=a

M =P a—£ at)c:£
4 2

This is M min by symmetry—see moment diagram completed by
symmetry.

For minimum |M | ,set M. =-M
max

4
2
or a’ + La - r =0
4
-1+
Solving: a= 1_—\/EL
2
Positive answer  (a) a=0.20711L = 0.932 ft 4

(b) |M|__ =0.04289PL =173.7 Ib-ft 4




o PROBLEM 7.52
e — For the assembly of Prob. 7.45, determine (a) the distance a for which
0.0m —~ |g - A| < 0lm the maximum absolute value of the bending moment in beam AB is as
% Eple 1 D, 7" , small as possible, (b) the corresponding value of |M |mX . (See hint for
| ol o] | Prob. 7.51.)
I 1.5m 1.5m 1
SOLUTION
By symmetry of whole arrangement:
FBD Angle: T
T ;o 3BKNA3KN
¢ @J’ ?
Ev( [SF,=0:T-F=0 F=3165kN
PR
lesk S
s B (=M, =0: M —(0.1m)(3.165kN) =0 M = 0.3165kN-m
2 Lple] wrl Al Ll 14
\{,,31@5 KN-D
— A 1) *:S—L——:;a——:— 1S ——
BILSA~ 93228

M

)
2l m

N

{‘—( 555 )(/ 5‘—0.)1 )

Along AC:
1.0) KM

M

“

)

Along CI:

1.0 kN I 1

Ll 1

.3[b§kN4m,\—/

Ea
i

W3 I6SKN

l

!

1 1

e [ 5 - —-=1
x

-

(=M, =0:M +§(1.11kN/m)x =0

M = —(0.555 kN/m)x* = —(0.555 kN/m)(1.5 m — a)’

at C (this isM

i)
=My = 0: M - 03165kN-m + (111 KN/m) x
~[x-(1.5m-a)](3.165kN) = 0
M =-4.431 kN-m + (3.165 kN)(x + a) — (0.555 kN/m) x>

M atx =1.5 m) =-0.93225kN-m + (3.165 kN)a

max (

For minimum |M | ,set M., =-M
max

min *

—~0.93225 kN-m + (3.165 kN)a = (0.555 kN/m)(1.5 m — a)’

Yielding: a’> —(8.7027 m)a +3.92973 m” = 0
Solving: a = 43514 £13.864 = 04778 m, 8.075m

(a) a=0478 m <

M, =0.5801 kN-m €

Second solution out of range, so

(b) M, =580N-m<




60 kN

PROBLEM 7.53

For the beam shown, determine (a) the magnitude P of the two

Al gy L ' upward forces for which the maximum value of the bending
e moment is as small as possible, (b) the corresponding value of
| ’ ‘ ’ ‘ (See hint for Prob. 7.51.)
"2m '2m'2m '2m  2n
SOLUTION
By symmetry: A4, =B =60kN-P
sokN LR R Gokn
¥ Along AC: A -
Ax zvmlmtmsz zw\ R g " FTSLQ
/’AT ¢ b» £ TB gokn-p L
aYy e
(_EM,zO:M—x(60kN—P)=0 M =(60kN — P)x
/120-2P 120-2p

M =120kN-m - (2m)P at x=2m

Pin ,('N)

120 -

1P

Along CD: 60 ,/(N
m
ﬁ: /(j
Golen -P
(=M = 0: M +(x —2m)(60 kKN) = x(60 kKN — P) = 0
=120 kN-m — Px

=120kN-m—(4m)P at x =4m

Along DE:
okn B
o don [ Hu
R
GokN=-P ~

(=M, =0: M — (x—4m)P + (x - 2m)(60 kN)
—x(60kN - P) =0

M =120kN-m — (4 m)P  (const)
Complete diagram by symmetry
For minimum |M |max ,set M. =-M_.
120 kN-m - (2m)P = ~[120 kN-m — (4 m) P
(a) P = 40.0 kN «

My, =120kN-m - (4m)P  (b) M| =40.0kN-m <




L kip A¥ips PROBLEM 7.54

f C y
\ P ¢ F ? For the beam and loading shown, determine (@) the distance a for
| 2ups  Wwhich the maximum absolute value of the bending moment in the
L—I.S fi 21t a—r beam is as small as possible, (») the corresponding value of
|M| .(See hint for Prob. 7.51.)
max
SOLUTION
FBD Beam: M, =0: M, —(1.5ft)(1kip) — (3.5 ft)(4 kips)
1k, ’/’@//05 .
B l’o » L - . +(3.5ft+a)(2kips) = 0
J ¢ D T
{‘YT % 2leips M, =[8.5kip-ft - (2 kips)a | )
I e |
| M\ I £F, = 0: 4, — L kip — 4 kips + 2 kips = 0
Mo za4 |
(kip- £ f | .
oy | ! ! A, = 3kips |
) 2a.-85
Along AC:

(=M, = 0: M — x(3 kips) + 8.5 kip-ft — (2 kips)a = 0
IR

L
g;’@"//‘é’é'fﬁagj‘—r 5 M = (3 kips)x + (2 kips)a — 8.5 kip-ft
sKps M = (2kips)a — 4 kip-ft at C(x = 1.5 ft)
M = (2 kips)a — 8.5 kip-ft at A(Mmin)

Along DB:
v
M@ — %° (=M, =0: =M +x,(2kips) =0 M = (2 kips)x,
2 /('PS M =(2 kips)a at D
(=M, = 0: (x, + a)(2 kips) — x, (4 kips) = M = 0
Along CD: M = (2kips)a — (2 kips)x,
L//el)os M = (2 kips)a — 4 kip-ft at C (see above)
aY L
CZ_ - For minimum |[M| ., set M, (atD) = —M , (at 4)
e
zkips (2 kips)a = —[ (2 kips)a — 8.5 kip-ft |
4a = 8.5 ft a=2125ft
() a=213ft 4
So M . = (2 kips)a = 4.25 kip-ft

(b) M| =425kip-ft <




P Y PROBLEM 7.55

[ 4 ft 4 ft —
A | cY D i Knowing that P = Q =375 lb, determine (a) the distance a for
go 4 B which the maximum absolute value of the bending moment in
' ‘ beam AB is as small as possible, (b) the corresponding value of
| | |M| . (See hint for Prob. 7.51.)
max
| a |
SOLUTION
(=M, = 0: (a ft)D — (4 ft)(375 1b) — (8 ft) (375 Ib) = 0
4500
FBD Beam: D= » Ib T
375b 3751b
A < Ft l YA jl 8 4500
4 [N — . —
v P [XF, = 0: 4, -2(3751b) + — =0
3000 — 15000
> 4500
y Ay=(750— ; jle
(1)
_s75(r-a) It is apparent that M = 0 at 4 and B, and that all segments of the M
diagram are straight, so the max and min values of M must occur
at Cand D
(=M =0:M (4 ft)(750 - 4500)119 -0
Segment AC: a
Y M = (3000 - 18000)1b~ft
(5o -452°) b v Cor yrazsle) a
(=Mp = 0: ~[(8-a)ft](3751b) - M = 0
Segment DB:
M =-375(8 — a)lb-ft
J./(OCL% )\ 375
M <D For minimum |M| ., set M, =-M,
N S -a)rt
So 3000 - 12000 _ 375(8 — a)
a

a’> =48 a=6.92821t

(a) a=693ft 4

max

M 0 = 375(8 — a) = 401.92 Ib-ft

(b) \M| =402 1b-ft <




D
2

=

~ e a FF —M-»;T

Ysvo - 28220
M
Ub-F1)
—375(%-a)
Segment AC:
4t M
2/ @ry+750lb)

(n2s - “22°) b

Segment DB:

Y @ry )

O

325 b

E-a) bt

P 0 PROBLEM 7.56
i 4 ft 4 ft — 1 Solve Prob. 7.55 assuming that P =750 1b and Q =375 Ib.
Al cY D Y
e :
! a |
SOLUTION
M, =0:—(aft)4 —4)ft |(750 1b
FBD Beam: <‘ b (aft) ¥ +[(a ) J( )
7solb z75lb —|(8—a)ft|(3751b)=0
A p24s cl 4/t lB |:( ) ]( )

a

6000
A, :(1125— jle

It is apparent that M = 0 at 4 and B, and that all segments of the
M-diagram are straight, so M, and M, occurat Cand D.

max
6000)lb _o

(=Me = 0: M - (4 ft)(llZS -
a

M = (4500 -
a

24000)1b' f

(=Mp =0 —M ~[(8-a)ft](3751b) = 0
M = -375(8 — a)lb-ft

For minimum M

max?

set M. =M

min

24000
a

4500 — =375(8 - a)

@’ +4a—-64=0 a=—2i\/@(need+)

a = 62462 ft (a) a=625ft 4

Then M o = 375(8 —a) = 657.7 Ib-ft

(b) \M| = 6581b-ft «




PROBLEM 7.57

In order to reduce the bending moment in the cantilever beam

AB, a cable and counterweight are permanently attached at end B.
Determine the magnitude of the counterweight for which the
maximum absolute value of the bending moment in the beam is

as small as possible and the corresponding value of |M |m

Consider (@) the case when the distributed load is permanently
applied to the beam, () the more general case when the distributed
load may either be applied or removed.

SOLUTION
X
M due to distributed load: (zMy = 0: v - Fw=0
red I M= 1 >
M ( L1l l -y
— X

. (ZMJ:O:—M+xw=O
M due to counter weight:

4)\/‘/ M = wx

~

TY,
TR
MCl %

w ) dM w
M =W, - L oW —wx=0at x=—
(a) Both applied: * Zx dx " ax w
W2
AV - B Andhere M = —— >0 so M,,,; M, mustbeat x = L
< 2w

1 .
So M, = WL - EWL2. For minimum |M|max set M. =—M S0

min >

W2

= -WL + lwﬁ or W2+ 2wLW — w*I? =0
2w 2

W = —wL £ 2w (need+) W = (ﬁ - l)wL = 0.414wL 4

w2y

2w 2

M

max

wi? M, =0.858wl’ 4
(b) w may be removed:

Wi =twt® oo Without w, M =Wx, M, =WL at 4
________ é/,/wz oul W~

— p  With w (see part a) M =Wx - 252 M, I at x = W

> max —

I

We-Futt=-3 M, :WL—%WLz at x = L

min




PROBLEM 7.57 CONTINUED

For minimum M set M. (now) = -M

max * max min

WL:—WL+%WL2 —>W:%WL—>

With

(with w)




PROBLEM 7.58

Using the method of Sec. 7.6, solve Prob. 7.29.

Al 2
’B C’ ol
L L L
L’Z I z I Z"I
SOLUTION
I( L wL wL
((l) and (b) By symmetry: Ay =D = E(WE] = T or Ay =D = T T
. . wL
Shear Diag: V' jumps to 4, = e at A,
2 and stays constant (no load) to B. From B to C, V is linear
: LITLLLL 2 (ay . wL L wL
Ax g = » | — =-w]|, and it becomes — - w— = —— at C.
AY P S A —Ze——r >k "7' < dx 4 2 4
~ L{ l
WLl ¢t (Note: V' = 0 at center of beam. From C to D, V'is again constant.)

Moment Diag: M starts at zero at 4

and increases linearl dﬂ - W_L
y dV 4 to B

2
MB:O+£W_L :ﬂ'
4\ 4 16

From B to C M is parabolic

(a;ﬂ =V, which decreases to zero at center and — WTL at C j
X

b

M wl*  1(L\(wL
M is maximum at center. max = T + S\ 7T

dM wL

Then, M is linear with — = —— to D
dy 4
M,=0

L
v = w4

max 4

3wl
], = =4

max 32

Notes: Symmetry could have been invoked to draw second half.
Smooth transitions in M at B and C, as no discontinuities in V.




w PROBLEM 7.59

L C Using the method of Sec. 7.6, solve Prob. 7.30.

A |
B
L L
2 2.
SOLUTION
(a) and (b)
Shear Diag: V =0 atA and is linear
[d—V = —wj to —w(£j _ vk at B. V'is constant (d—V = Oj from
dx 2 2 dx
Bto C.
el wL
LT cte e == 4
| L B L 1‘4 S
—t e
; Moment Diag: M =0 atA4 and is
&
v —
i parabolic (dﬂ decreasing with V) to B.
| = dx
l‘ 2
" | PRI AT
I 2020 2 8
3
| =2 M wL
| ¥ i From B to C, M is linear | — = —
! | dx 2
2 2
My = 2L LWk 3wL
8 2 2 8
2
max 8

Notes: Smooth transition in M at B, as no discontinuity in V.

It was not necessary to predetermine reactions at C.
In fact they are given by V- and —M ..




PROBLEM 7.60

Using the method of Sec. 7.6, solve Prob. 7.31.

Al
L L
P73 3
SOLUTION
Shear Diag:
(a) and (b)
V jumps to P at 4, then is constant (Cz—V = O) to B. V jumps down P
x
to zero at B, and is constant (zero) to C.
| =P<
E max
L L M.
. = }_“g Moment Diag:
i 'Sy
P | M is linear [dﬂ =V = P] to B.
dy
V (=)
L PL
PL/2 My =0+ (E)(P) = o
" M is constant (dﬂ = Oj at L to C
dx 2
IV
max 2

Note: It was not necessary to predetermine reactions at C. In fact they
are given by —V and —M ..




% | % PROBLEM 7.61

Using the method of Sec. 7.6, solve Prob. 7.32.

|
|C
R

A o
M
SOLUTION
() and (b) (=M¢=0:L4, - M, =0 Ayz%i
Shear Diag:
A BN C
N f L
Ay 4 V jumps to _My at A and is constant [d—V = 0] all the way to C
A Y L ~° L ¢ L X
~ 2 z
' M
|V|max = _0 4
% ! L
x iag:
T Moment Diag:
M is zero at A and linear am =V = _My throughout.
%0 dx L
M = _é(%j __M,
M — 5 2\ L 2’
| - %" but M jumps by +M, to +% at B.
M, LM
Mo=—"2-=|—1=0
2 20 L
My o




10 Mlzx 8 Lip\

1 ]\i[
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PROBLEM 7.62

Using the method of Sec. 7.6, solve Prob. 7.33.

C D E

Al |B

| 4.5 i i

TS 270 st k-oon
SOLUTION
(@) and (b) (L =My = 0: (0.6 ft)(4 kips) + (5.1 ft)(8 kips)

+(7.8ft)(10kips) — (9.6 ft) 4, = 0
phips Thes  VEes A, =12.625kips |
WEF Y 27 FE AT ’B

Ac AT S g . TB Shear Diag:

Ay |

‘ 12:625 . . . dV . . . oy
V is piecewise constant, o = 0 | with discontinuities at each
X
2.025 concentrated force. (equal to force)

4

(kps) V| =12.63kips 4
-5, 378
9275 Moment Diag:
29,8126 . . . am
; M is zero at 4, and piecewise linear — V| throughout.
X
M = (1.81t)(12.625 kips) = 22.725 kip-ft
SN M, = 22725 kip-ft + (2.7 ft)(2.625 kips)

= 29.8125 kip- ft
My = 29.8125kip-ft — (4.5 ft)(5.375 kips)
= 5.625 kip-ft
My = 5.625kip-ft — (0.6 ft)(9.375 kips) = 0

|M|_ = 29.8kip-ft «




N

B

L—‘\‘——‘ |¢3()0 mm

PROBLEM 7.63

Using the method of Sec. 7.6, solve Prob. 7.36.

SOLUTION

|
|
|

~ 162

FBD Beam:
(=M = 0: (1.1m)(0.54kN) - (0.9m)C,
+(0.4m)(1.35kN) - (0.3m)(0.54 kN) = 0

C, = 1.08kN |
[SF, = 0: ~0.54kN + 1.OSKN — 135kN + E — 0.54kN = 0

E=135kN |

Shear Diag:

L . dv o -
V' is piecewise constant, (d_ =0 everywherej with discontinuities at
X

each concentrated force. (equal to the force)

V| =8l0N <«

Moment Diag:

M is piecewise linear starting with M , = 0
Mg =0-02m(0.54kN) = 0.108 kN-m
Mp =0.108kN-m + (0.5m)(0.54kN) = 0.162kN-m
Mg =0.162kN-m — (0.4 m)(0.81kN) = —0.162 kN-m
My =0.162kN-m + (0.3 m)(0.54 kN) = 0

M| =0.162kN-m =162.0 N-m <




2 kN/m

A‘
O D
6 kN 3 kN/m
LI.Q 111‘+—>Lf1 m‘J

0.6 m

PROBLEM 7.64

For the beam and loading shown, (a) draw the shear and bending-
moment diagrams, (b) determine the maximum absolute values of
the shear and bending moment.

SOLUTION
(a) and (b)

2 kN /m

ST e o rom _a

(knN)

Shear Diag:

V =0 at A4 and linear (CZ—V =-2 kN/m) to C
x

Ve =-1.2 m(2 kN/m) = —2.4kN.
At C, Vjumps 6 kN to 3.6 kN, and is constant to D. From there, V is

linear [d—V =+3 kN/mj to B
X

Vg =3.6kN + (1m)(3kN/m) = 6.6 kN
V.. = 6.60kN «
Moment Diag: M, =0.

From A4 to C, M is parabolic, (dd—M decreasing with V).
X

Mg = —%(1.2 m)(2.4kN) = —-1.44kN-m

From Cto D, M is linear [dﬂ

=3.6 kN]
dx

Mp = -1.44kN-m + (0.6 m)(3.6 kN)
= 0.72kN-m.

From D to B, M is parabolic (i{ﬂ increasing with Vj
X

Mg =0.72kN-m + %(1 m)(3.6 + 6.6) kN
= 5.82kN-m
M| =582kN-m <

Notes: Smooth transition in M at D. It was unnecessary to predetermine
reactions at B, but they are given by —V; and —-M




6 \\ip\ 6 \\il)\'

1 kip/ft

PROBLEM 7.65

For the beam and loading shown, (a) draw the shear and bending-moment

M

(I(:)avﬁf)

C D E
A ' B diagrams, (b) determine the maximum absolute values of the shear and
e bending moment.
| . |
ot Toft ! 2f Bl '
SOLUTION
(a) and (b) QZMB =0: (3 ft)(l kip/ft)(6 ft) + (8 ft)(6 kips)
+(10ft)(6 kips) — (12 ft) 4, = 0
blips bkips | kiplEF A, =10.5kips T
zﬁlzﬁlzﬁ LILILT =
Ay T £ 2 g CFt Shear Diag:
ﬁ\/ | g
! V is piecewise constant from A to E, with discontinuities at 4, C, and £
ied equal to the forces. V' = —1.5 kips. From E to B, Vis linear
e

dv
— = —1kip/ft |,
(dx P ]

SO
Vg = —1.5kips — (6 ft)(l kip/ft) = —7.5 kips
] =10.50kips €

Moment Diag: M , = 0, then M is piecewise linear to £
M =0+ 21ft(10.5 kips) = 21 kip-ft
M), = 21kip-ft + (2 ft)(4.5 kips) = 30 kip-ft
M =30kip-ft — (2 ft)(1.5 kips) = 27 kip-ft

From E to B, M is parabolic (a;,ﬂ decreasing with V], and
X

My =27 kip-ft — %(6 ft)(1.5 kips + 7.5 kips) = 0

M| =30.0kip-ft «




12 kips 2

kips

PROBLEM 7.66

Using the method of Sec. 7.6, solve Prob. 7.37.
A C D
\ |B
2 kips/ft
<6 [t —==<45ft <1.5 ft
SOLUTION
(a) and (b) FBD Beam:
[ 2F, = 0: 4, + (6 ft)(2 kips/ft) — 12 kips — 2 kips = 0
12kips \2kps Ay = 2kips T
Ay M“/ﬁ o Ft C  A45H /ID B
st (=M, = 0: M, + (3 £t)(2 kips/ft) (6 ft)
I

4

XT
. 2 kips/F+ |

2

\%

I D)

M

(/<r,> )

=14

—(10.5 ft)(12 kips) — (12 ft)(2 kips) = 0
M, = 114kip-ft )

Shear Diag:

V, = A, = 2kips. Then V is linear a = 2 kips/ft | to C, where
4 Y dx

Ve = 2kips + (6 ft)(2 kips/ft) = 14 kips.

V' is constant at 14 kips to D, then jumps down 12 kips to 2 kips and is
constant to B

V] =14.00 kips €

Moment Diag: M , = -114 kip-ft.

From A4 to C, M is parabolic (ddﬂ increasing with Vj and
X

Mg = —114kip-ft + %(2 Kips + 14 kips) (6 ft)
M, = —66 kip-ft.
Then M is piecewise linear.
M, = —66 kip-ft + (14 kips)(4.5 ft) = -3 kip-ft
My = =3 kip-ft + (2 kips)(1.5ft) = 0

|M| =114.0kip-ft «




12k
e PROBLEM 7.67
‘? cY D F v H Using the method of Sec. 7.6, solve Prob. 7.38.
A
I-—tiﬁ m li-il—l-l
SOLUTION
(a) and (b) FBD Beam:
(=M =0:(3 ft)(z%]m ft) + (9 ft) (12 kips) — (15 ft) 4, = 0
/2 kips _ .
A A ¢ 1t 3t T lkf fCI o Ay =96 klpS T
T e 0 Y2 .
b | £ Shear Diag:
ERA |
V jumps to 4, = 9.6 kips at 4, is constant to C, jumps down 12 kips
('Y'P S to —2.4 kips at C, is constant to D, and then is linear
> ‘ 2.4
[d_V — kips/ftj t0 B
| AN
e | | Vg = —2.4 kips — (2 kips/ft)(6 ft)
| shooth | — ~14.4 kips
w | | | V| =14.40 kips €
(ip-F1) max

Moment Diag:

M is linear from 4 to C (dﬂ =9.6 kips/ftj

dx
M =9.6kips(6 ft) = 57.6 kip-ft,

M 1s linear from C to D [dﬂ =

2.4 kips/ft]
X

M, = 57.6kip-ft — 2.4 kips (3 ft)
M, = 50.4kip-ft.

M is parabolic (a;ﬂ decreasing with Vj to B.
X

My = 50.4kip-ft — %(2.4 kips +14.4 kips)(6 ft) = 0

=0
\M| = 57.6kip-ft 4




£ kN/m PROBLEM 7.68

Using the method of Sec. 7.6, solve Prob. 7.39.

Al |B
C D ke
! 5m !
2m 2m
S kN 8 kN
SOLUTION
(a) and (b) FBD Beam:
By symmetry: 4, =B = %(5 m)(4 kN/m) + 8 kN
Fhn kN or A, =B =18kN |
< kN/m .o
2 Tl 1Ly . Shear Diag:
A c T V jumps to 18 kN at 4, and is constant to C, then drops 8 kN to 10 kN.
ﬁ/4mg<—5—M*42Ma§_ dV
After C, V'is linear (d_ =4 kN/mj, reaching —10 kN at
@ x
/8
D [VD =10kN — (4 kN/m)(5 m)] passing through zero at the beam
10
v center. At D, V drops 8 kN to —18 kN and is then constant to B
(kn) | V| . =18.00kN «
=L
0 Moment Diag:
—15
A ! M , = 0. Then M is linear (é—M =18 kN/mJ to C
‘ X
26 ‘ 36
"1 break /( M = (18kN)(2m) = 36 kN-m, M is parabolic to D
~ " S(OFe’
M i (d—M decreases with V' to zero at center j
(kN -m) | dx

max

M pier = 36 kN-m + %(10 kN)(2.5m) = 48.5kN-m = M

M| = 48.5kN-m <4

Complete by invoking symmetry.




PROBLEM 7.69

2 kN/m { kN/m
Using the method of Sec. 7.6, solve Prob. 7.40.
CDE r
Al B
e
‘ | 22 kN
2 M+j=>f=>j=—3m |
Imlm 1m
SOLUTION
(a) and (b) FBD Beam:
((EMp = 0: (1m)(22kN) + (1.5 m)(4 kN/m)(3 m)
—(4m)D, +(6m)(2kN/m)(2m) = 0
2 kN I _
A oy ¢ D £ F_ R Dy =16kN T
T fe I
T R 22k [ 2F, = 0: 16kN + 22 kN - F, - (2kN/m)(2 m)
! Lz —(4kN/m)(3m) =0
v F, = 22kN |
Gn) | L
\ - Shear Diag:
L . dv
’ L V, =0, then Vis linear | — = -2kN/m | to C;
E . -2z dx
22 Ve = -2kN/m(4m) = -4 kN
“ | V is constant to D, jumps 16 kN to 12 kN and is constant to £.
- - dv
i Then Vis linear | — = —4 kN/m | to F.
M } |7 dx
i) | } Ve = 12kN — (4KkN/m)(3m) = 0.
V jumps to—22 kN at F, is constant to B, and returns to zero.
V| . =22.0kN <«

Moment Diag:

M , = 0, M is parabolic (cil—M decreases with VJ to C.
x

M. = —%(4 kN)(2m) = -4 kN-m.




PROBLEM 7.69 CONTINUED

Then M is linear (a;ﬂ =4 kNj to D.
x

M, =—-4kN-m - (4kN)(1m) = -8 kN-m

From D to E, M is linear (CZ—M =12 kNj, and
x

My = -8kN-m+ (12 kN)(Im)
Mgy =4kN-m

M is parabolic (é—M decreasing with V) to F.
X

Mp =4kN-m+ %(12 kN)(3m) = 22 kN-m.
. - am
Finally, M is linear (d_ =-22 kNj, back to zero at B.
X

|M| =22.0kN-m <

max




PROBLEM 7.70

§ kN 16 kN
6 kN-m
) For the beam and loading shown, (a) draw the shear and bending-
Al ¢ N g moment diagrams, (b) determine the maximum absolute values of
<& the shear and bending moment.
|fl.5 m~\‘1.5 m 1.5 m»l
SOLUTION
(a) and (b) FBD Beam:
(=M, = 0: (1.5m)(16 kN)
+(3m)(8kN) + 6 kN-m — (4.5m)4, = 0
St o “ A, =12kN |
ﬂyAéA 7.5 3 1.5m I /AS'thB y
Ay T‘%. Shear Diag:
12 V' is piecewise constant with discontinuities equal to the concentrated
. forcesat 4, C, D, B
v | =12.00kN <
(/</\/) ‘ . max
‘ : ey Moment Diag:
|
/2 | § After a jump of —6 kN-m at A, M is piecewise linear [dﬂ = V]
dx
M
() 17 So My =-6kN-m+ (12kN)(1.5m) = 12kN-m

M =12kN-m + (4kN)(1.5m) = I8kN-m
Mg =18kN-m — (12kN)(1.5m) = 0

|M|  =18.00kN-m «




PROBLEM 7.71

For the beam and loading shown, (a) draw the shear and bending-
moment diagrams, (b) determine the maximum absolute values of the

shear and bending moment.

SOLUTION
(@)

v it |FEN
2L 10kN-m

A a
‘ £ ;zkr\)

A |
« 2M 56 2 e ZIA 2= 2 e 3 -

FBD Beam:
(=M, =0:(8m)F +(11m)(2kN) + 10 kN-m — (6 m)(8 kN)

~12kN-m - (2m)(6kN) =0 F=5LkN |
[ 2F, =0:4, ~6kN -8kN +5kN + 2kN = 0
A, =7kN |

Shear Diag:

V' is piecewise constant with discontinuities equal to the concentrated
forcesat A, C,E, F, G

Moment Diag:

M is piecewise linear with a discontinuity equal to the couple at D.

M =(7kN)(2m) = 14kN-m

M, =14kN-m+(1kN)(2m) =16 kN-m

MD+ =16kN-m +12kN-m = 28 kN-m

My =28kN-m+ (1kN)(2m) =30 kN-m
M =30kN-m - (7kN)(2m) =16 kN-m
Mg =16 kN-m — (2kN)(3m) =10 kN-m

(b) V... =7-00kN «

M| =30.0kN <




ys/ft

PROBLEM 7.72

For the beam and loading shown, (a) draw the shear and

A c 3 bending-moment diagrams, (b) determine the magnitude and location
At 4. of the maximum bending moment.
! 2ft ot !
SOLUTION
(a) FBD Beam:
(=M = 0: (3 ft)(1.2 kips/ft) (6 ft) — (8 ft) 4, = 0
ot /[L fl A, = 2.7kips |
A o ft ‘
A, s cL = j/é/l;'f Shear Diag:
&y i V = Ay = 2.7 kips at A4, is constant to C, then linear
27 av . . .
s —1.2 kips/ft | to B. Vg = 2.7 kips — (1.2 kips/ft)(6 ft)
X
Vv
O(/f5) B X*)E Vy = —4.5 kips
225 Ft . .
V =0 =2.7kips — (1.2 klps/ft)x1 at x =2.251t
45
| Moment Diag:
| 84315
M, =0, Mislinear (d—M =27 kipsj to C.
| dx
Mo . .
op ) | M= (2.7 k1ps)(2 ft) = 5.4 kip-ft
Then M is parabolic (CZ—M decreasing with V]
X
b
®) M ... occurs where a =V=0

max
dx

M, =54kip-ft + %(2.7 kips)x;  x =225m

M, = 8.4375kip-ft

M., = 8.44 kip-ft, 2.25 m right of C <

Check: My = 8.4375 kip-ft — %(4.5 kips)(3.75 ft) = 0




2 kips/tt

PROBLEM 7.73

For the beam and loading shown, (a) draw the shear and
bending-moment diagrams, (b) determine the magnitude and location

Al i i
. of the maximum bending moment.
|
B 8 ft
SOLUTION
FBD Beam:
@ (=M = 0: (6 ft)(2 kips/ft)(8 ft) — (15 ft) 4, = 0
zkips /FT
L fer [T ﬂf“mg L, A, = 6.4kips |
ASS -
4 *  Shear Diag:
V = Ay = 6.4 kips at 4, and is constant to C, then linear
v (d—V =2 kips/ftj to D,
lkips) dx
Vp, = 6.4 kips — (2 kips/ft)(8 ft) = =9.6 kips
iy V =0 =6.4kips — (2 kips/ft) x; at x, = 3.2 ft
Moment Diag:
M
) M, =0, then M is linear (CZ—A;[ =64 kips] to M = (6.4 kips)(S ft).
. . . [dM . .
M = 32 kip-ft. M is then parabolic N decreasing with V' |.
X
(b) M .« occurs where . _ V=0.

X
M o = 32 kip-ft + %(64 kips)xl; x =321t

M . = 42.24 kip-ft

M, = 42.2kip-ft, 3.2 ft right of C 4
M, = 42.24 kip-ft — %(9.6 kips)(4.8 ft) = 19.2 kip-ft

M is linear from D to zero at B.




PROBLEM 7.74

16 kN/m 6 kN
For the beam shown, draw the shear and bending-moment diagrams and
C D determine the maximum absolute value of the bending moment knowing
\ : B that (a) P=14 kN, (b) P =20 kN.
IJ
~—2 m | | I
1.5 m 1.5m
SOLUTION
(a) FBD Beam:
\# ] [ 2F, = 0: 4, - (I6KN/m)(2m) - 6 kN + P = 0
14
en) A4, =38kN-P
- X~ _
pasm | 1 2o (@ A, =24kN T
7 ’!2”_; ) A, =18kN |
47 |
| 20 (=M, =0:(5m)P —(3.5m)(6 kN) -1 m(16 kN/m)(2m)— M, = 0
{ M, =(5m)P-53kN-m
M
(N f (a) M, =17kN-m )
(b) M, =47kN-m )
(b) Shear Diags:
7 AN
Ma Lot 1 [ LEm V4 = A,. Then Vis linear v _ -16 kN/m | to C.
0 ’ B Y dx
Ax NfA zm ¢ )
" D
A & Ve =V, - (16 KN/m)(2m) = ¥, — 32 kN
24
& (@) Vo = -8kN
v
) - (b) Ve = -14kN
'//7;;’ -~/ V=0=V,-(16 kN/m)x
35 33 (@) x=15m
17/ \7—' (b) x =1.125m
M V' is constant from C to D, decreases by 6 kN at D and is constant to
(k) B (at —P)




PROBLEM 7.74 CONTINUED

Moment Diags:

M , = M , reaction. Then M is parabolic (a;_ decreasing with V).
x

. 1
The maximum occurs where V' =0. M, =M, + EVAxl.

(a) M =17 kN-m+%(24 kN)(1.5 m) = 35.0 kN-m <
1.5 ft from 4 <4
(b) M o = 47 kN~m+%(18 kN)(1.125 m) = 57.125 kN-m
M, =57.1kN-m 1.125 ft from 4 <
Me = M, +%VC(2m—xl)

(a) Mg =35kN-m - %(8 kN)(0.5 m) = 33 kN-m

(b) Mg =57.125kN-m — %(14 kN)(0.875m) = 51kN-m
M is piecewise linear along C, D, B, with M = 0 and
Mp=(1.5m)P

(a) Mp =21kN-m

(b) My =30kN-m




PROBLEM 7.75

For the beam shown, draw the shear and bending-moment diagrams,

M (A - ﬁf and determine the magnitude and location of the maximum absolute
value of the bending moment knowing that (a) M =0,
! 2m 2 m ! (b) M =12 kN -m.
SOLUTION
FBD Beam:
M ZOkN IM, =0:(4m)B - (1m)(20kN/m)(2m)-M =0
o S (M) - ()20 ) 2
A \T zm c zZm
AX g8
2 = B=10kN+L
4m
(@) (@) B=10kN |
30
(b) B=13kN|
v |
: YF, =0: 4, —(20kN/m)(2m)+ B =0
——/ ;;IW =10
. A, =40kN - B
/
(@) A, =30kN |
M
(b) A =27kN
[k/\}'m) 7 T
Shear Diags:
(b) V, = 4,, then Vis linear [d—V =-20 kN/mj to C.
X
2.7
| Ve =4, - (20 kN/m)(2 m) = A4, —40kN
\'4
(kN) -
Ky - I (a) Ve = -10kN
L3sm |
1 (b) Vo = -13kN
'3p.225”
V= 0= 4, - (20 Nm)x at x = 2
| =0=4, - m)x, at x; =
/ | y EE T 0N
17
(a) xl = 15 m
M (b) x =135m
(k)\) 'W\)

V is constant from C to B.




PROBLEM 7.75 CONTINUED
Moment Diags:

M , = applied M. Then M is parabolic (dd—M decreases with Vj

x

M is max where V = 0. M, =M + %Ayxl.

(a) M| = %(30 kN)(1.5m) = 22.5kN-m <
1.500 m from 4 <

(b) M =12kN-m + %(27 kN)(1.35m) = 30.225 kN-m <

|M|max =30.2kN 1.350 m from 4 €
Mq=M,,, —%Vc(z m - x;)
(a) My =20kN-m

(b) M =26kN-m

Finally, M is linear (a;ﬂ = ch to zero at B.
x




PROBLEM 7.76

For the beam and loading shown, (a) draw the shear and bending-moment
diagrams, (b) determine the magnitude and location of the maximum
absolute value of the bending moment.

SOLUTION
FBD Beam:
@ (=M = 0: (3m)(40 kKN/m)(6 m) - (30 kN-m) — (6 m) 4, = 0
Yo kS -
— L LIy A, =115kN |
A ° Shear Diag:
Vy= A, =115kN, then Vis linear (dd—M =-40 kN/mj to B.
X
N Vp = 115kN — (40 kN/m)(6 m) = —125 kN.
iy | ] V =0=115kN - (40 kN/m)x, at x =2.875m
2.575 m

Moment Diag:

—I2s

/65,3125

M 4, = 0. Then M is parabolic (a;ﬂ decreasing with V]. Max M occurs
x

where V' = 0,

M = %(115 kN/m)(2.875 m) = 165.3125 kN-m

My =M, — %(125 kN)(6 m — x,)

=165.3125kN-m — %(125 kN)(6 — 2.875)m
= —30 kN-m as expected.

(b) |M|_ =1653 kN-m(2.88 m from 4) «




PROBLEM 7.77

Solve Prob. 7.76 assuming that the 30 kN -m couple applied at B is
counterclockwise

SOLUTION
(a)
4o kM
Al LI U LTITTL]]T ,5
A om 17 30 kN.-m
A B
) 2
'y
V
(i) .
- USE
‘ 1953125

Q) WL)

FBD Beam:

(( =My = 0:30 kN-m + (3 m)(40 kKN/m)(6 m) — (6 m) 4, = 0

(3 :
A, =125kN |
Shear Diag:

Vy= A4, =125kN, Vis linear [‘ZZ—V =—40 kN/mj to B.
x

Vg = 125kN — (40 kN/m)(6 m) = —115 kN
V =0=115kN — (40 kN/m)x, at x; = 3.125m
Moment Diag:
. . (dM .
M 4, = 0. Then M is parabolic - decreases with V' |. Max M occurs
x

where V = 0,

M = %(125 kN)(3.125m) = 1953125 kN-m

max

(b) |M|_ =1953 kN-m(3.125 m from 4) <

My =1953125kN-m — %(115 kN)(6 —3.125)m

Mz =30 kN-m as expected.




8§ kN/m 2 kN

PROBLEM 7.78

Al C D ' For beam AB, (a) draw the shear and bending-moment diagrams, (b)
A ] ‘ 2 determine the magnitude and location of the maximum absolute value
ECE ) of the bending moment.
‘1 L\ \
| 3 m
: 2m I] 111I l 2m |
SOLUTION
(@)

Replacing the load at £ with
equivalent force-couple at C:

(’W) \t_"“:f—J
— % —
2.5 wm |
25 iz
H ~ 20
M
(fen) ) 7

(=M, = 0:(6m)D - (8m)(2 kN) - (3 m)(4 kN)
—(1.5m)(8 kN/m)(3m) - 4kN-m = 0
D=10kN |
[ SF, =0: 4, +10kN - 2KN - 4kN — (8 KN/m)(3m) = 0
A, =20kN |

Shear Diag:

Vy = A, = 20 kN, then Vis linear (C;—V =-8 kN/mj to C.
X

Ve = 20 kN — (8 kN/m)(3 m) = -4 kN
V =0=20kN — (8 kN/m)x atx; = 2.5m

At C, V decreases by 4 kN to —8 kN.
At D, Vincreases by 10 kN to 2 kN.
Moment Diag:

M , = 0, then M is parabolic (CZ—M decreasing with V). Max M occurs
X

where V' = 0.

M = %(20 kN)(2.5m) = 25kN-m

(b) M, =250 kN-m, 2.50 m from 4 <




PROBLEM 7.78 CONTINUED

My =25kN-m— %(4 kN)(0.5m) = 24 kN-m.

At C, M decreases by 4 kN-m to 20 kN-m. From C to B, M is piecewise

linear with d—M = —8 kN to D, then dﬂ = +2 kN to B.
dx dx

My =20kN-m - (8kN)(3m) = 4kN-m. My =0




8 kN/m 9 kN PROBLEM 7.79

Solve Prob. 7.78 assuming that the 4-kN force applied at E is directed
g upward.

SOLUTION

(@)
Replacing the load at E with
equivalent force-couple at C.

SN 2N
T[—% wfon ] Ypntorr i
A D 2

O EETI SE (=M, = 0: (6m)D - (8 m)(2kN) + (3 m)(4 kN)
t —4KN-m - (1.5 m)(8 kN/m)(3m) = 0

22
I =F, :O:Ay+?kN—(8kN/m)(3m)+4kN—2kN:O

44
A, = W
¢ Shear Diag:
v ! —%
1 !
() — e L % V,=4A4,6 = ﬂ kN, then V'is linear d—V = -8 kN/m | to C.
| éL"” } z 4 Y 3 dx
\
/2/‘
AR Ve = 2 N - (8KN/m)(3m) = -2 kN
M . 3 3
(k) ) -

V=O=%1<N—(8kN/m)x1 at x =%m.

At C, Vincreases 4 kN to —? kN.

At D, V increases % kN to 2 kN.




PROBLEM 7.79 CONTINUED

Moment Diag:

M , = 0. Then M is parabolic (‘i{ﬂ decreasing with Vj. Max M occurs
X

where V = 0.

M o = l(% kNJ(% mj = % kN-m

(b) M, =13.44 kKN-mat 1.833 m from 4 4

M = & KN-m _l(é kN)[Z mj =8 kN-m.
9 203 6

At C, M increases by 4 kN-m to 12 kN-m. Then M is linear

(d—M = —E kNj to D.
dx 3

Mp =12kN-m - [? kN)(3 m) = —4 kN-m. M is again linear
(dM

— =2 kNj to zero at B.
dx




w
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PROBLEM 7.80

For the beam and loading shown, (a) derive the equations of the shear and
bending-moment curves, (b) draw the shear and bending-moment diagrams,
(c¢) determine the magnitude and location of the maximum bending moment.

B
A | —x
e
| L |
SOLUTION
=% L x 1
Distributed load w = w, (1 - —J (total = —WOL)
. . L 2
g AT——Mé ) TE~ L(1 woL
4 QZMAzo:—(—woLj—LBzo B =102t
ol 31 2
5
1 wyL wyL
V\ SE =0: A — —wil ok _ o A =M
s -t s, PR’ S !
2
' Shear:
oS LY B _ WOL
i VA_Ay_To
dv X X
Then — = woV=V,— | wy1—=|dx
dx 4 '[0 0( LJ
Wyl 1 x 1(x :
Y e i PRI UL (S Y e i
3 L 3 L 2\L
Note:Atx:L,V:—WLL;
X : X 2 X 1
V=0 at — —2—+—=O—)—=1_ —_
L L 3 L 3
Moment:
M, =0,
x/L
Then dﬂ:V M—dex—L Vidi
dx 0 0 L L

SR e ol
w334 403




PROBLEM 7.80 CONTINUED

M, |at = =1- \ﬁ = 0.06415w,[>
L 3

(@) V=WOL[1—£+1

3 L 2

w4 4
S sln) 2l 6\ L

5]

(©) M, =0.0642 w,[* 4

at x = 0.423L 4




PROBLEM 7.81

4w,
For the beam and loading shown, (a) derive the equations of the shear
and bending-moment curves, (b) draw the shear and bending-moment
4 | B diagrams, (c) determine the magnitude and location of the maximum
wt P11 1 bending moment.
L |
SOLUTION
7z,
M// A Distributed load w=w, {4[%) - 1}
= :
f szp o i 5’15 B,
(- =/
s Shear: a_ -w, and V(0) = 0, so
dx
X x/L X
V= '[0 - wdx = — IO Lwd(zj
£ L 2
g
v = — v=[; wOL[l - 4[%)}1(2} = Wyl (zj—z(zj
\\
-l
Notes: Atx =L,V = -w,L
X xY x 1
AndV =0 at [—j=2[—) or —=—
L L L 2
. x 1
Also V'is max where w = 0 (— = —j
L 4
wut” L’ 1
‘@/_.—5\ Vmax = _WOL
M
N =" Moment: M(0) = O,dﬂ =V
é dx
X x/L X x
M = fo vdx = L, V(Z]d[ZJ
2
/L
S GEONS
0 L




PROBLEM 7.81 CONTINUED

1, L
=—w,L"at x =—
max 24 0 2

M. = —%WOLZ at x = L
= W0L2 at x = —
nax 24 2

(C) |M|max = _Mmin = T at B 4




PROBLEM 7.82

A ¢ D 5 For the beam shown, (a) draw the shear and bending-moment
A 4. diagrams, (b) determine the magnitude and location of the
‘ | | _»l maximum bending moment. (Hint: Derive the equations of the
A=l 2 . shear and bending-moment curves for portion CD of the beam.)
SOLUTION
(a) FBD Beam: 1
2, Q XMy = 0: (3a)[5w0(3a)} —5a4, =0 A, =09wa T
f‘ a I\m X & 1
A ¢ S D T XF, = 0: 0.9wya — Ew0(3a) +B=0
2y 1 z,«»—l“
.Awpa (\ B = 0.6wya T
| Shear Diag:
v \ V=4,=09a from4to Cand V =B =-0.6wa from B to D.
42 Then from D to C, w= WO;—I. If x; is measured right to left,
< Azea a
|/.359 25 R
v a +w and - _ —V. So, fromD, V =-0.6wya + jglﬁxldxl,
qua / dx, dx, 3a
{ A
| \ (%Y
M = V =wyal|-0.6+ —(—1j
6\ a
o\
Note: V = 0 at (—1) =3.6, x; = V/3.6a
a
Moment Diag:

M =0 at 4, increasing linearly ECCIZ—M = 0.9w0aJ to My = 0.9wya’.
X

Similarly M = 0 at B increasing linearly [i’ﬂ = O.6w0aj to
x
M, = 0.6w,a’. Between C and D

2
_ 2 Moo L X
M = 0.6wya” + WO“I() 0.6 6( p ] dxi,

3
M = wa® | 0.6+ 0.6(ﬁJ - i(ﬁJ
a 18\ a




()

PROBLEM 7.82 CONTINUED

At o6, M =M, =1359wa 4

a

x; = 1.897a left of D |




PROBLEM 7.83
/ Beam AB, which lies on the ground, supports the parabolic load
shown. Assuming the upward reaction of the ground to be uniformly
B distributed, (a) write the equations of the shear and bending-moment
curves, (b) determine the maximum bending moment.

SOLUTION
(a) TZFy =0: ng—IO ?(Lx—x )dx=0
T " i}f(/.x»zcz‘)
ﬁm i % e w,L = 4—“;"(1LL2 - lﬁ) e w, = 2
2 L \2 3 3 3
. i
X dx X V| 2
Define & = —sod& = — — net load w = 4w, ——(—) - =W,
L L L L 3

or W:4W°(_é+§_§2]
_ ¢ 1 2 _
v =¥(0) j04w0L PR
0 +4w,L (ég + %52 —%Ej
2
v :EWOL(§—3§2 +28%) <

M =M, + Ingx —0+ %WOLZJ-E (¢ -387 +28)as

2 1 1 1
- 5WOL2 (552 & 554] = gwoLz(g2 ~28+ &) <

(b) Max M occurs where V:O—>1—3§+2§2:0—>§:%

2
e D)ol p(l 2, 1) mf
2 3 4 8 16 48

2
= Wig at center of beam 4

max




PROBLEM 7.84

The beam 4B is subjected to the uniformly distributed load shown

and to two unknown forces P and Q. Knowing that it has been
experimentally determined that the bending moment is +325 1b ft

at D and +800 Ib ft at E, («) determine P and Q, (b) draw the shear and

bending-moment diagrams for the beam.

Al ' B

‘ A R

| 7

PR U T Uag !
SOLUTION
FBD ACD:

N My =528 /’:/of/

W~

(Q)Q =M =0: 0325kip-ft — (1ft)C, + (1.5 ft)(2 kips/ft)(1 ft) = 0
C, = 3.325kips |

Q My = 0:(1ft)B - 0.8kip-ft = 0 B = 0.8 kip T

32 FBD Beam:
~ (=M, = 0: (1.5 t)(2 kips/ft) (1 ft) — (1t)(3.325 kips)
—(11t)0 + 2 ft(0.8 kips) = 0
zﬁipfl/ﬁ lﬁ F—’ 0 = 1.275 kips
A iy 1Y
" S e — 1] : [ 2F, = 0:3.325kips + 0.8 kips — 1.275 kips
sty Ty — (2kips/ft)(1ft) - P=0 P =0.85kip |
o (a) P=8501b | «
LTS
v - Q =1.275kips | 4
k)
P (b) Shear Diag:
—,50
-2 .. dv .
V is linear [— =2 klps/ftj from 0 at 4 to

dx
—(2 kips/ft)(1ft) = -2 kips at C. Then V'is piecewise constant with

discontinuities equal to forces at C, D, E, B

Moment Diag:

M is parabolic (Z—M decreasing with V) from 0 at 4 to
X

—1(2 kips)(1ft) = —1kip-ft at C. Then M is piecewise linear with




PROBLEM 7.84 CONTINUED

M, = —1kip-ft + (1.325 kips ) (1 ft) = 0.325 kip-ft
My = 0.325kip-ft + (0.475 kips)(1 ft) = 0.800 kip-ft
My = 0.8kip-ft — (0.8 kip)(11t) = 0




P Q

2 I\ip.\.r'l'i

PROBLEM 7.85

Solve Prob. 7.84 assuming that the bending moment was found to be

Al ¢ D E g 260 1b frat D and +860 Ib ft at £.
| LT
| |
e U U U1k !
SOLUTION
FBD ACD: (@ (_=Mp = 0: 026kip-ft — (1£t)C, + (1.5 ft)(2 kips/ft) (1 ft) = 0
2 bips 7 B .
[2 . Ho -2t /mfjﬁ C, =326 kips T
A =5 ‘bj .
144 C
7
&
FBD DB:
AVer B = 0.86 kip |

,Xé%fﬁ

2 kips/FF
AL -

7 1
=3

P2
l //'r‘J, 1P

B

7 T 1E4 D £
.ZZ[-[//P*',

=,

7 é’y)ﬂ’

(eps)

(=M = 0: (11t) B - 0.86 kip-ft

FBD Beam:
C M, = 0:(1.5 ft)(2 kips/ft)(1 ft)
— (11t)(3.26 kips) + (1ft)Q + (2 ft)(0.86 kips) = 0
0 = 1.460 kips Q = 1.460 kips | 4
T XF, = 0: 3.26kips + 0.86 kips — 1.460 kips
—P — (2 kips/ft)(1ft) = 0

P = 0.66 kips
P=6601b | 4
(b) Shear Diag:
V' is linear (C;—z =2 kips/ft] from 0 at 4 to

—(2 kips/ft)(1ft) = -2 kips at C. Then V is piecewise
constant with discontinuities equal to forces at C, D, FE, B.

Moment Diag:

M is parabolic (Z—M decreasing with Vj from 0 at 4 to
x

—%(2 kips/ft)(1ft) = —1kip-ft at C. Then M is piecewise linear with




PROBLEM 7.85 CONTINUED

.56

/ M, = 0.26 kip-ft

.2

M M, =0.86kip-ft, My =0

d(fppf')\/ E B
—l.00




PROBLEM 7.86

600 N/m
The beam 4B is subjected to the uniformly distributed load shown
Al ) o B and to two unknown forces P and Q. Knowing that it has been
C‘ D E| F ’ ko experimentally determined that the bending moment is +7 kN - m
| | at D and +5 kN -m at E, (a) determine P and Q, (b) draw the shear
Tm ' 1m Tm Im and bending-moment diagrams for the beam.
SOLUTION
FBD AD (@) (=M, = 0: 7KN-m + (1m)(0.6 kN/m)(2 m)
et | -(2m)4, =0
Al T LY T T o 7hoi
Ax [\ﬁ fm ’”‘Vj 24, - P =82kN (1)
(=M = 0:(2m)B — (1m)Q — (1m)(0.6 KN/m)(2 m)
FBD EB: -5kN-m=0
y 2B-0 =62kN ©)
A LE? a. Gl M
¢ TV 11, (=M, =0: (6m)B-(1m)P-(5m)Q
ST F T B —~(3m)(0.6 kN/m)(6m) = 0
6B — P -50 =10.8kN 3)
P ?
Y 2V ~
o [TRTTIILLIET, (=M, = 0: (1m)Q + (5 m)P + (3m)(0.6 kN/m)(6 m)
Aﬂ 1w C o m Fm _(6m)A:0

64— 0 - 5P =10.8kN )

Solving (1)~(4): P=660kN |, Q=600N |«

A, =74kN |, B=34kN|

(b) Shear Diag:

. L . dv
V is piecewise linear with—
X

discontinuities equal to forces at 4, C, F, B.

— 0.6 kN/m throughout, and

Note ¥ =0=02kN—(0.6kN/m)x at x = %m




PROBLEM 7.86 CONTINUED

Al 7133
Moment Diag:
L . . (dM . . I -
M is piecewise parabolic e decreasing with V| with “breaks” in
x

M slope at C and F.
(kA)»m)

Mg = %(7.4 +6.8)kN(Im) = 7.1kN-m

M

max

= 7.1kN-m + %(o.z kN)ij = 7.133kN-m

My =7.133kN-m —%(2.2 kN)(?a%mj =3.1kN'm




Q

PROBLEM 7.87

600 N/m
Solve Prob. 7.86 assuming that the bending moment was found to be
+3.6 kN-mat D and +4.14 KN-mat E.
Al . ) | B
C‘ D E| F ’ i
| |
Tm 1m' I]mllmI
SOLUTION
FBD AD: (@) (=M}, = 0:3.6kN-m + (1m)P + (1m)(0.6 kN/m)(2 m)
olertfn | —(2m)4, =0
L 1 \L \L 53,”“4««
An 1 R 24, — P = 48kN (1)
QV 7y
FBD EB:
e | (=M =0: (2m)B - (1m)Q - (1m)(0.6 kN/m)(2 m)
A Vet ~
- —414kN-m = 0
gg J1e L1, "
AL VY. Im Foim e 2B - 0 =534kN 2)
o d 2 Q
A T1H L LI LT TLEL 1,
e e Fimd” EM,=0:(6m)B—-(5m)Q—(1m)P - (3m)(0.6kN/m)(6m) =0
A
’ 6B — P—50 = 10.8 kN 3)
By symmetry:
s 64— 0 —5P =10.8kN 4)
2.3
, L1 Solving (1)—(4) P=660N |, Q=228kN| <
k) R A, = 273KN |, B = 3.81kN|

(b) Shear Diag:
. o o (dV
V' is piecewise linear with (— =-0.6 kN/m] throughout, and

dx
discontinuities equal to forces at 4, C, F, B.

Note that " = 0 = 1.47 kN — (0.6 kN/m)x at x = 2.45m
Moment Diag:
L . . (dM . . N y
M is piecewise parabolic e decreasing with V' |, with “breaks” in
X

slope at C and F.




PROBLEM 7.87 CONTINUED

4.23

37 Mg = %(2.73 +2.13)kN(I'm) = 243kN-m

M M =243 kN-m+%(1.47 kN)(2.45 m) =4.231kN-m

Mp =4231kN-m — %(0.93 kN)(1.55m) = 3.51kN-m




4 ft

20t~ PROBLEM 7.88
D

|
"“[ ~ Two loads are suspended as shown from cable ABCD. Knowing
| & that dc- = 1.5 ft, determine (a) the distance dj, (b) the components
B of the reaction at A4, (¢) the maximum tension in the cable.

SOLUTION
FBD cable: (=M, = 0:(10ft)D, - 8 ft(4501b) — 4 ft(6001b) = 0
D, =6001b
[ 2F, = 0: 4, + 6001b — 600 1b — 450 Ib = 0
A, =4501b
~3F, =0 4,-D, =0 (1)
FBD pt D: 6001b _ D

00016 _ Dy _Tep .y _gooty—- = 4,
3 4 s

T, =10001b

8001b 450 1b

4fi dy
(a) dy =225ft 4
(b) A, =8001b - <

A, =4501b | <

Ty = (800 b)Y’ + (450 o)’ = 9181b

(¢) Toax = Tep = 1000 1b 4

52 lb Note: T is T,,, as cable slope is largest in section CD.

max




I 2"~  PROBLEM 7.89
D
]T (l;-[ o

B C

Two loads are suspended as shown from cable ABCD. Knowing that the

| maximum tension in the cable is 720 Ib, determine (@) the distance d3,
B (b) the distance d.
SOLUTION
FBD cable: (=M, = 0:(10ft)D, — (8 t)(4501b) — (4 ft)(600 1b) = 0
D, = 6001b |

[ 2F, = 0: 4, + 6001b — 600 Ib — 450 Ib = 0
A, =451 |
FBD pt D: ~— SF, =0:4,-B, =0
Since 4, = B;; And D, > 4, Tension T, > Typ

SO Tep = Ty = 72010

D, = /(720 1b)’ - (600 Ib)? = 3981b = 4,

e _ 2, 301sn
6001>  3981b
dp __ _4ft @  dy - 45214

4501 3981b
(b) d. =3.02ft 4




|<—-1 111->’<—-’1 111-»"4 m "4—4 111->’ PROBLEM 7.90
i
3+m ‘ 1,1 ~  Knowing that dc = 4 m, determine (a) the reaction at 4, (b) the reaction
1 4 v D at E.
Bf C
SOLUTION
- (a) FBD cable:
I
imepeameprinepeind (=M = 0: (4m)(1.2kN)+ (8 m)(0.8kN) + (12m)(1.2kN)
s T2 ] b | € ~(3m)4, - (16m)4, =0
A l 34, +164, = 25.6kN (1)
L 19 FBD ABC:
(=M =0:(4m)(1.2kN) + (1m) 4, - (8m)4, = 0
<—~7 —Ple— Y —7
"r"‘w;{"ﬁ 14-1- e A, —84, = ~48kN @)
AN ‘ I
:M | | ™ »p Solving(Dand(@) 4, =32KN 4, = IkN
s So A = 3.35KN ™ 17.35° <
ShN
1 2kn (b)

cable: — 2XF, =0:-4, +E. =0

E, = A, =32kN

[2F, =0:4, - (12+08+12)kN+E, = 0
E, =32kN -4, =(32-1)kN =22kN

SoE = 3.88kN .~ 34.5° 4




|

3m

L
T

gy C

|<—-‘1 111-)—’4—4 1m -l—’*-‘l 111-»‘-4—-1 m-)—|
E

~ Knowing that d- = 2.25 m, determine (a) the reaction at 4, (b) the

PROBLEM 7.91

reaction at £.

SOLUTION

FBD Cable:

e s R

m
S am

@ =My =0:(4m)(12kN) + (8 m)(0.8 kN)
+(12m)(12kN) =3 m) 4, — (16 m)4, = 0
34, +164, = 25.6 kN (1)
(=M = 0: (4m)(1.2kN) = (0.75 m) 4, — (8 m) 4, = 0
0.754, + 84, = 48 kN )
. 32
Solving (1) and (2) 4, = 3 kN, 4, =-04kN
So A =10.67kN 27 2.15° 4
Note: this implies dz < 3 m (in fact d; = 2.85m)
(b) FBD cable: ~ — SF, = 0: —% KNN+E =0 E, = % KN

[ 2F, =0: —04kN-12kN-08kN-12kN+E, =0
E, =3.6kN

E =11.26kN -~ 18.65° 4




A rz l't-\T-Q [‘tTE FtTQ {‘t~‘
dp

}

PROBLEM 7.92

Cable ABCDE supports three loads as shown. Knowing that

2.4 ft : . .
‘ : dc = 3.6 ft, determine (a) the reaction at E, (b) the distances
l l c
B* S ﬂ dg and dp.
D
C
SOLUTION
FBD Cable:
% '“”I” o2 2 (@) C=m, =o: (24 ft)E, +(81ft)E, — (2 ft)(360)
S =T —(41t)(720 1b) — (6 ft)(240 Ib) =
Rx d t j ~ fzut
v 0.3E, + E, = 630 Ib (1)

N
%c 3&3@%’7‘

360 1

FBD CDE:

Point A:
945 1h

(=Me = 0: (12 R)E, + (4 ft)E, — (2 ft)(240 1b) = 0

—03E, +E, =+1201b (2)
Solving (1) and (2) E.=8501b E, =375b
(a) E =9291b -~ 23.8° 4

(b) cable:  —= SF, =0:-4, +E, =0 A =E, =8501b

[ SF, = 0: 4, -3601b—7201b — 240 1b +3751b = 0

4, =9451b
d_B:M dy =222 ft 4
2ft  8501b




Segment DE:
375l

PROBLEM 7.92 CONTINUED
(=M, = 0: (2 t)(375 Ib) — (d)) — 2.4 ft)(850 Ib) = 0

dy =328t 4




I Ml N Bt Nl PROBLEM 7.93
AT

o1 ]ad

; : 241ft Cable ABCDE supports three loads as shown. Determine (a) the
fooode o E | distance dc¢ for which portion CD of the cable is horizontal, (b) the

B
l corresponding reactions at the supports.
D
cC
SOLUTION
S t DE:
cemen {XF, =0:E, -240lb=0 E, =2401b |

Czm, = (24 ft)E, + (8 ft)(240 Ib) — (6 ft)(240 Ib)
— (4 1t)(720 Ib) — (2 ft)(360 Ib) = 0

Ay

ELEI N E, =13001b—
| <Y 2.4 £l

k’E&/ So

da 1y

2ol From Segment DE:
=My = 0: (2R)E, - (dc — 24 f)E, = 0

240 Ib
1300 Ib

do =24+ (2 0) = (247) + 20l (5 ) = 27602 1

X

(a) de =277 ft 4
From FBD Cable:
—2F, =0: -4, +E. =0 A, =13001b ~—
[ 2F, =0: 4,-3601b—7201b—2401b + E, = 0
A, =10801b |

(b) A =1.690 kips ™. 39.7° <
E = 1.322 kips 7 10.46° 4




,F:1 PROBLEM 7.94

5mog 4 T {IT, 1

£ b ds  do dp | An oil pipeline is supported at 6-m intervals by vertical hangers

attached to the cable shown. Due to the combined weight of the
I pipe and its contents, the tension in each hanger is 4 kN. Knowing

e that dc =12 m, determine (a) the maximum tension in the cable,

se@tm=a0m— (b) the distance d,.

B

SOLUTION

Note: A, and F, shown are forces on cable, assuming the 4 kN loads

FBD Cable: at A and F act on supports.

e S it = B e ;[~

’i‘yT
A

(=M, = 0: (6 m)[1(4 kN) + 2(4 KN) + 3(4 kN) + 4(4 kN)]
-(30m)4, - (5m)4, =0

dg

A, +64, = 48kN (1)

FBD ABC: (=M = 0: (6 m)(4 kN) +(7m) 4, — (12 m) 4, = 0
A
~Y
- 74, — 124, = 24 kN 2)
ﬁx A T
T ] 20
Solving (1) and (2) A, =8kN — A, =S KN I
ke e L o C Z—CD
Jlow vy From FBD Cable:
—+YF, =0:-4 +F. =0 F,=A4 =8kN
[2F, =0:4, -4(4kN) + F, = 0
F, =16kN - 4, =(16—§]kN - BN s 4
3 3 Y
So Ter > Ty Toax = Tgp = \lsz + Fy2
FBD DEF:

2
(@) T = \/(18 KN + (? kN] = 12.29 kN <

(=M, =0: (12 m)(% kN] —d,(8KkN) = (6m)(4kN) = 0

(b) dp =11.00 m <4




{—_1 PROBLEM 7.95
Va

T T T T2
b da do do | Solve Prob. 7.94 assuming that d- = 9 m.
E
B D
C
| e | | e
3@6m=30m
SOLUTION

Note: 4 kN loads at 4 and F act directly on supports, not on cable.

FBD Cable:
. (=M, = 0:(30m)F, - (5m)F,

r ______ — 5@ bm =30m ——-T~

Z__W'f,’ j jM/F § —(6m)[1(4kN) +2(4kN) + 3(4kN) + 4(4kN)] = 0

Ax { E
T [T F, - 6F, = -48 kN (1)
drl) Ve RN

(=M = 0:(18)F, - (9m)F, — (12 m)(4 kN) - (6 m)(4 kN) = 0

o
3

FBD CDEF:

F, - 2F, = -8 kN 2)

Solving (1) and (2) F, = 12kN — F, = 10kN |
jokn

Ty = J(10KNY + (12KN)? = 15.62 kN
12kp)

Tem
Since slope EF > slope 4B thisis T,
(a) T = 15.62 kN <
Also could note from FBD cable
[ZF, =0:4, + F, - 4(4kN) = 0
4, =16 kN —12kN = 4 kN

Thus 4, <F, and Ty < Tpp

FBD DEF: (b) (=M} = 0: (12m)(10kN) - dj, (12 kN) = (6 m)(4 kN) = 0

dp =8.00m <




PROBLEM 7.96

':77 2.4 m——|
Cable ABC supports two boxes as shown. Knowing that » = 3.6 m,
'_JEJ determine (a) the required magnitude of the horizontal force P,
(b) the corresponding distance a.
b
4B
0.8 m c I
T O]
skg 5
12 kg :
SOLUTION
W =(8kg)(9.81 m/s*) = 78.48 N
FBD BC: (8ke)( 7

k1/4

(=M, =0:(3.6m)P (2.4 m) -~ al¥ =0
P= W[l + 4 j (1)
3.6 m
—= %F, =0:-T;, + P=0 T, =P
3 5w
TZFyzo:le—W—szo L, ==
T
But By _ 2.8 m s % _ 2.8 m
i a 2P a
P SWa @)
5.6m
Solving (1) and (2): a =1.6258 m, P =14516W

So (a) P =1.4516(78.48) = 113.9N «

(b) a=1626m 4




Fj"“'“_' PROBLEM 7.97
—o) Cable ABC supports two boxes as shown. Determine the distances
= a and b when a horizontal force P of magnitude 100 N is applied at C.
b
L
0.5 m ) c
8 kg =\
12 kg
SOLUTION
FBD pt C:
Segment BC:
A 24m-a  0.8m
N 100 N 117.72 N
\Lug

a=1.7204 m

a=1720m 4

(( =M, =0:5(100 N) - (2.4 m)(117.72 N)

—(1.7204 m)@m.n N) =0

b =41754m

b=418m <




[zt 18 120~ PROBLEM 7.98

o o) — Knowing that W =150 Ib and W, = 50 Ib, determine the magnitude

rA b 9t of the force P required to maintain equilibrium.
15 ft
L [

P B We

Wy

SOLUTION
FBD CD:

(=M =0:(12f)D, - (9 f)D, = 0

| 3D, = 4D, (1)
|
T Fand
- o | (L =My = 0: (30 ) D, - (15 ft) D, — (18 ft)(50 Ib) = 0
FBD BCD: 2D, - D, =601b 2)
F , - B Solving (1) and (2) D, =1201b — D, =901b T

F

s st . ?

é——A/Z/If—)@

s e8| TV souw
1SD1h

FBD Cable:

(L =M, = 0: (42 ft)(90 Ib) — (30 ft)(50 Ib)

AY 12 ft 18 ft 12 ft 90lb
A 2l - (12 ft)(150 Ib) - (15 ft) P = 0
15 8 /c { P=3201b<
P olb




|~—12 fr 18 ft

2t~ PROBLEM 7.99

-
.
[N

[Wg\

:3) T Knowing that W =40 1b and W, = 22 lb, determine the magnitude
i “ of the force P required to maintain equilibrium.

B [£ “IC )

SOLUTION

FBD CD:

FBD Whole:

(=M. =0:(12f)D, - (9 f)D, = 0

(L =My = 0: (30 ft) D, - (15 ft) D, — (18 ft)(221b) = 0

12 ft 18 ft
A
Ac |7
<

10D, — 5D, = 1321b )
Solving (1) and (2) D, =5281b — D, =396 |
12&}3%14 (=M, = 0: (42 ft)(39.6 Ib) — (30 ft)(22 Ib)
/Dg’fff — (12 ft)(40 Ib) - (15 ) P = 0
9 ft
¢ P =3491b 4

P

v +/0/b

T A

221b




T

o}

6 m—=06 mTB 111—'-1
&/

PROBLEM 7.100

If a = 4.5 m, determine the magnitudes of P and Q required to

Jm 3

+—a *  maintain the cable in the shape shown.

[ DB DO
3m

- fc
SOLUTION

By symmetry: Toe =Tep =T
FBD pt C:
I 2F, = 0: Z(TTJ—ISO KN=0 T =90J5kN
T T, = 90 kN

Segment DE:

5293 DE [ 6w
7iL

!
AL

|

Y’ >p

Ix T IS0kN D

N

Segment AB:

z';,:‘?o/zz\l

A
'\er em —
ax A

B

a

)5
y

[—_‘é Tx =150 N
T; =9 kN

~

(_ =M, = 0:(7.5m)(P - 180 kN) + (6 m)(90 kN) = 0

P =108.0 kN 4

(=M, = 0: (4.5m)(180 kN) — (6 m)(Q + 90 kN) = 0

0 =450kN «




’—LﬁlllTﬁllla—‘Fﬁllla‘—Lﬁlllﬂ PROBLEM 7.101
3m [f, If a =6 m, determine the magnitudes of P and Q required to maintain the
+—aa " cable in the shape shown.
a DB Do
3m
fc
SOLUTION

FBD DE:

=

D

£} l:x =150 AU

VZ; :7a.é/\/

By symmetry: Toe =Tep =T
PSF =002 =T |-180kN =0 T =905 kN
Js
T,=180kN T, = 90 kN

(( =My = 0:(9m)(P —180kN) + (6 m)(90 kN) = 0
P =120.0 kN <

(=M, =0:(6m)(180kN) — (6 m)(Q + 90 kN) = 0
0 = 90.0 kN <




PROBLEM 7.102

A transmission cable having a mass per unit length of 1 kg/m is strung
between two insulators at the same elevation that are 60 m apart. Knowing
that the sag of the cable is 1.2 m, determine (a) the maximum tension in
the cable, (b) the length of the cable.

SOLUTION

(a) Since h=12m <« L =30 mwe can approximate the load as evenly distributed in the horizontal
direction.

w =1kg/m(9.81 m/s2) = 9.81 N/m.

w = (60 m)(9.81 N/m)
w=588.6N
Also we can assume that the weight of half the cable acts at the % chord point.

FBD half-cable:

i A S v T e P
- o -
lam
Toain I
e ¢ W o= 2993

(Mg =0:(15m)(2943N) - (1.2 m) T, = 0

T, =367875N =T

max x

[ 2F, = 0: T , —2943N =0
Ty y = 2943N

T, = 3690.5N

2 4
(b) Sg = X [1 + E(J’_BJ - E(J’_BJ + ]
3 xp 5\ xp

2 4
:(30m){1+2[1'2j —3[1'2j +--}= 30.048m  so s =2sp = 60.096m

T,.. =3.69 kN <«

3130) 5030
s =60.1m <

Note: The more accurate methods of section 7.10, which assume the load is evenly distributed along the length
instead of horizontally, yield 7, ,, = 3690.5 N and s = 60.06 m. Answers agree to 3 digits at least.

ax




PROBLEM 7.103

60 m | 40 m
| c| Two cables of the same gauge are attached to a transmission tower at B.

A " B
A= : i —/._ Since the tower is slender, the horizontal component of the resultant of
ﬁ | 2m the forces exerted by the cables at B is to be zero. Knowing that the mass
: K per unit length of the cables is 0.4 kg/m, determine (a) the required sag 4,
Wi (b) the maximum tension in each cable.
SOLUTION
Half-cable FBDs:
70 T ¥
% B = 5 (20 )
‘ZJ{(}}JJ k«\) /
B v [ h, = 2m
hl T—>__
4.—__/———// Tﬁ‘ TL C?.. lo 2
Tor G i{ 30 ‘ ~! 1\ k Zom
(1) : (I
T, = T,, to create zero horizontal force on tower — thus 7, = Ty,
FBD I: (=M, = 0: (15m)[ w(30 m)] - 4T, =0
(450 m?)w
hl -
Ty
FBD II: =My =0:(2m)7, - (10 m)[ w(20m)] =0
Ty = (100 m)w
(450 m?)w
(a) by =~———=450m
(100 m)w
FBD I: —XF. =0:7,-T,=0

Ti, = (100 m)w
[ 2F, =0: 7, - (30m)w =0

T, = (30 m)w

T = /(100 m)* + (30 m)’w
= (104.4 m)(0.4 kg/m)(9.81 m/s?)
— 409.7N




PROBLEM 7.103 CONTINUED
FBD II: [ 2F, =0: 7, - (20 m)w = 0
T, = (20 m)w

L, =T, = (100 m)w

7, = (100 m)* + (20 m)’w = 400.17 N
(b) T, =410N <
T, = 400 N <

"Since h < L it is reasonable to approximate the cable weight as being distributed uniformly along the
horizontal. The methods of section 7.10 are more accurate for cables sagging under their own weight.




PROBLEM 7.104

The center span of the George Washington Bridge, as originally
constructed, consisted of a uniform roadway suspended from four
cables. The uniform load supported by each cable was w=9.75
kips/ft along the horizontal. Knowing that the span L is 3500 ft and
that the sag 4 is 316 ft, determine for the original configuration ()
the maximum tension in each cable, (b) the length of each cable.

SOLUTION
FBD half-span:

W = (9.75 kips/ft)(1750 ft) = 17,062.5 kips
(=M = 0: (875 ft)(17,065 kips) — (316 ft) T = 0
T, = 47,246 kips

T =T2+W? = \/(47,246 kips)® + (17,063 kips)®

(a) T,... = 50,200 kips 4

=13 -5

2 4
55 = (1750 ) 1+2(316ft) _g[sléftj e
301750 ft ) 5(1750 ft

=1787.3 ft

() I =2s, = 3575 ft €

" To get 3-digit accuracy, only two terms are needed.




PROBLEM 7.105

Each cable of the Golden Gate Bridge supports a load w=11.1 kips/ft
along the horizontal. Knowing that the span L is 4150 ft and that the
sag h is 464 ft, determine (@) the maximum tension in each cable,

(b) the length of each cable.

SOLUTION
FBD half-span:
%_ = zo7sFt Pt Tmay
Fos ved i //’/ &
T w (// l /yzo'zs Pf) = 23,032, L’lﬂ/o&
(a) ((zMy =o: (20725 ft](23032.5 kips) — (464 ft)T, = 0

T, = 47,246 kips

.n[ma/;(
A/ W

Lo

= T2+ w7 = (47,246 kips)? + (23,033 kips)” = 56,400 kips 4

2 4
(b) s=){1+g(lj _E[zj +]
3\ x S5\Ux

2 4
_ (2075 10 L 2( 464t ) 2( 464t )
302075 ft) 502075 ft

sp=21421t [ =25, I = 4284 ft 4




PROBLEM 7.106

To mark the positions of the rails on the posts of a fence, a homeowner
if 50 m if | ties a cord to the post at 4, passes the cord over a short piece of pipe
Ah g attached to the post at B, and ties the free end of the cord to a bucket
filled with bricks having a total mass of 20 kg. Knowing that the mass
per unit length of the rope is 0.02 kg/m and assuming that 4 and B are
at the same elevation, determine (a) the sag A, (b) the slope of the cable
at B. Neglect the effect of friction.

SOLUTION

FBD pulley:

Tmas i_w_/e = (Zalﬁj Y a.57 'Q) 2 f9b.2 N

((IMp = 0: (T —Ws)r =0
T =Wy =1962N

FBD half-span:*

L e
e mmES o T 702N
e &3

>~
V)
\\\
\
o)
N
"
X
N
\
2

WE <o 02 53 )(25"“) @5

A

Ty = T2 — W = (1962 N)’ — (491N)* =196.139 N

(( =My =o: (%ij(wos N) - h(196.139N) = 0

(a) h=03126m =313 mm 4
(b) 0, = sin' 2 _ gin™! [Mj =1.433° 4
T 196.2 N

*See note Prob. 7.103




PROBLEM 7.107

A small ship is tied to a pier with a 5-m length of rope as shown.
Knowing that the current exerts on the hull of the ship a 300-N force
directed from the bow to the stern and that the mass per unit length of the
rope is 2.2 kg/m, determine (@) the maximum tension in the rope,

(D) the sag h. [Hint: Use only the first two terms of Eq. (7.10).]

SOLUTION
(a) FBD ship:

S To
L T
oo N
T, = 300 N

—~ 3F, =0:Ty—300N =0

FBD half-span:*

I Yy ,
T L
c = Ix
V- (z-2 k9 Y.z LY z50) = $3.955N
T = T2 + W2 = (300 N)? = (54 N)* =305 N <
. Ly _ _Lw
®) QZMA=0.hg-ZW_o h=

2
{1%&)] bty hl Mo W

(2.5m) :%[1+§

Lw

So h= T =0.2236 m

X

*See note Prob. 7.103

53.955N
600 N

4T, x, 2T

X

2
) —] — L=49732m

h =224 mm 4




PROBLEM 7.108

The center span of the Verrazano-Narrows Bridge consists of two
uniform roadways suspended from four cables. The design of the bridge
allowed for the effect of extreme temperature changes which cause the
sag of the center span to vary from 4, =386 ft in winter to A, =394 ftin
summer. Knowing that the span is L =4260 ft, determine the change in
length of the cables due to extreme temperature changes.

SOLUTION
2 4
s =X 1+£(Z] _g[lj I
3\ x 5\x
oY 2f nY
Knowin ] =2 =Ll1+2] = -2 2] +...
e *rot [ 3(L/2) 5(L/2j }
Winter:
2 4
I, = (4260 )| 14+ 2[ S80I 1 2f 38OM A, T 43514340
3\ 2130 ft 5\ 2130 ft
Summer:

2 4
= (4260 )| 14+ 2[ 22T 203990 T g3ssag
| 3(230) 5\ 2130

Al =1—1,=375ft <4




PROBLEM 7.109

A cable of length L + A is suspended between two points which are at
the same elevation and a distance L apart. (a) Assuming that A is small
compared to L and that the cable is parabolic, determine the approximate
saginterms of Land A. () If L=30mand A=1.2 m, determine the
approximate sag. [Hint: Use only the first two terms of Eq. (7.10).]

SOLUTION

2
(a) s=x[l+§[%} —}

2 2
é=£% =§£ S h = iLA{
L L 8

(b) For L =30m, A=12m h=3.67m<




1100 ft |

h=30ft
496 [t

L

[
10.2 kips/ft

PROBLEM 7.110

Each cable of the side spans of the Golden Gate Bridge supports a load
w=10.2 kips/ft along the horizontal. Knowing that for the side spans the
maximum vertical distance 4 from each cable to the chord 4B is 30 ft and
occurs at midspan, determine (a) the maximum tension in each cable,

(b) the slope at B.

SOLUTION
FBD AB:

W =(o.2 /;—f/“‘)(//oof—{‘)

= /j220 kf/ws

(=M, = 0: (1100 £t) Ty, — (496 )T, — (550 ft)W =0

11Ty, — 4.96T,, = 5.5W 1)
w
(( =M = 0: (550 ft) Ty, — (278 £t) Ty, — (275 )= =0
11Ty, — 5.56Ty, = 2.75W @)

Solving (1) and (2) Ty, = 28,798 kips
Ty, = 51,425 kips
T,
T = Tp =\|T5. + T3, tan @ = —=
’ B

X

So that (a) T0x = 58,900 kips €

(b) 0, = 29.2° 4




PROBLEM 7.111

A steam pipe weighting 50 Ib/ft that passes between two buildings 60 ft
apart is supported by a system of cables as shown. Assuming that the
weight of the cable is equivalent to a uniformly distributed loading of 7.5
1b/ft, determine (@) the location of the lowest point C of the cable, (b) the
maximum tension in the cable.

SOLUTION
FBD AC: FBD CB:

(=M, =0: (135 )T, — %(57.5 Ib/ft)a = 0

T = (2.12963 Ib/ft* ) a? (1)
Csmy = 0: 90129 (57 5 1) (60 i — ) — (6 )7, = 0
6T, = (28.75 b/t )| 3600 £* — (120 ft)a + o’ | @)

Using (1)in(2)  0.55a° — (120 ft)a + 3600 ft* = 0
Solving: a = (108 £72) ft ~ a =361t (180 ft out of range)

So Cis 36 ft from A4

(@) Cis 6 ft below and 24 ft left of B 4
T, = 2.1296 Ib/ft? (36 ft)* = 2760 Ib

W, = (57.5 1b/ft)(36 ft) = 2070 Ib

(b) T =T,=\I}+W = \/(2760 1b) + (2070 Ib)* = 3450 b «




6m . PROBLEM 7.112

! B ‘ .
' ‘ Chain AB supports a horizontal, uniform steel beam having a mass
T t c per unit length of 85 kg/m. If the maximum tension in the cable is
not to exceed 8 kN, determine (@) the horizontal distance a from A4
T to the lowest point C of the chain, (») the approximate length of the
chain.

QZMAzo:yATO—gwazo QZMBzo:—yBTO+§wb:o

wa’® wh?

J/A=2—TO yB_E

I= - 30) = 5 ()

In
2rb

But Ty = T2 - (wb)* = T2, — (wb)’ e
(2d)’ [Tniax - (wb)z} = w? (b - a2)2 = IPw?(4b% - 4Lb + )

T2
or 412+ d?)p? 4L + (L“ - 4d2L§X] =0

w

Using L=6m, d=09m, T, =8kN,  w=(85kg/m)(9.81m/s’) = 833.85 N/m
yields b =(2.934£1.353)m b=4287m (since b >3m)

(a) a=6m-b=1713m <«




PROBLEM 7.112 CONTINUED

Ty = T2 — (wb)* = 71569 N

Y4 W 600979  YB Y0 _ 024974
x, 21 xg 21T,

2 2
l:sA+sB:a1+£y—A +---+b1+2y—3 + -
3\ xy 3\ xp

= (1713 m)[l T %(0.09979)2} +(4.287 m){l T %(0.24974)2} = 6.19m

(b) /=619 m <







6m

t

s,

PROBLEM 7.113

Chain 4B of length 6.4 m supports a horizontal, uniform steel beam

0.9m A
T l ¢ having a mass per unit length of 85 kg/m. Determine (a) the horizontal
distance a from A4 to the lowest point C of the chain, () the maximum

] tension in the chain.

SOLUTION
X
(=M, = 0: Jwx =y, = 0

Geometry: ,

g pow oy wm
A d ,i 27T, x 2T,

i ‘
o b S— v,}! X

!

Y

e

P B
7o

and d = yz — ¥, =2—v;b(b2—a2)

2( v, Y 2( vy Y
Also l:sA+sB:al+—y—A +b| 14228
3\ «a 3Uh
2 2 2
l—L:E[y—AJ +(y_3j ZW—2(03+b3)
3|\ a b 61

4d*
%m(“””)*

Using / =64m,L =6m,d =09m,b=6m—a, and solving for a,
knowing that a < 3 ft

a=2219m (@ a=222m<
_ W2 2
Then T, = > (b a )
And with w = (85 kg/m)(9.81 m/s?) = 833.85 N/m
And b=6m—-a=37804m T, =4338N

T

max

= Ty = T + (wb)’

~ (4338 N)? + (833.85 N/m)? (3.7804 m)’

T = 5362 N (b) T = 536 kKN




L i PROBLEM 7.114
=B

i P e ~~7 = A cable AB of span L and a simple beam A'B’ of the same span
oAl == (| are subjected to identical vertical loadings as shown. Show that the

A 14 I magnitude of the bending moment at a point C’ in the beam is

{ Ci p equal to the product , Tys# where T, is the magnitude of the horizontal
P, Yp. : | component of the tension force in the cable and / is the vertical
' P. 1P, I P 11 distance between point C and the chord joining the points of support
| A and B.

A'l ' | B

SOLUTION

FBD Cable:

( =My = 0: LAc, + aTy — Mg 10 =0

(Where Mg ,..4s includes all applied loads)
( =M¢ = 0: x4, - (h - a%)To — My =0

(Where M . includes all loads left of C)

X

z(l) - (2)3 hT, - %ZMB loads T ZMc e = 0

FBD Beam: ( =My = 0: Ldy, — My 04 = 0
4 c 8
w oD
¥ B
, P =) :
53/ ~ 5 ’PJ / (EMC=O:XABy_zMC1eft_MC =0
FBD AC:
L — _.,_.-ﬂ %(4) - (5) - %ZM;? loads + ZMC: left + MC =0
| c|
A 4] J/ J/ 1;) e Comparing (3) and (6) Me = hT, Q.E.D.
~ Bx
v
'ABY f/ fz ne

(1

)

)

4)

)

(6)




—— . —2*+  PROBLEM 7.115
A T D
o de o . . .
dy ‘ Making use of the property established in Prob. 7.114, solve the
| problem indicated by first solving the corresponding beam problem.
B Prob. 7.89a.
SOLUTION
(_EM =0:(2ft)(4501b) + (6 ft)(600 Ib) — (10 ft) Az, =0
I = 0: (28)(45015) (6 1) 600 16) - (10 1),
A [ c D Ay, =4501b
Age A 7z l zfz"T By !
e I} b
Aoy bools 451} =My = 0: M, — (4 t)(450 1b) = 0
Section AB:
8 M, =1800 Ib-ft
P } Mg
ﬂ@x 1 ‘//p/
Ve
4solh (=M, = 0: (10 ft) Dy, — (8 ft)(450 Ib) — (4 ft)(600 Ib) = 0
Cable
D¢, = 600 1b
Pﬂfﬂ/,ﬁ/ % et of z(:f$ Rey (Note: D, > 4,50 T, = TCD)
{ D
|
n

T, = (720 1b)” - (600 Ib)’

T, = 398 Ib

My 1800 Ib-ft

- = 4523 ft
T, 398 b

dy = 4.52 ft 4




M A . PROBLEM7.116
!
df (JT, {.I, ﬂtt Making use of the property established in Prob. 7.114, solve the problem
B ‘ 1 : indicated by first solving the corresponding beam problem. Prob. 7.925.
. D
SOLUTION
(=M, = 0: (2 )(240 Ib) + (4 ££)(720 Ib)
FBD Beam:
+ (6 1t)(360 1b) — (8 ft) Az, = 0
seolb 720lh  2400b 4
P 72/%J,zﬁflzﬁfizﬁf £
N P Ay, =690 b

(=M, = 0: M, — (2 1)(690 Ib) = 0

A zH
LM, _ .
e T__—B’;} M M, = 1380 Ib-ft
ciolh Xn
(L =My = 0: M + (2 1t)(360 Ib) — (4 ft)(690 Ib) = 0

3eolb M. = 2040 Ib-ft
Al A 2P 2 F+ (1> M,
Asx T & CJr .

690 ih Y.
(=M, = 0: My + (2 6)(720 Ib) + (4 £t) (360 Ib)
— (6 ft)(6901b) = 0
3eolls  720/h

AD! A 2ft zft l 2ft 1N M M, =1260 1b-ft

fie [ ¢ Dl ~P
ol
caolhy 30 he =de —121ft =361t —1.2ft = 2.4 ft
g = Me _20401-ft oo
he 24 ft
Cable:
4 M, 1380 1b-ft
Ve hy = 28 = PNy 635 p
L \ luf okt | To 85016

|
|
|
- |
(R _ _
s [ih[ | dy = hy + 0.6 ft dy =222 ft 4
£ // To

Mp 1260 1b-ft

2z0ll, 1/140/5 hO 7 250 1b
0

=1.482 ft




PROBLEM 7.117

Making use of the property established in Prob. 7.114, solve the
problem indicated by first solving the corresponding beam problem.

it Prob. 7.94b.
A | e e e o e |
5@6m=30m
SOLUTION
FBD Beam:
Shens \SEN YN\ TRI
A em L om | em | m b om _F
Lsv ]‘ 2 2 D }
Ay £
By symmetry: Ap, =F =8kN
AC:
SN
A i
Aax T 5
Sk Yo
(=M = 0: M + (6 m)(4 kN) — (12 m)(8 kN) = 0
Me =72kN-m so  Mp=T72kN-m
Cable:

dp =11.00 m 4




A

{q PROBLEM 7.118

Making use of the property established in Prob. 7.114, solve the
problem indicated by first solving the corresponding beam problem.

Prob. 7.955.

5@6m=30m

C
o e e s

SOLUTION
FBD Beam:

Cable:

ShN SEA V1) TN

A tu Y oem d em | em v ba
Asy 1 2 i D E "L
F

oy “SEH

Since Mp=Mc, hy = he
Then dp=hp+2m=6m+2m=8m

dp =8.00m «




PROBLEM 7.119

Show that the curve assumed by a cable that carries a distributed load
w(x) is defined by the differential equation d*y/dx” = w(x)/ Ty,

where 7, is the tension at the lowest point.

SOLUTION

FBD Elemental segment:

Ty (%+ax) So
T
But
So

— = X
T Ty T
L _d
T, dx
Ayl _dy
dx X+Ax dx X W()C)
Ax I,
2
In lim : dy _wl) Q.ED




PROBLEM 7.120

Using the property indicated in Prob. 7.119, determine the curve
assumed by a cable of span L and sag 4 carrying a distributed load
w=w, cos(zx /L), where x is measured from mid-span. Also
determine the maximum and minimum values of the tension in
the cable.

SOLUTION

From Problem 7.119

So

But

And

— = = cos—
dx Ty 0
dy _ Wl 7x using 2| =
dx Tyr L dx|,
= 1 - cos— usin, 0)=0
g To”2( j [ gy( ) J
L wyl? wyl?
Zl=h="11-cos= ) Ty = —2
(3)-r-ali-e) o m-y
wol?
Tb = Tmin Y Tmin = 02 <4
T°h
Ty dy w,L
Tmax:TA:TB: Ty:d_ :TL
0 Fly=L o
_wlL
T, -




PROBLEM 7.121

If the weight per unit length of the cable AB is w, / cos’ 6, prove
that the curve formed by the cable is a circular arc. (Hint: Use the
property indicated in Prob. 7.119.)

SOLUTION

Elemental Segment:

From Problem 7.119

In general

Load on segment* w(x)dx = Wg ds
cos” @
But dx = cosfds, SO w(x) = Wg
cos” @
dzy _w(x) . wy

dx? T, T, cos® 6

dx* B dx

d’y d (dyj_ d
dx

—(tanH) = seczﬁd—g
dx dx

do W W,
So — = =
dx  Tycos’@sec’@  T,cosd

or icos¢9d€ =dx = rd@cosb
Wo

.. T .
Giving r = —% = constant. So curve is circular arc  Q.E.D.
W,
(]

*For large sag, it is not appropriate to approximate ds by dx.




30 fi

==}

| % PROBLEM 7.122

Two hikers are standing 30-ft apart and are holding the ends of a

35-ft length of rope as shown. Knowing that the weight per unit length
of the rope is 0.05 1b/ft, determine (a) the sag 4, (b) the magnitude

of the force exerted on the hand of a hiker.

SOLUTION

Half-span:

Solving numerically,

Then

Y 20-S
e B Ts
A - t
G ~ o & 48
"',:o o }/ = (’D.JA' e l
v Pz
PEE— A= L/z_ e A

w = 0.05 Ib/ft, L =301t Sp :§ft

sp=c sinh 22

Xp
175 ft = csinh(ls ftj
C
¢ =1536ft
Vs = ceosh ™ = (15.36 ft)cosh - = 2328 ft
c 1536 ft
(a) hy = yp —c = 2328 ft —1536 ft = 7.92 ft 4

(b) Ty = wyg = (0.05 Ib/ft)(23.28 ft) = 1.164 1b 4




PROBLEM 7.123

A 60-ft chain weighing 120 1b is suspended between two points at
the same elevation. Knowing that the sag is 24 ft, determine (a) the
distance between the supports, (b) the maximum tension in the chain.

SOLUTION

|7"J_513 5/71-'3
s |
V:acos/Lg' Ya

l

[

!
= = S

K

sp =30 ft, W=M=21b/ft
60 ft

L
hg = 24 ft, xB:E
y§:c2+séz(h3+c)2
= hj + 2chy + ¢*

oSl _ (30 ft)° — (24 ft)°

2hy 2(24 ft)

c=675ft

X . 1S
Then sz = csinh=2 — x, = csinh™' 22
c c

30 ft

x = (6.75 ft)sinh™’ = 14.83 ft
6.75 ft

(a) L =2x5 =297 ft 4

T,

max

=Ty = wyg = w(c + hg) = (2 Ib/ft)(6.75 ft + 24 ft) = 61.51b

(b) T, =61.51b <




PROBLEM 7.124

A 200-ft steel surveying tape weighs 4 1b. If the tape is stretched
between two points at the same elevation and pulled until the tension
at each end is 16 lb, determine the horizontal distance between the
ends of the tape. Neglect the elongation of the tape due to the tension.

SOLUTION

sp =100 ft,

c

But

=L ———

= 41 = 0.02 Ib/ft
200 ft

T, =161b
Tmax = TB = Wyp

b Ta 16 oo
w  0.02 Ib/ft

2_ 2 2
¢ =Yg —Sp

— /(800 ft)” - (100 ft)? = 793.73

h12e

Xp
yp = xgcosh—= — x, = ccos
c c

800 ft

=(793.73 ft) cosh™' | ——
793.73 fi

) =99.74 ft

L =2xp =2(99.74 ft) = 199.5 ft <4




PROBLEM 7.125

An electric transmission cable of length 130 m and mass per unit
length of 3.4 kg/m is suspended between two points at the same
elevation. Knowing that the sag is 30 m, determine the horizontal
distance between the supports and the maximum tension.

SOLUTION
/
/}7
hg |———+S I
= - -4 B
. %
(————-—-XB-_’% ——
sp = 65m, hy =30m
w = (3.4 kg/m)(9.81 m/s) = 33.35 N/m
yp=c+ si
2 22
(c + hB) =c"+ 53
2_p2  (65m)’ (30 m)’
C:SB_hB :( 5m)” —(30m)
2hy 2(30 m)
=55417m
Now Sg = csinh 22 —» Xg = csinh ™22 = (55.417 m)sinh_1 (65—mj
c c 55417 m
=55.335m

L =2xp =2(55335m) =110.7 m 4

Toax = wyg = w(c + hg) = (33.35N/m)(55.417 m + 30 m) = 2846 N

T, =2.85kN «




r— — PROBLEM 7.126
-

T @A J A 30-m length of wire having a mass per unit length of 0.3 kg/m is
attached to a fixed support at 4 and to a collar at B. Neglecting the
h effect of friction, determine (@) the force P for which 2 =12 m,
(b) the corresponding span L.
SOLUTION
FBD Cable:

|
c \r
2 X
o]
s =30m (sosB— =15m ]
= (03 kg/m)(9.81 m/s ) 2.943 N/m

hg =12m

y§=(0+h3)2=cz+s;

2
So c=B_ i
2hg
2 2
o Usm) —(2m) 400
2(12 m)
Now sy = csinh 2 > x, = csinh ™' 2& — (3375 m)sinh™! (”—mj
c c 3375 m
Xg = 74156 m
P =T, = we =(2.943 N/m)(3.375 m) (a) P=993N— <

L = 2xp = 2(7.4156 m) (b) L=1483m 4




—
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PROBLEM 7.127

QQ J A 30-m length of wire having a mass per unit length of 0.3 kg/m is
i attached to a fixed support at 4 and to a collar at B. Knowing that the

magnitude of the horizontal force applied to the collaris P =30 N,
determine (a) the sag 4, (b) the corresponding span L.

SOLUTION
FBD Cable:

y B,
~y Ry
L g
e—‘;‘ > P=T, =30 N
i\ )]
28, he e
45
<
v
o x

sp=30m,  w=(0.3kg/m)(9.81 m/s’) = 2.943 N/m

P=T)=wc c= r
w
c= 0N 10.1937 m
2.943 N/m

yf;:(h3+c)2=cz+slzg
B+ 2ch—s3 =0 sB:mezﬁm
h* +2(10.1937 m)h — 225 m* = 0

h =7.9422 m (a) h=794m<

Sp = csinh >4 — Xg = csinh 122 = (10.1937 m)sinh_1 _1om
c c 10.1937 m

=12.017 m

L = 2x5 =2(12.017 m) (b) L=240m<




h

L\

PROBLEM 7.128

@ : J A 30-m length of wire having a mass per unit length of 0.3 kg/m is
i attached to a fixed support at 4 and to a collar at B. Neglecting the
effect of friction, determine (@) the sag /# for which L =22.5 m,
(b) the corresponding force P.

SOLUTION
FBD Cable:

_».P:To
he v
\ v
)
sT=30m—>sB=3OTm:15m

w = (0.3 kg/m)(9.81 m/s?) = 2.943 N/m

L=225m

X .
sp = csinh=£ = csinh—=
c c

11.25m
c

15 m = c¢sinh

Solving numerically: ¢ = 8.328 m
vi =+ =(8328m) +(15m)° = 29436 m*>  y, =17.157m
hy = yg —c =17.157m —8328 m

(a) hy = 8.83 m 4

P = we = (2.943 N/m)(8.328 m) (b) P=245N— 4




PROBLEM 7.129

A 30-ft wire is suspended from two points at the same elevation
that are 20 ft apart. Knowing that the maximum tension is 80 Ib,
determine (a) the sag of the wire, () the total weight of the wire.

SOLUTION

So

J
Iw:sB s T
/b
he | &5 f
! LZE Y
o y=ccosn g IB
1 v
X:é x
8=z 7
L=20ft xgz%ﬁzloft
2

. . 10 ft
Sp = csinh 22 = csinh
c c

Solving numerically: ¢ = 6.1647 ft

yg = ccosh2E = (6.1647 ft)cosh _fos
c 1.1647 ft

yp = 16217 ft

hy = yg —c = 16217 ft — 6.165 ft

(a) hg =10.05 ft <
Tax = WVg and W = w(2sB)
W = Tmax (2SB) — ﬂ( ) (b) Wm = 1480 lb 4
Vg 16.217 ft




PROBLEM 7.130

Determine the sag of a 45-ft chain which is attached to two points at
the same elevation that are 20 ft apart.

SOLUTION

/
WS T
0 | ‘ B -8
ho S |
e
cT‘_ y=aco5Ac—_ -‘fB
2 K
_ L.
=g ——

=P _»osp L-20n
2

szézloft

X
sy = csinh—£
c

10 ft

[

22.5 ft = ¢sinh

Solving numerically: ¢ = 4.2023 ft

X
yp = ccosh=2
c

~ (42023 ft)cosh— o1t _ 22889 i
4.2023 ft

hy = yp —c = 22.889 ft — 4.202 ft

hy = 18.69 ft 4




PROBLEM 7.131

A 10-m rope is attached to two supports 4 and B as shown.
Determine (a) the span of the rope for which the span is equal to

the sag, (b) the corresponding angle 6.

SOLUTION

h=L
|
/L_____
PC _
%
We know y = ccosh >

Cc

yp=c+h= ccoshi

At B, 20
or 1= coshi - ﬁ
2¢c ¢
. . h
Solving numerically —=4.933
c
Sp = csinh22 — T = csinh——
c 2 2c
So c¢=—21 = 10?933 = 0.8550m
2sinh (j 2 sinh('j
2c 2
h =4933c =4933(0.8550)m = 4218m  h=422m
(@) L=h=422m<d
x dy L X
From y = ccosh—, — = sinh—
c dx c
At B, tand = Q = sinhi = sinhﬂ = 5.848
dx|g 2c 2
0 = tan"'5.848 (b) 0 =80.3° 4




PROBLEM 7.132

A cable having a mass per unit length of 3 kg/m is suspended
between two points at the same elevation that are 48 m apart.
Determine the smallest allowable sag of the cable if the maximum

tension is not to exceed 1800 N.

SOLUTION
J
|5 3 __>TIs
QB __—/95 T
f:—_i—— y=c cosh 2—6 Ya
L l K
(-—_—_—XB-——% ﬂ

w = (3kg/m)(9.81m/s”) = 29.43 N/m

L =48m, T.x <1800N

max —

Tmax =Wyp > Vg = Tmax
vy < —SON 6 162m
29.43 N/m
Vg = ccosh £ 61.162m = ccosh ABm/2
c c

Solving numerically ¢ =55.935m

h=yp—c=61.162m—55935m

*Note: There is another value of ¢ which will satisfy this equation. It is much
corresponding to a much larger 4.

h=523m<

smaller, thus




PROBLEM 7.133

| 2m
[

An 8-m length of chain having a mass per unit length of 3.72 kg/m
is attached to a beam at 4 and passes over a small pulley at B as
"‘L*,J ') — shown. Neglecting the effect of friction, determine the values of

¥ / distance a for which the chain is in equilibrium.

o
.

SOLUTION

— WM —%— | WA —»)

'
wra.
-
Neglect pulley size and friction Ty = wa
But Ty = wyp SO yp=a
Vg = ccosh £
c
ccoshl—m =a
c
But s; = csinh 22 Sm-a _ csinhl—m
c 2 c
.. Im ¢ Im
So 4m = csinh— + —cosh—
c 2 c
16m = 0(361/C - eil/c)
Solving numerically ¢ = 0.3773m, 5.906 m
(0.3773 m) cosh— - = 2,68 m 4
Im 0.3773 m
a = ccosh— = |
©  |(5.906m)cosh——— =599 m <
5.906 m




PROBLEM 7.134

| 30 ft '
" | A B |\ -
t } M\/{ A motor M is used to slowly reel in the cable shown. Knowing that
i‘ the weight per unit length of the cable is 0.5 1b/ft, determine the
C maximum tension in the cable when 42 =15 ft.
SOLUTION

/
wS TE
\ I B B/y~'3
he |5 I
T« y‘—‘CCO&A% .1(‘3
12 v
=L x
) Xe=g —

w = 0.51b/ft L=30ft hg =151t

x
yg = ccosh=£
¢

hg +c = ccoshi
2c

151t = c(coshlet - 1)

c
Solving numerically ¢ = 9.281ft

15 ft

= (9.281 ft)cosh = 24281 ft
ve = ) 9.281 ft

Thax = Tp = wyp = (0.51b/ft)(24.281 ft)

T, =12141b 4




' 30 ft

' PROBLEM 7.135

A B ,|,._
t i \ 2 M A motor M is used to slowly reel in the cable shown. Knowing that
h the weight per unit length of the cable is 0.5 1b/ft, determine the
é maximum tension in the cable when £ =9 ft.
SOLUTION

7
ws T
. |©7 B =T
he | »S 1
o o V:acas/LEx' Y=
b
=t ®
8=z

w = 0.5 b/ft, L =301t hg =9ft

L
vg=hg+c= ccosh2£ = ccosh—
c 2c

9ft = c(cosh15 fi - lj
c

Solving numerically ¢ = 13.783 ft
vg =hg+c=91t+13.783ft = 21.783 ft

Toax = Tg = wyg = (0.51b/ft)(21.78 ft)

Toax =11.391b <




PROBLEM 7.136

E F

D ;

T To the left of point B the long cable ABDE rests on the rough
121t horizontal surface shown. Knowing that the weight per unit length
A B l of the cable is 1.5 1b/ft, determine the force F when a =10.8 ft.

Li(l—lv

SOLUTION

|7
x ¥
7; c R, N
o~ . Q 1\ e )(-—
/Oog?‘—M
Yp = ccosh 22
c
h+c=ccoshs
¢
12m = c(cosh 108m _ lj
¢
Solving numerically ¢ =62136m
Then  yy = (62136 m)cosh——o ™ — 182136 m
36 m

F =T =wyg = (1.5 lb/ft)(18.2136 m)

F=2731b— <«




’ T To the left of point B the long cable ABDE rests on the rough
121t horizontal surface shown. Knowing that the weight per unit length
l of the cable is 1.5 Ib/ft, determine the force F when a =18 ft.

PROBLEM 7.137

SOLUTION

-
agC
NN
W
[BN
0
N
vy
=~
[

x
yp = ccosh=2
c

a
¢+ h =ccosh—
c

h = c(coshg — 1]

c

12 ft = c[cosh18 fi - l]

c
Solving numerically c=15.162ft
vg=h+c=121ft+15.162ft = 27.162 ft

F =T, = wy, = (1.51b/ft)(27.162 ft) = 40.74 b

F=4071b— 4




PROBLEM 7.138

A uniform cable has a mass per unit length of 4 kg/m and is held in
the position shown by a horizontal force P applied at B. Knowing that
P =800 N and 8, = 60°, determine (a) the location of point B, (b) the

length of the cable.

SOLUTION

>Te =12
x
w = 4kg/m(9.81 m/sz) = 39.24 N/m
w  39.24 N/m
c =20.387 m
y = ccosh>
c
L = sinh >
dx c
tan@ = —Q = —sinh_—a = sinhﬁ
dx|_, c c
a= csinh_l(tan 6?) = (20.387 m)sinh_l(tan60°)
a=26849m
v, = ccosh = (20387 m)eosh 205 _ 46 774 1y
c 20.387 m

b=y,—c=40.774m - 20.387 m = 20.387 m
B is 26.8 m right and 20.4 m down from 4 4

So  (a)
s = esinh ® = (20.387 m)sinh 2259 ™ _ 3531 (p) s=353m <
c 20387 m




PROBLEM 7.139

A uniform cable having a mass per unit length of 4 kg/m is held in
the position shown by a horizontal force P applied at B. Knowing
that P =600 N and 8, = 60°, determine (a) the location of point B,

(b) the length of the cable.

SOLUTION

w = (4kg/m)(9.81m/s” ) = 39.24 N/m

w  39.24 N/m
¢ =15.2905m
y = ccosh> L4 = sinh >
c dx c
dy . —a .. a
AtA: tanfd = ———| = —sinh— = sinh—
dx|_, c c
So a= csinhfl(tané’) = (15.2905 m)sinhfl(tan60°) =20.137m

ypg=h+c= ccosh

c
h = c(coshE - 1]

c

= (152905 m)| cosh =22 ™ _
15.2905 m
=15.291m
So (a) B is 20.1 m right and 15.29 m down from 4 4
s = esinh? = (15291 m) sinh 2027 _ o6 49m () s =265m 4

c 15291 m




PROBLEM 7.140

ol Bi The cable ACB weighs 0.3 1b/ft. Knowing that the lowest point of the
o cable is located at a distance a =1.8 ft below the support 4, determine
X pra o (a) the location of the lowest point C, (b) the maximum tension in the
T cable.
SOLUTION
ét.y
R N
/h
y2 15K - 1
//
c | Grecehs
{ >
«— a - b <

Yy = ccosh—% = ¢ + 1.8 1t
¢

a= ccoshl[l + ﬁ]
c

vg = ccoshé =c+ 721t
¢

b= ccosh_l(l + 7.2 ftj

c

But a+b=36ft= c{coshl(l + ﬂj + coshl(l + Lftﬂ
c c

Solving numerically ¢ = 40.864 ft

Then b = (40.864 ft)cosh™'| 1 + L T
40.864 ft
(a) C is 23.9 ft left of and 7.20 ft below B 4

= wyy = (0.3 1b/ft)(40.864 ft + 7.2 ft) (b) Toax = 144216 <«

max




- - PROBLEM 7.141
| sl

i I The cable ACB weighs 0.3 1b/ft. Knowing that the lowest point of
— e : the cable is located at a distance a = 6 ft below the support A4,

t determine (a) the location of the lowest point C, (b) the maximum
tension in the cable.

o)

SOLUTION
36//1 - > ,3
s/7] |4 K
Cﬁ@fdﬁ-\ ¢ ) %
1 gy =acosa o
¢ / .
e L
2 1
< o b > ®
Yy = ccosh—= = ¢ + 6 ft
c
a = ccosh™ (1 + 6—ft)
c
b
yp =ccosh—=c+11.4ft
c
b= ccosh_l(l + 114 ﬂ]
c
So a+b= c{cosh1 (1 + ﬁj + cosh™ [1 + ﬁﬂ =36 ft
c c
Solving numerically c = 20.446 ft
b = (20.446 ft)cosh [ 1+ —-2 L)~ 20 696 f1
20.446 ft
(a) Cis20.7 ftleft of and 11.4 ft below B <
Trax = wyp = (0.3 1b/ft)(20.446 ft)cosh 20.696 1) _ 9.554 1b
20.446 ft

(b) T, =9.551b 4




PROBLEM 7.142

Denoting by € the angle formed by a uniform cable and the horizontal,
show that at any point (¢) s =c tané, (b) y =csecl.

SOLUTION

x
Lo a C’»
> e
(a) tand = L4 = sinh X
dx c
s = csinh™ = ctan @ Q.E.D.
c
()  Also ¥ =5+ (cosh2 x = sinh? x + 1)

So y? = cz(tan2 0+ 1) = ¢*sec’ 0

And y =csecd Q.E.D.




PROBLEM 7.143

(a) Determine the maximum allowable horizontal span for a uniform
cable of mass per unit length m' if the tension in the cable is not to
exceed a given value Ty, . (b) Using the result of part a, determine the
maximum span of a steel wire for which m" = 0.34 kg/m and

T, =32 kN.
SOLUTION
Z,
| WS B Ta
/}‘
L — T
—— _ X ’
o . (; = ¢ cosh z !f B
€ =& —
8=z
TB = Tmax = Wyp
= weeosh 22 = w£ 2 c hi
c 2\ L 2c
Let ¢ = L so T .= W—Lcoshcf
2c 2&
LY = W—L[sinhf - lcosth
¢ 28 4
. 1
For min7} ., tanhé —— =0
4
Solving numerically & =1.1997
wL
T, .= ——————cosh(1.1997) = 0.75444wL
(Toes )i 2(1.9997) ( )
T, T,
L, =—2%  =]3255-mx
@ Lo = 575442 W

If Ty = 32kNandw = (034 kg/m)(9.81 m/s ) = 3.3354 N/m

max

Lo = 1'3255M =12717 m
3.3354 N/m

(b) L. =12.72km <




PROBLEM 7.144

g,\ | ‘ 6“

I i A cable has a weight per unit length of 2 1b/ft and is supported as shown.
Knowing that the span L is 18 ft, determine the two values of the sag &
for which the maximum tension is 80 Ib.

SOLUTION

/
| ! B/‘r Ta
5 _
he | S f
N
) - X
T & (; = ¢ cosh a f]j B
k v %
-
Vimax = ccoshi =h+c
2c
Tmax = Wymax ymax = h
80 1b
= =40 ft
Pmax =5 g
ccosh& =40 ft
c
Solving numerically ¢, = 2.6388 ft
¢, = 38.958 ft
h = Ymax — €
h =40 ft — 2.6388 ft h =374 ft 4

h, =40 ft — 38.958 ft hy, =1.042 ft <




PROBLEM 7.145
a s . 5.\ %
I Determine the sag-to-span ratio for which the maximum tension in
the cable is equal to the total weight of the entire cable 4B.
SOLUTION

Z,

] | B/y A

Mo | »S f
A
EL| Gyreesk® | %o
b - X
%= 5 T

T

max — WVB = 2WSB

yp = 2sg

ccosh L = 2c¢sinh L
2c 2c

L 1
tanh— = —
c

L ann 'L = 0.549306
2 2

LN N
c c 2c
= 0.154701
hy  hglc
L 2(L/2c)

0.5(0.154701)
=———— 2 =0.14081
0.549306

— =0.1408 <«




PROBLEM 7.146

RN - 5% A cable of weight w per unit length is suspended between two points
I at the same elevation that are a distance L apart. Determine (a) the sag-
to-span ratio for which the maximum tension is as small as possible,
(b) the corresponding values of @z and T, .

SOLUTION

= L .
<—————-XB_2

L
(a) T ax = Wyp = wecosh—
2c

% =w coshi - Lsinhi
dc 2¢ 2c 2c

For min7 % =0

max?
dc

tanhi = £—>£ =1.1997
2c L 2c

V8 _ cosht = 1.8102

2c

o

= Y5 _1-08102
C C

h_ lﬁ(ﬁj _ 08102 300s — =0.3334
L |2c\L 2(1.1997) L

L T, L
(b) Ty, = we T ax = wecosh— fmax _ gosh— = 2&
2c Ty 2c ¢

=

T,
But Ty = T cOSOp —% = secy
0

So Oy = secl(y—Bj = secfl(1.8102)
c

= 56.46° 65 = 56.5° 4

yp(2c)( L L
T =y, = w2B[ 2 L) 2 8102)— L
max = Wg = WE (Lj(zj w( )2(1.1997)

T, = 0.755wL 4




PROBLEM 7.147

For the beam and loading shown, (a) draw the shear and bending
moment diagrams, (b) determine the maximum absolute values of the
shear and bending moment.

SOLUTION

FBD Beam:

& kips 12 kips A Ships
2f l« l

2f] 2f E oft
AT ¢
A,

D T B
£

2.5

(- 145)

(=M, =0:(6ft)E — (8 ft)(4.5 kips)
— (4 ft)(12 kips) — (2 ft)(6 kips) = 0

(a)

E = 16 kips |

(=M = 0: —(6 ft) 4, + (4 ft)(6 kips)
+ (2 ft)(12 kips) — (2 ft)(4.5 kips) = 0
A, = 6.5 kips|

Shear Diag: V' is piece wise constant with discontinuities equal to the
forcesat 4, C,D, E, B

Moment Diag: M is piecewise linear with slope changes at C, D, E
M,=0
M = (6.5kips)(2 ft) = 13 kip-ft

M =13 kip-ft + (0.5 kips)(2 ft) = 14 kip-ft

M, =14 kip-ft - (11.5 kips)(2 ft) -9 kip-ft

My = -9 kip-ft + (4.5 kips)(2 ft) = 0

(b) V|, =11.50kips on DE 4

|M|_=14.00 kip-ft at D <




PROBLEM 7.148

2.5 kips/It
For the beam and loading shown, (a) draw the shear and bending
A ) c B moment diagrams, (b) determine the maximum absolute values of the
A A shear and bending moment.
! 6 ft 4 ft 4»‘
12 kips
SOLUTION
FBD Beam: @ =My =0:(4)(12 kips) + (7 ft)(2.5 kips/ft)(6 ft)
2.5 kips/et | 12K Pps ~(10ft)4, =0
A [ B g
A GFt s .
~ ﬂyT TQ A, =153 kips T
153 . .
Shear Diag: V, = 4, =15.3 kips, then V' is linear
v > dv .
(klf>) (E =-25 klps/ftJ to C.
e Ve = 15.3 kips — (2.5 kips/ft)(6 ft) = 0.3 kips
#%.5
At C, V decreases by 12 kips to — 11.7 kips and is constant to B.
y Moment Diag: M , = 0 and M is parabolic
(kya./f)

(a;ﬁ decreasing with V] to C
X

Mg = %(15.3 kips + 0.3 kip)(6 ft) = 46.8 kip-ft

My =468 kip-ft — (11.7 kips)(4 ft) =0
#) [V =153Kips 4

|M| = 46.8kip-ft ¢




PROBLEM 7.149

Two loads are suspended as shown from the cable ABCD. Knowing
that /3 = 1.8 m, determine (@) the distance /%, (b) the components
of the reaction at D, (¢) the maximum tension in the cable.

SOLUTION
FBD Cable: —2F. =0:-4,+D,=0 A, = D,
(=M, =0:(10m)D, — (6 m)(10kN) - (3m)(6 kN) = 0

D, =78KkN |

[XF, =0: 4, ~6kKN—10kN +7.8kN = 0
A, =82kN |
(Mg =0:(1.8m)4, — (3m)(82kN) =0

41

A, =— kN ~—
3

X

Fromabove D, =4, = % kN

FBD CD: (=M = 0: (4 m)(7.8 kN) - /e (? kNj =0
he =2.283m
(@) he =228 m 4

() D, =13.67kN — «
D, =7.80kN [ «

Since 4, = B, and 4, > B,, max T is Tp

2
Typ = A2+ A2 = \/(% kNj + (82 kN)?

(©) T, = 1594 kN 4




PROBLEM 7.150

Knowing that the maximum tension in cable ABCD is 15 kN,
determine (a) the distance /3, (b) the distance Ac.

SOLUTION
FBD Cable: —2XF, =0:-4.+D, =0 A4 =D,
(=M, =0:(10m)D, — (6 m)(10kN) - (3m)(6 kN) = 0
D, = 7.8kN|
[2F, =0: 4, ~6kN-10kN + 7.8kN = 0
A, =82kN|
Since A, =D, and 4, > D, Toox = Typ
[2F, = 0:82kN — (15 kN)sin®, = 0
FBD pt A: 0, = sin B2 N _ 33 1300
N
—=3F, = 0: -4, + (15kN)cos8, = 0
A4, = (15kN)cos(33.139°) = 12.56 kN
FBD CD

Dy = 754N From FBD cable:  /; = (3m)tand, = (3 m)tan(33.139°)
Dx =Ax =/2.5z4N

(@) hy =1.959 m 4

((EM = 0: (4 m)(7.8 kN) - /o (1256 kN) = 0
(b) he =248 m 4




PROBLEM 7.151

A semicircular rod of weight # and uniform cross section is
supported as shown. Determine the bending moment at point J
when € = 60°.

SOLUTION
FBD Rod:

(M, =0:Zw - 2B =0
T

B=— —

T

/ZFy! =0: F+ %sin60° - Kcos60° =0

T
F =-0.12952w
(=M, = o: r(F—Kj+i(Kj+M =0
T 27\ 3
1 1
M = Wr(0.12952 +— - —] = 0.28868Wr
T 2r

OnBJ M, =0.2897r ) 4




ot PROBLEM 7.152
14 o r A semicircular rod of weight # and uniform cross section is
\<‘ supported as shown. Determine the bending moment at point J
( - when 6 = 150°.
\ r
g
SOLUTION
FBD rod:
ISF, =04, -w=0 A, =W
XMy = 0: zW—2rAx =0
w T
A Ry Ax — ; -—
Ay
FBD AJ:
, 2]
z . T
’5 L

ni/LL (1 - cos 30°) =.25557r

A\ 2F, = 0: Kcos3>0c> + %smmo -F=0F= O.69233W\
Vs

(=M, = 0:0.25587{%} + r(F - Kj ~M =0

Va

+ 0.69233 — —

M=Wr[
V4

0.25587 1 }

M = Wr(0.4166)

On 4J M = 0.417Wr ) 4
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PROBLEM 7.153

Determine the internal forces at point J of the structure shown.

SOLUTION
FBD ABC:

FBD CJ:

Y

120N ]

(L =M} = 0:(0.375 m)(400 N) - (0.24 m)C, = 0
C, = 625N/
(( =My = 0: ~(0.45m)C, +(0.135m)(400 N) = 0

C,=120N —

[2F, =0:625N-F =0
F=65N|<
—~ 3F, =0:120N -V =0
V =1200N ~— «
(=M, = 0: M —(0.225m)(120N) = 0

M =270N-m )<«




|-—21n ......-.-I
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N

PROBLEM 7.154

Determine the internal forces at point K of the structure shown.

SOLUTION
FBD AK:

1l

AN
7
&S

<

—~ XF, =0:V =0

[ £F, =0: F 400N = 0

V=0

F=400N |«

(( =My = 0: (0.135m)(400N) — M =0

M =540N-m )«




A

E
0.5m
=¥

R I R

PROBLEM 7.155

Two small channel sections DF and EH have been welded to the uniform
beam AB of weight W= 3 kN to form the rigid structural member shown.
This member is being lifted by two cables attached at D and E. Knowing the
@ = 30° and neglecting the weight of the channel sections, (a) draw the
shear and bending-moment diagrams for beam 4B, (b) determine the
maximum absolute values of the shear and bending moment in the beam.

FBD Beam + channels:

Fand G

\With cable force
equivalent force-couple system at

Lt T Tk T,

S L
r 3kN
FBD Beam:

ey 2

(4

replaced by

N

A,

G

Lo e

<) e | = | e ) S >

M o%F
(k/\)-m\
-242°
K—é?ﬁ'/

SOLUTION
(a) By symmetry: L=T=T
[ £F, = 0: 2T'sin60° = 3kN = 0
3 3 3
T =— kN I, =—& T, == kN
\/g 1x 2\/5 ly 2
3
M =(0.5m)—= kN = 0.433 kN-m
(05m)—=

Shear Diagram: V is piecewise linear

(d_V ~ 06 kN/mj with 1.5 kN
dx

discontinuities at F and H.

V.. =-(0.6kN/m)(1.5m) = 0.9kN

Vincreases by 1.5 kN to + 0.6 kN at F*
Vo = 0.6 kN — (0.6 kN/m)(1m) = 0

Finish by invoking symmetry

Moment Diagram: M is piecewise parabolic

(‘i{ﬂ decreasing with VJ with discontinuities of .433 kN at F and H.
X

1
M, = —5(0.9 kN)(1.5 m) = - 0.675 kN-m
M increases by 0.433 kN-m to —0.242 kN-m at F*
Mg =-0242kN-m + %(0.6 kN)(1 m) = 0.058 kN-m

Finish by invoking symmetry
(b) V... = 900N <«
at F~ and G*

M| =675N-m <
at Fand G




300 Ih/ft

PROBLEM 7.156
4 % % (a) Draw the shear and bending moment diagrams for beam 4B,
D : ‘ (b) determine the magnitude and location of the maximum absolute value of
‘ the bending moment.
it § 2t 2

300 Ib

PROBLEM 7.157

Cable ABC supports two loads as shown. Knowing that » = 4 ft, determine
(a) the required magnitude of the horizontal force P, (b) the corresponding

distance a.
40 1h
SOLUTION
FBD ABC:
- a—F &y
¢/ /5 -
=y
h I =F, =0:401b-801b+C, = 0
1sFF
B C,=1201b
) L oib
P
T V4ol
FBD BC:
re " (( =My = 0: (4 t)(120 Ib) - (10 ft)C, = 0
FCy =l2o
"//“T e C, =481b —
Py From ABC: — 2ZF,=0:-P+C, =0

P=C, =481b
8
/ (@) P=4801b 4

TA& 50 /6

(=M = 0: (4 ft)(80 Ib) + a(40 Ib) — (15 ft)(48 Ib) = 0

(b)  a=10.00 ft 4




PROBLEM 7.158

Cable ABC supports two loads as shown. Determine the distances a and b
when a horizontal force P of magnitude 60 Ib is applied at 4.

40 1h

SOLUTION
FBD ABC:
A Sy
a
< b > c > ay
1 —+3F,=0:C,-P=0 C,=60lb—
; [0Ft
| s [ =F,=0:C, ~401b-801b =0
o/ 4
C,=1201b
/ 8—0“9 g T
Y
p|A
v ifplb
FBD BC:
pi2olb
O p—> €O /b
it (L =My = 0: 5(120 Ib) - (10 £t)(60 Ib) = 0
B b =5.00 ft 4
R
b
Tas Y 50lb
FBD AB:
My =0:(a—-b)(401b) - (5£t)601b = 0
A a—-b=751t
= tolb L | a=b+75ft
=5ft+7.51

a =12.50 ft 4




