e 1 i, e PROBLEM 7.6

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

¢
SuNT ¥

=8 it in~

SOLUTION
Note: 48 is a two-force member

C EMc=0: (18 in.)(—s—f«fw] +(73 in.)(EFA,;)
b 3% 13

ﬂ ~{24in)(781b) = 0
781716

Fip=13521b

FBD CD:

12 «
b~ TR =) CX—E(BS.ZIb):O

=y
C, =12481b —
5
f2F,=0: C + 5(13521b) - (781b) = 0
C,=261b}
FBD CK: 1

/S OSF, =00 -F+204810)+ %(26 Ib) = 0

13
F=12521b 3 22.6° <«
S 12

N OZF, =00 V- E(124‘8 Ib) + E(26 Ib) =0

V=2401b . 674° 4

(Mg =0:  (5in)(124.816)— (12 in)(26 1b) - M = 0
M =3121b-in. ) «

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced
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19 kii,’," 5 kips 4 kips PROBLEM 7.34
A

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

DY

b e bending moment.
| 54 5
T AT T i b-osn
JOLUTION
7)) FBD Beam:
Iokps Thps  Akps (ZMp = 0:
Ax A ¢ ) sl R h
ol e (.6 ft)(4 kips) + (5.1 ft)(8 kips) + (7.8 ft)(10 kips) — (9.6 ft) 4, = 0
o (5 H e Z,7ﬁ—>;-——-- YS s, ke pufT .
e | A, = 12.625 kips |
} IF, = 0: 12.625Kkips — 10 kips — 8 kips — 4 kips + B = 0
v 2.6
Gy 3 B = 9.375 kips |
-5, 375" ,
\ <3 Along AC: AT
e | =1
‘: i ; )22y
i [ H k'P§ ’Y'
| . { £F, =0: 12.625kips—¥ =0
T V = 12.625 kips

(=M, =0: M~ x(12.625 kips) = 0
M = (12.625 kips) x
M =22725kip-ftat C

Along CD: @Dkps
A Y K 5 M
= 7.5 e l
12,625 L* "
#05 v

} 5F, = 0: 12.625kips ~ 10 kips — V. = 0
V = 2.625 kips
(=My = 0: M + (x - 1.8 ft)(10 kips) — x(12.625 kips) = 0
M = 18 kip-ft + (2.625 kips) x

M =298125kip-frat D (x = 4.5 ft)

continued
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PROBLEM 7.34 CONTINUED

Along DE:
,‘ LF = 0: (12625-10-8) kips -} = 0 V = 5375 kips

/o /'75'“’ ?Tf//?:

; (ZM, = 00 M+ x,(8 kips) + (2.7t + x,)(10 kips.
‘v P gl)m =ML 1(8 kips) + ( 1)(10 kips)
e L‘f/% 2717 # %, .%J - (45 ft + x)(12.625 kips) = 0
/(//95 1%

M = 29.8125 kip-ft — (5.375 kips) x,

M =5625kip-fratE (x = 4.5t

Along EB:
'8
M .C '3F, =0: V+9375kips=0 ¥ = 9.375 kips
IMy = 0: 9.375kip) ~ M = 0
,,} X, <« A X p)

9375k 1pss M = (9.375 kips) x,
M =5625kip-frtat E

) From diagrams: V| .. =12.63 kips on AC 4

|M|_ =29.8kip-frat D <

PRQPR!E TARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced
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; .54 kN 1SRN G5 kN PROBLEM 7.35

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

: L bending momertt.
200 mn L——-—’*———‘l 300 mun

500 mm 400 mm
SOLUTION
@ FBD Beam: (Mg =0
(1.1 m)(540 N) - (0.9 m)C, + (0.4 m)(1350 N) - (0.3 m)(540N) = 0
C, = 1080N |

} 5F, = 0: —540N+1080N-1350N
_540N+E,=0 E,=1350N|

XL;%

Along AC:

"

A

} 5F, =0: —540N-V =0

; v =-540N
(=M, =0: x(540N)+M =0 M= ~(540 N)x
Along CD: SHoN
RS
(
JOSON ¥

V£F, = 0: -540N+1080N-¥ =0 ¥ =340N
(Mg =0 M+(02m+x)(540 N) - % (1080 N) = 0
M = —~108 N-m + (540 N)x,

M =162N-matD (x = 0.5m)

continued

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced
or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers and
educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, you are using it without permission.

1041




PROBLEM 7.35 CONTINUED
Along DE:

N ke ’/a//l

<' N
M %3 » 3

- I3SON
I%F, =0: V+1350N-540N=0 V=-810N

(IMy =00 M+ (x;+03m)(540 N) - x; (1350 N) = 0

M =-162N-m + (810 N)x;

M=162N-m atD (x3 = 0.4)
Along EB:

[2F, =0: V-540N=0 ¥V =540N
(EM; =0: M+x(540N)=0 M =-540Nx,

M =-162N-matE (x, = 03 m)
®)

From diagrams V

e = 810N on DE 4

{M]nm =162.0 N-mat D and E 4

PRQPRIE TARY MATERIAL, © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced
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[
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
1’ bending moment.
2kN 3kN
L pe—2 m———-t-«l m
SOLUTION
(a) FBD Beam:
we L M
j’“" l" a=1m —3F,=0: B =0
A ¢ £ s,
1= = l‘a~ bi78- 1 TF, =0 —1SKN+2KN-4KN+5KN-B, =0
Zien Sha éy
B, =15kN|
e ( =My =o: al4(15 kN) - 3(2 kN) + 2(4 KN) - (5 kN) ] = My =0
o5
(i) — ] Along AC: My =(3kN)a=3KkN'm )
e 1.SEN
. M
.5 P 3_5
x |
15F =0. -15kN-V=0 V=-15KN
w0 (sM,=0. M-x(15KN)=0 M=—(1L5kN)x
Along CD: M(1m)=-15kN-m
Lbs?kﬁJ
X
V'S S
/m e \,Kj 0
2kN X
f5F,=0: -15KN+2KN-V =0 V =05kN
(Mg =0: M+ x(15KN)~(x—1m)(2kN)=0
M=-2kN-m+(05kN)x M(2m)=-1kN-m

continued
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PROBLEM 7.36 CONTINUED

Along EB:
,‘ 4 3krdom
(L Xq E‘)
- e IN]
"IF =00 V-15KN=0 V=15kN

(M, =00 -M-x(L5KN)=3kN-m=0

M=-3kN-m-(L5kN)x, M({Im)=-45kN-m

Along DE: M v Ma
(1
Sen 1SRN
'3F,=0: V+5kN-15kN=0 F=-35kN
Also M is linear here
() V| o = 3-50 kKN along DE <

|M|__ =450kN-m at E 4
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M‘LM PROBLEM 7.37

I ' ; ‘5 For the beam and loading shown. (¢) draw the shear and bending-moment
("L == djagrams, (b) determine the maximum absolute values of the shear and
. |
*‘1 In"'““*‘].«‘ !h"’{

| EEN bending moment.
E“l By

—
SOLUTION
(a) FBD Beam:
s (sM, =00 —(13 m)[(1.8 kN/m)(2.6 m)] - (1.6 m)(4 kN) + (4 m)B=0
e 4l v e B=3121kN '
A semt o] 1w B L .
4 | vl ] g IF,=0: A, - (1.8 KN/m)(2.6 m) — 4 kN + 3.121 kKN =0
A, =555 KN |
55%9 Along AC: . 5o
ﬁz.bm - L v] M
v - ~
(W) 7 -/.321‘\h L;x/ * ) fj
ki %
-3 .
YSF,=0: 5559 kN~ (L8 kNm)x -V =0
4,59
V =5.559 kN — (1.8 kN/m) x
X
y ! M+ E[(1.3 km)x | - x(5.559 kN) = 0
\ o )
Getlm) it M = (5.559 KN) x - (0.9 kN/m) ¥°
. 1. 8 A m
Along CD: TIILL M
&"“7,::—'1“-- "J |
— N T o
t5F,=0:  5.559kN - x(1L.8KN/m) -4 kN-V =0
P = (1.559 kN) - (1.8 kN/m)x
( SMg=0: M+ (x-L6m)(4kN)+ '—;[(18 KN/m)x] - x(5.559 kN) =0
M = 6.4 kKN-m + (1.559 kKN)x — (0.9 KN/m)x*
continued
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PROBLEM 7.37 CONTINUED
Along DB:

p oY
L
2,
302080

bSE =00 V+3121kN=0
V =~3.121 kKN

(M, =0:  —M+x(3121kN)=0

M =(3.121 kN)x,

v

_ =556KN at 4 <

]Mfmx = 6.59 kN-m at C 4

PRdOPR_gETAIfY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. M
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PROBLEM 7.38
A ¢ DY i For the beam and loading shown, (a) draw the shear and bending-moment
T N diagrams, (b) determine the maximum absolute values of the shear and
[ bending moment.
—2m —*‘;*I.S m=~ =05m
SOLUTION
(a) FBD Beam: ~— ZF, =0 A =0
1Y N BRN Y SE =00 A, +(2m)(24 KN/m) — 48 kKN ~ 8 kN = 0
Sl [ D ’ ’
y T ® A, =8kN!
d ER 2OV .
e 2 e S e 0.5
(IM,=0: Mg+ (1m)(2 m)(24 KN/m) - (3.5 m)(48 kN)
~(2 m)(8 kN) =0, M, =152 KkN-m )
i2 Along AC: Fen
- t T
W 8 g x Lu’
(ien} 3 il
A2EIN e ©
m 1IF,=0: 8KN+x(24kNm)-V=0
V =8 kN + (24 KN/m)x
‘\ IM; =0: M+152KkN-m— x(8kN)- %(24 kKN/m)x =0
/52 -
M = (12 KN/m) x? + (8 kKN)x — 152 kN-m
Along DB:
!:l ¥ N
d
nelz
PIF, =0 V-8kN=0
V =8kN
( =My =00 M+x(8kN)=0, M =-(8kN)x

continued
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PROBLEM 7.38 CONTINUED
Along CD:

y 1R

« 5

R

v

YkN

D8 v

F =56 kN

1ZF,=0: ¥V -48kN-8kN=0,

( =My =00 M+ (x;—0.5m)(48 kN) + x (8 KN) = 0

M =24 kN-m — (56 kN)x,

(b) V] . = 56.0 kN along CD «

M| =1520kN-m at 4 <4
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10 b

o4, . PROBLEM7.39
e ‘D‘l’

E ;1: Cry I 1 I ~ For the beam and loading shown, (¢) draw the shear and bending-moment
L

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

g

1

1 10 in~

E«-J() in:—J, | 1
‘ Gin. Bin, 6in. 6 i
SOLUTION
(a) FBD Beam: by symmetry, C, =0, and
soolh B5vlb 10/(b
12 b/ iztbfn  C, =G, = L7212 1b/in) (10 in) + 2(100 Ib) + (150 Ib
¥
: & - b’ E‘ f'6 ! A . - 2
& e C,=G,=295Db]
Along AC:
12 Ib/in M
A )
ey
P3F, =0 —(12b/in)x -V =0
175
15 R V= —(12 %)x
"4 )
‘ (=M, =0: M+Z(121bin)x=0 M:—a(6£k)x2
-{zo s / ‘ 2 7 ’ in.
~175 Along CD:
12 bl M
. 5
4o . 2ol X
y / —— 2 —>
L
Uvin PEF, =0: - (121bn)(10in) +2951b-¥ =0
/ )
V=175T
=600 ~-600
( Mg =0: M+ (x=5in)(12bn)(10 in) - (x~10 in.)(295 Ib) = 0

M =-2350 Ib-in. + (175 Ib)x

continued
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PROBLEM 7.39 CONTINUED

Along DE:
/z/é//n too I
/0 (n T v"j
2a5lh ¥
e X i
YRR =00 —(12100n)(10 in) + 29516~ 100 bV =0, } =75 Ib

CZMy =00 M+ (x-16n)(100 Ib) - (x ~ 10 in.)(295 Ib)
+ (¥ = 5in)(12 Ibin.) (10 in.) = 0
M =-750 Ib-in + (75 Ib) x

Complete diagrams using symmetry.
® V] = 175.0 Ib along CD and FG <

|M|__ =9001b-in. at £ 4

FPROPRIETARY MATERIAL. © 2007 The McGraw-Hill Comp
or distributed in any form or by any means, without the
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PROBLEM 7.71

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

Eo:.unon
(@ (M =00 ~(Bm)OkN)-27 KN-m — (9 m)(12 kN) + (12 m) F
) TN o 1‘ +(16.5 m)(3KN) + 22,5 kN-m = 0
= Soa J3u{D s g 3w B Fy
e { fim* F=75kN
% g e

[ZF, =00 4, -9KN-12KN+ 75N +3KkN = 0
A, =105kN |

Shear Diag:

V' is piecewise constant, with jumps at 4, C, E, F, and B, equal to the
forces there.

Moment Diag:
M is piecewise linear with Jumps at D and B equal to the couples there.

M = (10.5kN)(3m) = 31.5kN-m

oy M =315KN-m + (L.5kN)(3 m) = 36.0 kN-m
M’D* =36kN-m+27kN-m = 63 kN-m
Mg = 63KN-m + (L5KN)(3m) = 67.5kN-m
My = 675KN-m - (105KN)(3m) = 36 kN-m
My =36 KkN-m - (3kN)(4.5m) = 22.5kN-m
Finally A drops 22.5 kN-m to zero at B
) From the diagrams, V], = 10.50 kN along AC and EF <

[M] o = 67.5KNm at E 4
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f::( ﬂJL) Eﬂ it

/Zavx <™

4‘ 2 kips it Sk PROBLEM 7.74
{‘ 1 c..Xp For the beam shown, draw the shear and bending-moment diagrams, and
A “" determine the maximum absolute value of the bending moment knowing
1 that (¢) P =7 kips, (b) P = 10 kips.
] . ! P
Fst 6f C of |
SOLUTION
(a) t 5F, = 0: 4. -(2kipsft)(8 ft) - 3 kips + 7 kips = 0
2bpe 3&733 A =12k :
o =2 =12 kips |
NZwann | r TS
N C ef B oew } (=M, =00 M+ (41)(2 kips/ft)(8 ft) — (14 i) (3 kips)
/ Bz 7kps ' ' :
i ~(20ft)(7kips) =0 M, =34kip-ft
™ Shear Diag:
./ £
Geops) BN I V jumps to 12 Kips at 4, then decreases at 2 kips/ft to —4 kips at C'to D.
- L‘;—J V drops 3 kips to ~7 kips from D to B and jumps 7 kips to zero. Note:
V =0 where 12 kips — (2 kips/ft)x = 0. x = 6 ft.
LN Moment Diag:
3 * in\ M jumps to 34 kip-ft at 4 and then increases with decreasing slope to
M i \\\ )
lop#7) 34 kip-ft + —;—(12 kips)(6 ft) = 70 kip-ft at £, and decreases by
%(4 kips)(2 ft) = 4 kip-fi, to 66 kip-ft at C. M then decreases by
(4 kips)(6 ft) to 42 kip-ft at D, and by (7 kips)(6 ft) to zero at B.
|M|_ =70kip-fi at £ 4
. P SF, =0: A, - (2kips/ft)(8 ft) - 3 kips + 10 kips = 0
®) ; A, =9kips
[P _zhkipe = ik/f_s ) ’
ekl | s U EM =00 Mg+ (4 £)(2 kips/t)(8 ft) + (14 t)(3 kips)
ﬁ, g [N -2 LT
i /”‘Lf“" ~ (20 £t)(10 kips) = 0 M, = 94 kip-ft ‘\
N Shear Diag:
(k\;sj T f\\ V jumps to 9 kips at 4, then decreases, at 2 kips/ft , to —7 kips at C'to D,
Tl—:o—v drops 3 kips to —10 kips from D to B and jumps 10 kips to 0.
Note: ¥ = 0 where 9 kips - (2 Kips'ft)x = 0, x = 451t
758
“ O
(lop£4)
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—2 n\——--J («-—‘2 n—- PROBLEM 7.76

20 kN

2 NS

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

!*—3 m

SOLUTION
(@ (=M, =0: (6m)B, - (1m)(20 KN/m)(2 m) - 24 KN-m
-(Sm)(20kNm)(2m) =0 B, =44 kN
20 kal/u 2 ’
I I
o Rt L | 5F = 00 4, - 2(20 KNm)(2 m) + 44 KN = 0
ol T T
. A, =36 kN|
4 F
ey TR T Shear Diag:
\ V jumps to 36 kN at 4, then decreases with slope —20 kKN/m to ~4 kN
-+ at C, is constant to £, then decreases with slope —20 kN/m to —44 kN

S at B.

Note: ¥'=0at F where 36 KN - (20 kN/m)x=0, x =18 m.

M
jq\/.,._.{)
Moment Diag;:
Starting at zero M increases with decreasing slope to %(36 kN)(1.8 m)
=324 kN-m at F, decreases by %(4 kN)(0.2m) to 32 KN-mat C,
then with slope —4 kN to 28 kN-m at D, where it Jumps to 52 kN-m,
M decreases with slope —4 kN to 48 kN-m at E, then with increasingly
negative slope by (4 +244 kN)(z m) to zero at B.
(®)

[M] o = 52 kN-m (at D) «
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/'n 92} o

PROBLEM 7.79 4
Solve Prob. 7.78 assuming that the 2-kip force applied at £ is directed

upward.

Problem 7.78: For beam 4B, (a) draw the shear and bending-moment

diagrams, (b) determine the location and magnitude of the maximum i 7
absolute value of the bending moment, R v J — i
St df TEn ﬁ).ﬂ/}“‘i/ (;
44}9‘4'&:;
SOLUTION Ac
(a) Note: The 2 kip force at £ has been replaced by the equivalent force and
o, coupleatC.
uélp/ﬂf 2 gt 7 . . 5 5 1 .
o Jort *J (EM, =00 —(6 ft)(1 kip/ft) (12 ft) + (12 ft)(2 kips) — 8 kip-ft
Y74 . . 11,. .
4 r24 Lb{;f/ ;:/" +(24f)D, - (32 ft)(1kip) =0 D, = 5 kips|
. . 1. .
> TZ@=0:,@—Ukmﬁﬂﬁﬂ)+2hm—~§Mm—IMp=O
3
22 .
A= 5 klpS]‘
!
Y 5 4 Shear Diag:
Gop) SN ] po) - 14
= e at 22 & g 14
E: Starting a 3 kips at 4, V decreases with slope —1 kip/ft to 3 kips

at C, jumps 2 kips and remains constant at —g kips to D, jumps %l—kips
and remains constant at 1 kip to B, drops to zero.
22 . . 22
V=0at F, where ?klp —(lkipft)x =0, x===fi.
3

Moment Diag:

Starting from zero, M increases with decreasing slope to

1122 . 22 .
—(-; klps)(—?’— ﬁ] = 26.889 kip-ft at F. M then decreases by
2

2
1/14 . 14 . . . .
AT kips 5 ft | to 16 kip-ft at C, jumps to 24 kip-ft, decreascs with

slope —~§— kips to -8 kip-ft at D, and finally increases with slope 1 kip

to zero at B.

(b) |M]_, =269 kip-ft at F(7.33 ft from 4) <
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