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7-1. If the beam is subjected to a shear of V = 15 kN, 200 mm
determine the web’s shear stress at A and B. Indicate the .
shear-stress components on a volume element located l'\
at.th§se points. Setiw = 125 mm. Show that the neutral 30 mm N A
axis is located at y = 0.1747m from the bottom and \\JJ/\/ 25 mm
Iy, = 02182(107%) m*.
A\
250 mm B
- 1/
30 mm w

- (0.015)(0.125)(0.03) +(0.155)(0.025)(0.25) + (0.295)(0.2)(0.03)
r= 0.125(0.03) + (0.025)(0.25) + (0.2)(0.03)

1—12(0. 125)(0.03%) + 0.125(0.03)(0.1747 —0.015)°

=0.1747m

+ é(OOZS)(O.ZSl) + 0.25(0.025)(0.1747 - 0.155)°

+ 1—'2(0.2)(0.03’) + 0.2(0.03)(0.295-0.1747)* = 0.218182(10°) m*

Ox = ¥Ay = (0.310-0.015-0.1747) (0.2)(0.03) = 0.7219 (10") m*
Os =yAs = (0.1747-0.015)(0.125)(0.03) = 0.59883 (10™*) m*

VO. _ 15(10°X0.7219)(10°%)

A = —

It 0.218182(10°)0.025)
_ V05 _ 15(10°X0.59883)(10°) _

= 1.99 MPa Ans

13 1.65 MPa Ans
It 0.218182(10°2)0.025)
=199 MPa
S S
7-2. 1If the wide-flange beam is subjected to a shear of 200 mm
V = 30kN, determine the maximum shear stress in the .
beam. Set w = 200 mm.
30mm TNy A
\\/J/\/ 25 mm
[
\4
0. ($om. .
{ | 250 mm B
0.062Sm
/
30 mm W

Section Properties:

I= 115(0.2)(0.310)3 - 1-2(0.175)(0.250)3 = 268.652(10)"° m*

Omax = ZFA = 0.0625(0.125)(0.025) + 0.140(0.2)(0.030) = 1.0353(10) m’

. Yo _ 30010)°(1.0353)(10)"°

Tz = = = 4.62 MPa Ans
It 268.652(10)7°(0.025)
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7-3.

If the wide-flange beam is subjected to a shear of

V = 30 kN, determine the shear force resisted by the web
of the beam. Set w = 200 mm.

-

0./55m ‘\ I

0./%5m,

410485

-
ax?
W

1= é(o.z)(omo)’ - 7‘2(0'175)(0'250)3 = 268.652(10)° m*

0= (‘£§;—f—y)(o.155 ~ )(0.2) = 0.1(0.024025 - y?)

= 30(10)(0.1)(0.024025 - y?)
! 268.652(10)-5(0.2)

y= [ da = 558343(10)° "7 (0.024025 - y*)(0.2 dy)
0.125

6 1 30155
= 11.1669(10)" [ 0.024025y — =y~ ]
3" o.12s
¥ = L457TkN
W, = 30 - 2(1.457) = 27.1kN Ans

¥4,

200 mm

g
30 :QJ./T A

25 mm

v
250 mm

B

If the wide-flange beam is subjected to a shear of
V = 25 kip, determine the maximum shear stress in the
beam.

Section Properties:

_l 3 __l 3y . 4
1 ‘Ti(g)(” ) 12(7)( 10%) =568.67 in

0., = IFA” = 5.5(1)(8) +2.5(1)(5) = 56.5 in’

Maximum S hear Stress: Maximum shear stress occurs

at the point where the neutral axis passes through the section
Applying the shear formula

l1in.
N

VO _ 25(56.5)
It 568.67(1)

T

max T

=248 ksi Ans
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7-5. 1If the wide-flange beam is subjected to a shear of
V = 25 kip, determine the shear force resisted by the web
of the beam.

Section Properties:

1 n_1 3 = 4
I= 12(3)( 12%) 12(7)( 10’) = 568.67 in

0=ZyA"=5.5(8)(1) +(0.5y +2.5)(5-y) (1)
=56.5-0.5y"

Shear Stress: Applying the shear formula

=2 2T Y g 484-0.02198y°
It 568.67(1)

Resultant Shear Force: For the web
| =J TdA
A

=j5:’ (2.484-0.02198y) (1)dy

= 23.0 kip Ans
7-6. The beam has a rectangular cross section and is made
of wood having an allowable shear stress of 7,5, = 1.6 ksi. N 4 kip
If it is subjected to a shear of V' = 4 kip, determine the

smallest dimension a of its bottom and 1.5a of its sides.

Section Properties:

= le(a)( 1.50)° =0.28125 4*

a
Qe = JA” = (0.375a) (0.756) (a) = 0.281254° /
Allowable Shear Stress: Applying the shear formula a
V aX
tm-x = Tnllow = '—QI‘:— 075‘/
16 < H0.281250°) A
~ 7 0.28125a*(a) 075a
a=1.58in. Ans
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7-7. The beam has a rectangular cross section and is made

of wood. If it is subjected to a shear of V = 4kip, and

a = 10in., determine the maximum shear stress and plot V =4kip
the shear—stress variation over the cross section. Sketch the

result in three dimensions.

Section Properties:

1 3N .4
I—E(IO)(IS ) =28125in /

Qe =FA=3.75(7.5)(10) = 281.25 in’ n. /

Maximum Shear Stress: Maximum shear stress occurs
at the point where the neutral axis passes through the section.
Applying the shear formula

VQnax
Tanx = T
_ 4(281.25)

=—"_ =0, 1=40.0 psi
2812.5(10) 0.040 ksi Opsi Ans

#7-8. Determine the maximum shear stress in the strut if
it is subjected to a shear force of V = 20 kN. 12 mm

60 mm
o
Section Properties: A
. . /f 12 mm
I = 35(0.12) (0.084°) - 173 004( 0.06%)
=5.20704( 10%) m* Somm 20T
0 =IyA" 20 mm

=0.015(0.08) (0.03) +0.036(0.012) (0.12) by

o 2
=87.84(10°) o’ e _0 : _m —1

= S —+A .0,
Maximum S hear Stress: Maximum shear stress occurs N ——— oo

at the point where the neutral axis passes through the section. 3,: 0015 m _[_003 m
Applying the shear formula 0-012 m

_VOnu

Th

_ 20(10°)(87.84)(10°%)
5.20704(10-%)(0.08)

=4.22 MPa Ans

T,

max
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7-9. Determine the maximum shear force V that the strut
can support if the allowable shear stress for the material is
Tallow — 40 MPa.

Section Properties:

1
I = 35(012) (0.084%) -715(0.04) (0.06%)
=520704(10°) m*

Cou =Zy'A’
= 0.015(0.08) (0.03) +0.036(0.012) (0.12)

i 5 g/ m
=87.84(107°) m’ oos6n| S

| M 0:93m

Allow able Shear Stress: Maximum shear stress occurs N i S A

at the point where the neutral axis passes through the section. T=0.05m 10‘03 m

Applying the shear formula lTo-OIZ m

0.& I
‘r = = ———VQ".“x am
max allow It
V(87.84)(10°¢
40(105)= (87.84)(10°°)
5.20704(10-¢) (0.08)
V =189 692 N = 190 kN Ans

7-10. Plot the intensity of the shear stress distributed over
the cross section of the strut if it is subjected to a shear force
of V.= 15kN.

12 mm

Section Properties:

_i 3y _ 1 3
by = 12(0.12)(0.0:;4 ) E(0.04)(0.06 )
=5.20704(10°°) m*

cr_ T 0.012m
i =y,’A”=0.036(0.012)(0.12) = 51.84(107°) w’ W Bz i O IW{"‘
Cnax =ZyA’ ’

+ A
Yizoasm i°'03 m

=0.015(0.08) (0.03) +0.036(0.012) (0.12) (f ] Tp.o/zm

=87.84(107°) o’ "‘Em"l

Shear Stress: Maximum shear stress occurs at the point
where the neutral axis passes through the section. Shear stress at
point A on the seam can be determined using the shear formula
with the web thickness of ¢, = 0.08 m and flange thickness of

t, =0.12 m. Applying the shear formula at these points

e o YOnu _ 15(10°)(87.84)(10°%)
=TT 5.20704(1075)(0.08)

=3.16 MPa Ans

VO, 15(10°) (51.84)(10°)
" = 3~ = Sai0acio 5y 00 - S MR Ans
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7-11. If the pipe is subjected to a shear of V' = 15 kip,
determine the maximum shear stress in the pipe.

Section Properties:

_ 130(0.025)(0.030625 - y*)
0.18177083(1072)(0.05)

= 10951.3 — 357593.1 y
V=[tdd da=005dy
0.175 2
= j (10951.3 — 357593.1y*)(0.05 dy)
0.025

0.175 3
= ["'7 (sa7.565 ~ 17879.66y") dy
0.025

= 50.3kN Ans

= "{(2.3‘ -2*) =9.4123 in* 7 23in
Qure = E7A’ 2in
_4[=2.3)]_ 4@ 2D v
3n 2 3In| 2
=2.778in’
) 23in.
Maximum S hear Stress: Maximum shear stress occurs zin
at the point where the neutral axis passes through the section. '
Applying the shear formula
= Ve 15QT) oy Ans
It 9.4123(0.6)
*#7-12. The strut is subjected to a vertical shear of
V' = 130 kN. Plot the intensity of the shear-stress distribu- M
tion acting over the cross-sectional area, and compute the 150 mm
resultant shear force developed in the vertical segment AB.
S50 mm
A
1 1 "
I= E(0.05)(0.35’) + o (0.3)(0.05°) = 0.18177083(10°) m* g lﬁnm
QOc = y'A" = (0.1)0.05)(0.15) = 0.75(10°%) m*
Op = ZJ./' " = (0.1)(0.05)(0.15) + (0.0125)0.35)(0.025)
= 0.859375(107°) m’ -
vo §=0im ‘%n'm
T = —I—-t— Q _, 50 mm
13010°)(0.75)(10°%) do=aoizsm 150 mm
(Tck = 005m = = 10.7 MPa
0.18177083(1073)(0.05)
130(10°)0.75)(10°2
(Tck = 035m = QCIOTU0T) 1.53 MPa
0.18177083(10-3)(0.35)
1 1 3 ) -3
. 30(10°)(0.859375)(107°) = 176 MPa 107 B
0.18177083(10-%)(0.35) A 07 M.
N 7 7/
A = (0.05%0.175 - y)
-, ©0.175 - y 1
=y —— T = 2 (0175 +
y > 3 ( »
0 = ¥y A" = 0.025(0.030625 - y*) N
0-175m
W
- e x f
It A
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7-13. The steel rod has aradius of 1.25in. If it is subjected to
a shear of V' = 5 kip, determine the maximum shear stress.

3z 31 3n

=12 = 1pa2s = 0610351 & 7
a p N A
B

0=y = > FL2) 3600833 in’

3n 2

3
e = 22 2 JUONA3020833) e i = 136ksi  Ans
1t 0610351 (%) (2.50)

7-14. If the T-beam is subjected to a vertical shear of

V = 12 kip, determine the maximum shear stress in the \in.
beam. Also, compute the shear-stress jump at the i

flange—web junction AB. Sketch the variation of the shear-
stress intensity over the entire cross section.

Section Properties:

=24 _ 20D+ 3301
=1 12(3) + 4(6) 330in

agl

1
I = 512 (3°) +12(3)(330-1.5)’ N

1 3 _ 2
+B(4)(6 ) +4(6)(6-3.30)
=390.60 in*

Ouux =7, A" =2.85(5.7)(4) = 64.98 in®

O =y A= 1.8(3)(12) = 64.8 in®

T8
vo §i=285in.
Shear Stress: Applying the shear formula 7= " —
14 12(64.98
Tou = Vnix = J2(64.98) = 0.499 ksi Ans
I 390.60(4) .
0.160 kst

0-498 ksc

(rw)f=—=-——=0.l66ksi Ans

(Tyglw = —— = =———— =0.498 ksi Ans
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7-15. If the T-beam is subjected to a vertical shear of

V = 12 kip, determine the vertical shear force resisted by in.
the flange. j3 i

B 6 in.

Section Properties:

;o DA _L5UD3)+6(4(6) _ 40 F /
T e v
V =12 kip

1
I = 5(12)(3°) +123)(330-1.5)°

1 3 _ 2
+E(4)(6 ) +6(4)(6-3.30) 2in.

=390.60 in*
" ] 3in.
Q=yA"=(1.65+0.5)(3.3~-y) (12) = 65.34 - 6y* N A
6in.
Shear Stress: Applying the shear formula
+in.

oo Ve _12(6534-6y?)
I 390.60(12)

=0.16728 - 0.01536y° 12/n. ‘

Resultant Shear Force: For the flange

V,=J TdA .
A g=/-b5*0'5;»
3.3in
=I° . (0.16728-0.01536y*) (1249)
=3.82kip Ans
#1-16. 'The T-beam is subjected to the loading shown. 20kN S KN/
Determine the maximum transverse shear stress in the m
beam at the critical section. o

k—2m ! 2m 3m—

Support Reactions: As shown on FBD.
Internal Shear Force: As shown on Shear diagram, k/\/ . AN 100 mm
V... = 24.57kN. z0 ssr=2t 4
U
Section Properties: = L ety 100 mm 20 mm
| |
__ZyA _0.01(0.1)(0.02) +0.07 (0.1)0.02) 2m | 35m  Tism 20 mm
Y R 0.1(0.02) +0.1(0.02) 19.43 Kk 2457 ki
=0.0400 m V(KA’)
. 1943
Iua = 35(0.1) (0.02°) +0.1(0.02)(0.0400-0.01)°
1
+73(0:02) (0.1°) +(0.02)(0.1)(0.07 - 0.0400)° * T xom)
° 2=05]1
=5.3333(10°°) m*
Ouuax = F'A” = 0.04(0.02)(0.08) = 64.0( 107°) m’
; (0.02)(0.08) = 64.0(107°) m 2457
Maximum Shear Stress: Maximum shear stress occurs
at the point where the neutral axis passes through the section. |-0—/m——{
Applying the shear formula oo2m
Toax = VOnix o08m| /™
It
24.57(10°)64.0(10°%)
= =147 MP A
5.3333(10-¢) (0.02) 2 ns
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7-17. Determine the largest end forces P that the member P P
can support if the allowable shear stress is 7,0y = 10 ksi. 200 Ib /ft
The supports at A and B only exert vertical reactions on the l i
beam. l YVYY YyVY |
e A
3ft —» 6 ft »e— 3 ft

Support Reactions: As shown on FBD.
Internal Shear Force: As shown on Shear diagram, V,, = P.
Section Properties:

m - 2.75(2.5)(3) +0.75(6)(1.5) = 1.6591 in.
A 2.5(3)+6(1.5)

ha = 1_12(3)( 2.5%) +3(2.5)(2.75- 1.6591)°

P —00(@)=/200 /b

p
i |

+ é(s)( 1.5%) +6(1.5)(1.6591-0.75)°

=21.9574 in*

Oue = JA” = 1.17045(2.3409)(3) = 8.2198 in’ 34t I afe T 3ft l 3t

Pt600 P+600

¥

Allowable Shear Stress: Maximum shear stress occurs V()
at the point where the neutral axis passes through the section.
Applying the shear formula d
600
= VQnux \. N
Tamax = Tallow = -l_t— ) 3 é\, i X(}t,
_ P(8.2198) -600
T 21.9574(3) -P
P = 80.1 kip Ans

7-18. If the force P = 8001b, determine the maximum P P
shear stress in the beam at the critical section. The supports l 200 Ib /tt i

at A and B only exert vertical reactions on the beam.

Y

3ft —» 6 ft »e— 3 ft
Support Reactions: As shown on FBD.

Internal Shear Force: As shown on Shear diagram,
Voux =800 1b.

Section Properties:

=1.6591 in.

>y 2.5(3)+6(1.5)

1
ha =5 3(25°) +3(2.5) (275~ 1.6591)’

+1—12(6)( 1.5%) +6(1.5)(1.6591-0.75)

L
3f¢ | 3t T3fe [ 3f¢ |

i 4
=21.9574in 400 1b 400 )b
Ouny = J'A” = 1.17045(2.3409)(3) = 8.2198 in’ vcie)
. 8oo
Maximum Shear Stress: Maximum shear stress occurs %0
at the point where the neutral axis passes through the section.
Applying the shear formula - 5 A 3 xXde
2
\ o 800(8.2198) . -
= lEme T =998psi  Ans - 600
fau =T T 21957403) pst 800
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7-19. Plot the shear-stress distribution over the cross
section of a rod that has a radius c¢. By what factor is the
maximum shear stress greater than the average shear stress

acting over the cross section? x=yfct -y, I= £c4
1=2x=2/c2 -y ”
)+ 1_c'l.
dA = 2xdy =2/ -y dy P I

dQ = yih = 29/ = Y dy §T7 ¥ 4

- < 2 3 € 2 2 - A
y 0= [o/F=Fdy = -3 N = 5 - \/

= o _ ___—__v[g(cl-,ﬂ)i] = _.4.V_(cz -y

)
It ;C‘)(l h.z_y:) 3xct

4V
y a~ 7 ((‘-;’)
The maximum shear stress occur when y = 0
_ 4V
Fax = 3xc? .
AV
v_ v 3
v
The factor = ~=2 = = 4 Ans
Tavg =1 3
*7-20. Develop an expression for the average vertical
= =2/ -
component of shear stress acting on the horizontal plane dA =2dy = 2/ct -y dy
through the shaft, located a distance y from the neutral axis. ) ,
0= fyda= 29/ P ay= g(c2 -y
y
1= -’-‘c‘; t = 2((:2 - yz)%
4
2, 2 H
Lo Yo VB -
===
Itz - )
av(c? -
= _(f—yzl Ans
3mct
Also,
5= 2esinbg 2 — 2 ccos 0 (1)(2csin B)(ccos 6)
Ve
7
X’-,?I,Ca _ 2c%sin @ - 2¢? sin  cos’0
d 34
x
a2 03 2 233
c Q—yA—Sc smO(l—cosG)=§csm0
| .
I1=-nc", t = 2csin 8
4
4 LoV VGsin’ o) 4vsin’ 6
) P It }ac*(2csin 6) 3mc?
y m y=¢ cos®
< e 7
sin @ =
c
4V - 4V(c? -
-yl -y Ans

Therefore, T =
3mc? 2 3wt
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7-21. Railroad ties must be designed to resist large shear
loadings. If the tie is subjected to the 30-kip rail loadings
and the gravel bed exerts a distributed reaction as shown,
determine the intensity w for equilibrium, and find the
maximum shear stress in the tie.

30 kip 30 kip

Egquations of Equilibrium: 30kip T T T T T T T T T/T)//
154y rsft ) 15t I5ft W
+TIE =0, 450w-30-30=0 = = - = =151t 3 15 ft—
w=13.33 kip/ft=13.3kip/ft  Ans ﬁ
Internal Shear Force: As shown Vaax = 20.0 kip. \\\______‘[______/"/ ;fn
s
Section Properties: W g W L8 in#
. V(Kip) '
i =1;®(6) =144in* 20.0
10.0
Quux =7A" = 1.5(8)(3) = 36.0 in’
/5 4.5 ‘?‘—XGC
¢
Maximum S hear Stress: Maximum shear stress occurs I
at the point where the neutral axis passes through the section. -/0-0
Applying the shear formula 200
_ VOnux gin.
Tmu = It l e .
20.0(10%)36.0 Tf/-si - 2 ER
= — = A
134(8) 625 psi Ans N}:E 3,
7-22. The beam is subjected to a uniform load w. Deter- o
mine the placement a of the supports so that the shear stress T M __l»____ [
in the beam is as small as possible. What is this stress? A T o
Require,
Wk Pat
z z
w w(; —-a) =wa =
[W(5-~ P
IRRREERRNERRRNE S
i _ D Id a= L Ans 1\ \|
Je J S o 4 R wi(k-2)
. a 4.{ }— a b
L | V=wa
VQ _ w(L/4)(dia)b)d/2) 3wl
= T RO sd
12
7-23. The timber beam is to be notched at its ends as . w 2200
shown. If it is to support the loading shown, determine the s /6 zT’
smallest depth d of the beam at the notch if the allowable ) L 1 1 .
shear stress is T,y = 450 psi. The beam has a width of 8 in. T 1
Spyob sva0h
5000 1b
2500 b l 2500 1b V=50001b
o | |
il T ) 450 S000AXAI2(8) _@ _FA A
| 3/ I I’ N OIRG) 4,
|F4ft l—— 6 ft l—— 6 ft L 4ft%|
d=208in. Ans
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*7-24. The beam is made from three boards glued
together at the seams A and B. If it is subjected to the
loading shown, determine the shear stress developed in the l a l l
glued joints at section a—a. The supports at C and D exert
only vertical reactions on the beam.

S kip S kip S kip

LS hip
5 ™ Cc a D
75kip ki Aft Y R —y —
1.5ft 1.51t
6 in.
1= Lear) - Lo = w483’ ,
12 12 1.5 in. 4
O = 0 = 74 = (4 + D)6)15) = 42751 A4
0 2 8in. —{ ~2in.
Vi
T= = v /# g
¢ 1.5in.
=T = 2.5(10°)(42.75) _ 108psi  Anms -t
L 494.83 (2)
7-25. The beam is made from three boards glued together . . .
.. . . S kip S kip S kip
at the seams A and B. If it is subjected to the loading shown,
determine the maximum shear stress developed in the l a l l
glued joints. The supports at C and D exert only vertical
reactions on the beam.
Vaoax = 7.5 kip (at C or D) C a D
_ 1 3_ 1 3 _ 4
I= 1—2-(6)(11) —5(4)(8) =494.83 in 41t \ 3 ft —= 4t —
B s L5ft 151t
Ou=0p=Yy w=(4+_2'—)(6)(1.5)=42.75m3 4 Sin.
3 1.5 irl._ WA .,
tA=tB=—Viz:w=324psi Ans ¢ f \_/Jy'
1 494.83(2) 8in. o e 2in;
v v —
o B
15in. 1
7-26. The beam is made from three boards glued together 5 kip 5 kip 5 kip
at the seams A and B. If it is subjected to the loading shown,
determine the maximum vertical shear force resisted by the a
top flange of the beam. The supports at C and D exert only
vertical reactions on the beam.
G
= i C a D
Var =75kip  (atCorD) I o
1 3 1 3 4 T
I= 260117 - = @)®8) = 49483 in F 41t 3t 4ft —
12 12 } 4[5S 15ft 151t ‘
F —I A 1 6in.
A 1.5 irl._ '
VO 1.5010°)5.5- N(O)N(55+y)/2] 2 ' f —
=2l 2 IO =7.57836(30.25-y°) 8 in. B
It 494.83(6) : : —
. /r B
F =[**7.57836(30.25 - y* )6 L5in.
4

55
= 45.4702(30.25y - %y’) , =S12b  Ans

360




© 2008 by R.C. Hibbeler. Published by Pearson Prentice Hall, Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all
copyright laws as they currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

7-27. Determine the shear stress

at points B and C

located on the web of the fiberglass beam.

200 Ib /ft
150 1b /ft —
LUV ) ey
[ T/ ]
‘i‘; = i& /5006)=9001b  $1240(6)=6001b
L S S T
i R i 3 ~
3t 3ft 6 ft
‘ 2ft 1 L
g 7t T e
Support Reactions: As shown on FBD. 8785716 62143 1b
Internal Shear Force: The shear force at section a—a,
V,_,=428.571b. 3050)24501b
- Vi-a 42857 16
Section Properties: H 1
IMao.
1 1
a=5®(1.5) - 53.5(6") =77.625in’" 3t
878.57 16
Qc =y'A’ = 3.375(4)(0.75) = 10.125 in® din. 075, |.__4_"'" |
Y 4
[ob= i B o075
13 1 in. -/ =
Shear Stress: Applying the shear formula 0sin-H_p ¢ y-—j-S]sm‘ c s
k-
VO 4ia 075
Ty = T¢ = ——
It 05— fe— 3in.
_ 428.57(10.125) =112 psi Ans )
= 77es0s P 1 e75in
#7-28. Determine the maximum shear stress acting in the
fiberglass beam at the critical section.
200 1b /it
150 1b /ft R Support Reactions: As shown on FBD.
| l l l l l l i l I N\FV\W\ , Internal Shear Force: As shown on shear diagram,
l V... =878.571b.
Ag .
Section Properties:
‘ 6 ft - 6 ft ‘ 1 1
! YT ‘ b =50(7.5°) - 53.5(6") =77.625 in*
41in. i o,
0;7j5 in. Ours =55
S =3.375(4)(0.75) + 1.5(3)(0.5) = 12.375 in’
o
0.51in.- " Maximum Shear Stress: Maximum shear stress occurs
‘F\ at the point where the neutral axis passes through the section.
- | Applying the shear formula
4in 0.75 in
fmu = VQ;n.x
t
150(4)29001  $1eg0)b)=600lh 878.57(12.375)
-~ = —————— =280 psi
s et T Ry 77.625(0.5) pst Ans
¥ 1 ! ~.
o J
3pc 77 T #fe in
7.
878:5716 62143 14 —1 .
V(i) , 075!
&78.57 33]5in. 3in.
5 e ¥ xqgu Gl L osin) 377
~d43 o.75/n
-+
62143
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7-29. The beam is made from three plastic pieces glued 200 Ibft
together at the seams A and B. If it is subjected to the
loading shown, determine the shear stress developed in the l l l l l l l l l l l l l

glued joints at the critical section. The supports at C and D
exert only vertical reactions on the beam.

C D
i 8 ft
20008) =/600 Ib 8 in-
.. [° 18
Support Reactions: As shown on FBD. , ] m'j— A
o 4 i 8in. — 2 1n
Internal S hear Force: As shown on shear diagram, | —
Viux = 800 Ib. L "B
max 4ft | 4'ff
Section Properties: 8oolb
_1! 3 1 3\ _ .4
Lia —E(S)(lz)—ﬁ(6)(8)—896m V(ib)
8o
0, =7A’=5(8)(2)=80.0in’
°
Shear Stress: Applying the shear formula +
-800
VQ,  800(80.0) .
= =~ =135, A
A T 396(2) 35.7 psi ns
7-30. The beam is made from three plastic pieces glued 200 Ib/ft
together at the seams A and B. If it is subjected to the
loading shown, determine the vertical shear force resisted
by the top flange of the beam at the critical section. The
supports at C and D exert only vertical reactions on the ; ;
beam. C D
i 8 ft
. ' r‘8 in--
Support Reactions: As shown on FBD. h—s—L‘{_}_ 2 m'jf A
. ey 8in. — L 2in.
Internal Shear Force: As shown on shear diagram, 7‘3'0'5} 'a' i '
Vo = 800 Ib. 2 in; 'B
Section Properties:
)/ ——1-(8(12’ ! ) =896 in*
i = 5®(12°) -5 (6)(8) =896 in
200(8) =/600 b
Q=7A"=(3+0.5y)(6-y)(8) = 1444y’
Shear Stress: Applying the shear formula |; - }
S J I
r= Y2 B0 6 071- 04464 A
It 896(8) 30 &oolb Boolb
Resultant Shear Force: For the flange
V(ib)

|§=JArdA

b0 \
Sin 8
= jm (16.071-0.4464y*) (8)dy \i XGp

=762 Ans

~800
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7-31. Determine the variation of the shear stress over the
cross section of a hollow rivet. What is the maximum shear
stress in the rivet? Also, show that if »;,—r,, then

Tmax = Z(V/A)
1
Geometry : Using the equation for a circle, x = (1 —yz) I

no_

5 =X TX

6 =2(x,-x,) = 2[( r -yz)% _(,,?_yz)%]

4 =2x, =2(’3—y2)

Section Properties:

n
=201

For0sy <r

Q=JA ydA
=I"'Ytldy '*'I"')’fzd}'

Nt L 1 ’o 1
=J 2y[(r3-y2)'—(r,-’-y’)’]dﬁf y(n-y')'d
2, 2 2y3 23" ‘z i
=517y + (7 -5) ]I +[-(fa-y ) ], }
y N
2, 2 23 2 2\3
(G CEY
Forr, <y <7,
ic " 1t 2 2 23
0= yaa=] y!zdy=j 2y(r-y") dy=-[(',—y) ]
A y y 3
. Vo
Shear Stress : Applying the shear formula t= I
ForO0sy <

Mez-yi-z-i)
i(r-n) (2)[<rz -y - (7 —yZ)%]

T=

V| B-yi-2-yi
3” (’:".-‘)[(r.2 -y)i-(n? -,vz)%]'

Ans

¥

2

Forr, <y <,

%V[('f-yz);]

(=) @D (2-y»)}

_Av(ri-y? A
=3 _r-:-r;‘ ns

The maximum shear stress occurs at y = 0. Hence,

L4 n-r
max Ix (r;‘—ri‘)(ro—r‘.)

However, r: -ri’ = (,-z +r,r, +’.'2) (ro-1) then
AV 2 +rr+r?
rmu=3_ 2o 1 Ans
T (r-n

Substitute A = (73 = r?) inw t,,,, . This yields

Toax = T = —
"5 () (- | 3| (2 o)

4V[ Rtrytr ]4V[rf+r,n~+rf]

V(3R (v
Ta = 5(2—&]— 2(;) (Q.E.D.)
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#7-32. The beam has a square cross section and is
subjected to the shear force V. Sketch the shear-stress
distribution over the cross section and specify the maximum
shear stress. Also, from the neutral axis, locate where a crack
along the member will first start to appear due to shear.

Section Properties:

. 142
el e[ .
. Ty

AN
z
ki

A
=T ~
}
w2 Y d
O=yA=|-y+¥ |¥2, )
2 2 2
=[-y?+‘l/—:ay +12Jt
, - Shear Stress: Applying the shear formula
=E(-4y2+ﬁay +a1)
vt (-ay2 2
. =l;_Q=4[1—2-( 4y?+[2ay +al]
3 It =
1 4 7) (O
1=2—(ﬁa) -J—Ea =i v (12)
12 2 12 =_(_4 2. /2 2
= (-4 +V2ay+d’)
Maximum Shear Stress : The crack will appear first where the
dr
—=0.

maximum shear stress occurs. For t= 7,,,, 7
y

/2

d \4
.E;:;(-Sy+ﬁa)=0 y=—8—a Ans

Hence, the maximum shear stress is

S R WATA W

at 8 8a?

When y = 0; T= —
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7-34. The beam has a rectangular cross section and is
subjected to a load P that is just large enough to develop a
fully plastic moment M, = PL at the fixed support. If the
material is elastic-plastic, then at a distance x < L the
moment M = Px creates a region of plastic yielding with
an associated elastic core having a height 2y’. This situation
has been described by Eq. 6-30 and the moment M is
distributed over the cross section as shown in Fig. 6-54e.
Prove that the maximum shear stress developed in the
beam is given by Tp.x = %(P/A’), where A’ = 2y’b, the
cross-sectional area of the elastic core.

Force Equilibrium: The shaded area indicates the plastic zone.
Isolate an element in the plastic zone and write the equation of
equilibrium.

-‘-n:a =0, TioA2+0yA, ~0yA; =0

rlon =0
This proves that the longitudinal shear stress, Tj,,, . is equal t0 zero.
Hence the corresponding transverse Swess, T,ry,4» iS also equal to
zero in the plastic zone. Therefore, the shear force V = P is carried
by the material only in the elastic zone.

Section Properties:

1 2
Iy = E(b)(z)")’ = SbY',

Oz =VA -—z-(y')(b)- )

P
X

Plastic region v

RRE

2y h

R aans

o L
Elastic region

0
0y
AV=T,., A,
S —L
Ab
\AI/
1NV
ul

Maximum Shear Stress: Applying the shear formula

VO, V(%) _3p
e It (3y7) (1) aby’
However, A’=2by’ hence
3P
max = W (Q.E.D.)

7-35. The beam in Fig. 6-54f is subjected to a fully plastic p
moment M,,. Prove that the longitudinal and transverse .
shear stresses in the beam are zero. Hint: Consider an Plasti ) ﬂ
element of the beam as shown in Fig. 7-4d. astic region

St

2y h

pEan
Force Equilibrium: If a fully plastic moment acts on the cross /b k L
section, then an element of the material taken from the top or botom Elastic region
of the cross section is subjected to the loading shown. For
equilibrium o

Y
DEE=0;  OyA; +T0,Ay - OyA, =0 g —
Tioag =0 aV:Tion Az %
0 = =
, . Y 7 Gy 7

Thus no shear stress is developed on the longitudinal or transverse ;] Az v

plane of the ¢lement (Q.E.D.)
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#7-36. The beam is constructed from two boards fastened
together at the top and bottom with two rows of nails
spaced every 6 in. If each nail can support a 500-1b shear
force, determine the maximum shear force V that can be
applied to the beam.

2 in.

2 in.

Section Properties:

I PO
I= 12(6)(4 ) =320in
Q=yA'=1(6)(2) =12.0in*

Shear Flow: There are two rows of nails. Hence, the allowable shear
2(500)

flow g = = 166.67 Ib/in.
Vi A O
a= _IQ Y- in T}
N
166.67 = v(20
32.0
V=4441 Ans

7-37. The beam is constructed from two boards fastened
together at the top and bottom with two rows of nails
spaced every 6 in. If an internal shear force of V = 600 Ib is
applied to the boards, determine the shear force resisted by
each nail.

Section Properties:

1
1= 1—2(6)(4’) =320in*
Q=yA =1(6)(2) =12.0in*

Shear Flow:
VQ 600(12.0) )
—T——S-E——HS Ib/in
There are two rows of nails. Hence, the shear force resisted by
each nail is
225 Ib/in.
F=(‘-2’)s=(-—2-ﬂ)(5m.)=675 Ib Ans
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7-38. A beam is constructed from five boards bolted
together as shown. Determine the maximum shear force
developed in each bolt if the bolts are spaced s = 250 mm
apart and the applied shearis V = 35 kN.

Section Properties:

__ZjA _ 0.175(0.075)(0.35) +0.325(0.25)(0.05)
Y 0.075(0.35) + 0.25(0.05)
=02234m

1
o = 3(0075) (035) +0.075(0.35)(0.2234-0.175)*

1
+35(009) (0.25%) +0.05(0.25)(0.325 - 0.2234)’
= 0.5236 (107") m*

Q = A’ =0.1016(0.05)(0.25) = 1.2702(10”) m’

Shear Flow:

There are four shear planes on the bolt. Hence, the shear force resisted
by each shear plane of the bolt is

4.
F =G)s = (“O#“)w.zs m)=531kN  Ans

7-39. A beam is constructed from five boards bolted
together as shown. Determine the maximum spacing s of
the bolts if they can each resist a shear of 20 kN and the

\ 5
applied shearis V = 45 kN. 2 m11215 mm_ g
N 250 mm

N 100 mm
Section Properties: !
=
_ ZyA 0.175(0.075)(0.35) +0.325(0.25)(0.05) EE -
y = — = \_
ZA 0.075(0.35) +0.25(0.05) s= 350 mm
=02234m L
I = %(0.075)(0.35’) +0.075(0.35)(0.2234-0.175)*
+ _l.(0‘05) ( 0.25’) +0.05(0.25)(0.325 - 0.2234 k{
12 }x{ 25 mm
_ -3, 4
= 0.5236 (107°) m 25 mm
25 mm

0 = A’ =0.1016(0.05) (0.25) = 1.2702(10*) m®

Shear Flow: Since there are four shear planes on the bolt, the
4(20)(10°) _ 80(10°)

allowable shear flow is g = _ —

s s g-o/o/éml
q= Ye _ " 0-35m

1 Yroa234m

80(10%) _ 45(10%)(1.2702)(1073)
s 0.5236(107%)
- f-o0-025m
§=0.7329 m = 733 mm Ans
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*740. The beam is subjected to a shear of ¥V = 800 N.
Determine the average shear stress developed in the nails
along the sides A and B if the nails are spaced s = 100 mm
apart. Each nail has a diameter of 2 mm.

- 0.015 (0.03)(0.25) + 2 (0.075)(0.15)(0.03)
0.03(0.25) + 2(0.15)(0.03)

1
13©025%0.03°) + (0.25)0.03)(0.04773-0.015)°

=0.04773 m

~
[}

1
+ (2)(E ) (0.03)(0.15%) + 2(0.03)(0.15)(0.075 — 0.04773)*
= 32.164773(10 ) m*

Q = y'A’ = 0.03273(0.25)(0.03) = 0.245475(10"*) m’

g = Yo _ 800(0.245475)(10°%)

1 32164773106 010544 N/m _HJ 7 0. 03273 m

F = gs = 6105.44 (0.1) = 610.544 N

Since each side of the beam resists this shear force then

7-41. The beam is fabricated from two equivalent
structural tees and two plates. Each plate has a height of 6 in.
and a thickness of 0.5 in. If a shear of V' = 50 kip is applied
to the cross section, determine the maximum spacing of the
bolts. Each bolt can resist a shear force of 15 kip.

Section Properties:

1 1
ha=53(9) -5 @9 (¢)

1 1
-E(O.S)(z’) +E(l)(6’)
=93.25in*

0=ZyA"=2.5(3)(0.5) +4.25(3) (0.5) = 10.125 in’

3in
Shear Flow: Since there are two shear planes on the bolt, the _ 05in.
2(15) 30 ssinf
allowable shear ﬂowisq=_(_l=__. . 5in. sin
o Joasn AEL
Gozsin | -3
Vo lin
q= - lin
—3in-
30_50010.125) s’
s 93.25 ?a-sm.
§=5.53in. Ans o:5in.
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7-42. The beam is fabricated from two equivalent
structural tees and two plates. Each plate has a height of
6 in. and a thickness of 0.5 in. If the bolts are spaced at
s = 8in., determine the maximum shear force V that can
be applied to the cross section. Each bolt can resist a shear
force of 15 kip.

Section Properties:

1
ha =53 (9) -%(2.5)(8’)

1
-5 ©9(2) +%(1)(5’)
=93.25 in*

Q=ZyA"=25(3)(0.5) +4.25(3) (0.5) = 10.125 in®

Shear Flow: Si 3in
ear Flow: Since there a;e two shear planes on the bolt, the }'—-l’ 1.
2019 » —_— —os5in.
allowable shear flow is g = 5= 3.75 kip/in. 05
%;’429;?!. o -l-\_i;—’—lﬁm
140 1‘:"2'5"" 7in
q9=— :
7 Lin
V(10.125) | 1 —3in.
3.7 5= —————2 -
93.25 < |3in
—osin
¥=34.5kp Ans o5l
7-43. The double-web girder is constructed from two
plywood sheets that are secured to wood members at its top 77 2in
and bottom. If each fastener can support 600 Ib in single .' P
. . . B 2 in.
shear, determine the required spacing s of the fasteners
needed to support the loading P = 3000 1b. Assume A is —f5}—
pinned and B is a roller. 10'in. e
\SV Aft— 4t ﬁ\
2 in.
S {2in.
Support Reactions: As shown on FBD. 6 in.—
0.5in.  0.5in.
Internal Shear Force: As shown on shear diagram,
V. = 1500 Ib.
3o00 16
Section Properties:
1 3 l ) . 4
Lo =—=(N(18) -—=(6)(10") =2902 J
= (MUE) -6 (10) “ T
15001 150016
Q=yA =7(4)(6) = 168 in’ Vi)
) is00 sin.
Shear Flow : Since there are two shear planes on the bolt. the 8 G
2(600) _ 1200 5 s xd 1.,
allowable shear flow is g = (e0m _ 1290 7 4.
5 5 by . 2
T
1200 _ 1500(168)
s 2902
s=13.81n. Ans
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*7—44. The double-web girder is constructed from two

plywood sheets that are secured to wood members at its top e 2 in.
and bottom. The allowable bending stress for the wood is = 2 in. p
Taow = S ksiand the allowable shear stress is 7,05 = 3 ksi. i
If the fasteners are spaced s = 6in. and each fastener can —1sh—
support 600 Ib in single shear, determine the maximum load 10 in. %w
P that can be applied to the beam. A R B
PP \%‘F Aft— 4 ft ﬁl\
ol J2in
S | 2in
—{F—6in.
0.5in.  0.5in.

Support Reactions: As shown on FBD.

Internal Shear Force and Moment: As shown on shear and
moment diagram, V,,, = 0.500P and M, =2.00P.

Section Properties:

P
1 1 .
I = = (D (18%) = = (6)( 10’) =2902in* l
12 12 r
1 J
Q=73A"=7(4)(6) = 168 in’ PR
Qe = EFA" = 7(4)(6) +4.5(9) (1) = 208.5 in’ 0P osF
v
Shear Flow: Assume bolt failure. Since there are two shear planes
) 2(600) . o5P
on the bolt, the allowable shear flow is ¢ = =200 Ib/in. P
= 1)
4
q= —‘fg -0-5pP
! M
200 = 0.500P(168) Z0p
2902
P=69101b=6.91 kip (Controls!) Ans 3 } 3 Xt
4
Shear Stress: Assume failure due to shear stress. ofin o5in
’ '6; . 9o
e L
o =t = Cm Te:
max allow It —F -i:,n,,
7.
3000 = 0.500P(208.5) ?‘ 5.
T 2902() 5 —
P=22270 b = 83.5kip U=45in sin.
—]..__
Bending Stress: Assume failure due to bending stress. n
Mc
Omax = Cullow =
2.00P(12)(9)
E ANl A A
8009 =290
P =107 ksi
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7-45. The beamis made from three polystyrene strips that

are glued together as shown. If the glue has a shear strength 30 mm
of 80 kPa, determine the maximum load P that can be — P
applied without causing the glue to lose its bond. 1 1
4 4
20 mm
. . 60 mm i
Maximum shear is at the supports. A : : B
l | | | 1
3P
Vaus = 40mm LO.8m’L—1m#ﬁlm~J¢0.8mJ

1= ]15(0.02)(0.06)3 +2[ ;‘E(o.os)(o.m;)’ +(0.03)(0.04)(0.05)*] = 6.68(10 *)m*

(3P/4)(0.05)(0.04)(0.03)
6.68(1076)(0.02)

=72, 000" =
n

P=238N Ans

7-46. The beam is made from four boards nailed together
as shown. If the nails can each support a shear force of
100 Ib., determine their required spacings s’ and s if the
beam is subjected to a shear of V = 700 Ib.

S W

=
=ams

Section Properties : y
g
- ’ B
y_=E_A___0.5(10)(l)+1.5(2)(3)+6(l.5)(10) P 15in
A 10(1) +2(3) + 1.5(10) F
=33548in
1
I = (10 (17) +10(1)(3.3548-0.5)?
1
+52(3°) +23)(3.3548-1.5)°
1
+ E(1.5)( 10°) +1.5(10) (6 - 3.3548)*
=337.43 in*
0, =7,’A" = 1.8548(3) (1) = 5.5645 in®
G =y;'A"=2.6452(10)(1.5) = 39.6774 in’
Shear Flow : The allowable shear flow at points A and B is
100 100
Qs = e and g5 = v , respectively.
v 14
du = TQ 9% = T%
100 _ 700(5.5645) 100 _700(39.6774)
s 33743 s 337.43
s =8.66 in. Ans s'=12Lin. Ans
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7-47. The beam is fabricated from two equivalent
channels and two plates. Each plate has a height of 6 in. and 12 in. /T
a thickness of 0.5 in. If a shear of V = 50 kip is applied to

the cross section, determine the maximum spacing of the
bolts. Each bolt can resist a shear force of 15 kip.

Section Properties:

1
I =E(12)( 10°) -é(n)(c)’)

1 3y, 1 3
E(1)(2 )+E(l)(6 )
= 349.0833 in*

0 =35°A’=2.75(1)(3.5) +4.75(12) (0.5) = 38.125 in’

150)_ % ;

Shear Flow : The allowable shear flow is g = ) 1
s %,=Z»75m.

[3in.

_vo
=3
30 50(38.125)

s 349.0833

s=5.49in Ans

7-50. The strut is constructed from three pieces of plastic
that are glued together as shown. If the allowable shear
stress for the plastic is 7,0 = 800 psi and each glue joint
can withstand 250 Ib/in., determine the largest allowable
distributed loading w that can be applied to the strut.

a 1in.
-y gy ‘

3in

- an 8ft 4 1
A

A 20 s

Support Reactions: As shown on FBD. 0.5 in.

Internal Shear Force: As shown on shear diagram,

Viue = 4.00w. 16 W
Section Properties: H H
— —
STA_0S()+25(03) | l | |
Y R T T 3mrie 0 Fape | 441 44t | 44t
gow bow
! 3 2 v %
ha = (3)(1°) +3(1)(1.5-0.5) . e
=53 (1) PR ositd o fesin.

+1—12(1)(3’) +1(3)(2.5-1.5)°

— x>
=8.50in* r 8 A
= 3 -4.0W —4.0W
Oax =Y2A"=1.25(1)(2.5) =3.125 in
0, =yiA’=1(3)(1) =3.00in’
Allowable Shear Stress: Assume the beam fails due to shear Shear Flow: Assume the beam fails at the glue joint and the
stress. allowable shear flow is g = 2(250) = 500 Ib/in.
Vo,
VOn, =7
rmu = rxllow = It x q 1
800 = 4.00w (3.125) 500.< 00w (3.00)
T 8.50(1) 8.50
w =544 Ib/ft w =354 1b/ft (Controls!) Ans
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7-51. The strut is constructed from three pieces of plastic
that are glued together as shown. If the distributed load
w = 200 Ib/ft, determine the shear flow that must be resisted

by each glue joint.
w
v YVYVYY v YVYVYY /L
fo\ 1in.
e 1 T
| | 3in
—4ft T 8ft T 4 £t —
A
A F210 S in,
0.5 in.
20006y 32001b
Support Reactions: As shown on FBD. ;‘j:
; 4
Internal S hear Force: As shown on shear diagram, | Jr el
Ve =800 Ib. Tap | #5t T 4fe | #
/600 1b /600 1b

Section Properties:

V(1b)
5= z:_)_z'ﬁ - 0.5(3)(1)+2.5(1)(3) - 1.50in. 8oo 80

™ OENE) ™S, N
XG0
!
1,“=E(3)(1’)+3(1)<1.5-0.5)z N '\l

-Ann -80o

+1—12(1) (3’) +1(3)(2.5-1.5)*

=8.50in*
3 1in.
0, =y1A’=1(3)(1) =3.00 in
Shear Flow: Since there are two glue joints, hence yin
1/VQY 1800(3.00) ,
q=5(7)=§[ 850 }“‘“ bfin.— Ans 05in— b= o f—o5in
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#7-52. The beam is subjected to the loading shown, where
P = 7 kN. Determine the average shear stress developed in
the nails within region AB of the beam. The nails are
located on each side of the beam and are spaced 100 mm
apart. Each nail has a diameter of 5 mm.

3kN P
e -
A B c
2m i 2m ‘

Support Reactions: As shown on FBD.

Internal Shear Force: As shown on shear diagram.

Vg = 10.0 kN. 34..0kn-m
Section Properties: (Ir |
Mam T ezm
| , 1 , 100 kn
Iya = —(031)(0.15°) = —(0.25)( 0.09
NA 12( )( ) 12( )( ) VU‘”)
=720(10°) m*
10-0 7.00
Q=¥A"=0.06(0.25(0.03) =0.450( 107) m’ ) £(m)
] g‘, 4
Shear Flow:
VQ  10.0(10%)0.450(107%)
e, ;).*___(_ =62.5kN/m
I 72.0(10-%)
There are two rows of nails. Hence, the shear force resisted 003

|._o_22__-| |._o.o3m
oo [P T, 075,
° ;r 0-03m| :1[_

by cach nail is

4\ (62.5KN/m _
F= (E)s = (—2—)(0.1 m) = 3.125 kN

asgl
W~

Average Shear Stress: For the nail

=== ———— =159 MPa Ans
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7-53. The beamis constructed from four boards which are
nailed together. If the nails are on both sides of the beam
and each can resist a shear of 3 kN, determine the maximum
load P that can be applied to the end of the beam.

30 mm
Support Reactions: As shown on FBD.
Internal Shear Force: As shown on shear diagram, o f
Vyp =(P+3) kN. 6+4P 1 l
Sout . | ]
ection Properties: | J J
| 2m T 2m 1
| Pt3
o = =031 (0.15° : :
hia = 73 (0. . )—E(o.zs)(o.o«)) V(KkN)
=720(10°) m* Pr3
I .
At } x(m)
Q=y'A’=0.06(0.25)(0.03) = 0.450( 10™) m’ ° 2

Shear Flow: There are two rows of nails. Hence. the

allowable shear flow is ¢ = 3()(& =60.0kN/m.

2
vo cOdmf p222M_ 4\ o3m
9= ?éo o6m] Toomm

1y _ (P+3)(10%0.450(10°3 —

60.0( 10.4) - )0.450(1073)
72.0(10-6)
P=6.60kN Ans
7-54. The member consists of two plastic channel strips Wy

0.5 in. thick, bonded together at A and B. If the glue can

support an allowable shear stress of 7,0y = 600 psi, m m
. . : . . \ ,

determine the maximum intensity wy of the triangular
distributed loading that can be applied to the member

based on the strength of the glue. @)
1 6t 6 ft 4
Maximum shear force : Voax = 3w 3wy 3wy

l 3 l 3 .4
= —(6)(6") — —(5)(57) = 55916
12( )(67) 12( )(57) in

Q0 = Iy'A’ = 2[1.25(2.5)(0.5)] + 2.75(6)(0.5) = 11.375 in®

Vi
q = Tanow ¢ =_'Q .
I "I'/’ZS" 6 7n
] ‘ 057 l
3w, (11.375) E
600(2)(0.5) = ——— H
)(05) 55916 i Tf""
- A
wo = 983 Ib/ft Ans S, .
nfl €ia '
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7-55. The member consists of two plastic channel strips

W
0.5 in. thick, glued together at A and B. If the distributed 2
load has a maximum intensity of wy, = 3 kip/ft, determine
the maximum shear stress resisted by the glue. Y '
= 1
| 6 ft 6 ft -

2022 19 4ip

BN

O8]
E.

\
\
\
\
\
\
\
’
/
/
/
'

| ] 3in.
{ L J v
Fope T ogpe Lo
Ixip Fkip /4
Voax = 9kip 6in.
1= L)) - L(5)(5%) = 55916in* V
12 12
5 e Y bin
Q = Iy'A’ = 2[1.25(2.5)(0.5)] + 2.75(6)(0.5) f,7275 m I.____‘{
= 11.375in’® ( - !
= 11.375in — a
\ och, 3in
% -Sm A
oy = max _ SULIT) oy Ans  P_T :
It 55.916(1) il in

*7-56. A shear force of V = 18kN is applied to the
symmetric box girder. Determine the shear flow at A and B.

Section Properties:

Iy = 5(0.145) (03) - 1—12 (0.125)(0.28°)

+z[llz(o.1zs)(0.01’) +0‘125(o.01>(0.1052)]

=125.17(10°) m*

k]

Q, =¥;A"=0.145(0.125)(0.01) = 0.18125( 107) m’
Q5 =y, A’=0.105(0.125)(0.01) = 0.13125( 107) m’

Shear Flow:
[ vo, . .
= E[T] S0l ousm ooim /
: olm
_ 1[18010)(0.18125)(10-) ) T—— > g'gam
T2 125.17(10-6) , e oorm
= 13033 N/m = 13.0kN/m Ans Y,0H5m ;l‘ &
0./m
17 Vg,
= E[T] )
_ 1[18(10%)(0.13125)(107)] ,=0-105m 0:/m
T2 125.17(10¢) | om
=9437 N/m = 9.44 005
37 N/m kN/m Ans E____—___l %:o-a/’;
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7-57. A shear force of V = 18 kN is applied to the box
girder. Determine the shear flow at C.

Section Properties:

1 1
Iya = E(o.x45)(o.3’) —-1—2(0.125)(0.28’)

!
+z[ﬁ(o.125)(0.01’) +0.125(0.01)(0.1052)}

=125.17(107°) m*

QO = Zj'A’
= 0.145(0.125) (0.01) +0.105(0.125) (0.01) ooim 0.0im
+0.075(0.15)(0.02) — pr2om K
=0.5375(107") m’ P o-0lm
Shear Flow:

_1rvQ:

q9c = E[T] ?2 3
[ 18(10%)(0.5375) (10-?) it olm
'5[ 125.17(10-5) ] Gzoem ooim
= 38648 N/m = 38.6 kKN/m Ans [T oo3m
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7-58. The channel is subjected to a shear of V' = 75 kN.
Determine the shear flow developed at point A.

IyA - 0.015(0.4)(0.03) + 2[0.13(0.2)(0.03)] -00725m

By 0.4(0.03) + 2(0.2)(0.03)

;’ =
I = Tli(0.4)(0.033) + 0.4(0.03)(0.0725-0.015)2

+ 2[%'(0.03)(0.2’) + 0.03(0.2)(0.13-0.0725)*] = 0.12025(107) m*

04 = y4A’ =0.0575(0.2)(0.03) = 0.3450(10"%) m®

L)
I
~IsS

_15( 10%)(0.3450)(107%)

= 215kN/m Ans
0.12025(107%)

7-59. The channel is subjected to a shear of V' = 75 kN.
Determine the maximum shear flow in the channel.

/ﬁ 30 mm

200 mm
;= ZyA _ 001504)(0.03) + 2[0.13(0.2)(0.03)] /L
TA 0.4(0.03) + 2(0.2)(0.03) mm
=0.0725m

I = IIE(O,4)(O.033) + 0.4(0.03)(0.0725 - 0.015)*

+ 2[1—12(0.03)(0.2’) + 0.03(0.2)(0.13-0.0725)?]
= 0.1202(107%) m*

Ouax = Y A" =0.07875(0.1575)(0.03) = 0.37209(10°) m’ D1875 7
ma = YA =0 - .03) = 0.37209(107") m Y=00787¢m
: i SN
75(10°)(0. - .

0.12025(107%)
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*7-60. The beam supports a vertical shear of V = 7 kip.

Determine the resultant force developed in segment AB of 0.5 in'ﬂ 10 in. 0.5 in.

the beam. 4 \‘ T
| \ Esin.- |

B
U

Section Properties:

! !
ha =5 (D(5°) + (10 (05%) = 1052083 in*

Q=y'A"=(0.5y+1.25)(2.5-v)(0.5)

= 1.5625-0.25y°
Shear Flow:
_ V0 _7(10))(1.5625-0.25y)
=7 10.52083
={1039.60- 166.34y’} Ib4n.
Resultant Shear Force: For web AB ?;0-531. #1265
2.510.
Vas = dy
0.25in.
2.5in.
= 1039.60 - 166.34y*
J’l).ZSm. ( 4 )dy
= 1474 1b = 1.47 kip Ans

7-61. The aluminum strut is 10 mm thick and has the cross
section shown. If it is subjected to a shear of V = 150N,
determine the shear flow at points A and B.

10 mm ]
40 mm
10 mm
- AL 000G OKONOD gy Torom

~
0

2[315(0_03)(0,01)3 + 0.03(0.01)(0.027727 - 0.005)*]

1 3 2
2[—(0.01)(0.06 0.01(0.06)(0.03 - 0.027727
+ [12( )(0.06)" + 0.01(0.06)( )71 Im:——f?b

+ 1—12(0.04)(0.01)3 + 0.04(0.01)(0.055-0.027727)* = 0.98197(10°%) m*

‘i
I

Y
4>

ys' = 0.055 — 0.027727 = 0027272 m
ya' = 0.027727 - 0.005 = 0.022727 m

O4 = ya'’A’ = 0.022727(0.04)(0.01) = 9.0909(10°°) m*
05 = yg’A’ = 0.027272(0.03)(0.01) = 8.1818(107%) m’

VO« _ 150(9.0909)(10°%) _

=2 DO ) 39 kN/m Ans
“u== 0.98197(10-5)
-6
q8 = Yo _ 150(8.1818)(107) ) - 1.25 kN/m Ans
1 0.98197(10°5)
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7-62. The aluminum strut is 10 mm thick and has the cross
section shown. If it is subjected to a shear of V = 150N,
determine the maximum shear flow in the strut.

10 mm ]
40 mm
10 mm
- 2[0.005(0.03)(0.01)] + 2[0.03(0.06)(0.01)] + 0.055(0.04)(0.01) 30mm' | 30 mm
Y 2(0.03)(0.01) + 2(0.06)(0.01) + 0.04(0.01) 10mm 10 mm
= 0027727 m
= 2[1—12(0.03)(0.01)’ + 0.03(0.01)(0.027727 - 0.005)}
~
1 3 2 'ﬂ
2[—(0.01)(0.06)° + 0.01(0.06)(0.03 - 0.027727 v . _
+ [12(00 )(0.06)" + (0.06)(0.03 )] ; —_— Ij’
]
+ 115(0.04)(0.01)’ + 0.04(0.01)(0.055 - 0.027727)* q : —
= 098197(10°) m* _L__—_—_l __.i_
Oumax = (0.055 — 0.027727)(0.04)(0.01) + 2[(0.06 - 0.027727)(0.01)](%7%1)
= 21.3(10%) m?
_ 1 VOmaa _ 1(15021.310%)))
Gmax = 5( 7 ) = 2( 09819710%) =1.63 kN/m  Ans.

7-63. The angle is subjected to a shear of V = 2 Xkip.
Sketch the distribution of shear flow along the leg AB.
Indicate numerical values at all peaks.

Section Properties:

b= 0035355 in, P
sin 45°

h = Scos 45° = 3.53553 in. 7 )
N Z 4s5°] 45 A

Iy, =2 : 0.035355) (3.53553’) | = 2.604167 in* ""‘( -U
NA T 1—2‘(- )(‘ )_' 67in

L A
Q:_\T'A'z(().25(3.53553)+O.5y](2.5—SA 'Vw)(o‘zs) 25 “Sager  Yz02ht05Y
n

=0.55243-0.17678y"
Wz T N E
Shear Flow: N Y% A
iy

4= 424 bfin
_ 2(10%)(0.55243 -0). I7678y2)

-
2.604167 //\
= {424 - 136y°} Ib/in. Ans \
Aty =0,  g=qg,, =4241b/in. Ans / -
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*7—-64. 'The beam is subjected to a shear force of V = 5 kip.
Determine the shear flow at points A and B.

IyA _ 025(11)(05) + 2[4.5(8)(05)] + 625(10)(0.5) _ 500,
TA 11(0.5) + 2(8)(0.5) + 10(0.5) ) ’

I= é(u)(o.s’) + 11(0.5)(3.70946 - 0.25)% + 2[;15(0.5)(83) + 0.5(8)(4.5-3.70946)%]

+ Tliuoxo.s’) + 10(0.5)(6.25 - 3.70946)*
= 14598 in*
Ya = 3.70946 - 025 = 3.45946 in.
Yo = 6.25 — 3.70946 = 2.54054 in.

3.45946(11)(0.5) = 19.02703 in® —.‘ ! , I
‘ Sin

O = YA’

O = ypA’ = 2.54054(10)(0.5) = 127027 in’ - i I
N T -
Js - | |0 Sin
1 VO, _ 1/5(10°)(19.02703) 3 T 2in

= - (— = ————— = 326 lb/ o A
“=37)=3 14598 ) " ns
1, VQs 1,5(10%)(12.7027) .
= 222y = S 2D 18 bsin. A
®=507) =3 14598 ) n s

7-65. The beam is constructed from four plates and is
subjected to a shear force of V = 5kip. Determine the
maximum shear flow in the cross section.

IyA - 0.25(11)(0.5) + 2[4.5(8)(0.5)] + 6.25(10)(0.5)

= = 3.70946 in.
ZA 11(0.5) + 2(8)(0.5) + 10(0.5)

I= é(n)(o.s’) + 11(0.5)(3.4595%) + 2[]—12(0.5)(83) + 0.5(8)(0.7905%)]

+ é(m)(o.s’) + 10(0.5)(2.5405%)

= 145.98 in*
Omax = 3.4594 (11)(0.5) + 2[(1.6047)(0.5)(3.7094 — 0.5)]
= 24.177 in’ :
- _l(vg,.,., _1 5(10’)(24.177)) /
Tmex = 57 2 14598 !
= 414 Ib/in. Ans 34S% 0. (L0420 .
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7-66. A shear force of V = 18kN is applied to the box
girder. Determine the position d of the stiffener plates BE
and FG so that the shear flow at A is twice as great as the
shear flow at B. Use the centerline dimensions for the
calculation. All plates are 10 mm thick.

Section Properties:

Q, =y1A"=0.145(0.125)(0.01)

O =V3A"=d(0.125)(0.01) 2
) gm ;(}:’ 0-145m
Shear Flow: Requires ?;&: OLT
94 =29 &-L
l(ﬂ) - z[_‘(@;)] 0-145m
AN § AN
O =20 L
0.145(0.125) (0.01) =2[d(0.125)(0.01)] -

d=0.0725m=72.5 mm Ans ’ 9-/25m I

Section Properties:

4
I= Z(s.z‘-e“) =45.4084r in*
SinceA’ >0 then Q, =0
N A
\

7-67. The pipe is subjected to a shear force of V = 8 kip.
Determine the shear flow in the pipe at points A and B. A
0.2 in.
B 6in.
1
A
2in,
on

0 =EVA’=

4(6.2)[ m(6.2%) 4(6)]’;:(61)
k¥4 2 3| 2
=14.8853 in*

Shear Flow:

=0 Ans

1[8(10%)(14.8853)
45.4084r

:|=4l71b/in. Ans
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#7-68. Determine the location e of the shear center, point L
O, for the thin-walled member having the cross section
shown where b, > b;. The member segments have the — b,
same thickness .
h L X0
e
¥

S

Section Properties:
1 h\,] th?
1=Eth’+2[(bl+b2)t(—i) ]:E[h +6(b, +b,)] P

Y h ht
0 =yA :E(XI)t =—2“X1

.., h ht Y £ :
0, = A= S(x)t = 5, L A
- [

_ L TEE 2" )
Shear Flow Resultant: é‘—' Z— l 1
gove_PGx) e ‘ F
VT T k6, b)) MR 6B B — [
4> :Y%: P ;—'XZ) = 6P X ‘ bl 1 L‘ ) 7
TTTT TRk +6(b, +by)] WA 46 +by)] 5, A &),
F2
R 6P "
e P — dx
(F), = . q,dx, hh +6(bl+b2)]jo fi
3Pb3

T h[k +6(b, +5,)]

b 6P b
=1 = | x,dx
(%), ,{0 g dx; A +6(b|+bz)]J'o 2ax;
B 3P63
- h[h +6(b, "'bz)]

Shear Center: Summing moment about point A.

Pe=(F),h -(F) h
B 3Pb: ) - 3Pb3
h[h +6(by +b2)] h[h +6(b; +b,)]

(h)

Pe

3(63 - 6})

o b)) A
TR t6(b, +by) s

Note thatif b, = b,, e =0 (I shape).
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7-69. Determine the location e of the shear center, point
O, for the thin-walled member having the cross section
shown. The member segments have the same thickness ¢.

Section Properties:

t
=L . coy3 o2
= (=55 J(2dsin 45 + 2 b(dsin 45

d?
=—(d+3b
3 ( )
Q= y'A’ = dsin 45°(xt) = (tdsin 45°) x
Shear Flow Resultant:

Vo _ P(tdsin 45°) x _ 3Psin 45°

YT T T vy dd+3)

c ,f’ " 3Psin 45° 3bsin 45°

"= Ly = ———— X = —
o U T ad+3m) Jo 2d(d+3b)

Shear Center: Summing moments about point ,

Pe = £ (2dsin 45°)
_[3#%sin 45°P (2dsin 45°
| zaw@e3n | |PEN )
362
6= —
2(d+3b)

b

x
2
INA=I'J2H1} ;; 3 1-451'04;’

£45°
kﬂ J:tsrmw'
d
I 5 l

Il
K
A }‘:« Eds;mw'
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7-70. Determine the location e of the shear center,point O,

for the thin-walled member having the cross section shown. | ‘Iﬁ
The member segments have the same thickness ¢. -
Oe—= h
peA‘
e
_a— L
-
Summing moments about A,
Pe=F(h)+2V(b) 1)
1= L8+ 26027 + = (0 = (h=21,)°)
12 2" 12 o E
th®  bth® oh-2m)} L v
=—t — ——— e '
6 2 12 § R
¢ ) Y
N 1 fhy—-2mhy+y) I’
= '/"="h“2h = ——
O =yA"=S( 1+Y)y > — =
_Yo _Pihy-2my+y)
I 2
— [ ardy= P thy=2hyy+yrdy = DI _ 250 1
V—Iqld)'—zjo (hy—=2h,y+y“)dy = 21[ > 3Iu] Iﬂfigé("{}'/*?)
1 h 1
=YyA'= - —h h - =-~f{hy(h—h h.x .-
Q2 = E7A = 2= hy by t+ 2030 = > ks (h =)+ b I—L -8
VO, Pt T
=222 = (hy(h—hy )+ hx,
7] 7 21( 1(h—hy)+hx)

Pt(s Pt 2,  hb?
F = dx = — hy(h—h; )+ hx)dx = —(hyhb—h{b+ —)
J‘Iz 21“0[ 1 (. 1) ] 21(1 1 2

From Eq. (1),
212
4
Pe= ’i'[h, h’b-hlhb+ LN hhilb——hib]
21 2 3

I= é(zh’ +6bh® —(h—2h,)%)

b(6hy h* + 3h*b~8h})
2h3 + 6bh? — (h—2h, )}

e = —(6h h2b+3K2b* —8h'b) =
121
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7-71. Determine the location e of the shear center, point b 1
O, for the thin-walled member having the cross section {
shown.The member segments have the same thickness ¢.

T

Shear Flow Resultant: The shear force flows through as

indicated by £ , 5, and F; on FBD (b). Hence, The horizontal
force equilibrium is not satisfied (ZF, # 0). In order to satisfy
this equilibrium requirement, F; and £ must be equal to zero. I

e e T

Shear Center: Summing moments about point A,

Pe=F (0) e=0 Ans

Also,
The shear flows through the section as indicated by F;, F;, F;.
However, +IF #0

-

4—y—— O

To satisfy this equation, the section must tip so that the resultant of
F‘: + F.; + I_-'; =P I

Also, due to the geometry, for calaulating F; and Fj, we require p
F =F.

a
19
atd o

Hence, e = 0 Ans

Sah

wM

We would evaluate the same thing if the load P
was applied along a horizontal axis.

7z

*7-72. Determine the location e of the shear center,point O,
for the thin-walled member having the cross section shown.
The member segments have the same thickness ¢.

Summing momeats about A, ﬁ
eP=bF () L e—

Lot + Lot = Lot 412
I= 12(t)(’lx) + I2(1)('12) lzl(hn +hy)

@ = P(hy 12)(9)(hy /4) _ Ph}t
1 I; Y]
Phit

2
R =< hy )= ——
1 3‘11( ;) 21

§:

From Eq. (1),

3
e= 2(_P_hl_’

)

= —_— Ans
14 (hy /Ry )
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7-73. Determine the location e of the shear center, point

O, for the thin-walled member having the cross section hy
shown. The member segments have the same thickness ¢.
1 les: Os h
Section Properties QH
1 3 h?
I'=—rt(h+2h) +2 bt(—)
12 2
I
= Lochvam 2K
= E[( +2n, 3 17[)44

=l_'7[(h+2h,)3+6bhz]

L., (h v h v?
0 =¥iA =L§+h1 ‘5)()' ’)='(§Y +hy _E')

L., (h h h
0, =Iy'A =U+ )hl: + =)t
< / “

:
2

b
t t'___"l
=c[h (h +h)+hx]
3 — —
Shear Flow: ? 11:=7H\,-%
z
q :V—Ql—=—“["(%y +h"\ _:1_) —h-'- xX '/-.—-}h'
YT I z ] CJ_» 2
VO, _Pt[h(h+h)+hx] “‘*‘—"—_——Eﬂ_
=== 21 ) S

—p— v

Pt .,
= Tz—l(zhh;+4h§)

A/ﬁ

b
f}:jo gpdx
Pt(’
=_27J [y (h +hy) +hx Jde
0
P
=4_1'[2bh,(h +hy)+b'h]

Shear Center: Summing moments about point A,

Pe =Fh - 2(F,), b
Pt 2 Pt 5
- 5 2 _ 2 3
Pe= 7 200 (h +hy)+b h]h Z[E(3hh,+4h,):lb

_® 20 hih b, 3
e = [2mn +hy)+ bR ] = (3hih + an))

= (6hyhth 41 LA PPN
= 37 b hth + .)+3bh]—l—2l(6h,h+8h,)
th

12/
1—h—(6h h® + 3bk" ~ 8k )
127! :
th(6h, h? + 3bh? — 8h))
12{ 5[ (h+2h,)7 +6bh3])
_ b(6h h* + 3bh* - 8h})

" (h + 2h,) + 6bk? Ans

(6hyh* +6hi b +3bk* ~ 6k h — 8} )

I
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7-74. Determine the location e of the shear center, point
O, for the thin-walled member having the cross section
shown. The member segments have the same thickness ¢.

Section Properties:

1 t
+2 —(———) in 30°)°3 in 30°)°
[12 T 30° (6 sin 30°)° + (61)(3 + 3sin 30°)

=270t

= 3+6sin 30° = Zsin 30° = 6
2 3

:7"':( —f = _t_z\
Q=VvA \6 4)(.r)(l) r{(zr 4), p

\
\

Shear Flow Resultant: o e

Pi(6x-%) P(6x-%)
270t T 270

_ve
=7

61n
6in P x* 1
I =J0 qdx =mj (6.: —I}ix =§P
0

Shear Center: Summing moments about point A,

Pe = F cos 30°(6)

1
Pe = §P cos 30°(6)

e =173in. Ans
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7-75. Determine the location e of the shear center, point

O, for the thin-walled member having a slit along its side. <100 mm T
100 mm
e
Oe— =
100 mm
Suming moments about A,
Pe= 2y (100) + F(200) [€))]
1 3 2 -3 4 P
I= 2[1—21(0.2 )] + 2[(0.1)(£)(0.17)] = 3.3333(107")t m Le
:‘.‘
0 =yA = %(y) t=05"t
Q; = IyA = 0.05(0.1)(1) + 0.1(x)(f) = 0.005¢ + O.1x¢ A i
P F
q_V_Q‘___ML_sopyz -1
1 3.3333(1073) ¢ \/'
200mMm
\7 . .
@ = VO _ P(0005:+0.1xp) _ 300P(0.005 + 0.1x) v
I 3.3333(1073) ¢ — Y
¥ = j:"q, dy = xsop]:" Yedy = 150P[y§0(]: = 0.05P A Fooma]
0.1 0.1
=g ax = 300Pjo (0.005 + 0.1x)dx
0.1
= 300P[0.005x + %ﬁ] | =o03pP
0
za B u*
From Eq. (1) ; :
P e = 2(0.05P)(100) + 0.3P(200)

e=T70mm Ans
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*7-76. Determine the location e of the shear center, point
O, for the thin-walled member having a slit along its side. ‘\

Each element has a constant thickness .

Section Properties:

1 10
= 1—2-(2r)(2a)3 +2[at( az) ] = ?ast

}'/a/'
f a2
5)’

O, =LvA = g(az) +a(xt) = ?(a+2x)

IS A
=yiA'=% =
Q0 =V 3 (yt)

Shear Flow Resultant: P
e
vo, P(%?) 3P 1 0
DETT T T, T 200
VQ, P[%(a+20)] 3P LA
BT T ey 0w )

a
. 20a? —
E=["qdc= f(+z de=—p %
0’ J’uq, 7o a+ 2x) dx ‘5.% a
a1 5
Shear Center: Summing moments about point A, 7.z (Ev),
2 Z_L F
: a
Pe=2(F,)), (a) + F(2a) E b '
Pe=2 P) +(3 P)"
= (20 1) ra
7
=—a Ans
10

7-77. Determine the location e of the shear center, point O,
for the thin-walled member having the cross section shown.

Summing moments about A: N
S Oe a Y
Pe= F2 (Ta) ‘ //'/.
| 3 1 t 3 1 3 60° /
=—(@®(a) +— a) =-ta ~a
12( 12( sin 30“)( 4 o
/

_Va))a/4) _V
' i—r a’ a

V(a/2)(1)(a/4) |4
= —_— = + —
=0 PP ey :

)

1% 2V 4V
B = ;(a)+§('2—‘a)(a) = —3—

o>

W
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7-78. If the angle has a thickness of 3 mm, a height
h = 100 mm, and it is subjected to a shear of V = 50N,
determine the shear flow at point A and the maximum
shear flow in the angle.

0.003

Y

= 0.00424264 m

cos 45

h=01lm

[}

2[1—;(0.00424264)(0.13)] = 0.7071(10°%) m*

Centroid E of the shaded area lies on the neutral axis.
Therefore, Oy = 0

Onas = YA' = 0.025(

0.05 -6, 3
0.003) = 5.3033(10") m
cos 45° X ) ¢ ) b

q,.=%=0 Ans %Ih

_6 _ _L 3
e = Pmex S0G30DUOT)_ gg5 0/ ams Tn=rzbh
1 0.7071(10°5)

7-79. The angle is subjected to a shear of V = 2 kip.
Sketch the distribution of shear flow along the leg AB.
Indicate numerical values at all peaks. The thickness is
0.25 in. and the legs (AB) are 5 in.

0.25

. Scrsds”
b= = 0.3536 in.
cos 45° % T ’
1 %__Lﬂ

h = 5cos 45° = 3.5355in.

I= 2[-1-15(0.3536)(3.53553)] = 26042 in’ §=C1364 4")"'4-,,

¥=ye+ Z'Sﬁ:_sf_ll = 0.5y + 0.8839 / \ 41

0.25
cos 45°

A" = (2.5c0s 45° - y)( ) = 0.625 — 0.3536y

Q =yA = (0.5y + 0.8839)(0.625 ~ 0.3536y) = —0.1768 ¥ + 0.5524

b
_ VO _ 2(10°)(-0.1768 y* + 0.5524) — =
=7 2.6042 N__é% l 4
= (-136y* + 424) Ib/in.  Ans
Lq :/jz bA®

uaz = 424 Ib/in. _ Ans
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*#7-80. Determine the placement e for the force P so
that the beam bends downward without twisting. Take
h = 200 mm.

Summing moments about A,

~

Pe = 300V (€3]

I= —liz(m Y+ 2(:)(0‘2’) = 0.75(10%) ¢t m* <
> _ 01-y 1 %L" }‘/84
Yy =y+ 3 —2(y+0.1)

100 mm B:L j

0 _ 1 :
Q=YyA = 5(y+ 0.1)(0.1 —y)t = 5(0.01 -)

‘ P
g =Y _PROO - P01 - ¥ E m
1 0.75(1073%) ¢ l

300 m
o1 o 360 mm
Vo= I_quy = 666.67P " 001 - )
y2 o1
= 666.67P[0.0ly — — ] = 0.8889P
3-01 4
7 0.1-4
From Eq. (1); P e = 300(0.8889P) %b
e = 267 mm Ans
7-81. A force P is applied to the web of the beam as
shown. If ¢ = 250 mm, determine the height A of the right
flange so that the beam will deflect downward without
twisting. The member segments have the same thickness ¢.
P
Summing moments about A,
= : = 0.8333P 1 P -
P(250) = W (300) Y = 0.8333 [€)] &= 250 mm
1= 1100 + ¢ =Lo01 + 1) ‘ _F %4
12 12 2 AE: P

<

[S]
1
\<\
»
[

V=y+ 22X = S vosh) ! T
V 77
. A _J 100 mm h
- t
2 | —

-2-(y + 0.5h)(0.5h ~y) 1 = 5(0.251:2 -y

I

Zoo mm ~——300 mm —

V@ _ P(NO025K - ) _ 6P(0.25K - )

=7 T L0001 + 1) (0.001 + #) ﬂﬁio.;;‘-\a
n T4
k 6P H 2 2
= = ——— | (025K -
W= aw = oo i ¥) dy U l
3
= __6’1__[025;,2),_ )L:] - Py
0.001 + 33 0001 + B
From Eq. (1)
3
08333p = 1 F
0.001 + A°
A=04171m = 171 mm Ans
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7-82. Determine the location e of the shear center, point O,
for the thin-walled member having the cross section shown.

Summing moments about A,
Pe= rJdF 1)

dA = tds = trdf

y = rsin@

dl = y'dA = r*sin®6(er dB) = r’tsin*6de

I=rifsinfodo= ¢f** "L 08284 0
x-a 2 1
3 sin20 "1
=Ze- =25 | <
2 2 'x-a 4/ \‘
r't sin 2(x + a) sin 2% - @) e

~

~

0|

t
= [(IH-O!-—T-——)—('I’-G——z-—-)] y
3 3
= xZsina:cosa= r—z-'(Za- sin 2@)
1

dQ = ydA = rsin@(¢rd6) = r’tsin 646

[ . [}
0= rztj‘_asmﬂ d6 = r't(-cos8) | = r't(-cos8 - cosa) =-r'r(cosh + cosa)

g= ve _ P(-r?)(cos® + cosa) _ —2P(cos8 + cosa) A
I %(Za - sin 2a) r(2a ~ sin 2a)

JdF = [qds = [qrae

=

4P
From Eq.(1); Pe=r[—————(sina - acosa)}
2P 2P 2a - sin 2a
- r x+a -
dF = ————m ] 48 = ———— ~ 2sii
far = - Ga— i J™ (cos6 + cosa) Sy (2 cosar — 2sina)
4P 4r (sina — acosa)
2 ————ene (1] - €= ———— A
20— 2m(smaz Qacosa) 2o — i 2a ns

7-83. Determine the location e of the shear center, point
O, for the tube having a slit along its length.

Section Properties:
dA=tds=trd0 y=rsin8
dl =y*dA =r*sin*6(¢rd6) = r’tsin’0 do

1 =7 "sin*6 46
]

3 i 1~cos 26 N
=rt ——]d6=m‘r
o 2

dQ = VA" = ydA = rsin 8(tr d6) = r*ssin 646
2 0 2
Q= r'rj sin@ d6 =r"t(1-cos8)
o

Shear Flow Resultant:

vo Prit(l—-cosb) _ P

g=— =

(1~cos 6)

1 nrdt nr Shear Center: Summing moments about point A,
2r T p _
F=] qu=J — (1 ~cos 8) rd6 Pe =Fr
o o mr Pe =2Pr
Perr
= ["(1-cos8)d6
7o e=2r Ans
=2P
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*7-84. The beam is fabricated from four boards nailed
together as shown. Determine the shear force each nail
along the sides C and the top D must resist if the nails are
uniformly spaced at s = 3in. The beam is subjected to a
shear of V = 4.5 kip.

Section Properties:

ZyA _0.5(10)(1)+2(4)(2) +7(12)(1) _

A 10(0) +4(2) + 12(1) 350in

y=

1
Ia = E(IO)( 1*) +(10)(1)(3.50-0.5)>
1
+E(2)(4’) +2(4)(3.50-2)*

1 2
+ 5 0( 12) +1(12)(7-3.50)°

=4105mn*

Q- =FA = 1.5(4) (1) =6.00in"
QO =¥A =3.50(12)(1) =420in’°

Shear Flow:

_Vo- 4.5(10%)(6.00)

qc = - = 05 = 65.773 Ib/in.
V@, 4.5(10°)(42.0)

S —_— e —4604 in.

9 7 2105 60.41 1b/in

Hence, the shear force resisted by each nail is
Fe =qc5=(65.7731b/in.)(3in.) = 197 Ib Ans

Fy =qps =(460.41 Ib/in.)(3in.) = 1.38kip  Ans

7-85. The beam is constructed from four boards glued
together at their seams. If the glue can withstand 75 Ib/in.,
what is the maximum vertical shear V that the beam can

support? s

N

w
E.

.5 in.

-
Lo

w
E.
i
5

Section Properties:

S
\e

<
o
5

1 1
b= 50 (1) 42 5 9(05) +405 (175) |

=95.667 in* 4in. W
0.5 in. - 0.5 in.

Q=v'A"=1.75(4)(0.5) = 3.50 in®

Shear Flow: There are two glue joints in this case, hence BT Lk —
the allowable shear flow is 2(75) = 150 Ib/in. _
o5in

vo t_i' .t gin.
=7

V(3.50) o A
150 = ———— ;
95.667 sl [P
U L

V=41001b=4.10 kip Ans
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7-86. Solve Prob. 7-85 if the beam is rotated 90° from the
position shown. \

Section Properties: 4in. %_T
0.5 in. 0.5 in.

o = 1—12(10)(5’) -1—12(9)(4’) =56.167 in*

0=V¥A"=225(10)(0.5) = 11.25in’

Shear Flow: There are two glue joints in this case, hence v TEEFD:}F?;"“
the allowable shear flow is 2(75) = 150 Ib/in. Yr225in. 2in.
o O e 2.
144 — ﬁ_T_M;n
! 0in.
V(11.25)
150 = ————-
56.167
V=749 1b Ans
7-87. The member is subjected to a shear force of
V = 2 kN. Determine the shear flow at points A, B, and C. 200
The thickness of each thin-walled segment is 15 mm. mm
B
i i
-
100 mm
/
A C
300 mm
V =2kN
Section Properties:
. ZyA
-y
_ 0.0075(0.2)(0.015) +0.0575(0.115)(0.03) +0.165(0.3)(0.015) _ o-asm 0-0/5m
0.2(0.015) +0.115(0.03) +0.3(0.015) Y0088, | 20 f—
= 008798 m - =
?— L A OH5m
! 3 5 N |
Iva = TE(0.2)(0.015 ) +0.2(0.015)(0.08798 - 0.0075)* Jj
| Uy=0-03048m
3 2 ’
+ E(o.o3>(0.115 ) +0.03(0.115)(0.08798 — 0.0575) . %, -0.080¢8m 0.3m
1 , ear Flow: ) L
+ —(0.015)(03%) +0.015(0.3)(0.165 - 0.08798)* co
2 v i
=8693913(10°) m == 0 Ans
Q =0 An
T e 0 = VO _ 20109(52.57705)(10°%)
O =51 A" =0.03048(0.115)(0.015) = 52.57705( 10*) m M B T YT ) =121kN/m  Ans
Q- = IyA’
= 0.03048(0.115)(0.015) +0.08048(0.0925)(0.015) < YQ _ 2(10)(0.16424)(10°%)

c =3.78kN/m Ans

=0.16424(107) m’ 1 86.93913(10-¢)
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*#7-88. 'The member is subjected to a shear force of
V = 2kN. Determine the maximum shear flow in the
member. All segments of the cross section are 15 mm thick.

Section Properties:

ZyA

ZA
_ 0.0075(0.2)(0.015) +0.0575(0.115)(0.03) +0.165(0.3)(0.015)
0.2(0.015) +0.115(0.03) +0.3(0.015)

y=

= 0.08798 m

! .
fua = 35(021(0.015”) +0.2(0.015)(0.08798 - 0.0075)*

t .

+ 75(0.03) (0.115") +0.03(0.115)(0.08798 ~0.0575)°

! :
+ (0015 ( 0.3%) +0.015(0.3)(0.165 - 0.08798)°

=86.93913(10°°) m*

Omax = A" = 0.11351(0.22702)(0.015) = 0.38654( 10™*) m’

Maximum Shear Flow: Maximum shear flow occurs at the point
where the neuwral axis passes through the section.

_ VQmux _ 2(10°)0.38654(10°%)

max = = 8.89 kN
4 ; 86.93913(10-6) 89kN/m  Ans

‘___4

) e
»g=008795m ,,E.. =015 | | o i5m
U
1}
03m 0.22J02m
o

7 Loussim

7-89. The beam is made from three thin plates welded
together as shown. If it is subjected to a shear of
V = 48 kN, determine the shear flow at points 4 and B.
Also, calculate the maximum shear stress in the beam.

A ,
J ,/‘ ~= 100 mm
B- — 15 mm
/200 mm
A%
100 mmtl | <
100 mm
15 mm-

/Smm
IW""_(/uu
Fslieny

- f—1 Tg—{:['-laonm

= smm

&

LyA _ 0.1575(0.315)(0.015) + 2[0.2075(0.1)(0.015)] _ 0.17692 m

A 0.315(0.015) + 2(0.1)(0.015)

y=

I= 1%(0.015)(0.315’) + (0.015)(0.315)(0.17692 - 0.1575)*

+ 2[—115(0.1)(0.0153) + 0.1(0.015)(0.2075 - 0.17692)%] = 43.71347(10°°) m*

;,’. = 0315 - 0.17692 — 0.05 = 0.08808 m

¥e = 0.315 — 0.17692 — 0.1075 = 0.03058 m

. 0.17692 = 0.08846 m

Q1 = yaA’ = 0.08808(0.1)(0.015) = 0.13212(10"%) m®

Os = ysA’ = 0.03058(0.1)(0.015) = 45.87(10°%) m®

Omax = YA = 0.08846(0.17692)(0.015) = 0.234755(10"%) m®

- e
=7
48(10%)(0.13212)(107%)
= = 145 kN/ A
43.71347(10°5) " ns
48(10%)(45.87)(10°%)
= 1" 7 = 504kN
43.71347(10°9) /m Ans
S VOmax _ 48(10%)(0.234755)(10°)
mer It 43.71347(10°5)(0.015)
= 17.2MPa Ans
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7-90. A steel plate having a thickness of 0.25 in. is formed \%
into the thin-walled section shown. If it is subjected to a 1 in. in.
shear force of V = 2501b, determine the shear stress at r—" A‘ /
points A and C. Indicate the results on volume elements
located at these points. ZE / \{

./C

Section Properties: FZ in——2 lnﬂ

IyA
ZA
0.125(4)(0.25) + 1.25(2)(0.5) + 2.375(2)(0.25)
4(0.25) +2(0.5) + 2(0.25)

y=

=1.025 in.

1 :
ha = 5304 (0.25%) +4(0.25)(1.025 - 0.125)*

LT 5)(2’) +0.5(2)(1.25- 1.025Y*
(0. ) 25-1.025)

1 N 1025111 A
+ 5@(0.25°) +20.25/2375- 1,025’ 1 gz090m
=2.1130mn*
A

0, =¥, A" = 1.35(1)(0.25) = 0.3375 in’ ©
o =zya’ »

= 1.35(1)10.25) +0.225(2)(0.25) =0.9(2) (0.25) = 0

Ta=réops:

Or sinceA” — 0, O =0 %

Shear Stresses: Applying the shear formula

_ VO, _ 250(0.3375)
It 2.1130¢0.25)
VO
It

T = =0 Ans

7-91. A steel plate having a thickness of 0.25 in. is formed
into the thin-walled section shown. If it is subjected to a
shear force of V = 2501b., determine the shear stress at
point B.

Section Properties:

__IjA
1A
_ 0.125(4)(0.25) + 1.25(2)(0.5) +2.375(2)(0.25)
- 4(0.25) +2(0.5) + 2(0.25)
= 1.025 in.
| . .
s = l_2(4)(0.25’) +4(0.25)(1.025 -0.125)° 029iE
1 X .
+-ﬁ(o.5)(2’) +0.5(2)(1.25- 1.025)° Zin.
1 . .
+ 5@(0.25) +20.25/2.375- 1.025)° o5 T
=2.1130 n° Yeroisin i

0y = y'A’ = 0.900(4)(0.25) = 0.900 in’

Shear Stress: Applying the shear formula

rB_—_—————Zl'jpsi Ans
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*7-92. Determine the location e of the shear center, point
O, for the thin-walled member having the cross section

shown.
t
(@]
Fe
’
Summing moments about A, P

Ple+r) =r|dF ) € |~

4 r
y = rcosé,; dA = tds 0 GA
dl = ysz = rzcosze(t) ds; however ds = r d@,then,

Jx c0529+ 1

W

I= rer‘cosze de )dé
0

nrit
—2'(”) =3 dF r
dQ = ydA = rcos 8(trdb) = r’tcos 6 d8

Q= rztjgcosﬂde = r’tsind

_ VO _ pr’sin€) _ 2Psin@

2 1 %—nr% ntr
%,
F=[dF=[qds=[qrde o
Sy It

From Eq. (1)
Ple+r) = I 2PS‘"B( nde. Ple+r =2E7["inade

) n 0
e = gI_f”sin 6d6 - r = i r=0.273r Ans

z°0 4
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7-93. Sketch the intensity of the shear-stress distribution
acting over the beam’s cross-sectional area, and determine
the resultant shear force acting on the segment AB. The
shear acting at the section is V = 35kip. Show that
ITya = 872.491in*.

Section Properties:

1 2
Ia = 1—2-(8)(83) +8(8)(5.1053 - 4)°
1 )
+—ﬁ(2)(6’) +2(6)(11-5.1053)°

=87249in* (Q.E.D) g,'xz»sszésfoﬁy,

54953 - g,\ 8in. A
=V, A"=(2.55265+0.5y,)(5.1053-y,)(8 = N« 7
Q =V V yi) »1)(8) 3‘5-/053171 p 8 DL ‘
= 104.25 - 4y} A L4 A 8in

0, = V3A’ = (4.44735+ 0.5y, ) (8.8947 - y,) (2) % - "":
5 _ in.
=79.12-y; 5.6%7-3.,1 — |

-
v ] ” .
Shear Stress: Applying the shear formula 7= T &in. %‘ 4 44739*05%"
t

oo V350100 (10425 -4vt)
B = 872.49(8)
= {522.77-20.06y2 } psi

Aty =0, Tcp = 523 psi
At ¥y, =-28947in.  T.5 =355 psi

Lo Ve 35(10%)(79.12-y3)
27 872.49(2)

= {1586.88 —20.06y } psi

At y,=28947in. 1,5 =1419psi
Resultant Shear Force: ForsegmentAB.

Vis =J TapdA

8.8947in 2

= ((1586.88~20.06y3 ) (2dy)
2.8947in

_ 8.8947in _ 2
_jm‘m (3173.76-40.12)2 ) dy

=9957 Ib = 9.96 kip Ans
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