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o7-1. If the wide-flange beam is subjected to a shear of
V = 20 kN, determine the shear stress on the web at A.
Indicate the shear-stress components on a volume element
located at this point.

The moment of inertia of the cross-section about the neutral axis is

1 1 _
I= E(0.2)(0.343) T (0.18)(0.3%) = 0.2501(1073) m*

From Fig. a,
Q4= y A =0.16(0.02)(0.2) = 0.64(10"%) m?
Applying the shear formula,

~VO.  20(10°)[0.64(107%)]
TAT I T 02501(107)(0.02)

= 2.559(10°%) Pa = 2.56 MPa Ans.

The shear stress component at A is represented by the volume element shown in
Fig. b.

0.02m I‘ o-Zm X

472



07 Solutions 46060 5/26/10 2:04 PM Page 473 $

© 2010 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.

7-2. If the wide-flange beam is subjected to a shear of
V = 20 kN, determine the maximum shear stress in the beam.

The moment of inertia of the cross-section about the neutral axis is
1 1
I=4 (0.2)(0.34%) — ' (0.18)(0.3% = 0.2501(1073) m*

From Fig. a.

Omax = Zy'A’ = 0.16 (0.02)(0.2) + 0.075 (0.15)(0.02) = 0.865(1073%) m®

The maximum shear stress occurs at the points along neutral axis since Q is
maximum and thicknest # is the smallest.

~ VOmax  20(10%) [0.865(107%)]

Tmax =y 0.2501(1073) (0.02)

= 3.459(10°) Pa = 3.46 MPa Ans.
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7-3. If the wide-flange beam is subjected to a shear of
V = 20 kN, determine the shear force resisted by the web
of the beam.

The moment of inertia of the cross-section about the neutral axis is
1 3 1 3 ~3y 4
I = I (0.2)(0.34°) — I (0.18)(0.3°) = 0.2501(10"°) m
For 0 = y < 0.15 m, Fig. a, Q as a function of y is
_ 1
0= 3y'A" =0.16 (0.02)(0.2) + E(y + 0.15)(0.15 — y)(0.02)

= 0.865(1073) — 0.01y?

For0 = y < 0.15m,¢ = 0.02 m. Thus.
Vo  20(10°) [0.865(107%) — 0.01?]
It 0.2501(1073) (0.02)

= {3.459(10%) — 39.99(10° y*} Pa.
The sheer force resisted by the web is,
0.15m 0.15m
V, =2 / TdA =2 / [3.459(10°) = 39.99(10%) y*] (0.02 dy)
0 0

= 18.95 (10°) N = 19.0kN Ans.

0-02m ogm
1F
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*7-4. If the T-beam is subjected to a vertical shear of
V = 12 kip, determine the maximum shear stress in the
beam. Also, compute the shear-stress jump at the flange-
web junction AB. Sketch the variation of the shear-stress
intensity over the entire cross section.

Section Properties:

_SyA 15312)(3) + 6(4)(6)
YTSA T 1203) + 46)

3.301in

Ina = %(12)(33) +12(3)(330 — 1.5) + 11—2(4)(63) + 4(6)(6 — 3.30)°

| +in.
= 390.60 in*

Omax = Y1 A’ = 2.85(5.7)(4) = 64.98 in®

Oup = yp A = 1.8(3)(12) = 64.8in’

Fuzergin.
Vo §o=28sn.
Shear Stress: Applying the shear formula 7 = T B
VOmax  12(64.98) .
= = = 0499k Ans.
Tmax =T T 3g90600a) 00K ns
VO.s  12(64.8) _
= = = 0.166 k Ans.
("an)r = 77 = 39060(12) ! s —_—
b 0498 kst
VO.s  12(64.8) ,
= = = 0.498 k Ans.
Tandw = " = 390.60(a) 98 ksi ns N A ]
4499 kst
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o7-5. If the T-beam is subjected to a vertical shear of

V' = 12 kip, determine the vertical shear force resisted by 4 in. ‘

4

the flange. ! = j3 in.
61in.
V = 12 kip
Section Properties:
_ 3SyA  1.5(12)(3) + 6(4)(6) .
y= = = 3.30in
A 12(3) + 4(6)
1 3 2, 1 3 2 Eet
Iya=——<(12 + 12 30 - 1.5)° +——4 + 6(4)(6 — 3.
va = 15(12)(3) + 12(3)(3:30 = 1.5)° + (4)(6°) + 6(4)(6 — 3.30) - .
— 390.60 in* " 2
Gin
Q =y A = (1.65 + 0.5y)(3.3 — y)(12) = 65.34 — 6)*
+in
Shear Stress: Applying the shear formula
VO 12(65.34 — 6y)
TT I T 390.60(12)
= 0.16728 — 0.01536y°
' 12/n.
Resultant Shear Force: For the flange ar-s-;%'.""_l" S :P-s-y,
b
Ve= [1dA YLe5 +05
f /A Y +e s

33in
/ (0.16728 — 0.01536y%)(12dy)
0.

3in

3.82 kip Ans.
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7-6. If the beam is subjected to a shear of V = 15kN,
determine the web’s shear stress at A and B. Indicate the
shear-stress components on a volume element located
at these points. Show that the neutral axis is located at
¥ = 0.1747 m from the bottom and /4 = 0.2182(107%) m*.

— (0.015)(0.125)(0.03) + (0.155)(0.025)(0.25) + (0.295)(0.2)(0.03) 0174
r= 0.125(0.03) + (0.025)(0.25) + (0.2)(0.03) = 01747 m

1

I= E(0.125)(0.033) + 0.125(0.03)(0.1747 — 0.015)?
1

+ E(0.025)(0.253) + 0.25(0.025)(0.1747 — 0.155)?

1
+ E(0.2)(0.033) + 0.2(0.03)(0.295 — 0.1747)*> = 0.218182(10 %) m*

%199 MP
04 = yA,y = (0310 — 0.015 — 0.1747)(0.2)(0.03) = 0.7219 (10~3) m® @
Qp = yAp = (0.1747 — 0.015)(0.125)(0.03) = 0.59883 (10~%) m®
1% 15(10%)(0.7219)(103
T4 = Qs _ AN 73)( ) _ 1.99 MPa Ans. @r%-urm
It 0.218182(1073)(0.025)

VOp  15(10°)(0.59883)(107)
It 0218182(1073)0.025)

Tp =

= 1.65 MPa Ans.

7-7. If the wide-flange beam is subjected to a shear of
V = 30 kN, determine the maximum shear stress in the beam.

Section Properties:
1 1
I= 5(0.2)(0.310)3 - 5(0'175)(0'250)3 = 268.652(10)"° m*

=3 y'A = 0.0625(0.125)(0.025) + 0.140(0.2)(0.030) = 1.0353(10) > m?>
Onmax y ( ) ) (0.2)( ) (10)

_Vvo _ 30(10)3(1.0353)(10) 3

Tmax = = 4.62 MPa Ans.
It 268.652(10)7°(0.025)

0. !40-“

0,062\
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*7-8. 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.

1 1
I= E(o.z)(o.mo)3 - 5(0.175)(0.250 3 = 268.652(10)"° m*

B (0.155 +y
- 2

)(0.155 — ¥)(0.2) = 0.1(0.024025 — y?)

~30(10)°(0.1)(0.024025 — y*)
O 268.652(10) °(0.2)

Tr

0.155
V= / 7; dA = 55.8343(10)° / (0.024025 — y*)(0.2 dy)

0.125 o
0.155 I I

1
= 11.1669(10)°[ 0.024025y — —y* ] ﬁc] r—
27 0125 3 g%ﬂ.lﬁ'
O.)55m % q

V, = 1457kN 0254

-

V, =30 — 2(1.457) = 27.1 kN Ans.

¢7-9. Determine the largest shear force V that the member
can sustain if the allowable shear stress is 7,1 = 8 ksi.

05MG) +2[2)MH2)]

y= 15 72000 — 1.1667 in.

I= %(5)(13) + 5 (1)(1.1667 — 0.5)*

+ 2<1172>(1)(23) +2(1)(2)(2 — 1.1667)* = 6.75 in*

Omax = Sy’ A’ = 2(0.91665)(1.8333)(1) = 3.3611 in?

VQmax

Tmax — Tallow — It

V (3.3611)

810 = = 435 2)(1)

V =321321b = 32.1 kip Ans.
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7-10. If the applied shear force V' = 18 kip, determine the
maximum shear stress in the member.

—_(05MEG) +2[2)1)Q)] .
y = 15) + 2(02) = 1.1667 in.

I= %(5)(13) + 5(1)(1.1667 — 0.5)?

+ 2(%2)(1)(23) +2(1)(2)(2 - 1.1667) = 6.75 in*

Omax = =y’ A" = 2(0.91665)(1.8333)(1) = 3.3611 in
VO 18(33611)

Tmax — It - 6.75 (2)(1) = 4.48 ksi Ans.
20 i)
i=ewsisa,

7-11. The wood beam has an allowable shear stress of 50 mm 50 mm
Talow = 7 MPa. Determine the maximum shear force V that o } =100 mm— } -
can be applied to the cross section. 50 mm

4

l 200 mm
\%
—
50 Iflm

1 1 -
1= E(0.2)(0.2)3 - E(o.l)(m)3 = 12510 % m*

VQmax

Tallow — It

V[(0.075)(0.1)(0.05) + 2(0.05)(0.1)(0.05)]
125(1079)(0.1)

7(10%) =

V = 100 kN Ans.
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*7-12. The beam has a rectangular cross section and is
made of wood having an allowable shear stress of 7,0y =
200 psi. Determine the maximum shear force V that can be
developed in the cross section of the beam. Also, plot the
shear-stress variation over the cross section. T

12 in.

Section Properties The moment of inertia of the cross-section about the neutral axis is
1 3 -4
1= I (8)(12°) = 1152 in

Q as the function of y, Fig. a,
1 2
Q=5 +06)6-y®) =4(36-y)
Q.. Occurs when y = 0. Thus,
Omax = 4(36 — 0%) = 144 in’

The maximum shear stress occurs of points along the neutral axis since Q is
maximum and the thickness ¢+ = 8 in. is constant.

T — VQmax. — V(144)
allow It 1152(8)
V = 1280016 = 12.8 kip Ans.

Thus, the shear stress distribution as a function of y is

Vo 128(109)[4(36 — )]

It 1152 (8)

= {5.56 (36 — y*)} psi

6 T=656(36-%)

...; 1
'g z( "a-'fb ) T CfSc')
«3, A <00

h

oin

(@)
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7-13. Determine the maximum shear stress in the strut if
it is subjected to a shear force of V' = 20 kN.

Section Properties:
e 12)(0.084%) — Lo 04)(0.06°)
NA T ' 12 ‘
= 5.20704(10"°) m*

Qmax = E;/A/

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

= 87.84(107°¢) m?

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

ﬁsoosbn 0-52 m 1
Applying the shear formula e ]_oom
©eA Tg-esm
V max N —— A
Tmax = % ‘ . 'E::a-atj; J_o-a.’n

_rp-oum
_ 20(10°)(87.84)(10°) e

5.20704(107%)(0.08)

= 422 MPa Ans.

7-14. Determine the maximum shear force V that the
strut can support if the allowable shear stress for the
material is 7,5, = 40 MPa.

12 mm

Section Properties: 60 mm
Ina=--(0 12)(0.084%) — Lo 04)(0.06°)
NA T AT 12

= 5.20704(107%) m*

Qmax = 2;’14,

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

= 87.84(107) m?

Allowable shear stress: Maximum shear stress occurs at the point where the neutral
axis passes through the section.

Applying the shear formula P

_ _ VQmax E.SD-O}SCM :l 0.0l m
Tmax — Tallow — It T
I o.cgm |
V(87.84)(107°
40(10°) = (87.84)(1077)
5.20704(107%)(0.08)

V =189692 N = 190 kN Ans.

481



07 Solutions 46060 5/26/10 2:04 PM Page 482 $

© 2010 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.

7-15. 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 =V -y I=-—c*

t=2x=2Vc* -y
dA =2xdy =2\ — y*dy
dQ = ydA = 2y\/ 2 — y* dy

* 2 3 X 2 2
Q= /Zy\/cz—yzdy=—§(cz—y2)2 ly =5 =)
y

202 _ 2N
_vo _ VB -yrl 4V4[cz—y2)

It (%04)(2\/m 3¢

The maximum shear stress occur when y = 0

4
Tmax =
37c?
v
S
., vy,
The faector = —= = 3% =— Ans.
Tavg ﬁ 3
AV
! ﬂ:":u(i } a“‘"'(( ’J
i
d .
¥ o T
\-/ X T Iner
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*7-16. A member has a cross section in the form of an
equilateral triangle. If it is subjected to a shear force V,
determine the maximum average shear stress in the member
using the shear formula. Should the shear formula actually be
used to predict this value? Explain.

1= @’

y_h o,
x ’ Y=

a2
0= [yar=2(3 )we(3n-3)]
o= (e Jeo(1-%)

t=2x

VO VERBa)(P)(1 - %)

TT T ((/36)(@)(H)(2x)
_24V(x - %xz)

ST

dr 24V 4

dx - W(l - ;") -0

Atx = %

_ %(z) _h
Y= \4) T2
Tmax = a*h \ 4 a\4

= i Ans.

Tmax ah

No, because the shear stress is not perpendicular to the boundary. See Sec. 7-3.
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¢7-17. Determine the maximum shear stress in the strut if
it is subjected to a shear force of V' = 600 kN.

The moment of inertia of the cross-section about the neutral axis is
1 3 1 3 -3 4
1= D) (0.3)(0.21°) — E(O.Z)(O.IS ) = 0.175275(10"°) m

From Fig. a,
Omax = =y’ A’ = 0.09(0.03)(0.3) + 0.0375(0.075)(0.1)

= 1.09125(107%) m?

The maximum shear stress occurs at the points along the neutral axis since Q is
maximum and thickness ¢ = 0.1 m is the smallest.

VOnas  600(10%)[1.09125(107%)]

Tmax = "y 0.175275(1073) (0.1)

= 37.36(10%) Pa = 37.4 MPa Ans.

L 03m 1
) 1

a.03m ,
?FO'MWL

0-075m T .
N (_ ’
o:Im ?z;-a.omm

@)
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7-18. Determine the maximum shear force V that the strut

30
can support if the allowable shear stress for the material is l/ mm
Tallow — 45 MPa. j]/
150 mm
A
T 30mm

%m

L/’%mm

100 mm

The moment of inertia of the cross-section about the neutral axis is
1 3 1 3 3\ 4
I =-5(03)(02%) = - (02)(0.15) = 0175275 (10 %) m

From Fig.a
Omax = 2y’ A" = 0.09(0.03)(0.3) + 0.0375 (0.075)(0.1)

= 1.09125 (103) m®

The maximum shear stress occeurs at the points along the neutral axis since Q is
maximum and thickness ¢ = 0.1 m is the smallest.

VQmax

. vV [1.09125(107)]
Tallow = It 5 45(10 ) =

0.175275(1073)(0.1)

V = 722.78(10°)N = 723 kN Ans.

L 03m 1
[ ]

0.03m
0-075m T KL ;0 LI
N (_ ’
o:Im ?z;-a.omm

@)
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7-19. 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.= 600 kN.

The moment of inertia of the cross-section about the neutral axis is
1 1

For 0.075 m < y = 0.105 m, Fig. a, O as a function of y is

_ 1
0=yA = 5(0'105 + ) (0.105 — ¥)(0.3) = 1.65375(1073) — 0.15)?
For 0 = y < 0.075 m, Fig. b, Q as a function of y is
_ 1
Q = 2y'A" =009 (0.03)(03) + 5 (0.075 + y)(0.075 = y)(0.1) = 1.09125(1073) — 0.05 y?

For 0.075m < y = 0.105m, ¢ = 0.3 m. Thus,
Vo  600(10%) [1.65375(107%) — 0.15y?]

= (18.8703 — 1711.60y*) MP
It 0.175275(1073) (0.3) ( y) MPa

Aty = 0.075m and y = 0.105 m,
Tly=0.015m = 9.24 MPa Ty=0.105m = 0

For0 = y < 0.075m,t = 0.1 m. Thus,

VO 600(10%) [1.09125(10°) — 0.05?]
I 0.175275(107%) (0.1)

T = (37.3556 — 1711.60 y*) MPa

Aty =0and y = 0.075 m,
’T|y:0 = 37.4 MPa Ty:04075m = 27.7 MPa

The plot shear stress distribution over the cross-section is shown in Fig. c.

0105-Y | 03m ,003m

T 1
LR
bhsatani

j 0105~
0:075+

p—
>
S

RER
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*7-20. The steel rod is subjected to a shear of 30 kip.
Determine the maximum shear stress in the rod.

The moment of inertia of the ciralor cross-section about the neutral axis (x axis) is 1in.
m w
I=—rt=—@2% =47in’ i
4 4 29 2in.

Q for the differential area shown shaded in Fig. a is
dQ = ydA = y(2xdy) = 2xy dy
However, from the equation of the circle, x = (4 — yz)%,Then
dQ = 2y(4 — y?y dy

Thus, Q for the area above y is

2in .
Q:/ 2y (4 — ) dy
y
2 5 (2in
= —Z(4 — 2y
J@-"
2 3
= Z(4 — ?):
3( y9)

Here,t = 2x = 2(4 — yz)%. Thus
_vo  30F¢ -y
It 4z 24 - y?p]

T = i(4 — %) ksi
2

By inspecting this equation, 7 = 7, at y = 0.Thus

20 10
TmAx— E = ; = 3.18 ksi Ans.

@)

487



07 Solutions 46060 5/26/10 2:04 PM Page 488 $

© 2010 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.

o7-21. The steel rod is subjected to a shear of 30 kip.
Determine the shear stress at point A. Show the result on a
volume element at this point.
1in.
The moment of inertia of the circular cross-section about the neutral axis (x axis) is

T 21in.
[=7rt=70@)=4rin’

Q for the differential area shown in Fig. a is
dQ = ydA = y (2xdy) = 2xy dy
However, from the equation of the circle, x = (4 — yz)%,Then
dQ =2y (4 — > dy

Thus, O for the area above y is

2 1in.
Q=/ 2y (4 — ) dy
y

2 3 2in. 2 3
=@ =S
y

Heret = 2x = 2(4 — yz)%. Thus,
3
_vo _0[E -y
It 4z 204 -y

5
T=—(4- y2) ksi
2
For point A, y = 1 in. Thus
5 2 .
T4=-—(4—1°) =239 ksi Ans.
2ar

The state of shear stress at point A can be represented by the volume element
shown in Fig. b.

’L’A=2-39 K5t

x= (4 b)

@)
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7-22. Determine the shear stress at point B on the web of 2kN 4 kN
the cantilevered strut at section a—a.

— (0.01)(0.05)(0.02) + (0.055)(0.07)(0.02)
y= (0.05)(0.02) + (0.07)(0.02) = 0.03625 m

1= %(0.05)(0.023) + (0.05)(0.02)(0.03625 — 0.01)

+ %(0.02)(0.073) + (0.02)(0.07)(0.055 — 0.03625)* = 1.78625(10~%) m* .
FAS 4“
¥ = 0.03625 — 0.01 = 0.02625 m M (.[—-—l—-——‘
= 6~
05 = (0.02)(0.05)(0.02625) = 26.25(10"°) m*
3 —6
= VQp _ 6(10°)(26.25)(10°°%) i
It 1.78622(107%)(0.02) B
= 4.41 MPa Ans. Joam|# | | 4 »
; ﬂm T
Lloam S50mm

7-23. Determine the maximum shear stress acting at
section a—a of the cantilevered strut.

_ (0.01)(0.05)(0.02) + (0.055)(0.07)(0.02)
YT 005)002) + 00002y | 036Em

1= %(0.05)(0.023) + (0.05)(0.02)(0.03625 — 0.01)

+ %(0.02)(0.073) + (0.02)(0.07)(0.055 — 0.03625)* = 1.78625(10~%) m*
24N Ahy

Omax = ¥' A’ = (0.026875)(0.05375)(0.02) = 28.8906(10 %) m? " LV >GAN | |
(

VOuax  6(10°)(28.8906)(10°)

;
e It 1.78625(1079)(0.02)
53 m

= 4.85 MPa .
g 0:026815m
A
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*7-24. Determine the maximum shear stress in the T-beam

at the critical section where the internal shear force is
maximum.

The FBD of the beam is shown in Fig. a,

The shear diagram is shown in Fig. b. As indicated, V ,,x = 27.5kN

The neutral axis passes through centroid c of the cross-section, Fig. c.

3 ¥ A 00750.15)(0.03) + 0.165(0.03)(0.15)

10 kN/m

IR

B

C

1.5m 1.5m—

3m

150 mm

A !
150lmm 30 mm

4

YT A T 0.15(0.03) + 0.03(0.15) — M 0
=012m
1
I= 5(0.03)(0.153) + 0.03(0.15)(0.12 — 0.075)?
+ % (0.15)(0.03%) + 0.15(0.03)(0.165 — 0.12)?
=27.0(10"% m*
From Fig. d,
Omax = ¥' A" = 0.06(0.12)(0.03)
=0.216 (107%) m®
The maximum shear stress occurs at points on the neutral axis since Q is maximum
and thickness ¢+ = 0.03 m is the smallest.
Vi O 27:5(10%[0.216(107%)
Tmax = =
It 27.0(107%)(0.03)
= 7.333(10°%) Pa
= 7.33 MPa Ans.
AN R e S VCRN)
! L 2 : \L S
1
7 R75
sm| 2&m | 2m
by 2rom ok D
@) . : (- x(m)
-2:50

-I75

ax)
ax,
n
o
S
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¢7-25. Determine the maximum shear stress in the 10 kN/m

T-beam at point C. Show the result on a volume element M
at this point. h

Afe =
B
AR c 5
} 3m 1.5m——1.5m—|
150 mm
— 1|
150 mm || 30 mm

using the method of sections, — =30 mm
1
+1SF,=0;  Ve+175 - 5(5)(1.5) =0

Ve = —1375kN

The neutral axis passes through centroid C of the cross-section,

_  SyA  0.075(0.15)(0.03) + 0.165(0.03)(0.15)
y: =

SA 0.15(0.03) + 0.03(0.15) %—C’.;)C 15) kN
= 0.12m
1 5k fm
1= 15 (003)(015) + 0.03(015)(0.12 - 0.075)? i
+ 11—2(0.15)(0.033) + 0.15(0.03)(0.165 — 0.12)2 Mc.c

=27.0(10"% m* \é
Omax = y'A’ = 0.06 (0.12)(0.03)

= 0.216 (107%) m® 490

The maximum shear stress occurs at points on the neutral axis since Q is maximum
and thickness # = 0.03 m is the smallest.

Ve Ome  1375(10% [0.216(107%)]
T 27.0(107) (0.03)

3.667(10%) Pa = 3.67 MPa Ans.

T3 67MPo.
e)
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7-26. Determine the maximum shear stress acting in the 200 Ib /ft
. : ) 150 Ib /it
fiberglass beam at the section where the internal shear

force is maximum. l l l l l l l l v m
... Yo
|

6 ft 6 ft ‘
I Mot |

. ~— 6in
0.5 in. l
T
41in. 0.75 in

Support Reactions: As shown on FBD.

Internal Shear Force: As shown on shear diagram, V., = 878.57 Ib.
150(6)=9001b jfzr)(b):eaam

Section Properties: pe—ep—y ™t
3 1 i il

Iy = %(4) (7.5%) - %(3.5) (6°) = 77.625 in*

i 3 ¥
- a7 T 4R
Omax = 2Zy'A’ 878-571b Gard3 1h

V(i)
= 3.375(4)(0.75) + 1.5(3)(0.5) = 12.375 in’

Maximum Shear Stress: Maximum shear stress occurs at the point where the a78s]
neutral axis passes through the section.

J h" (fg
Applying the shear formula Y

7 VOnmax

Tmax — It

_ST8SI012375) _ A gix
T 7762505 0P - 4
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7-27. Determine the shear stress at points C and D 3 kip/ft

located on the web of the beam. m M
v Y 1
oC
A = _ﬁ.B_

| 6 ft 6t 6 ft |

L)

0.75inYC____y4in.

The FBD is shown in Fig. a. D 4 in-
),
Using the method of sections, Fig. b, 6 in. lin.

+1SF, =0, 18 —%(3)(6) -Vv=0

V = 9.00 kip.

The moment of inertia of the beam’s cross section about the neutral axis is
1= (6)(10%) — L (5.25)(8%) = 276 in*
12 12

Q. and Q, can be computed by refering to Fig. c.
Qc = Sy’ A" = 45(1)(6) + 2(4)(0.75)
= 33in?
Op = y3A" = 45(1)(6) = 27 in’
Shear Stress. since points C and D are on the web, ¢ = 0.75 in.

~VOc  9.00(33) )
=T T 7 075) = 1.43 ksi Ans.

1% 9.00 (27
Tp = O _ QN 17k Ans.

It 276 (0.75)
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*7-28. Determine the maximum shear stress acting in the 3 kip/ft

beam at the critical section where the internal shear force m m
is maximum. Y V V¥

- s
A8

| 6 ft 6t 6 ft |
The FBD is shown in Fig. a. ‘.@,‘ J in
The shear diagram is shown in Fig. b, V., = 18.0 kip. 075inMc__ 14in.
D 4in
The moment of inertia of the beam’s cross-section about the neutral axis is ‘ ‘ ﬂ
6 in. 1in.

1 1
I= E(6)(103) - 5(5.25)(83)

276 in*

From Fig. ¢
Omax = SY'A" = 4.5(1)(6) + 2(4)(0.75)
= 33 in’

The maximum shear stress occurs at points on the neutral axis since Q is the
maximum and thickness ¢ = (.75 in is the smallest

V max Omax 18.0 (33 .
ax Oma = (33) = 2.87 ksi Ans.

Tmax = T T 276/ (0.75)

V{kip)

8.0

18
i

Xe)

~18.0

’_T;l éin. |

75in. =l 4 er
4 ’-n' 075’” rg'_4.5’n.

N . - A
C g;zm.

(c)
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7-30. The beam has a rectangular cross section and is P
subjected to a load P that is just large enough to develop a X
fully plastic moment M, = PL at the fixed support. If the Plastic region
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. 6-48e.
Prove that the maximum shear stress developed in the beam
is given by 7. = %(P/A’), where A’ = 2y’b, the cross-
sectional area of the elastic core.

Elastic region

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

:tEFXZO, TlongAZJ'_O-yAl_o-yAl: 0

Tlong = 0 ‘T

This proves that the longitudinal shear stress. 74, is equal to zero. Hence the

7
corresponding transverse stress, Tn.y, 1S also equal to zero in the plastic zone. Ay §
Therefore, the shear force V = P is carried by the malerial only in the elastic zone. \

A

A

Section Properties:

1 2
I — 2y 3 _ =2 13
NA 12(b)( y') 3by

yer

— /_yil ’ -z
Qmax_y A= Z(y)(b) 2

Maximum Shear Stress: Applying the shear formula

VO V() 3P

Tmax — - = ’
However, A’ = 2by’ hence
3P
Tmax = 5 4 (Q.E.D.)
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7-31. The beam in Fig. 6-48fis subjected to a fully plastic P
moment M. Prove that the longitudinal and transverse x
shear stresses in the beam are zero. Hint: Consider an element Plastic region

of the beam as shown in Fig. 7-4c.

| L
Elastic region

Force Equilibrium: If a fully plastic moment acts on the cross section, then an

'3
element of the material taken from the top or bottom of the cross section is ]
subjected to the loading shown. For equilibrium K =

+3F, =0, 0y A + Tiong Ay — 0, A = 0 L g
Oy 7 % i3
Az
Tlong = 0
T,‘l

Thus no shear stress is developed on the longitudinal or transverse plane of the
element. (Q. E. D.)

*7-32. 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.

Section Properties:

Lo (43) = 3.0 in*
I=5(6)(#) =320in
Q0 =yA =16)2) = 12.0in*

Shear Flow: There are two rows of nails. Hence, the allowable shear flow

2(500) )
= 27 = 166.67 Ib/in.
_ve
=77
166.67 = vazo
T30
V = 444 1b Ans.
’ &in. |
T s 1 L
. s
Zin.
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¢7-33. 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 = 6001b is applied to the boards, determine the shear
force resisted by each nail.

Section Properties:

1 .
1= 6)(#)=320in*

0=yA =16)2) = 120in*

Shear Flow: -

~ VO 600(12.0)
I 320

= 225 Ib/in.

There are two rows of nails. Hence, the shear force resisted by each nail is

q 2251b/in.\ .
=|Zs)s=(—F—)6in.) =
F ( ) ( )6 ) = 6751b

> 2 Ans.

7-34. The beam is constructed from two boards fastened
together with three rows of nails spaced s = 2 in. apart. If
each nail can support a 450-lb shear force, determine the
maximum shear force V that can be applied to the beam. The
allowable shear stress for the wood is 7, = 300 psi.

The moment of inertia of the cross-section about the neutral axis is

I P
=35 (6)3) = 135in

Refering to Fig. a,

04 = Omax = ¥' A" = 0.75(1.5)(6) = 6.75 in®

The maximum shear stress occurs at the points on the neutral axis where Q is
maximum and ¢ = 6 in.

VOax

Tallow — It B

 V(675) 4 >
~13.5(6)

V =36001b = 3.60 kips

Shear Flow: Since there are three rows of nails,

F 4
Gallow = 3(?) = 3(%) = 675 lb/ll'l

VOa .

Qallow = 7

S V675)

13.5

V =13501b = 1.35 kip

Ans.
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7-35. The beam is constructed from two boards fastened
together with three rows of nails. If the allowable shear
stress for the wood is T,y = 150 psi, determine the
maximum shear force V that can be applied to the beam.
Also, find the maximum spacing s of the nails if each nail
can resist 650 Ib in shear.

The moment of inertia of the cross-section about the neutral axis is

~
Il

L3 = 1350t
12 (6)(3°) = 13.5in
Refering to Fig. a,
04 = Omax = V'A" = 0.75(1.5)(6) = 6.75 in®

The maximum shear stress occurs at the points on the neutral axis where Q is
maximum and ¢ = 6in.

~ VOmax | 150 = V(6.75)
Tallow = "y ~ 13.5(6)
V = 18001b = 1.80 kip Ans.
F 650 1950\ Ib
Since there are three rows of nails, g, 0w = 3(*) = 3<> = (7) T
s s s /in.
_VQ4 1950 _ 1800(6.75)
Gallow = 1 5 s - 135
. 1.
s = 2.167in = ng Ans.
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#7-36. 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:
N 1 (3)(93) _ b 2 5)(83>
NAT 12 12

1 1
- E(0.5)(23) + E(1)(63)

= 93.25 in*
0 =3y A =25(3)(0.5) + 425(3)(0.5) = 10.125 in® NELS N
—_— 05in.
e
Shear Flow: Since there are two shear planes on the bolt, the allowable shear flow is ,—HM sin| | - 1& ain.
2(15) 30 zsinf | M| lGE 2™
q = = — {iRt
K s lin
1 zin.
q= Q 1 |3din.
1 1.
Ta'ﬁfﬂ-
30 50(10.125) a-5in.
© 9325
s = 5.53in. Ans.

¢7-37. 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 3 1 3
Ina=1; 3)(9) - 5 2.5)(8)

1 1
-5 05)(2°) + 5 1)(6°)

= 9325 in*
0 = 3y'A’ = 25(3)(0.5) + 4.25(3)(0.5) = 10.125 in® o
- p—— -Losin-
Shear Flow: Since there are two shear planes on the bolt, the allowable shear flow is i osmf
2(15) o Pl IR H2in
=5 = 3.75 kip/in. Ve ™~
lin
[ 3in
Vo f .m{
T o
o-5in.
O-an.T.
375 = V(10.125)
T 9325
y = 345 kip Ans.
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7-38. The beam is subjected to a shear of V = 2kN.
Determine the average shear stress developed in each nail
if the nails are spaced 75 mm apart on each side of the
beam. Each nail has a diameter of 4 mm.

The neutral axis passes through centroid C of the cross-section as shown in Fig. a.

_ 3V A 0175005)(0.2) + 0.1(02)(0.05)
YT TsaA T 0.05(0.2) + 0.2(0.05)

= 0.1375m

Thus,

I= % (0.2)(0.05%) + 0.2 (0.05)(0.175 — 0.1375)?
1
+ E(O‘OS)(O'ZS) + 0.05(0.2)(0.1375 — 0.1)?

= 63.5417(107%) m*

Q for the shaded area shown in Fig. b is

0 = y'A’ = 00375 (0.05)(02) = 0.375(107%) m’

F 2F
Since there are two rows of nails g = 2(?) = 0055 (26.67 F) N/m.
1% 2000 |0.375 (107%)
q= —Q; 26.67 F = [ }
1 63.5417 (107%)
F = 442.62N

Thus, the shear stress developed in the nail is

F 442.62

e s = 35.22(10%Pa = 35.2 MPa Ans.
T 0.004%)
4
_ L o2m i
0.025m—| |2 ﬁl —0:0R5M | |
o 05@ 1 :E.OSm
N T A N [ A
C |/
- 0.zZm 1} = 0175 ~013]%
% =0:0375m
|| ] = =

@) ()
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7-39. A beam is constructed from three boards bolted
together as shown. Determine the shear force developed
in each bolt if the bolts are spaced s = 250 mm apart and the
applied shear is V = 35 kN.

2 (0.125)(0.25)(0.025) + 0.275 (0.35)(0.025)
2 (0.25)(0.025) + 0.35 (0.025)

y =

1
+ E(O'OZS)(O'35)3 + (0.025)(0.35)(0.275 — 0.18676)*

= 0.270236 (10~%) m*
0 = y'A’ = 0.06176(0.025)(0.25) = 0.386(10 %) m*
VO 35(0386)(107°)

= 0.18676 m

I= (2)(%)(0.025)(0.253) + 2 (0.025)(0.25)(0.18676 — 0.125)?

N\

_qi0 06176m

~2(600) 1200

N S
_yeo
T
1200  1500(168)
s 2902
s = 13.8 1in.

Shear Flow: Since there are two shear planes on the bolt, the allowable shear flow is

Ans.

= = 49.997 kN/m M *
I 0.270236 (1073) /
F = q(s) = 49.997 (0.25) = 12.5kN Ans.
*7-40. The double-web girder is constructed from two 7770 T2in.
plywood sheets that are secured to wood members at its top = 12in. p
and bottom. If each fastener can support 600 1b in single - i
shear, determine the required spacing s of the fasteners jﬁ
needed to support the loading P = 3000 Ib. Assume A is 10 in. =
pinned and B is a roller. Y rver— i R
‘\h—4ft——}-—4ft4|‘i\
l2in }
0 [2in
—{F—6in.—{}-—
0.5in.  0.51in.
Support Reactions: As shown on FBD. 3000 16
Internal Shear Force: As shown on shear diagram, V., = 1500 Ib.
+4t +1
Section Properties: 1500 1h 15001
1 1
Ina = — (D(18) = = (6)(10°) = 2902 in* Vo)
12 12
1500
— 8
Q =y'A =17(4)(6) = 168 in’ = xtfo)
/300
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¢7-41. The double-web girder is constructed from two 7770 12in.
plywood sheets that are secured to wood members at its top F 210,
and bottom. The allowable bending stress for the wood is b
OTalow = 8 ksi and the allowable shear stress is 7,10,y = 3 Ksi.

If the fasteners are spaced s = 6in. and each fastener can 10 in.
support 600 1b in single shear, determine the maximum load A ILW{ socooccoonslp
P that can be applied to the beam. Pi 4ft a4t 4[‘
I 1 [2in
EO | 2in.
k=6 in.—~f|-
0.5in.  0.5in.

Support Reactions: As shown on FBD.

"0

Internal Shear Force and Moment: As shown on shear and moment diagram, )
Vmax = 0.500P and M ,,, = 2.00P.
41t +/t
Section Properties: e e
Ina = i(7)(183) - i(6)(103) = 2902 in*
N 12 12
_ 8
Q = y,A’ = 7(4)(6) = 168 in® AL
Omax = ZY'A" = 7(4)(6) + 4.5(9)(1) = 208.5 in® “osp
o.P
Shear Flow: Assume bolt failure. Since there are two shear planes on the bolt, the
2(600
allowable shear flow is g = % = 200 1b/in. 5 ' 3 Xt
4
Vo
1= T ofia,.  osin
S0 = S00P(168) "'__., B
= 72902 -;7.‘ -‘7_,‘_7‘_':. pd 1;.!
P = 69101b = 6.91 kip (Controls !) Ans. ! ] L
Shear Stress: Assume failure due to shear stress. 5in.
-
r =5 _ VQmax o
max allow It
3000 — 0.500P(208.5)
o 2902(1)

P =222701b = 83.5 kip

Bending Stress: Assume failure due to bending stress.

Mc
Omax = Tallow — T
2.00P(12)(9)
3 = e
810 2902

P =107 ksi
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7-42. The T-beam is nailed together as shown. If the nails
can each support a shear force of 950 lb, determine the
maximum shear force V that the beam can support and the
corresponding maximum nail spacing s to the nearest é in.
The allowable shear stress for the wood is 7,0 = 450 psi.

The neutral axis passes through the centroid c of the cross-section as shown in Fig. a.

sV A 13Q)(12) + 6(12)(2) 05
A 22+ 120 o™

y =

I= 11—2 (2)(12%) + 2(12)(9.5 — 6)?

+ 11—2(12)(23) + 12(2)(13 — 9.5)%
= 884 in*

Refering to Fig.a, Q... and O , are

max
Oumax = ViA} = 475(9.5)(2) = 90.25 in®

Q4 = yhAb = 3.5(2)(12) = 84in’

The maximum shear stress occurs at the points on the neutral axis where Q is
maximum and r = 2 in.

VO, eV (9025)
Tallow = =y, T 884 (2)
V = 8815.51 b = 8.82 kip Ans.

F 950
Here, qaiow = 5T le/in.”[hen

VO, 950  8815.51(84)

Gallow = J s ]84

s = 1.1341in = 1éin Ans.

2.

L

2n.

[Zin.

x|

-2 K 2in.

@)
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7-43. Determine the average shear stress developed in the P
nails within region AB of the beam. The nails are located on 2 kN/m
each side of the beam and are spaced 100 mm apart. Each
nail has a diameter of 4 mm. Take P = 2 kN. R m e e o s O O O o o e VR R R S SRR e

A B C
The FBD is shown in Fig. a. 1.5m 1.5m

As indicated in Fig. b, the internal shear force on the cross-section within region AB
. . 100 mm
is constant thatis V 45 = 5 kN.

The neutral axis passes through centroid C of the cross section as shown in Fig. c. 0

SV A 018(0.04)(0.2) + 0.1(0.2)(0.04) 40 mm

SA 0.04(0.2) + 0.2(0.04)
=0.14m

y =

1
=3 (0.04)(0.2%) + 0.04(0.2)(0.14 — 0.1) | ‘/
1 200 mm - 20 mm
+ D) (0.2)(0.04%) + 0.2(0.04)(0.18 — 0.14)? 4205111
= 53.333(10 %) m*
O for the shaded area shown in Fig. d is
0 =y A" = 0.04(0.04)(0.2) = 0.32(107%) m®
. . F F
Since there are two rows of nail, g = 2 " =2 o1 = 20F N/m.
Vg0 5(10%)[0.32(1073)
q=——; 20F =
I 53.333(107%)
F = 1500 N
Thus, the average shear stress developed in each nail is
F 1500
(Toail Jave = = = 119.37(10°Pa = 119 MPa Ans.
Anail z (00042) O.ZM ..I
4 - I 'l k O'Ozm
e

Ap=skN  rofo N A
i

ot

N 0
MA’-'/Z-]E &N m @ )

VCkn) hm '73-,-0-04-:!4
5 oo4ml [ Er0 f

0 i 3 i L

k) 4)
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*7-44. The nails are on both sides of the beam and each P
can resist a shear of 2 kN. In addition to the distributed 2kN/m
loading, determine the maximum load P that can be applied
to the end of the beam. The nails are spaced 100 mm apart R B R R B o R RSB R B B SRR R R BRSO R SR oR
and the allowable shear stress for the wood is 7, = 3 MPa.

1.5m 1.5m

The FBD is shown in Fig. a.

As indicated the shear diagram, Fig. b, the maximum shear occurs in region AB of
Constant value, V ,,x = (P + 3) kN.

The neutral axis passes through Centroid C of the cross-section as shown in Fig. c.
- = VA _0.18(0.04)(0.2) + 0.1(0.2)(0.04)
YT Tsa T 0.04(0.2) + 0.2(0.04)
=0.14m

| 200 mm Z‘OTnm

20 mm
I= % (0.04)(0.2%) + 0.04(0.2)(0.14 — 0.1)?
1
+ E(0.2)(0.043) + 0.2(0.04)(0.18 — 0.14%)
= 53.333(10" %) m*
Refering to Fig. d,

Omax = V1AL = 0.07(0.14)(0.04) = 0.392(10"%) m*
04 = ybA, = 0.04(0.04)(0.2) = 0.32(107%) m®
The maximum shear stress occurs at the points on Neutral axis where Q is maximum
and ¢t = 0.04 m.
V s O o (P 3)(10%)[0.392(1073) |
Tallow = — 55 3(10°) = "
It 53.333(107°)(0.04)
P = 1333 kN
, , F 2(10°%)
Since there are two rows of nails g,jow = 2 N =2 01 = 40 000 N/m.
V@i, 00 (P + 3)(10%)[0.32(107%)]
datlow 1 53.333(107%)
P = 3.67 kN (Controls!) Ans.

3N, P V(kN)

Aa =G>')L 3) kf\, r———-— e o e et E)+3
; ' — P
My=(3P #675) knrm

@) )
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7-44. Continued

0.02M 0.02m
l2<m
_’i A | - i
0.04”[ g :/"?2?()'04]”
A

N :

73:0-!4!0 b

02m

ﬁ"

<)
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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.

¢7-45. The beam is constructed from four boards which 3 kN lP

TG0 0000000000000000000000000000000

0000000000000 00000000000000000000

B ‘ C

2m i 2m ‘

P -
30 mmﬂg/ 250 mm/yg‘,();lm
mm

Support Reactions: As shown on FBD.
Internal Shear Force: As shown on shear diagram, V 45 = (P + 3) kN.

Section Properties:

Ina %(0.31)(0.153) - %(0.25)(0.093)

72.0(10°¢) m*
0 = y'A’ = 0.06(0.25)(0.03) = 0.450(107*) m’

Shear Flow: There are two rows of nails. Hence the allowable shear flow is

=30 o
=21 ¢ /m.
_Vo
=77
P + 3)(10%0.450(103
60.0(103) _( )(10°) (1077)
72.0(107)
P = 6.60 kN Ans.
o p cosm— p22E0_4 1 5 03m
gloosm | o | Tocrs
4P gzl —_L
g ——
[l A J
| 2m I 2m |
Pt3
V(kn)
A3 i e .
3 i p Xim)

507



07 Solutions 46060 5/26/10 2:04 PM Page 508 $

© 2010 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.

7-47. 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 spacing s” and s if the beam
is subjected to a shear of V' = 700 Ib.

Section Properties:

_SyA 0510)(1) + 1.5(2)3) + 6(1.5)(10)
YT3a T 10(1) + 2(3) + 1.5(10)

= 3.3548 in

Ina = %(10)(13) + 10(1)(3.3548 — 0.5)?

+ %(2)(33) +2(3)(3.3548 — 1.5)

337.43 in*

Oc = yi'A’ = 1.8548(3)(1) = 5.5645 in®
Op = yy' A" = (3.3548 — 0.5)(10)(1) + 2[(3.3548 — 1.5)(3)(1)] = 39.6774 in

100
Shear Flow: The allowable shear flow at points C and D is gc = N and

100 :
a8 =" respectively.

_VOc
qdc = 7
100 _ 700(5.5645)
s 33743
s = 8.66 in. Ans.
VO,
dp = 7
100  700(39.6774)
s’ 33743
s’ = 1.211in. Ans.
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*7-48. The box beam is constructed from four boards that
are fastened together using nails spaced along the beam
every 2 in. If each nail can resist a shear of 50 Ib, determine
the greatest shear V' that can be applied to the beam without
causing failure of the nails.
_ SyA _05(12)(1) + 2 (4)(6)(1) + (6.5)(6)(1) 31
YT saA 12(1) + 2(6)(1) + (6)(1) SO

1 3 2
1= 5(12)(1 ) + 12(1)(3.1 — 0.5)

1
+ 2(5)(1)(63) +2(1)(6)(4 — 3.1)
1

+ E(6)(13) + 6(1)(6.5 — 3.1)> = 197.7 in*

Qp = ViA' = 2.6(12)(1) = 31.2in?
1 VQB) V3L o

8= 3 < [ ) = 20077y OV
qgs = 0.0789V(2) = 50

V = 317 1b (controls) Ans.
Q4 = VA" = 3.4(6)(1) = 204 in>

1 VQA) V(20.4)

=— = = 0.0516

L) ( I 2(197.7) v
gas = 0.0516V(2) = 50

V =4851b
é g,-ec6”

Ef-’v =74 "
A
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7-50. A shear force of V = 300 kN is applied to the box
girder. Determine the shear flow at points A and B.

90 mm

100 mm

The moment of inertia of the cross-section about the neutral axis is

1 1
I= » 0.2)(0.4%) — - (0.18)(0.38%) = 0.24359(10 %) m*

Refering to Fig. a Fig. b,
04 = Vi A} = 0.195 (0.01)(0.19) = 0.3705 (103) m®

Qp = 2y, Ab + y5A% = 2[0.1(0.2)(0.01)] + 0.195(0.01)(0.18) = 0.751(1073) m?

Due to symmety, the shear flow at points A and A’, Fig. a, and at points B and B’,
Fig. b, are the same. Thus

1 (VQA) _ 1) 300010%) [0.3705(107)]

qa =

2\ I 2 0.24359(107%)
= 228.15(10%) N/m = 228 kN/m Ans.
1 (VOs\ 1 300(10%[0.751(10%)]
s = 5( I > T2 0.24359(10 %)
= 462.46(10°) N/m = 462 kN/m Ans.
g/ /
: Im A
0.0im ot
W=ol95m

(@) (k)
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7-51. A shear force of V' = 450 kN is applied to the box
girder. Determine the shear flow at points C and D.

90 mm

100 mm

The moment of inertia of the cross-section about the neutral axis is
1 3 1 3 3y 4
I = 5(0.2)(0.4‘) BET) (0.18)(0.38°) = 0.24359(10"°) m

Refering to Fig. a, due to symmetry A¢ = 0.Thus

Oc=0

Then refering to Fig. b,

Op = YiA] + y4A5 = 0.195 (0.01)(0.09) + 0.15(0.1)(0.01)

= 0.3255(10"%) m*

Thus,
1%
g = Qc _ 0 Ans.
I
VO, 450(10% [0.3255(1073)]
o T 024359(107%)
= 601.33(10%) N/m = 601 kN/m Ans.
/ vwym

Ac | 0-0lm |‘£'|

- gromgen| ||| TR

. s
T A N /\ A
‘?}@mm

“ O.olmj -
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*7-52. A shear force of V = 18 kN is applied to the

symmetric box girder. Determine the shear flow at A and B. %8 e

10 mm

Ve

Section Properties:
Ina= 11—2 (0.145)(0.3%) — % (0.125)(0.28°)
1
+ 2{5 (0.125)(0.01°) + 0.125(0.01)(0.1052)}
= 12517(107°) m*

04 =y, A" = 0.145(0.125)(0.01) = 0.18125(103) m?
A/

05 = yi A" = 0.105(0.125)(0.01) = 0.13125(1073) m’
Shear Flow:
- 1[re
da B 7

1 [18(103)(0.18125)(10‘3)}
) 125.17(10°%)

= 13033 N/m = 13.0 kN/m Ans.
1[ves

CIB—Z 7

1 [18(103)(0.13125)(10‘3)}
) 125.17(10°%)

= 9437 N/m = 9.44kN/m Ans.

—
-_‘ I {.::nm: o-0/m
m-a#&n I
Gilm
J

,"MI‘!" ‘[a:!m

ax|
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¢7-53. A shear force of V' = 18 kN is applied to the box

girder. Determine the shear flow at C. 10 mm
30 mm

10 mm

Ve

Section Properties:

1 1
Ina = 5 (0.145)(03°) = - (0125)(0.28")

+2|:117 (0.125)(0.01%) + 0.125(0.01)(0.1052)}

=125.17(10¢) m*
Oc = Zy'A'
= 0.145(0.125)(0.01) + 0.105(0.125)(0.01) + 0.075(0.15)(0.02)

= 0.5375(107%) m?

Shear Flow:

1[ree)
QC_Z 7

1 {18(103)(0.5375)(10‘3)}
2 125.17(107%)

= 38648 N/m = 38.6 kN/m Ans.
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7-54. The aluminum strut is 10 mm thick and has the cross
section shown. If it is subjected to a shear of, V = 150 N,
determine the shear flow at points A and B.

10 mm |
_ 2[0.005(0.03)(0.01)] + 2[0.03(0.06)(0.01)] + 0.055(0.04)(0.01)
y = =0027727m 4
2(0.03)(0.01) + 2(0.06)(0.01) + 0.04(0.01) mm
L o
I = 2{5 (0.03)(0.01)° + 0.03(0.01)(0.027727 — 0.005)2} 10 mm;
1
+ 2{5 (0.01)(0.06)* + 0.01(0.06)(0.03 — 0.027727)2}
+ % (0.04)(0.01)* + 0.04(0.01)(0.055 — 0.027727)* = 0.98197(10®) m* 3 7
e
yg' = 0.055 — 0.027727 = 0.027272 m LT_ — Fo i R
ya' = 0.027727 — 0.005 = 0.022727 m
04 = ys A = 0.022727(0.04)(0.01) = 9.0909(10°) m?
Qp = yg' A" = 0.027272(0.03)(0.01) = 8.1818(10°) m?
1% 150(9.0909)(10~°
ga = O _ 15 0D 5 kN/m Ans.
1 0.98197(10°%)
1% 150(8.1818)(107°
qp = IQB = ( X ) = 1.25kN/m Ans.

0.98197(107%)

7-55. The aluminum strut is 10 mm thick and has the cross
section shown. If it is subjected to a shear of V = 150 N,
determine the maximum shear flow in the strut.

—2[0.005(0.03)(0.01)] + 2[0.03(0.06)(0.01)] + 0.055(0.04)(0.01)
Y 2(0.03)(0.01) + 2(0.06)(0.01) + 0.04(0.01)

= 0.027727 m

1
I= 2{5 (0.03)(0.01)* + 0.03(0.01)(0.027727 — 0.005)2}

+ 2[11—2 (0.01)(0.06)> + 0.01(0.06)(0.03 — 0.027727)2}

+ 11—2(0.04)(0.01)3 + 0.04(0.01)(0.055 — 0.027727)?

= 0.98197(107°%) m*

Ouax = (0.055 — 0.027727)(0.04)(0.01) + 2[(0.06 — 0.027727)(0_01)](w)
=21.3(10"% m?
1 (VQmax) 1 (150(21.3(106)))
=—|—)=2|—————) =163kN/m Ans.
=2\ 2\ 0.98197(10°°) /
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*#7-56. The beam is subjected to a shear force of
V =5 kip. Determine the shear flow at points A and B.

0.5 in.

S _SyA_025(11)(05) + 2[45®)0.5)] + 62510005 _ 2in.
YT sa 11(0.5) + 2(8)(0.5) + 10(0.5) = 370946 n.

= L OS) + 1109370946 — 0257 + 2| )8 + 05685 ~ 37096 |

+ 11—2(10)(0.53) + 10(0.5)(6.25 — 3.70946)>

= 145.98 in* 455

', = 3.70946 — 0.25 = 3.45946 in. | 'I;

A Sin
}}; = 6.25 — 3.70946 = 2.54054 in. ’N - | Iﬁ"in
_ S .= - o-§in

04 = Y4 A" = 3.45946(11)(0.5) = 19.02703 in® o s

IQ

= ypA' = 2.54054(10)(0.5) = 12.7027 in?

( ) 3 (5(103)(19.02703)
B 145.98

(VQB> 1 (5(103)(12.7027)
2 145.98

) = 326 Ib/in. Ans.

I\J\»—t

) = 218 Ib/in. Ans.

l\)\»—t

¢7-57. The beam is constructed from four plates and is
subjected to a shear force of V = 5 kip. Determine the
maximum shear flow in the cross section.

SyA  025(11)(0.5) + 2[4.5(8)(0.5)] + 6.25(10)(0.5)
SA 11(0.5) + 2(8)(0.5) + 10(0.5)

= 3.70946 in.

< |
Il

I= 11—2 (11)(0.5%) + 11(0.5)(3.4595%) + 2 11—2(0.5)(83) + 0.5(8)(0.7905%)

+ % (10)(0.5%) + 10(0.5)(2.5405)

= 145.98 in*

Omax = 34594 (11)(0.5) + 2[(1.6047)(0.5)(3.7094 — 0.5)]

= 24.177 in® 7
(Y0 (30D 3%, Lok iy,
Imax =5\ "7 ) T2 145.98
= 414 1b/in. Ans.
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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.

/{ 30 mm

SyA  0.015(0.4)(0.03) + 2[0.13(0.2)(0.03)]
SA 0.4(0.03) + 2(0.2)(0.03)

y= = 0.0725 m

I= 11—2(0.4)(0.033) + 0.4(0.03)(0.0725 — 0.015)?

1
+2 “ (0.03)(0.2%) + 0.03(0.2)(0.13 — 0.0725)* | = 0.12025(103) m*

Q4 = y4A" = 0.0575(0.2)(0.03) = 0.3450(107%) m®

_Vo
=77
75(10%)(0.3450)(10 3
qa = (10X )07 = 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.

SyA _ 0.015(0.4)(0.03) + 2[0.13(02)(0.03)]

Y=3a 0.4(0.03) + 2(0.2)(0.03) 218757
F____J__ 5-4&7‘?‘”
= 0.0725m 9 hj:)
u

I= 11—2(0.4)(0.033) + 0.4(0.03)(0.0725 — 0.015)*

1
+2 n (0.03)(0.2%) + 0.03(0.2)(0.13 — 0.0725)?
= 0.12025(1073) m*

Omax = ¥'A’ = 0.07875(0.1575)(0.03) = 0.37209(10%) m?

75(10%)(0.37209)(1073)
Gmax = - = 232kN/m Ans.
0.12025(1073)
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*7-60. 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.

Section Properties:
0.25 .
b= sind5° 0.35355 in.

h = 5cos 45° = 3.53553 in.

1
Ing = 2{5 (0.35355)(3.535533)} = 2.604167 in*

- y
=y'A" = [0250. + 0. 5 - )
0 =7y A" = [0.25(3.53553) 05y](25 = 450)(0 25)

= 0.55243 — 0.17678y”

Shear Flow:
Y
=7
2(10%)(0.55243 — 0.17678y°)
B 2.604167
= {424 — 136y?} Ib/in. Ans.
Aty =0, = qma = 4241b/in. Ans.

A

25 3=

Y=025h 105y
NT:I?'__%A

Sr | o
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¢7-61. The assembly is subjected to a vertical shear of
V = 7 kip. Determine the shear flow at points A and B and

the maximum shear flow in the cross section.

./:n

/OSm.

p—

= o
/

SYA  (025)(11)(0.5) + 2(3.25)(5.5)(0.5) + 6.25(7)(0.5)

SA 0.5(11) + 2(0.5)(5.5) + 7(0.5) = 2.8362in

; =
=— (11)(0 5%) + 11(0.5)(2.8362 — 0.25)> + 2( )(0 5)(5.5%) + 2(0.5)(5.5)(3.25 — 2.8362)>
+ E (7)(0.5%) + (0.5)(7)(6.25 — 2.8362)> = 92.569 in*

04 = y'A; = (2.5862)(2)(0.5) = 2.5862 in®
O = y,' Ay’ = (3.4138)(7)(0.5) = 11.9483 in®

Omax = Sy'A’ = (3.4138)(7)(0.5) + 2(1.5819)(3.1638)(0.5) = 16.9531 in®

_yeo
1=
7(10%)(2.5862) 196 10/ A
qa = T oseo /in. ns.
1 7(103)(11.9483)) B )
B=5 ( 92,569 = 452 1b/in. Ans.
1 7(103)(16.9531)) .
Amax = 2 ( 92.569 = 641 lb/ll’l. Ans.
L)
0% p
, =3m o = 15819
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7-62. Determine the shear-stress variation over the cross
section of the thin-walled tube as a function of elevation y and
show that 7., = 2V/A, where A = 27rt. Hint: Choose a
differential area element dA = Rt df. Using dQ = ydA,
formulate Q for a circular section from 6 to (w — 6) and show

that Q = 2R% cos 6, where cos 6 = \/WR-

dA = Rtd
dQ = ydA = yRtdo

Here y = Rsin 6

Therefore dQ = Rt sin 6 df
T—0 0
0= / R%tsin 6 do = R®t(—cosb) |
0 0

= R%*t[—cos (m — §) — (—cosh)] = 2R?t cosf

dl = y*dA = y> Rtd# = R’tsin’0 do

2 2
1 — cos 260
1=/ R3tsin20d0=R3t/ %dﬂ
0 0

27 3
Rt ;
5 ](\) == w0 = 7R

~VQ V(@Rtcos) V cosh

It wRu(2r) 7Rt
\/RZ_yZ
Herecos = —————
R
V /= 2
T = >~ VR —y Ans.
7Rt

Tmax Occurs at y = 0; therefore

|4
T = —
max 7TRI

A = 2w Rt; therefore

2V
Tmax — j QED
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7-63. Determine the location e of the shear center, -
point O, for the thin-walled member having the cross
section shown where b, > b;. The member segments have !
the same thickness . I .0
|
R
by b1 |
Section Properties:
1, h\*| _ th?
I=Eth +2[(b1 +b2)l(5) } :E[h+6(b1 +b2)} P
e
h t
0, =yA = E(xl)l =5
h I A
Q2 = y/A/ = E(XZ)Z = ) Xy (Ef-)‘, (E’
Shear Flow Resultant: r
7 w
.o ver P(xa) 6P )
1= =2 = 1
I 24 6(by + b)) h[h+ 6(by + by)] : ")
A V£
VO, P (% x2) 6P (’,51.

N Y [h+6(by + by)] Ak + 6(by + by)]

by by v Z
6P 2 I
(Fp) = / g dx; = / X1 dxy \_(_\ #ci
0 h[h + 6(by + by)] Jo e SO
2 qJ'- L
_ 3P 4= 3
h[h + 6(by + by))
= | Cgrdy = P / s dx e
B e ) T S I bh, TH
3Ph3

h[h o+ 6(by + by)]
Shear Center: Summing moment about point A.

Pe = (Fyoh = (Fy)ih

3PH3 3Pb}
Pe = (h) - (h)
hlh + 6(by + by)] h[h + 6(by + by)]
3(b3 — b}
30— by Ans.

T+ 6(by + by
Note that if b, = b;,e = 0 (I shape).
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*7-64. Determine the location e of the shear center, \ b
point O, for the thin-walled member having the cross /\‘
section shown. The member segments have the same d
thickness . /
AN 45°
0.
e 45°

Section Properties:

1 ! : 3 - 2
= ([ — )3 4 o
1 12 (sin 450)(201 sin 45°) Z[bt(d sin 45°) ]

td?
=——(d + 3b)

3
Q =y'A’ = dsin45° (xt) = (td sin 45°)x
Shear Flow Resultant:

_ Q _ P(tdsind5°)x 3P sin 45°

T T g sy dd+30)”
v _/” - 3Psinds® bd  3b°sin45°
Py T @+ 3by Jy YT 2a(d + 3b)

Shear Center: Summing moments about point A4,

Pe = Fy(2d sin 45°)

3b? sin 45°
Pe = | ———— P |(2d sin 45°
e [2d(d+3b) }(dsm 5°)
3p?
_ Ans.
¢~ 2 + 3b) s

b
2R >
Ln‘ﬂ“"‘ FL‘B‘-"“—'
‘4s*
& it
x _Ifs- 45
b

P

A 2d45in45
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¢7-65. 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 .

T
|

.

\

Section Properties:
_1 3 - 10 5
1= @)Qa) + 20ar(a?)] = St

_ y r o,
= VvViA = =(vt) = —
01 =i 2(y) 4

0 = Sy A’ = 5 () + a(x) = %t (a + 2x)

a
w2 ||T.
Shear Flow Resultant: ¥ TJ
'
“vo, P(Y)  ap WEL R || ],
NI TS T 208
vo, P5@+20] 3p (@ + 23) F3)
= — =—(a X
L 1 13—0a3z 204>

a

“ 3p P
F.) = dy = ——~ 2dy = —
(Fwh A ndy =505 [ VA =y

4 p [ 3
F, = dx = —— +2x)dx = — P
! l 920% ZOaZA (@ +2x)dx =15

Shear Center: Summing moments about point A.

Pe = Z(Fw)l (a) + Ff(Za)

7
= Ans.
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7-66. Determine the location e of the shear center,
point O, for the thin-walled member having the cross [
section shown. ‘"/6;) )

S o
-
.
~Q /
Oe a 2
./"
60° .
a
: >
|
e

Summing moments about A.

Pe = F, (?a)

1 1 f 1
I == (D) + — SR P
1 D@+ 45 (sin30°>(a) 4t

_V(®)@/4) v

q1 =

1.3
jta a

V(a/2)(1)(a/4) 14
1+ a%tiwf =qato,

2V3
e = —a

3 Ans.

Q=

-k
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7-67. Determine the location e of the shear center, —b—
point O, for the thin-walled member having the cross ;T:I%[
section shown. The member segments have the same h
thickness . D)
oot
el |
h
T
[ — ey
b

Shear Flow Resultant: The shear force flows through as Indicated by F|, F,, and F;
on FBD (b). Hence, The horizontal force equilibrium is not satisfied (2F, # 0). In
order to satisfy this equilibrium requirement. /| and F, must be equal to zero.

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, £3F, # 0

To satisfy this equation, the section must tip so that the resultant of
— — —> —

Fl + F2 + F3 =P

Also, due to the geometry, for calculating F; and F;, we require F'; = F3.

Hence,e = 0 Ans.

P —=
|¢
|
|

] F

5

5 A

3

wh
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*7-68. Determine the location e of the shear center,
point O, for the beam having the cross section shown. The
thickness is t.

I = (2){% 0)(r/2)* + (r/2)(t)(r + iﬂ + Igemicircle

A A
= 1.583333¢ 1 + Iiemicircle . \:, 2
/2 ) /2 ¥
L emi-circle = / (r sin 0) trdo=tr / sin%0 d6
—m/2 —/2
a
Isemi—circle =1 r3 <5)
P
7]
Thus,
(LA 4

e |
I = 1.583333t 1% + tr3<g> = 3.15413¢ ﬁ
p - /2
Q=(7>t(7+r)+/ rsin@(trdo
2) \4 o ( )

0 =0625tr*+ tr*cos 0

VO P((0.625 + cos O)t r
R 3.15413 ¢ 13

Summing moments about A:

/2
Pe = / (g rdoy

/2

Pr /2
= 625 +
= 315413 /ﬁ/z (0.625 + cos 0)do

r (1.9634 + 2)
3.15413

e=126r Ans.
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¢7-09. Determine the location e of the shear center,

point O, for the thin-walled member having the cross 5
section shown. The member segments have the same i
thickness .
Oe—+ h
e
-]
A

Summing moments about A.

Pe = F(h) + 2V (b) 1)

2
I = 11—2 (1) + 2b(r)(§) + % Ol = (h = 2h)’]

th’ | bei’ t(h = 2’

6 2 12

t(hy = 2hyy + y?)
2

_ 1
O =yA = E(h —2h + y)yt =
VO Pi(hy = 2k y + y%)
hETT 21

h 2
Pt [ Pt | hihy 2
V=/611dy=§0 (hy—2h1y+y2)dy=§[ > —ghﬂ

Qs = SYA = 2 (h = byt + 5 (0 = il (h = ) + ]

VQZ Pt
=7 = Z(hl(h — hy) + hx)

b 2
Pt Pt hb
F:/qzdxzi/o [hl(h—hl)+hx]dx:§(h]hb—h%b+7)

From Eq, (1).
Pe = E[h h*b — W% hb + Lk + hhib — ﬂh3b]
21 1 1 2 1 3 1

I= 1’—2(2;,3 + 66K — (h — 2h))

L (6 b + 37 — 8, ) — 2 i+ 34 - 8hi) A
_ b _ - ns.
TN ! 2 + 6bi% — (h — 2hy) ®

YT§ R3¢ dty)
2y h

kY
Wk Ll
' 7
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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.

Summing moments about A.

Pe=r/dF (1)
dA =tds =trdf

y =rsinf

dl = y>dA = r?sin?6(t r d9) = 1t sin®0d6

Tt+a
1 - cos2
I :r3t/sin20d6= r3z/ 1= cos2 4

a 2
Pt sin 20 71«
=5 0-— )W‘_a
Pt sin 2(7 + «) sin 2(7m — «)
(e 2252) (oo 20
= r;t 2 (2a — 2sinacosa) = %(20{ — sin 2a)

dQ = ydA = rsinf(t r do) = r*t sin 6 do

0 0
0= rzt/ sinfdf = r?t (—cosh)| = r*t(—cos® — cosa) = —r*t(cosf + cosa)

—a T

Vo P(—r*)(cosf + cosa) _ —2P(cos6 + cosa)

! ~t (2a — sin 2a) r(2a — sin 2a)
/dF:/quZ/qrde
dF = ___2Pr ﬂ+w(cosg + cosa) df = *7210(2 cosa — 2 sina)
rQRa — sin2a) /., « e — sin 2q (2@ cosa a

_ 4P

———— (sina@ — a cos
20 — sin 2« (sine = @)

4p

From Eq.(1);Pe =r {m (sine — a cosa)

4r (sina — a cosa)
e = - Ans.
2a — sin 2«
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7-71. 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 = 35 kip. Show that
Inya = 87249 in*.

Section Properties:
SyA _48)(8) + 11(6)(2)
SA  8(8) +6(2)

y =

Iya= 11—2 (8)(8) + 8(8)(5.1053 — 4)?

VQ;  35(10°)(104.25 — 4y7)

TCB =

It 872.49(8)
= {522.77 — 20.06y3) psi
Aty =0, Tcp = 523 psi
Aty, = —2.8947in.  7cp = 355 psi
VO,  35(10°)(79.12 — y3)
TABT T T 872.49(2)
= {1586.88 — 20.06y3} psi
Aty, = 289%7in. 7,45 = 1419 psi

Resultant Shear Force: For segment AB.

Vv AB — / TAB dA
0.8947 in

(
\48947 in
0.8947 in

(
£8947 in

= 9957 1b = 9.96 kip

= 5.1053 in.

3173.76 — 40.12)3) dy

1 S5 oin._2ssust03),
+ - (2)(6%) + 2(6)(11 — 5.1053)? S—;
12 Y5008l _+ a 'P '
. N "r A eln
= 87249 in* (Q.E.D) % 14
0, = VA" = (2.55265 + 0.5,)(5.1053 — y,)(8) aew’-'ﬂ'_H—— _"“"
= 10425 — 4y} !;Im ’lj'ﬂ-mssfoq‘
Q, = yhA' = (444735 + 0.5y,)(8.8947 — y,)(2)
=79.12 — 3
. Vo
Shear Stress: Applying the shear formula 7 = N7

1586.88 — 20.06)3) (2dy)

Ans.
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*7-72. 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 = 3 in. The beam is subjected to a
shear of V' = 4.5 kip.

Section Properties:

SyA  0.5(10)(1) + 2(4)(2) + 7(12)(1)
SA 10(1) + 4(2) + 12(1)

y = = 3.50in.

Ina = 11—2(10)(13) + (10)(1)(3.50 — 0.5)
+ %(2)(43) + 2(4)(3.50 — 2)?
+ %(1)(123) + 1(12)(7 — 3.50)
= 410.5 in*
Oc = ViA' = 1.5(4)(1) = 6.00 in?

Op = yLA" = 3.50(12)(1) = 42.0 in?

Shear Flow:
_ VOc  45(10%(6.00) .
ac=— = 4105 = 65.773 1b/in.
1% 4.5(10%)(42.0
ap = Op _ 45010)E20) _ 0 4y Ib/in.

1 410.5
Hence, the shear force resisted by each nail is
Fc = ges = (65.773 1b/in.)(3 in.) = 197 1b Ans.

Fp = qps = (460.41 Ib/in.)(3 in.) = 1.38 kip Ans.
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¢7-73. The member is subjected to a shear force of
V = 2 kN. Determine the shear flow at points A, B, and C.
The thickness of each thin-walled segment is 15 mm.

Section Properties:
_ SyA
Y734
_0.0075(0.2)(0.015) + 0.0575(0.115)(0.03) + 0.165(0.3)(0.015)
a 0.2(0.015) + 0.115(0.03) + 0.3(0.015)

= 0.08798 m

1
Iva =15 (02)(0.015%) + 0.2(0.015)(0.08798 — 0.0075)*
1
+ 5 (0.03)(0.115%) + 0.03(0.115)(0.08798 — 0.0575)’

- 117 (0.015)(0.3%) + 0.015(0.3)(0.165 — 0.08798)*
= 86.93913(10°) m*
0a=0 Ans.

0p = V(A" = 0.03048(0.115)(0.015) = 52.57705(107°) m’

Oc = Zy'A’
= 0.03048(0.115)(0.015) + 0.08048(0.0925)(0.015)
= 0.16424(107%) m?
Shear Flow:
1%
qa = 22 =0 Ans.
I
vV 2(10%)(52.57705)(107°
qp = O _ 20100 0D oy kN/m Ans.
1 86.93913(107%)
Vv 2(10%)(0.16424)(1073
qc = Qe = (107 N ) = 3.78 kN/m Ans.
1 86.93913(107%)
?MAZW O-Am o”i"‘_’"
_r_[‘?'
: )—A— & J‘ o-WEm
'-gfsoomi-/
Goro.odogem)| |37
o0/, le-
4
Ans
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7-74. The beam is constructed from four boards glued
together at their seams. If the glue can withstand
75 1b/in., what is the maximum vertical shear V that the

beam can support? —
3in.
0.5 in
Section Properties: 4%
1 3 1 3 ) 3in.
Ina =1, (DO(10°) + 2{5 @(0.5%) + 4(0.5)(1.75 )} S osin
L
= 95.667 in* V,\ in.
b
0 =y A" = 1.75(4)(0.5) = 3.50 in? Qﬁe 4inﬁwe
0.5 in. 0.5 in.

Shear Flow: There are two glue joints in this case, hence the allowable shear flow is

2(75) = 150 Ib/in.

o.5in, . o5in
+in.

_yeo o]
=77 7."”%[ o5 T
E'_ " - £in.
V(3.50
150 = ( ) N A
95.667 i
V = 41001b = 4.10 kip Ans. o

7-75. Solve Prob. 7-74 if the beam is rotated 90° from the
position shown.

Section Properties:

_1 3y — L gy(a3) = 4
Ina =1, 10)(5°) = 5 O)(#) = 56.167 in - Login
1-2:5:4' Tain
Q =y' A" =225(10)(0.5) = 11.25in’ poing Zin.
[ — —JTaa;q
Shear Flow: There are two glue joints in this case, hence the allowable shear flow is foin.

2(75) = 150 Ib/in.

_ve
=7
150 — V(11.25)
T 56.167
V =749 1b Ans.
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