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PROBLEM 6.1

SOLUTION

IT=2ehd = & (loo)(iso)® = 28.125 %10° pn,*
= 28.125 %107 m*

Y
~A A = (160)(50) = So00 -

0

//////—:;' 3‘ = 50 mm

1
‘ Q@ = Ag, = 250 %10 it
= 250 %(o" € pm?
L—_loo ——J

-%

g = X2 . (500)(as000-) \3.333%/0° N/m
I 28.125 x10°¢
()(400)
13.333x16°

%,S = 2 Fus S = 2;“" T 0% 10"

T 60 mm g,
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PROBLEM 6.2

Y
A
=

L_\uo —

Spp'vfnj ‘For

6.1 Three full-size 50 x 100-mm boards are nailed together to form a beam that is
subjected to a vertical shear of 150 N, Knowing that the allowable shearing force
in each nail is 400 N, determine the largest longitudinal spacing s that can be used
between each pair of nails.

6.2 For the built-up beam of Prob. 6.1, determine the allowable shear if the spacing
between each pair of nails is s = 45 mm.

SOLUTION

T = & bh®s & (160)050) = 28125 %I0* mem'

= 28.125 %10 m”
= (100)(50) * 5060 mwm"
J, 5 SO wmm
Q=* AJ c 2501 mm = 250%10°" W’
g = T 55 = 2 Fout
| Eap:nm'nuf;na % YJ_:@: = 2?““
V= 21Fna (2 W(28.125 x167¢) (400 )

Qs (Zsoxio-€)(asx1o%)
- 2% N = 2N -
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PROBLEM 6.3 6.3 A square box beam is made of two 3 * 3.5-in. planks and two '3‘ % S-in.

planks nailed together as shown. Knowing that the spacing between nails is s =
1.25 in. and that the vertical shear in the beam is ¥ = 250 Ib, determine (a) the
shearing force in each nail, (b) the maximum shearing stress in the beam.

SOLUTION
3
I = & bh -Fbh

7w (IS - H(38.5)s.5) < 39.578 in?

1]

A (@) A= (EYE) = 298"

Pt}
A7y Y.© 25-% 7 2125 in
|
Q= Ay, - (3.78NW2.125) = 7.9¢9 in®
g = L2 = BZSE3A) o g 84 4L/
‘3.5’ 2 r,..;g FM\‘J'= izj = (50'3;)(’-?5) - 31.5 Ab. |
77777 p _ - ; '
://///’///“J. By Q,= @, + 2L15)EWo.875)
7 ok = 7.9¢9 + 2.297 = 10,266 in’
1] t = @3 = 1§ in

. VQ . @so)ioaee) _ .
B TV @esredsy © tHAes =
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PROBLEM 6.4

6.4 A square box beam is made of two '3' x 3.5-in. planks and two % * 5-in.
planks nailed together as shown. Knowing that the spacing between nails is s =
in. and that the allowabie shearing force in each nail is 75 Ib, determine (a) the

largest allowable vertical shear in the beam, (&) the corresponding maximum
shearing stress in the beam.

SOLUTION

2

I = T‘iblhgs - -ili Blhls
= HGWSY - £(3.5)(3.5)* = 39.578 in"
A @) A = (5)(%) = 3.7¢ t‘n‘
/
Ll - J,r 25-4 1 2125 in
3
L Q,= Ay, = (3.75¥%2.125) * 7.9¢9 in’
- Py . _(7s) . in
Guo = LT - 7 (~ 75 4/
. va . Lgu  (39.528)(5) .
37 T Vi = AR AT 372 /b -
: = 21(1.75 Y3 Y(o.875)
+ P77 B Q= @+ QX 3(-.\‘( v
= 2.297 = lo. ‘
u.zs§ \%—o—_j;?s 7.964 + o
L - (2)(%) = LS5 in
. VQ | (372 )(10.266) . -
Tt T3 T GrerEd(isy | Y
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" 6.5 The beam shown has been reinforced by attaching to it two 12 x 175-mm
PROBLEM 9 plates, using bolts of 18-mm diameter spaced longitudinally every 125 mm.
“. Knowing that the average allowable shearing stress in the bolts is 85 MPa,
determine the largest permissible vertical shearing force.

SOLUTION

CochPa.'}g moment oF inertia

Part A ()| & )| Ad® (otment)| T (105 wnd)
Top phate 2100 129 | 40.574 0.025
wWaso x44. 8| 5120 o) (v} T
RBat. P‘?de 2100  [*124 | yo.57¢ 0.028
= * 81.1938 YIRL

¥ d = ,3,25,64_%3 z 139 mm
I= TAJ "« Zf = 152.30 % 10® mm® = )52.80%)0° " m'

Q= Apt due = (20001039) = 2919 x16° wmw® = 291.9 x(0° m?

At -,?"—-AJ, = I(awio) v 2s4.47%i6° w

Fott = Tw Ay ° (85x10°)(259.472%10°*) © 21.¢3 x10° N

3
——*—25”* = (2)1(1?‘:[3;;0) = 34¢.1 %)6° N/m

% =
. vQ . Ig _ (152,30 00 ¢ Y3461 %I0*) _
LA v —Q%_ 2919 x10°¢ =

= 180.6 kN

180.6 »10° N

—alh
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s T Ad LTI T 130.68x/0° mm' T 130.68 %10 m"

Q=

Abﬂ'

6.5 The beam shown has been reinforced by attaching to it two 12 x 175-mm

PROBLEM 6.6 plates, using bolts of 18-mm diameter spaced longitudinaily every 125 mm.
Knowing that the average allowable shearing stress in the bolts is 85 MPa,
determine the largest permissible vertical shearing force.

6.6 Solve Prob. 6.5, assuming that the reinforcing plates are only 9 mm thick.

SOLUTION
Cafew lote moment & mertia
Part ‘A G| A ()] AG* Q0 mm’ )| I (10 )
Top plete | 1575 Y ia7.50 29.777 0.04\
W250*44.8| 5720 o] o 731
=% P-Me 1§75 | 137.5] 29.7277 0.0l .
z 5%.555 71.2)

= & 4 251305 e

Apke dense = 0575)032.5) = 216,56 %10 rmm® = 216.56 216

-1 .t
=]£a'h,, = (IS*Io ) 254, 47210 " wm

Foer © TwAun = (8521040254475 ) = 21.43x 10" N

T -
%

ZF'"# : (232?6;'»:{30‘) > 349¢.1x}0° N/wm
. ¥ )0
- 3)
YQ . lag  (izocawgt)subinic’) | o o
1 Ve —Qi ) 21656 ¥l © R ‘?"_0 N
= 209 kN -
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PROBLEM 6.7 4.7 and 6.8 A column is fabﬁcated by connecting the rolled-steel members shown

by bolts of ;::‘ -in. diarneter spaced longitudinally every 5 in. Determine the average

g shearing stress in the bolts caused by a shearing force of 30 kips parallel 1o the y
axis,

SOLUTION

Geom e'}f\j
£ (), + @,

= '!i-o + O0.30% = 5. 303 'n
s.( T 0,533 i
3= t-% = 5203-0.533 4770 in
Br' ' Determine woment of ine~tia.
. f -
Vo Part AGH| dG AL Ga*)] T GnY)
Cgxvas 4,04 Y770 9).92 1.53
Slox254 | 7.46 | o o - 124
Cex13.75 | 4.04 Y770 41.42 .53
s 183.89 127.06

Tz ZAd*+ZI = 183.84 + 127.06 = 316.9 in®

R = Ay, = (4.043(4.770) = 19.27) in®

po S RO L s o

Far = 148 = ($X08sasX$) = 4649 Ly
2
Aur = T » 3(3) - o441z it

: Fott . 4.¢49 - -
?‘." * Awte o 10.52 ks

#
it
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PROBLEM 6.8

6.7 and 6.8 A column is fabricated by connecting the rolled-steel members shown

by boits of % -in. diameter spaced longitudinally every 5 in, Determine the average
shearing stress in the bolts caused by a shearing force of 30 kips parallel to the v

Q= Aut Y, = (525)s 1875 ) 7 27.234 w?

- Y@ (30)(27.234) _
%‘ I B6S.68 i
FLH - * %_S - (%K|.7567)65\ B 4.392 k.'fs

1.7567 lt-'rs /in

Aw = Ty = 5(F)" ¢ odmig i’
- Fugr _ A.392 .
TL..H At T q.94 ks,

—14in.x%in axis
SOLUTION
Clox 25
Cchqu‘e mamen'f oF Encr"‘ia\.
Part Aint) | dGo) | AT Gn®) T (in®)
Top plate| 5.25 *o 1875 | 14128 0.06
o clox2sl 7235 | o a1.2
» 4= 2+ 2P £iox25| 735 | o q1.2
- 5.1875 in Bot. phute| 5.25 |75.1875] 141.28 0.06
= Y 7 282.56 | 182.52
I = SAd*+ ZI ¢ 282.56 + 182.§2 7 465.08 in?
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PROBLEM 6.9

15 kips 20 kips 13 kips

6.9 through 6.12 For the beam and loading shown, consider section n-n and
determine (@) the largest shearing stress in that section, (b) the shearing stress at

point a.
Ll__m .~ 06 in.
lin. e a ]
. 5 © 10in
0.375 in. _ |
06in.

SOLUTION
Bj Sjmd‘vj R~ K,

+1‘?IF] O
Ras Q- 15-20-15 = ©

R‘ - Pe = 25 k\\-‘as

ps)
v (k f‘zs Frow shear oh'ajv*am V=30 k-'Ps <t n-n.
o Determine womenl of inertia.
et | A GO A G AL G T G
~lo _
- 25 To F)ncs G q.7 132.54 0.18
\A;e,\o 3.30f 0 o} 21.30
B.t. F)n3 G 4.7 \22.5%| 0.18
: s 265,08 21.66
- Z"(@ 2 - L}
A, ';" I-SAd +2I - 286.7% in
Part| Alin'){ §Gn)| A Go?)
Q= TAY ® G 4,7 2%.2
= 3183 in® @ | 1.es| 2.2 3.¢3
t = 0.375 in b3 31.83
. VQa | (25X3).83) - :
T ™ T (zz6.1)(0.275) 7.4 -
) A Part A(in‘\ _i(in) Ay (in‘)
m © | ¢ |u7 | 282
AT iy ® 0.15 | 4.2 0.63
_____t__*i'_
1
7 | 23.%83%
Q= ZA§ = 28.83 e
1= 0.3 in
_ VR | (28)(28.38) = : -
T= 1% (286.74(0.375) €.70 «s.

N
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PROBLEM 6.19

10 kips 10 kips

16in. 120, 16in.

\Y (kips\
\o
*
-le
A
(@ \Z’)C///\ L2
] N 4
1 ¥
)
A,
(b) A

6.9 through 6.12 For the beam and loading shown, consider section n-n and
determine (@) the largest shearing stress in that section, (b) the shearing stress at
point a.

SOLUTION
By .sjw\mehj ®a = Re
¥ 2 -0 R,+Rg-10-10 = ©
Ra = Re = 10 kips
From the shear diaqram V= 10 kips ot non.
1= &bh; -&bh’
LEyar- @)Y = \4.583 in’

G- AJ 4 AFT (32175 + ()(HHRN)

= 4625 in®

t ° '-:_“""\9: = | in

VAR _ (10¥4.€25)  _ :
Lo * T (4583)0) ° 3.17 ksi -
Q= A © WIS = 350’
A 2 R

VQ _ (oX3.5) . -

- - *  2.40 ks

T = 1% "09s83500 *
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PROBLEM 6.11

03 m

® Q
7 _‘“ﬁ_’f

t

1
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6.9 through 6.12 For the beam and loading shown, consider section #-n and
determine (a) the largest shearing stress in that section, (&) the shearing stress at
point a.

10 kN

B3 ﬁ'ﬁ _ —i Vo=
I-— 200 mm —-J

I, + 41
Lbh®s 4(&bht + Ad)

& (10021507 + 4] ()EYY + (50312 Xen)*]

28.125%10" 4 4] 0.00mv10% +  2.256¢ x10° ]

39.58x(0" mm' * 39.52%/0° wm'

Ay, + 2AY,
Qoo Y78 )(37.8 ) + (2)(50)(12)(€2)
3¢Y.05 x1g mmd T 364.05 %10 m®

100 wan T O.160 m

v - VQ _ (lox10* X(3€4.05%10°¢)
=TIt T (349.58=07¢)(0.100)

)
Sy

= 920%0' Pe =

A+ 2A.5.
(100)(40)(55) + (2)(56)12)(¢9)

= 302.8 x10° mm® = 302.8x107¢ m’
t = 100 mm = O.100 m
_ VA _ (oxie*)302.8x10¢) s o o -
T = It ° (395810 Y(5.166) 7¢sxlo” Pa = 765 kPa

920 kPe -
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6.9 through 6.12 For the beam and loading shown, consider section n-n and

PROBLEM 6.12 determine (a) the largest shearing stress in that section, {b) the shearing stress at
point a.

SOLUTION

At section n-n N =125 ®N

FoR I, = %0t @)1 s 2.4261%10° wm"

q

TO I, = &0se)e) + (180XE)(168) = 11,910 % 10° wm

3
I, = T% (6)(204Y = u, 2448 x10° mm”

F ‘1 T = 4I,+2I,+ I,= 37.77xI0° mm’
- 37.77 %107 m'

(ad _ _ _

x| ol Q= ZA‘y‘ + Azjz + Asy;

fog |} H@ jr® = (2)e)Y((72) + (180)(eY(108) + @eYioN(s1)

4 = 206.32*!03 mm> = R06.82 wio ¢ m*

t T 6mm © Gﬂlo-sm
Vv (125 x10* (206,82 % 10°¢) _ ip .
fmux - It - (37’77*10.4)(5“0_53 - ”q.l x 10 Pa. H"’.l MPQ ]

»  Q: 2A3 ¢ AL

175.6 110w’

"

= (2\(5)(71)(72)* (1g0Ye)(i05) = 175. 6! x i1 man

t T Gmm T GHO's\m

va | (25x0)(175.¢x10°) _ or qy10f Pa

. . 96.9 MPa =
T 1t @171 (e » 10°%) 4

+
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PROBLEM 6.13

-

W250 X 67 ~’V

15 mm

6.13 Two steel plates of 15 x 220.mm rectangular cross section are welded to the
W250 x 67 beam as shown. Determine the largest allowable vertical shear if the
shearing stress in the beam is not to exceed 100 MPa.

SOLUTION

Caqu}a:}e moment of iner‘Ha

Part A Gt d (mm)| Ad? (10" mm') i (10 ' )

ToP P!er . 3300 ¥ 1326 61,028 0.062

W250n67 o] O \04

B4, p.?de 3300 136 6. 086 0.062
>3 122.072 104,129

T= A +3T « 226.2 %10% mm' = 226.2 %10°° w*
o Part AGmn) | 56| AY (15 mad)
%-@; o ® Top phte | 3300 136 443.8
EP@ ® Top +hange | 3203 120,65 38¢. 4%
7 ® Uy wib | Voo 4 5640  56.6
5 8% 1.8
Q< ZAy = 89.8xio’mm 7 gaLB x0T )]
t= t.* 8.9 mm = 8.910"% m
V
Lo = TE
Itr. (226.2x16°)8.9%10°3) (100 x10°) .
M QL i 891.8 » jO°¢ = 226 ~lo N
= 22¢ kN —
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A R 6.14 Solve Prob. 6.13, assumin
T T A }5:;; plates of 10 x 220-mm rectangular cross section, (b) removed.
W SOLUTION
w250 % 67 ‘»
257 mmn

—
@O

ction are welded to the

of 15 x 220-mm rectangular cross s
le vertical shear if the

6.13 Two steel plates
PROBLEM 6.14 W250 x 67 beam as shown. Determine the largest allowab
beam is not to exceed 100 MPa.

shearing stress in the
ing that the two steel plates are (@) replaced by steel

l Calev Dute rmoment oFf {ner')‘fo. For ?ar'f (o)
O mm

Jamm Part A (.....n\ 4 Gm) | A (05| I (0" )
5 Top plate | 2200 |133.5 39,204 0.013
- 3%— + 12 - 133.5 mm W 250 % €7 0 o \o4
Bt P,?d'e 2200 [132.5 1 39 209 0.0173
z ‘ 78.42 1o4.04¢

T-2Ad*+21 = 192. 46 x[0° mm" = 182.4¢ =10 m?

Part A G| § GamY [ AY (102 )

® Top plate | 2200 133.5 2943.7

@T;ar awael 3203 \20.65 286 .14
@Ha!-ruej': too 4 Se.4o 56.5
z 736.7

Q= ZAY * 7%.7 210 mm T 236.7%10° m’
va

t = t, T 89mm = 8.9v10 " m Voor® TH

o It | (\sz.qcxw“‘)(amlo")(rooxw“' . 220.00° N 7 220 kN
v o 73¢.7x107¢ A20»10 2

() T = \o4 2 10% wmm' = [OF X 10°% m’

Consider G fovr top Uﬂanjc and hadF web

386.4 % j0% + 56.6x 10°

44 B[O mw
yyz = ID"‘ w3

y - AtTe . (1ot w10°¢ )(2.9x10°*)(100%10) = 209x(d N = 20T kN ==
Q. ny3 ¢ 1o07*

Q= Ayt AsYs 7

[}
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PROBLEM 6.1% 6.15 Knowing that the allowable shearing stress for the timber used is 825 kPa,

check whether the design obtained for the beam indicated is accepiable and, if not,

redesign the cross section of the beam. Consider the beam of () Prob. 5.75, (6)

LSKN  36kN Prob. 5.76.
40
A o Aamm (@) soLuTioN
el off |1 Fro sobotion o PrOBLEM 575
' 08m 08 m -‘0.8m I lvlmui= 2c4 l(N h = |73.2 mm

A=z bh-= #0)(173.2) = ¢a218 B
T 6928 0™ m?
For a Pec‘l’anﬂu}aw cross SEQ* low TM - %f\(lna

A
Hwlo? - ~
(A %’%1?{572‘ = 520%/0° Pa: S20kPa < 25 kfa

Design is a.c.cep'l'.—.vla,fe,. )

(b) sSOLUTION

Feom sofotion to PROBLEM E£.7¢

IVl.. = 25 kN h= 361 mm

A= bh = (120)2¢1) = 43.32x/0% mw®

43.32% 107 m*

L/ B

For o r‘ed‘anaul«l‘ cross section Zony = %\ka
-3 2A5xlo? s _
Toee * 2 Gamgurs = 565710 Pa = 865 kPa > 825 KPa
Desiqn s not acceptabde. —

. = 2 W . 2_25%i0% -2 2
?es:an A 3 Cort * 2 925 %/00 S HE wjo w

4S. 45 x 10°

i

3
—A-— = q_!.gz'.g-‘gﬂ.‘l. = 3279 wm \q:3?9 i gl

3
L]
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PROBLEM 6.16

1.2 kps/t

6.16 Knowing that the allowable shearing stress for the timber used is 130 psi,
check whether the design obtained for the beam indicated is acceptable and, if not,
redesign the cross section of the beam. Consider the beam of {a) Prob. 5.77, (b)

Prob. 5.78.

(@) SOLUTION
Ve = 5 6)01.2) = 3.6 kips
Crom sodution ¥o PROBLEM 5717

a = 6.67:wm A= a's U445 int

For o Pec+am3upaf section Lo © % VAM.

T

3 3.6
2 Y4 4s

= 0.121§ ksi = 121.5 ps/ < 13D pa/

Desijh s a.'cr.ep'}a\,LJe.

200 bt

For e rec{'anjufﬂ cross sectiowm

TM‘Z =

3 looo
2 1740

(L) SOLUTION
Erom sofulion to PROBLEM §.78

W\, = 1000 fb b= 2.95 in.

A= (b)2b)= 2b* = \7.40 int
f - i'VIMa\m
Ay 2 A

86. R psf < (30 st

Desisn 'S d.ccep‘fdo/e.
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6.17 Determine the average shearing stress in the web of the beam indicated and

PROBLEM 6.17 check whether the design obtained earlier for that beam is acceptable, knowing that
the allowable shearing stress for the steel used is 100 MPa. Consider the beam of
KN {a) Prob. 5.81, (&) Prob. 5.82.

(¢.) SOLUTION

From the solution 1o PROBLEM &.81

Wi, = 180 kN
The ae)ed'eei section s W WO x g0
For that sectiow tus 7.7 mm d2 407 wm

AML = twd T 3.3 RIO‘ MM‘ bl 3.'3"[(3-s .

3
Tave = —'%’i:-"- : —?%, v S7.4x0° Pa 2 57.4 MPa < 100 MPa

Desigqn is ace ep'f'a.lofe.

50 kN/m (b) SOLUTION

From the soduvtion o PROBLEM 5.82

\Vinay = 80 kN

The sedected sectiom is W 250 28. 4

For that section tw® 6.4 mn d r 260 mm
Aues = Tud = (6.4)260) = 1669 mm* = 1Ccd w0 mt
IV, _ _8oxio3

Tave =

A T lecq wio™ 48.1%10° Pa = 48.1 MPa < oo MPa
welb

Desijn is a.cc.ep‘f‘ abde.
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PROBLEM 6.18 check whether the design obtained earlier

Prob. 5.83, (b) Prob. 5.84
24 kips
(o) SOLUTION

2.7 kips/it

W; i ‘ ; 1 t l i L l l From +he sofution to PROBLEM 583

el

A TERERT

5 !B j Wiy = 48 kips
L—g ft 15 ft
W 27 % 84

The sefected section is

For that sectiow t.= O.460 . d= 26.71 in,
Aw_h s Ld - (o.460 )(26.'“) T 12,29 in"
- WWlea _ 48 - : . .
Lave - Amk = \2. 2‘-‘1 - 3- q I kSI < |4.5 kbl

De.sfgn 15 at.c.ce.p'* able .

L3kpdt () SOLUTION
Crom the So’u"'u‘om ‘o PROBLEM S.84

Wl » 02 0.5+1.8)= 18 kps

The se]edcd section 1's W I1g » 50

For that section t, = 0.355 d=17.99 in.

Awey = Lud = (0.356)(17.99) = 6.39 W'

7 = S 82 ks; < 14.5 ks
ave A . C.29 2 2 5 ]

Desiﬁn is a.cc.ep‘iab‘?c.

6.18 Determine the average shearing stress in the web of the beam indicated and
for that beam is acceptable, knowing thal

the allowable shearing stress for the steel used is 14.5 ksi. Consider the beam of (a}




& 19 A simply supported timber beam AB of rectangular cross section carries a
PROBLEM 6.19 single concentrated load P at its midpoint C. (a) Show that the ratio , /4, of the
maximum values of the shearing and normal stresses in the beam is equal to /2L,
where h and L are, respectively, the depth and the length of the beam. (b) Determine
the depth h and width b of the beam, knowing that L =2 m, P = 40 kN, r,, = 960

]

r
L

L1

S

kPu, and o, = 12 MPa.

SOLUTION

M () Ve ¥ R = T
P/2
(0 A= bh for No+av«3ufnr section
x " 3P
@ %% - 4G
- P72 W M,., = 5
M PL/Y Y S = 'él"\a\n‘ $or V\eo'l'anﬂu.!ar section

Me. . 3PL
/\ (c\ s‘nz' .-—-s--.—'!' = QEh"
x

Tw h_

- —

@ g7 2

2L T _ (2)2)(co¥(0?)

Reactions Ry *Rg = P2

for vaa.nju.paf Sed’:'ovn

(b) Son.’nj forh’ h- e

12 % lpe
S°IW.'|3 equafu'ou 3) for b
> 3P = 63)(40“10") - -2
b th Zn M Brovr?)eoxio®) ~ 97.7 %10 " m

= Q7.7 My

= 320 |G " w

BA0 mm
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PROBLEM 6.20

ji5

(L) So!uinaj ‘Fov'

Sefvin s &g (3)

(a)

6.20 A timber beam 4B of length L and rectangular cross section carries & uniformly
distributed load w and is supported as shown. (a) Show that the ratio 7, /0, of the
maximum values of the shearing and normal stresses in the beam is equal to 2h/L,
where h and L are, respectively, the depth and the length of the beam. (b) Determine
the depth h and width b of the beam, knowing that L = S m, w=

8 kKN/m, 7, = 1.08 MPa, and g,,= 12 MPa.

SOLUTION

Ra* R = %
Frowm shear cl\'oﬁi‘am lV\,..F WTL'- (M

Fov r\eo“unauﬁaw section A= bh @)

3 Ver z ._3_.."’.':'..!'_'_
T.* 2K " “8en @
F rom Leno\.'mj moment c“r«.g(‘aw\
1
IMl,, = -‘%— )

For a r‘ed"anjuﬁal‘ cvoss section

S - tbh‘ (5
_ Ml awl"
2 - TAN «)
Divcal.'na eq. (3) L7 eq. (¢) %.: .ztl'l —h
_ L% _ ($).03xi04) 1o
h 216,  @YOQzxi08) 225~ ™
= 225 mm
b < 3wk (3)(8xi0® NS5
8h Y. (?1(219:0’3)(!.08:10‘)
- gl M = 6l Tmm
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| PROBLEM 6.21 e sl::a‘:i:gzm 'alie(mﬁ?ﬂ,’??f'p’ﬁn?;““’ consider section 7-n and determine
L
: SOLUTION
M 200 kN 204_5101 50 mm |- l
L 50 mm 150 mm
- Ra = Ra = 200 kN
J A EL"M At section n-n V=200kn
L
m Timm TSmm 75 mm
B Locate centro’d anel Ca)cd)av'l‘e womeat of inevrtia.,
-
L Part| A Gt 1§ (mm) AJ G0 w2 )] d o) AL (105w )] T (h0% )
O] ® { nizso 125 I1406.25 Lo R8.125 21. 094
T " _ @ | wase 25 181,25 o 28.125 | 2 344
B Yo ] T | 22500 1687.5 56.25 ] 23.438
4 y 3
- I A [
:]1 Y= ‘f:?sg: - = 25
B T=ZAd+ZI1 7 79.69810°mm = 79.688x215° m"
L @ .
_ 7 Q= A * (75)80¥1ea) = 375 ¥ [0 mm = 375 x/5° "
e oo
L b t T 7S mm r 7510 ™
(] Py VO; LZOO ’-IO', )(375"’0-‘) [
, o =t ‘ = 12.55%10° Pe
L] & It O9.768 107 Y5 x 10t
(510 2 12.55 MPa -
j _
i
l (b) . s < 3
o ////—r * Aj = (76V(100M8) = 562.5 x(0 mm = 562.§x)0
i 7ZRE .
il L s 75 mm = 75%16° m
\
ji L—_'I _ VQu _ (200x10%)(562.5%107%) = 18.%2 x 10° Pa
— *TE T (19088 i W75 % 108) ’
=18.82 MPa -
a
|
-
L
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25 kips

I n

Locate

6.21 and 6.22 For the beam and loading shown, consider section #-n and determine

PROBLEM 6.22 the shearing stress at {a) point a, (b) point b.

25 kips SOLUTION

Rh = R. = 2.5 k\‘fs

15m

AY section n-n V= 25 kips.

c.em‘l'rol'ai anel ca.fcupa:‘}e mome.n"{ oF inevtia.

A Gr)] d (i) | Ad* (i) I

/® Pust| AGH J (in)
: ® | 4.875| €.275| 33.52 {2.294 24.85 | ©0.23
7 e @ | 10,875 8.625 3242 | ).000 11,01 | #7.68 |
' I D A 72.94 35.5¢ | 47.86
?:-Jizli - 7;":f : 4.¢8) in
T= ZAd '+ TI = 35.5¢+ 4286 = 83.42 in'
(e
Q.7 Ay~ (g.)(i.s)(u.csl-oﬂs) = 4,36 in
F ‘ l t = % + 0.7 in
o d GLJ*" VA  (26)(4.36)
b 7 T, © Ni = 783,92 .o. 5y 1745 ke -
(6 )
Qu: Aj EX2)(4.¢31- 1.§) = T.o4& in®
¥ ° t = 0.75 in.
4.0
L___l —ItS" f . Va - (15)(7.0‘451 = 2 3,‘1!“'.
* b Tt T (33.42)(0.75) .
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PROBLEM 6.23 6.23 and 6.2@ For the beam and loading shown, determine the largest shearing
stress i section n-n,

SOLUTION

200N 200 KkN

K, = Rg = 200 &N

A'i' Sec+fou Nn-nN V= 200 &M

2m
075 m 07 m

T -1
S om 7TSmo 75 om

Loc.ai’e cevd'rau‘d ano‘ C‘.a)cu}o,‘ﬁ‘ Mmmev\"' o‘aner‘ha_.

Part] AGmm' ) F (md AF GF mnt Y| dC0a) | A d? (00w’ )| T (1% o)

o ® | zso | 125 | 1moe.2s | 5o | 28.126 | 21.094
R @ | j1z50 25 | A81.25 | so 28.125 2.34 ¢
;___[ ® | 5 | 22500 1687.5 | 5 .25 23.438

v. 2AY . Je87.9 010

ZA 22500 = 15

T=FAd +ZI = 79.688x10° mr' = 79. 6895 /5 ° m*

" Laraest skear-'nj stress occours on section H-.roujln centroid of
entivre cross section.

Q = AS ® (75-)([25'3(62.5) = 585.?4“[03 va

1 7
V25 /%._‘ = 585.794 "'[O-‘ m’

€2.5
* //“ N t T 75 mm T 75_."0-3 )
S l

r= MQ _ (200 %10* (53594 x107¢) _

[
It ~ (7‘1-“8"10"’)(75';:(0“3) - 19. €1 %O Pa

19.61 MPa -
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6.23 and 6.24 For the beam and loading shown, determine the largest shearing

.24 I f
PROBLEM 6.2 stress 1n section n-n.
s Ry = Rg = 25 kips
i

SOLUTION

25 kips 25 kips ‘I' WA
C
H 15in.
‘i - o S At section n-n V= 28 kips
8in.

Locate centvoid and caleofate moment of inentia

2 Part | At)| 7G| Ag 0] d@) | Ad G T ()

' ® | 4875 |6.375| 33.52 |2.244 | 24.85 0.23
1 1T @ 10,875 3.625] 3942 |1oos | 1l.0} 47.68
f 7 | 158 72.94 35.5¢ | 47.86 |

-

S 72.94 ‘
Y = %—i * S5e * H€31in

T = SAd*+ ST = 36.8¢+ 47.86 < 83.92.n"

Lcrjes'f‘ shearina stress occurs on section +\woua\n centroid oF

entire cross section.
X

Q= Ay = (3)4.an () - 8042 i
t = 3 - 0% in
lw ¥ 8.042)
| . _ @5X8.042) _ 3 a4 e -
r: %’?" GAD (0.5 = oo

Www.lepnu.ir
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6.25 Two W200 x 46.1 rolled steel sections are to be welded at A and B in either of
PROBLEM 6.25 the two ways shown to form a composite beam. Knowing that for each weld the °
allowable horizontal shearing force is 500 kN per meter of weld, determine the

Eaximum allowable shear in the composite beam for each of the two arrangements
own,

SOLUTION

For volled steeld section W 200x46.1

A = 5860 mm'  dz 203 mm bg = 203 mm
(e} &) v M
I;( = HE,. 5 « O pa ].7 T 15.3%)0% mm'
@ I = 2[I,+ AQY] = 2] 4ssviof + (53002 ] = 2007 %10
= 2.7 %10 m*
Q= Ag s (s3coXEE) = 594.8510" mm' = S0 C W
%\ * 500 kN/m For one weld. For 2 weldds ?.,uf 1000 W/
_vea . Igw _ (2A1L7x107) (1000 x)0%) <1o® N
P T Vu T TEE T T ams e - 356x10
= 856 kN ~——
® I =2[I+ AGY]s 2Disaxief + s 2] = 15139 w0t

= 1513 xio" m"

A l';f i (-5360)(122;)‘_ 599, 8 10> mm® = 594.8 »10"° m®

< x jO}
D T

o
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PROBLEM 6.26

SOLUTION

6.26 through 6.28 A beam having the cross section shown is subjected to a vertical
shear V. Determine (o) the horizontal line along which the shearing stress is
maximum, (b) the constant & in the following expression for the maximum shearing
stress

14

Tox = K—

where A is the cross-sectional area of the beam,

. - - _ 4

For semi cincle A= %[c‘ Y < i
- tHe . 2.3
Q- /S:{ g g:C.' ar 3 c

T, occovs ot center where ¢ = 2¢

2.3
s o Y@ _ V-EcE sy L k-£:1.333 =
e t Lev2e ame* A '
PROBLEM 6.27 6.26 through 6.28 A beam having the cross section shown is subjected to a vertical

shear V. Determine (a) the horizontal line along which the shearing stress s
maximum, (b) the constant & in the following expression for the maximum shearing
stress

V

= k—
rmax A

where A is the cross-sectional area of the beam.

SOLUTION _
FOV‘ [«% ‘H-u'n wa).’eo‘ c;'r\cwpar seo+i'on A = va\p\th
J= Avl = 2unit, I:=-43 = writ.
.o - _ 27,
Fov a sew\.cmcofaw arc N
<, 20 z
% As B TTn..tu Q’ A.s:f = T L. TR Za i

Ton

v ©

t = Zth
VQ  v(zn't.) . NV _ _ 2V K= 2,00 et

————

T T Aty T wet. T A
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PROBLEM 6.28 6.26 through 6.28 A beam having the cross section shown is subjected to a vertical

shear V. Determine () the horizontal line along which the sheaning stress is
maximum, (5) the constant k in the following expression for the maximum shearing
stress

14
rmax = k -:4—
where A is the cross-sectional area of the beam.

A= hbh Iz bh

i 7 For a cet at Pocation Y

i) . L/byyy = by
\ T ALY~ F (B0 - B
Y@+ $h- %y
= Ays EL (h-y)

by B
T(y) = \J?f* - (\,/glz:i-;(’;éy) ] \2b\lh‘ya(h-y) i} fh\i(hy-f)
To Pind Jocation o maximom of T, set FE = o
%f-‘ BIh-20):=0 s h
z,e BN (hya- vy s BLGR -] - 2 - 4 X

k:%—:n.soo —

e
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PROBLEM 6.29

6.29 The built-up wooden beam shown is subjected to a vertical shear of 5 kN.
Knowing that the longitudinal spacing of the nails js s =45 mm and that each nail is
90 mm long, determine the shearing force in each nail.

SOLUTION

Q=Q = AY, © (sD)se)0o)

T%S

I, = whhis Ad

i

o (50X + (5oX50)(100Y" = 25.52%10° wm'

L4

& b h> = (5)a50) = 65.10%10% mm

4
»~

BI, 4 I, = 167180 wm' = 167.18%/C% m"

H
"

250 % 10" mam”
250 *IO ¢ m®

b -
%Q: (5*12()7 n)a(ﬁ:l'o ). 7.477%16° N/m

2 (7.477%108 Y45=10*) = 336 N —

I
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PROBLEM 6.30

6.30 The built-up wooden beam shown is subjected 10 a vertical shear of 8 kN.

Knowing that the nails are spaced longitudinally every 60 mm at 4 and every 25 mm

?:) 53, de}c;'mme the shearing force in the nails (a) at A, (b) at B. (Given: I, = 1.504 x
mm-.

SOLUTION

I = 1.504%10" wn" = 1S4 ¥)O™ m®
ST 60 mm = 0,060 m
S5a = RS mm = 0.0285 m

Dimensicns in mm

A -
\
B

i1

(5o Yoo i58) = 750 =t .
750 =07 m?

(a) Qp: Q. = A,:y,

Fa = %A Sa
1@ _ V@5 _(8x10%) (750 % 154 X0, 060)
I [504 % |O™¢

—I T 239 N ——,
(b) Q= A, = (300)s0)175 )= 2625516} mad

Qg= RQ+Q, = H125% /0% ym®

T Y4128 % [07Cm?

) _ VA Ss _ (8x%10®)(4125#%107* N0.025)

Fe - FaSa © T = Iso7 " 152 = 549 N -

Www.lepnu.ir
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PROBLEM 6.31

6.31 The built-up beam shown is made up by gluing together five planks. Knowing
that the allowable average shearing stress in the glued joints is 60 psi, determine the
largest permissibie vertical shear in the beam.

SOLUTION

T, = AGXaY+ (5B = 93.33 in”

1.
I
Q= Ay, ® (5XaX3) = 30 in3

"

w(N2® - 8533’

4I, +I, = 458.¢6:n"

For Q%L spoeal jo:‘v\f L =2 in.
\ - Iéf . (458.€e)(2I(eR) _  o.e g -

30

PROBLEM 6.32

6.3.2 The built-up beam shown is made up by gluing together two % x 10-in. plywood
strips and two 2 x 4-in. planks. Knowing that the allowable average shearing stress
in the glued joints is 50 psi, determine the jargest permissible vertical shear in the

SOLUTION

T = (5810 - ()6 = 386.33 in"

Q= A3 = (W2)Cd) = 32 in®

T f/[//:’
Y4 Tt = 2+ 2 = Y4in
L T = ..\,{.._Q_-'
1t
_ It _ (326.33)(M)(s0) _
VoS5 37 = Z410 Jb —=
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PROBLEM 6.33

6.33 Two 20 x 100-mm and two 20 x 186-rum boards are glued together as shown to
form a 120 x 200-mm box beam. Knowing thal the beam is subjected to a vertical
shear of 3.5 kN, determine the average shearing stress in the glued joint (a) at A, ()

at B

mmm-—' ’-'-IOOmm-’
T e B SOLUTION

I = %(120)(200) - -(8e)1coN

Vo

LS LL

GE man

!

L,

f

52.693 % /0* pwm'
S2 698 x G m?

P (@) Q7 (80)(z0)(50) s 144 %10% mu

= 4y % |0 m?

T = (2)(20)= YO = 0,040 m

7 s ¥Ba _ (35101340 ¢)
A Tt (52.€93%1079 (0, o40)

= 239%)0° Pa = 239 kPa -a

() Qg = (120)20XT0) = 216 %10% mm® = 214 xICE m

s (2)(20) = 40 wmm = 0.040 m

7 = YGu | (38.5x10%)(21¢x 107¢)
A

= 35910 Pa

Tte ~(S2é13x10<)(0.080)

= 359 kPa -

O
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PROBLEM 6.34 ? ;
shear, determine the shearing stress (a) at point 4, (b) at the centroid C of the section.

6.34 Knowing that 2 W360 x 122 rolled-steel beam is subjected to a 250-kN vertical

SOLUTION
For W360x122, d=363 mm, b= 257ma, Le= 21.70man | Ly 13.0mm
T = 265%I0" mm = 365x/C m’

A 70§ )aLTe) = 22785 s

—7 2
i
Qs Al 33887/ me = 388.8x/0 "
s e— Y= te = 2070 mm = 20.7%10° m
o VO. (250%10*)(388.8x10%)
Lo, ® - = = ¢ = .
Tt. (3csn 105N R. T = 167 12.27% 10° Pa 12.27 MPa. ——
' A, = bty = (25721701 5577 mm’
gz -8 - 222022 .65 mm
A, - t, (;'-- 1) - (13.0Y(1s2.83) = 2077 —
) Yoz ¥(E-te) T 7.9 mn
Q = TAV = (5§77Y170.¢5)+ (207N(79.9) = 11 T.7 %10 man”
¢ Y
< 1N7.7%10°¢m°
L. L7 13.0 mm © 133407 m
VQ.  (250% 103)(1117.7%16°)
T = € = - = ¢ -
e Tt. (365_)( 'O.‘)(lg N 10‘3) 58.9 %10 ?ﬁ. £8.9 MFa. —l,
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PROBLEM 6.35 6.35 and 6.36 An extruded aluminum beam has the cross section shown. Knowing
tha(tb t)hc \:en;,cal shear in the beam is150 kN, determine the shearing stress at (a) point
a, (b) pont b.

SOLUTION

T - e s

= 3.098 x/0°wm? = 3.098xi¢m*

' Dimesi::inmm - (o) Qn.:. A:i‘ + ZAzSz
= (126)e)(37) + )12 Y4 ) (20)
f/® 7 = 47, 172““33 mms = 47172 )([o-{‘ M3
Vi)
//’ to.= {(ZY(2Y = 24w = O.024 m

2 s YQa (Usox10*)(47.172% 107 )
“" Tt. " (3.098x107%)(0.024)

= 95.2x10°Pa = 952 MPa )

Quz A = 02036X37) = 27.97%10% mm® = 27.97xI0°¢ m®

Lo QM) = 12mm = 0.012 m

7 - Y | (50xi0%)(22.9740¢) _
‘Tt T (BoasvioH.ol1zy

112.9%10° Pa = 112.9 MPa, =

Www.lepnu.ir
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PROBLEM 6.36 6.35 and 6.36 An extruded aJuminum beam has the cross section shown. Knowing
that the vertical shear in the beam is150 kN, determine the shearing stress at (@) point
a, (b) point b.

SOLUTION

1

L (20)(80) - 5(86)E8)* = 1.9460 %[0 wm"
la4e xjo ¢ wm”

@) Q.7 A3, + 2A, .

Dimesions in mm - (56}(6)(371 + ¥ 2)(oYae) = 3).632x 10° vm®
- 31.632%107° m"
ﬁf////f//// 2@ tq = LYO12) = 24 pum = ©O.02Y m
5 t i VQa _ (lso>tlo3)(_::af-(503i‘;‘q°:) = 1016 x 6% Pa
Tt (.34exie)o. = 1016 MPa =

(b) Q= AJ = (86)(cXan) = 12.432510 mud
= 1243207 m?

tyz @MY = 12mm = 0.012m

VQs _ (150 x10")(12.4932% 107 ) _

| - “Pa = 79.9 MP -
Tb I Sy 2% (1.a46=10"* Y(0.0v2) J9.9 %10 Pa 79 "

6.37 The vertical shear is 1200 Ib in a beam having the cross section shown. Knowing
PROBLEM 637 that 4 = 4 in., determine the shearing stress (a) at point a, {b) at point b.

SOLUTION

1,7 L )05 + (4N0.8)3.I5) = 22167 iw

I,= $) = 106.67 in'

I- 41+ 21,

"
[\
»
o
3

ey @, = ZA“;, + Azy.
@)W)0.8)(2.78 ) + (SY X2} = 55 in®

tﬁ_= L in
. VQ, , (200)(s5) | ; —
NI @Sy T R
) Qu* AJ, = W(0.5)(3.75) = 7.5 in’ t.s 0.5 in
T, Y& . (1200)(25) . 55.2 psi —

3 AN TT AT
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PROBLEM 6.38

05 m.d 3 m.d

6.38 The vertical shear is 1200 lb in a beam having the cross section shown.
Determine (a) the distance d for which z, = 7, (b) the corresponding shearing stress
at points a and b.

SOLUTION

Az 0.8 w' § = 375 in t.= 0.5 in

A= XY =20 in") §,72im L, =S5 in

@ = Ay = 18754 i?
(e \_‘.%%:.r ¥ La5d =3.75.\é€‘.
— — Qo= A + 2 = (20)R) + R)(1.875 d)
= 40 + 3.75 d
Loz § in
(@y T = -iV_%' = V(;‘O:SSS'?SA) - 312 + o.vs‘—/I-“— = 74 3.75%‘3—
- 8 + 0.75d = 3.7 d d = % r 2.667 in. -
(o) I =% (2.667Y(0.5F +(2.¢67X(0.8)3.78) = 18.78 in"
I, = § B)a)® = 106.67 in
I = 49I,+2I, = 288.45in?
To= T c 278 vId - (3.72221?33)(2.657)2 41.¢ pas -
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PROBLEM 6.39

6.39 Knowing that a given vertical shear V causes a maximum shearing stress of 75
MPa in the hat-shaped extrusion shown, determine the corresponding shearing stress
(a) at point a, (b) at point b.

SOLUTION

Ned‘\'wa! axts pu'es 30 wm @Louc bottom
VQe LV . YO
b

o o1 WTIL Tt
1/0.. - Qa t‘ Z)jg - Qh tc
‘Z-/‘-_ Qt ta. ’l: - QC tb

A~ |
\ Qu s ©)3o)(18)+ Q4IUN(28)= 4260 mm’
— e -

A tQ = G mm
— | “ Q. = (aX4)(28)= 1568 pw
t&_f 4 mm
Q, = (14)(4)(28) = 1568 —"
'tb'-' “MM
'Z'; = 7§ MPa
. Q.. Le . 168 ¢ _
(2 7, ¢ - = 44 MPa -
~ . @t _ 1568 . 3
o ~ --: 1 T 7 g1 ¢ Ak MPe t




PROBLEM 6.40

|40 mm 12mm 40 mm
1 1

0 L. Glln
T

T Q. t.

o~

0. Q& t.
© T AL

. . G tm
(C) ""‘ ntt

= 4935 12

6.40 Knowing that a given vertical shear V causes a maximum shearing stress of 50
MPa in a thin-walled member having the cross section shown, determine the
corresponding shearing stress (a) at point a, () at point b, (¢) at point c.

SOLUTION

Q.= (2¥(30) (25 +10415) = 18 x 10 mm®
Qu: HO)I0)(25+8) = 2% 10° mm®
Q.= Q.+ 2Q, + U2X10)(2548) = 4S5 6x10 m

Quz Q.+ 12)asUF) = 49385 x/0" mm’

ta't tc = tm= 12 | e lag]

th = O vm
;"?—-.—’--11 - oo
Faas 1z T O-3¢47 o= 13.23 MPa -
[ S £ R . a
Ao - oans Ty 14.59 MP, =
BL 12 - 5 q240 T, 46.2 MPa -
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PROBLEM 6.41 6,41 and 642 The extruded beam shown has a uniform wall thickness of g - 1.
Knowing that the vertical shear in the beam is 2 kips, determine the shearing stress at
each of the five points indicated.

SOLUTION
I = o (280250 - L(2125X2.25) = 1.2382 in’
t = 0.125 in e.:l' O-pf sea‘l’fons.

V= 2 k.‘Ps

V@
= - ____3' - o
Q.= 0 .7 F% -

Q. = (0.125)(1.2s X L) = 0.09766 in

V@& _ (2)o.09760) : ——
T~ It  (.72382)(0.12%) .26 ks

3

Q.= Q + (1.06285)0.128)(0.187€) = 0.25537 in'

VR . 2Y0.255%7) . .
f"- Tt (n2382)0.15) 2.%30 Ks

- 2Q, 4 (0.125)'(1.187%) = 0.52929

_VQy . @Mo.s2927) | . -
Ta - Tt | (.2382)(0.125) ©.84 ks

£

Qy + (o.lzs\(l.tstug) = 0.60839

7. = VQ _ (2)(0.608%) - 7 ¢ ks -
e It (1.23821(0.127)

Qe
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PROBLEM 6.42

6.4]1 and 6.42 The extruded beam shown has a uniform wall thickness of % -in
Knowing that the vertical shear in the beam is 2 kips, determine the shearing stress at

each of the five points indicated.
. SOLUTION
Ik (2.500@%Y - L(2.125)2.25)° = 1.2382 in’

Add sjmmd’ric poin‘ﬁ <!, b',a.wl a.’.

Qe = ©
Q, * (0.128)asX2S) = 0.07%i0 i ty= 0.125 in
Q. = Qe =(0.128Y(L1375) = 0.097¢s in t.= 0.25 in.
Q. 7 Q.+ (2X1.0625)0.425)(1.1875 ) = 0. 41308 in® 1, : 0.25 in.
Q= Qu+ @No.125XasXEE) = 0.60839 in’ L= 0.25in
_ NO, _ (2)o.608%4) _ .
’L)c. = It., - (_\.2382)(0.15} - 3.93 k v el
VQ, . (z)(0.41308) _ .
T - Tt, =~ (1.2382)0.25) 2.€7 s, —-
_ V@ _ Q)¥0.0%765) _ . —
V& _ (2)(e.01i0) _ _
T~ Tt, G289 (.ns) " .02 ki -
Tg_ - VG - (») -t

It
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43 Three 20 x 450-mm steel plates are bolted to four L152 x 152 x 19.0 angles to
PROBLEM 6.43 ?o?m a beam with the cross section shown. The bolts have a 22-mm diameter and are

spaced longitudinally every 125 mm. Knowing that the allowable average shearing
stress in the bolts is 90 MPa, determine the largest permissible vertical shear in the

beam. (Given: I, 1896 x 10° mm".)

SOLUTION

Flange: Lp'= ,%(450\(20)’%%‘0)@0)(235)‘= 447, 3x/0° mm’

Web:  I,:= & (20)(455)* = 151.9 %10° mm®

L_ 450 mm _.] Anqfe -

L6 %10 wm', AT S420 mm’
44,9 mm 47 225-443 7 18Q ) me

G ot
" W

2

I *
o i Cx D¢+ (§920)(180.1)° T 187.4 10" mm

= I
= ).
T- 2L «+ I,+ %1, = 1336 x 10% mm? = (896 %ID " m'
Qg = (450)(20X(2385) - 2115% 10" rm

BNy \
jzﬂ{ 'é; Qn. T (5410)(!80,[) = qjé,‘lo‘l Mm‘

s Q- Q{: +2Q,.* 4067:[0‘..1.: = 4067»{0-61-.3

Ay %-"d?\..; = I(n)* = 380.1 mm 380:1 x10”™° *

Foa =20n A, (290 %10 )(330.1x(07*) = 6€8.42x0* N

= Fo.tt s ¢8.42 210 e 547,36 xl0* N/m
G 0115

S
I 1896 % J0°° )(547.3€ =16%) _ 2
R = 25516 N
I

= 255 kN  —

S
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PROBLEM 6.44 6.44 A beam consists of three planks connected by steel bolts with a fongitudinal
spacing of 225 mm. Knowing that the shear in the beam is vertical and equal to 6 kN
and that the allowable average shearing stress in each bolt is 60 MPa, determine the

smallest perinissible bolt diameter that can be

SOLUTION

used.

Pert |AGmat) § (im )| AY* (165m*)| T (10°mm")

@ |1500 | 6 19.78
@ |7s60 | S° 1875
@ |15000 |- S0 27.50

4.06
14.06
28.12

S0mm 100 mm 50 mm

A
o
24 = A3, * (7500)(s0) -
P é Y - 376
//
o
& Fot = Tott Ao = $S

Aoy = VQs _ (6x103)378x10¢)(0.225) _
T I (60%10°)(131.26% 107¢ )

A 75.00 56.28
1= TAF +ZI = 130.26010° wm" = 13125 %16'm"
Q

275 » IDS Mms
’Oos m‘&

VRs
I

Z

CY.286 x 16 m

= §4.286 mm"

dun - 10t [@UABE) - q 05

1. st

e
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PROBLEM 6.45

Sin.  4in.

6.45 and 6.46 Three planks are connected as shown by bolts of % Ain. diameter spaced

every 6 in. along the longitudinal axis of the beam. For a vertical shear of 2.5 kips,

5 in. determine the average shearing stress in the bolts.

SOLUTION

Locmh_ ne\)'}V‘a.) RIS
SA = ()5X4) +@ie)= o in'
ZA7 > @ASE) + (X1eXS) = 520w’

-\-/-:-Zz;-éi:- 6£.5 in

. (5)4)(.5) = 8o ind

F o=

Aot = Teln

A
7= S
T = 2] %@ (S5 ]

4 y g (00 + (00)1.6Y T Se6.Tin’

Vas _ @SN 4 90 kps

s - I ) Lec. 7
~ LAY .3 v = FE_ 0794 . ‘
-‘!(—8—) C. oY in Lot Mf- 5—.—,—13“5 = 7.19 kst -l

PROBLEM 6.46

10 in.

2in.
L
‘

}
!

6.45 and 6.46 Three planks are connected as shown by bolts of * -in. diameter spaced
every 6 in. along the longitudinal axis of the beam. For a vertical shear of 2.5 Kips,
determine the average shearing stress in the bolts,

SOLUTION

:[.,, Locate nevtrad awis
SA = (Yo +(joY4) = 80 int
ZAy- (2Y2)(10)5) & (1oX¥)(8) = 520 w

ZAy _ Sao _ .
* S0 6.5 in

it

Y ZA
- 2 H(2)00) + @010
%

%
71 ¥
%l.s t N . . y
E—; 6.5 2 (10X )® + (oYW(1-8) = S66.7
— R Q = (A)1)(1.8) = 30 in?
VRs _ (2.5YzoYs) . )
F- C}S = -—--I = .7 = 0.794! *tFSF
T : R _E oMl | .
Aw = Feun = $G) =007 in L™ Ay = ooy © 71Tk
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PROBLEM 6.47

6.47 Three plates, each 12-mm thick, are welded together to form the section shown,
For a vertical shear of 100 kN, determine the shear flow through the welded surfaces
and sketch the shear flow in the cross section.

SOLUTION

200 mm locate nevtval axis

ZA = (12)X200) + (2X949X12} = 4656 I

ZAS - (12 X001 (100) + RX94 X2 )(50)
= 2£2.8 % IG?  mam

3

? = gs—%‘&. - 7.5-.77 mm

I= dl2)z00Y+(12)(200)(24.23 )}
+ 2[5 ENO® + @2)(25.77)} ]

_ (1oox10*)(29.07x107) _

- 3
= 10.98¢ ¥ 10° wmm® = 10.934 ¥} m

Q = IO 25.77)

29.07#103 mms 27.07“]0.‘ M’

1]

266 %10° N/ = 266 kN/m

10,934 x 1O™¢

Www.lepnu.ir

lep}zz,
R
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6.48 A plate of 2-mm thickness is bent as shown and then used as a beam. For a
vertical shear of 5 kN, determine the shearing stress at the five points indicated and
sketch the shear flow in the cross section.

PROBLEM 6.48

i SOLUTION
.7 L 3. L 3 AL 3 a
T =2 [ Ry’ + H@)s2’ + FREY + QX)) 1
_ 133.76 x[0% pm" = 133,75 xio” T m*

Q= RO 7 576 mm® = 574 o m’

Oq,’-' o

Q.= Q- 12D = = COO mm = = 6OOXD "m0

Qs = Q- @N242) = -L176x [0%mm = = 1. 176 0 m
Qe : Qut REEIB) = =600 mad = =500%107" m
-?
N L
- \/—Q'—b. - -
T s O
.V o* )(goo x10°7) .
be ” I% i Ef;lﬂfx)t(o-ﬂ(znro-’) T WA = i 21 MPe -
V@ (ExI0N YL BxiD™) o
T) = 3 et 22.0%(0° Pu = 22.0 MPa -t
_ V@ (Sxiod)(soosio™) $o, =
Te.' it - (‘33.?§x‘o-q)(1xlo.3) 9.35"/0 Pﬂ- - °l.3S'MPa. — Y

1 1
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PROBLEM 6.49 6.49 A plate of ',':' -in, thickness is corrugated as shown and then used as a beam. For

a vertical shear of 1.2 kips, determine () the maximum shearing stress in the section,
D {b) the shearing stress at point B. Also sketch the shear flow in the cross section.

16 SOLUTION
_EA B#C . E F
L 2m. Sinns] Leo = JU-2F 20 = 2.0 i,

12in 12Mm,
Aap = (0.25)2.0) = 6.5 it

loccte nestral axis  and Com,wh moment F inertia.

Part] AGR) J G| AT GiY G A G NI | 7. ZAT. 08 . :
, RINIRLY i m NT( Y= &3¥r 222 0.4 in
Ag |os | o 0 0.4 0.080 | neglect |
8D 0.5 |o.8| 04 |04 | 008 [Fotoer| & ALh"= & (0.5)16)
DE {0.§ .8 0.4 | ou 0.0% [*0.10¢7 = 0.1067 in*
EF 0. % ls] #) 0.4 0.0% neghat —
s e T
T |20 0.3 0.220 | o2ma| L= ZAd*+ ZI
= 0.5333 ;"
{(a) Q\h‘: QA. + Qac
[ . Qpa = (2)(0.25)(0.4)Y 7 0.2 /»®
G L4 n .
A A 5 Qac = (0.6)(0.25)(0.2) 7 0.025 n®
0.5 0n Qm - 0.225 fhl
V Q. (1.2)Y0.225) ‘
- - - Q28 ksi il
2 It (0.5332)(0.25) 1,025 ks
B Q= Qe * 0.2in"
7, - ¥Qs . (L2)(02) [.80 ks ..-

Tt  (o.5s2321(0.25)

fg" O
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6.50 A plate of thickness ¢ is bent as shown and then used as a beam. For a verucal
PROBLEM 6.50 shear of 600 b, determine (a} the thickness  for which the maximum shearing stress
is 300 psi, (b) the corresponding shearing stress at point E. Also sketch the shear flow
in the cross section.

SOLUTION

LBD = LEF = "lfq.gz + 21' = 5,2 Jn.

Neo‘}n) axiS ,p.‘es ol 2.4 in. aleve AB

Capcv)afl‘e. I 2
I, = (8tXa4) = 17.28 1
Tep = A(52EN%8)» = 9.984 1
T, - (6 £)24) = 34.66 2
Igp'r Ipr; s ‘?.9‘841'
IF(.. = Iga * }7.28 T

I‘:’ EI = 3‘1.0" Z
(o) At Fo;nf C Q. Qe + Qae = (31)(2:4) + (2.6 (.20 = 1032 L

. VG . _Vva _ (eo2Xio.32 L) _ .
f It . t 'K.I < (300)(37.1.'2‘“). 0.23168

(b) I = (83.0a )o.23168) = 20.¢4 in?

E Qe ~ Qer *+ Qro
- O + (3Y0.22168)(2.4)= 1.668" in?

V@& (4 1.668 ) .
Fé@e Te = ¢ Lok = 209 p -

1t (20.€4)(0.23168)
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'y <a’\ SOLUTION
OO0
(a) ®)
(@ ©
T h= {fa
A=A,-at
I: Ah': ath' » 3o’
L 4AW = datfa* - $a’t

PROBLEM 6.51

6.51 and 6.52 An extruded beam has a uniform wall thickness ¢. Denoting by V the

vertical shear and by A the cross-secticnal area of the beam, express the maximum

shearing stress as f,,
orientations shown.

I- 2I + 41, - _ia't
Q. =.Ah: Ba't
Qz’ A:'g ¥ [%a-at
Q. @ + 2@, V2ot

7 - VQ _ VBat i
IS (¢ 0

-8V &Y )
S Gat & A
k%-z.oa o

Y . v

(Ta’bBt I at
v
A

= (V/4) and determine the constant & for each of the two

(b h=%
A=at A, =iat
I = I +AJd*
st ot (FHE)"
-Ll,-’a,"t v Ta't = % a't
$E(EY - wa't
I-= UL+ "LI.,_ = éast
Q= at (5+2): 2a't
Q,: (#at¥F) = 34a'L
Q= 2Q +2@,* §a’t
/)_’h: y_@_ * V‘%a}t

TGy (Sae)(at)
AR /. F SNRVER TRVA
20 at 20 GaL 1© A
Y, |
= kx K =723’ 210 -

B
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PROBLEM 6.52 6.51 and 6.52 An extruded beam has a uniform watl thickness t. Denoting by V the
vertical shear and by A4 the cross-sectional area of the beam, express the maximum
= k(Vi4) and determine the constant k for each of the two

sheaning Sess as Tpuy

orientations shown.

SOLUTION

Y e I-(at)@)
(- = et
I,s yt(E) - mett
= 2I‘+‘~llz‘ —%a"t

Q, = latY3) = za’L
Q, - (xatX2) = §a't
Q- @+2Q * Fat

1;-“ T \—/—-Q T _L__*_\](-S'C\‘t) T
I(at) (ZatXar)

- 4N _ 31N -4
16 at ~ ‘!'-}at"f*

:-k% s k:%.—z,ag -

vo _ ViRa't)

T@t)  Eab)@D)
- 82 V. _ 3/ V_
= g at - "2 Y4at
_ 2272 Y _ X
= T2 A A
\(.-S-li"—?‘r 212 -




PROBLEM 6.53 6.53 The design of a beam calls for connecting two vertical rectangular % x 4-in. plates
by welding them to two horizontal "%‘ x 2-in. plates as shown. For a vertical shear V, ‘
determine the dimension a for which the shear flow through the welded surfaces is
SOLUTION a
3
I =@(EXE)P + (RI(EY + (@K )"
= H.o416c7 + 2a* in* '
Q@ = (2)('91.'30- = a in’
_’ = v"g"‘ = Va. S J - O i
= o..! F° T “oscerszas et d—z i |
|
o _Ga‘i _Tlu.od1ec7 4208 - (o.\(‘kﬂ]v - 6 .
e L (4o41ce? + 2a4)* ?
[ | | 2ar = 4.04i1¢¢7
O. = |LH2Z in -
6.34 (a) Determine the shearing stress at point P of a thin-walled pipe of the cross
PROBLEM 6.54 - sectics: 1hown caused by a v;'nutc!:l :h::rs \7. (lr;uslhowoth:t the ma.ximuzgﬁcc;ﬁng stress
occurs for #= 90° and is equal to 274, where A is the cross-sectional area of the pipe.
[~ SOLUTION
A= 2mnt T2 Ant « 2rnlt 124070 L :
t
: = 3‘3“'& for o citcvdar are
-1 o A+ 2v6t
/ Q.* AF = 2rtsind
T V@ | (VXZrEsin®) |V sinb -
@ Tp* I0py " (WIEV(AE) | WAL
\ . X v
(5\ : T,,, = —7—22\,“:." 2 = ----—2A . i | E
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PROBLEM 6.55 6.58 Consider the cantilever beam AB discussed in Sec. 6.8 and the portion ACKJ of
: the beam that is located to the left of the transverse section CC “ and above the
horizontal plane JK, where X is a point at a distance y <y, above the neutrat axis (Fig.
P6.55). (a) Recalling that g, = o, between C and E and g, = (Gy, yy)y between E and
K, show that the magnitude of the horizontal shearing force H exerted on the lower face
of the portion of beamn ACKJ is _

2
H= Jz-ba,,(2c~ Yy - %—J

4

(b) Observing that the shearing stress at X is

_AH_ 1ML
T'“SAI-}'—"-UK-A_ o b Ax b ax
SOLUTION and recalling that y, is a function of x deﬁnedby]’:‘.q. (6. | &), derive Eq. (6. I5').
P A4
c r
Ik K?’! WY @ -;
[ T
= 77
ke gy o
. Sy
. = Yk Point K is JoCa—‘l'eal a Astance
J ie j above the neuhnq,f axis.
" The shress distviboution is given by

6 = 6‘\.37- For Ogy<yy ond G =6, for yysysec.
For ’eqoiﬁ.bra‘um of horizontad forces a.c.“‘\'nj on AC.KJ
Yy / c VLI ’
HeSoan = SXby { abdy s S (YY) gble-y)
* "&‘bG’r( N “'57:') - - @
Note that Yr is 4 'Funcx{‘u'au of x
R RIS BE = ARRESIS A
Bt M= Pxr- My(l-g )
Diﬂefe-n'{'fa“ﬂj ;; =P - _z'M,v ("'_ JL)
.. P L Bt -
iy-kr i _yYMYI ) Jr Q‘G"rbch ?6‘7‘5}[(

- 2 3 . 3 .._.."
Tl.eu. ‘Kj v “%G‘r(l""%}) 2'5} 6-,- v Y Pv(l ’g'r';) - (L)
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PROBLEM 6.56

6.56 For a beam made of two or more materials with different moduli of elasticity,
show that Eq, (6.6

It
provided that both @ and / are computed using the transformed section
see Sec. 4.6) and provided further that ¢ is the actual width of the beam
at the point where ris computed.

. remains valid
of the beam (
SOLUTION
heos]
E- v
g L | |
' Pe—y p———
Actual Transformed
Section ‘ - Section

where I s +he woment o mertio & the +ransformed cross section and
Y is measured frow the cemtroid of the +ransFormed secton

The howzontal slneaw‘mj force over "“3??" Ax s
- - n{AM) y o« (AM) . Q@AM)
AW = {8y ap = (RGNS g o A Cpo g, £
Q= Snff dA = foest Mome_\n" ;'P Mns'rov“mccl section.
4 M T A -G'- < ..v-...g.-.
¥ ° Ax Z%.I

Shear Flow

q, is distriboted over actval wiclth t’a thos 7 = _Z;

. va
T It

g

r=—

Llet Ent be o reference modudus
ot e)a.s+n‘cn'+y

E E
n':f.:r° na=£-.-;)e,+c..
W-'a('“us b of ac"'uau? SQO’HOV\ are
multiphied 57 n's to abtain the
trans Formed section. The Lev\o\i\nj
stvess distvibution in The cross
section s :‘l'\lev\ by

G“:—m
* I

1

ot

el el




6.57 and 4 58 A composite beam is made by attaching the timber and steel portions

PROBLEM 6.57 shown with bolts of 12-mm diameter spaced longitudinally every 200 mm. The modutus
of elasticity is 10 GPa for the wood and 200 GPa for the'steel. Determine the average
l-— 150 mm -—} shearing stress in the bolts caused by a vertical shearing force of 4 kN. (Hint. Use the
{ : method indicated in Prab. 6.56.) -
12 mm - T
—
SOLUTION
250 mm
let E.4 = Eg = 200 GPa
' _ Ew _ 10 GPa Ao
n.s = | N * E.s T 200 GPa 20

Widbhs of +Nn5‘rorneJ section
- SO wim b, *G)(150) = 7.5 mm
I= 2 [F0so) )+ (150X12)(125 + 6 )]
= (2.5)aso)*

= 2 [0.0%¢s10°+ 30.890%10°)+ 9.76¢x10°
et 71.589. % [O° mm® = .58 #15°% m

"

Q = 0seYO2)(128+¢) = 2358 2{0° mm®

= 235.B% {0 ¢ mm

VQ | (HwoPHas$.8x 1) | 15 1acu/0® N/

s

$° 1T ° 71,587 » o<

Font = gs = (23.187 x10° (200 %157) = 2,685 10" N
Aor = Fdow = (BX02)" = 1131w = 130500 m"

‘%
T, = Lwst o L6S¥IO  433.05¢ Pa + 28.3 MPa e
R Y™ 13, 1% Jo¢
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PROBLEM 6.58

NZN

#

le‘lao le140 —sle- 120

Furt = gs = (7.615%10*)(200x(0™) = 1.528x10% N
a ., a
Ay = Itfa'ur = 'E('? Y s 13 mmt = 13,1 %107¢ o,

Dovble shean T

Lot

6.57 and 6 58 A composite beam is made by attaching the timber and steel portions
shown with bolts of 12-mm diameter spaced longitudinally every 200 mm. The modulus
of elasticity is 10 GPa for the wood and 200 GPa for the steel. Determine the average
shearing stress in the bolts caused by a vertical shearing force of 4 kKN. (Hinr. Use the
method indicated in Prob. 6.56.)

SOLUTION

Let wood be the pefevence wateral

Es . 200 GPa
iw = 1.O ns'-‘gi-“,'g‘éﬁ=20

I = Tli' bz"’zs - Tlib-"'.s

= (3803264 - L (190)84) = 575.7%10° "
= §75.7%107¢ m*

@ = (190)(90)(42+485) = 1.0962 ¥ /0° ma®
= O n{0"3 m3

g YO . (xio)(Lovcrio™)
X :

5767 210¢ 7.615%10°> N/m
.7 x

3
7 ZFZier? Lo T 6.73x(0° Pa

@Y ns3. 1xo¢) = 6.73 MPa, -

kS (‘-v‘ﬂ‘ .

- A e —

e 4

B
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6.59 and 6.60 A steel bar and an aluminum bar are bonded together as shown Lo forin
a composite beam. Knowing that the vertical shear in the beam is 4 kips and that the
modulus of elasticity is 29 x 10° psi for the steel and 10.6 x 10 psi for the aluminum,
detenmine (a) the average stress at the bonded surface, (5) the maximum stress in the
beam. (Hint, Use the method indicated in Prob. 6.56.)

PROBLEM 6.59

SOLUTION
‘ ]
Nzl in alominom nr 2P . 22258 i steed
ID-CMID‘pm

PO‘+ nA (t'n') 3(;"1 n,ﬁ(;ni) A Gn) .V\Ac"(i.n') n.‘f (;n")
Alom.| 3,0 20| 6.0 0.8665| 2.2528 -
Steef| 4.1028] 0.5 | 2.0519 | A.6835 | L&4G9 0.3420

,I,, 2 | T1o3s 8.0514 3.8994 l. 3420
' . EnAY _ 8.0519 _
d ) Y* ZoA © Too%s - I-133%

l lﬂ”;" I= ZnAd*+2ZnI = 5244 in"

(@) M tle bonded suface Q = (Ls)2)0.9665) = 2.5995 in®

7 JRNCATE XA :
r Tt ° Mt 1,323 ks -

) At He nevtrad wns Q- U-S’)(Lg‘“)_(]‘%"‘!)z 26129 in'
2. = ¥e, @N2.609) | 200 ks -

"1t (5.84)(1.5)
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PROBLEM 6.60 6.59 and 6.60 A steel bar and an aluminum bar are bonded together as shown to form
a composite beam, Knowing that the vertical shear in the beam is 4 kips and that the
modulus of elasticity is 29 x 10¢ psi for the steel and 10.6 x 10¢ psi for the aluminum,
determine (a) the average stress at the bonded surface, {5} the maximum stress tn the

beam. (Hint. Use the method indicated in Prob. 6.56.)
SOLUTION
. & .
N=1 in anm.‘nuw\ n - Z3xlo"psi T 2.7358 i« steel

0. 6xickps:

Pt [A G 5 Gnd nAT G | @ (imd RAdE )| nT (nt)
Steell| 8.2074 | 2.0 | 1c.4143 | 0.2318| 0.94910 | 27358

Abum] 1.8 .5 | 0.715 1.2682| 24125 | o.ia15e
= Z | q.707¢ 171649 2.8535 | 2.9¢08
LBIB o TnAJ _ 17.1¢48  _ .

Y-’—iﬁ-m— = 1.7682 in

L T= ZnAd® + ZnT = £7143 in*
¢ ' ‘

@) At the bonded sorfuce Q = (1.5(12682) = 1.9623 in?
v Y@, BXasas) o0

It ° (1n43)i.s) -
(B) At Hhe nevtrad axis Q= (2.7353)(1.5)(1.2313 X-’-‘—%—s—'j) T 3.0133 ;03

It ™ Gianass

Www.lepnu.ir

O WW .lep 722,
N\ "2,
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PROBLEM 6.61

6.61 through 6.64 Determine the location of the shear center O of a thin-walled beam
of uniferm thickness having the cross section shown,

SOLUTION

Ipe=Ire= 4ta®  Te= Ly = 2ata®s kzail® = 2ta’

Loe: 5tQ@aV= 324 I-ZI = ¥ta®
Part AB A=ty y-% @Q=3ty" o
VQ NE i‘ty L avy? zht 3

T* Tt ¥is 32::1"“1‘.‘ A _{
F=(2dA = g:-«‘zta] =% iy Jt = -
Parf BD L a ;
D —— . Q: Qg + txa = 2Ta"+ tax |
altd > = V& _ __Vt 3.t |
\ T= 1% P-cet(ﬁa + o) |
= _3\/ (Q+ 2% ) |

F, - S'TJA = S §—Y— (s 2 ) ol

- 3V(ax+x=)\ s BY (220 bHaM)= 2V

3as 31a
DM, =dTM,
Ve = (2aX2F) + (22)F,\
= *VQ*‘éV& = ?Va. é= éa_ —
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PROBLEM 6.62

L,

6.61 through 6.64 Determine the location of the shear center O of a thin-walled beam

of uniform thickness having the cross section shown.

SOLUTION

Too = Ier = (@t®VE(B)' s thlas k)t e y Llarb)e’

Too = A tW I= TI- Ltl6a+6b+h)h?

Purt AD Q= tx 2« Ythx
Atzm::? 7= V& | Vh¥
bex T It T Tzr

Sq Vhx 4 4 - __I’}..Eg:x's'x

F"'STJA'_ X 2T 21
- Vh

vV _g_‘)"‘ = Vhtat
21 2 g 41

Part 8D Q= tx® = ftha
. Ve - Vhx
=E T E

'L'l
Fox Szaa s (P E0p 0 - YHECS,

. Vht P . vhik?
T AT R e L)

VZM, =DM,

| . hitlb*-a')
ve = FZ n - F]h = v qE[
Vh't (b-a') 3V (b-a)
Y-ht(6atbbsh)h* €a+€h+ h
. 2(b*~a’)
€= Gla+b) +. h -

S

A
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PROBLEM 6.63

"

6.61 throngh 6.64 Determine the location of the shear center O of a thin-walled beam
of uniform thickness having the cross section shown.

SOLUTION

at (32)': kat* = §ta®
pat®= F+iat

I‘B:—Imr

Tec= Ipe = at(2Y

T = mLE(G)Y - Fiad I-5I:%ta
Part AR A= tx jrg_.:- QL= aatx
* em® v- YQ | V-dalx = vy
Wy b It %tét za0't
* gV - -

F= (zdA - S.Zg;;‘zt Loy 2%,_ g Xl = %V
Part DE A= tx N} % Q= xalbx
=1 7= ¥YQ . V-zatx _ 2Vx

A x It ta*t 2% o't
saA = (L2 -

Fov S7dA = (ARt - 2L ,f X S
PTM, =DZIM,

Ve = F,(3a)+ R{a) -~ i% Vat z5Vaz {2va

e 2 -

r .L -
s__}_iJ
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PROBLEM 6.64

6.61 through 6.64 Determine the location of the shear center O of a thin-walled beam
of uniform thickness having the cross section shown,

SOLUTION
Tt o= ta®+ (RaXBY = £ta’

Toa = Iy = (Zab)a'+ & (2)E° % 24t

Lo = @Y= §ta’ I-2I- ¥t
P&u"f‘ AB A = t(za._y)" 5 - _;20;1
ﬁf—g;‘; Q= Aj = 4t (2a-y)2asy)
11l = 4t (4a*-y")
s \i-Q- S‘—y_as ™y
| T+ It 73 (4a ty)
~ 2‘i\/‘
Fefeans§ Vs (e ytdy
- V 2 3 2a 3 3
) 'fe';rL (ay - %)L : V%‘-[(#)(a)—%) - )]
3
2t DB

S E“g Q: a2 s txa
' Z ——*— : ta.(%q-}x)

L T= %%-z 31&(%@”‘)

F=S7HA rS:“%Q(-?,f—hx)tdx - %&S:q(%+y)4x
e (3, )] - g (90 4]

A
- SV.'I.'.tQ - %V

*"')ZMH =DZ My
Ve : F(22)-2R0a)= BVa-8va: Ly,

e:éa vl
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PROBLEM 6.65

. F
'T
5 Y
==

2

F Y 5 z
G £ teory

lo

\ Yart DB

ol

ke o

DIMy - DMH

A'I’ Foi'\'*' H

6.65 and 6.66 An extruded beam has the cross section shown. Determine (a) the
location of the shear center O, (b) the distribution of the shearing stresses caused by
a 50-kN vertical shearing force applied at O.

SOLUTION

AM 7uan+i)ies in W‘IM‘J ete.

b]

To = &l )40+ (10)(40)(20) r 041333 x/0° bm"

Loe # (1o)X s L (7)Y = 1.05126%10° mm

I, = m(0)1e0) = 0. 83333 10¢ jm*

I=2I - 3.7“25-3"0‘ ram Y

Part AB: A = 10 (Y- t0)
j = %0’ + ID)
_—t“j}‘qo Q’A3’ f(j;lb}(y-llo)
_Jg_J_L_ = S(y*-100)
T = \L% Qg : 5 (50%=100) = |2%/0° ma
_ 2%V S(y2- 100
Fe fzons (Y o gy
3 3 . 3 .
< £ 100y )] = F[F ke 10X
- (sXN36.cer?) 5 oyg7ze
3> [0¢ )

Qv Qg+ (6xXs0) = 1ax10* + 300 x
T= \:{‘% Qn? 12xj0% + (300)(7) = 33:“'03 MM’

To 10
b= S 7dA= S V(l:zu;}:ioox)zb = %/"So (erlo'-l- 300 % Yole

oo --L[hleo")x s 300 %" L 02010¥)(10) + Geo)702)/2
v ~ 3 2 Jd, 3.7¢25 x jO*

- 0.418¢0

Ve = 2F, (7o) + Fu(loo)= (2)(0.048R6 VX70Y+ (0. 41860 V )(t00)
= 48,7 .V €= H8.7 wmm -

Qu = Qo + UO)SOX2S) = 38x10% + 12.5%10° * HS.§%/0° mm

Continued




PRoBLEM 6,65 (continved)

I V= &oxjod N Iz 3.7%25¢10% wu' =
?a.ld’ AB ,-Polﬂ"' A Q=0 T=o
Part AB; Pocut B Q= Qg = 12%103 mm’

e VQ (50103 ) U2 %106 ) -
It (37625 %10°*)(1o%10°%)

Part BD, Parat B Q= 12x10°° wd
pe VQ | Er03)(122107¢ )

Pert BD, Poirt D Q.= 33=[07¢wm”

r - Y@, Gxiod)(s3uiow)
It " Guissls)erloFy - 13

Part DE, Point D @ = 33%/07 m®

7o Y@ . (xS s3xi0®)
It (27625%107 )(iox10°% )

Point H Q= 45.5x107¢ m?® t

r. V& . (Sox10 )45 5xi07¢)
It (@R7685x10¢Y(lox o2

/AR T SN e G B G

T

23 1 T

[0 S S e

i

3,7625 %107 m?

it

-
= 2x107" w3 £z joxetm

15.95% Jo* Fa. = 1595 MPa

t = exio"> m

It (3.7¢25n05)0(ento? ) 26.6x10°Pa. » 26,6 VPa

t:=¢x1070m

)10 Pa. = 73.\ MPa_

= 10x}0Y

43,90 Pa = 439 MPa

= Jox to-?

Co.Sx10° Pa = €0.§ MPa

il

1




L1

I S T G

T
[ Q—

3

At poiat H  Qu= @+ 6XX2s) = w210+ 7.5%10° = HA.T%IO% mm’

6.65 and 6.66 An extraded beam has the cross section shown, Determine (a) the
PROBLEM 6.66 location of the shear center O, (b) the distribution of the shearing stresses caused by
a 50-kN vertical shearing force applied at O.

SOLUTION
Al 704n+;+|‘es o W\m", d"
Tig 7 HO)NHY + (€)Xuo)Xo0) = 0,248 %10 mn®

Ty © (70)(00)(S0)* ¢ H0NIOY = [.75583 %10 wm’

Ioe = H BN = 0.500 5 /0 mm’
1= 2ZI7 45016%10° rum?

fart AB:  As 6(y-10) j’-’;‘;(\yuo\

Fe B
— m F, o .
-t Q:Aj = 3( -|o)(:{uo)
4 ;SIO = 3 J‘-—loo')

F Ve Qe= 3(50%100) = 7.2%/0% rmm*

_—m‘:‘ ’LJ_ 1t Se 2 $e

e F"—'S'ZJA’ Sw vift(x "IDO)’ZJ:"%!SQQI_IO(J}JJ
So

L) - 'i'?"g,,(:(‘-loo)“j - E[‘?—’-({‘-looj)[? z 33_ { %‘- (loo)(so)--‘go—s- +Qoo)(to):]

\
(3)(36.¢¢7 x16%)  _
}.5076 x1O° -

Fart DB : Q= @ +(lox)(s0) = 7.2x10%+ SoOx

:@ v It Qy» 22110 +(560)(70 ) = 42 2%10% vam
L

Y- S"L'M - S:oV ('?.leo‘v&.swx\l’;*

0.02440

3

b 4
T Lo : % oy
55 = -%—S [(7ax10°) + spOox ] dx %-[(2 210 )% + Sool‘,;] - -I'-[(7.2u:o‘-‘ X7o)s (Sw)g-,-_) ]
.724 x|0° _ 7.
Gsaie o T 0-38387
HEM, = DM, Ve 2@FRMeh(R)ieo)= (RX6.084490V () + (0, 38351V ) (1oo)

> gV erx ‘“~.8 ™ —:1°

continved
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PROBLEM 6.66 (contimued

V = Sox10* N T = 4.507¢ 10° wm® = 4.5076 16

Point A Q=0 T=0

Pat AB Pt B8 Qq = 722x10“m3 LT oxiotw

2e ¥R _ (Sowio®)(1.2x10%") _
IT ~ (4.sorx wc)gxio*)

13.31x)0° Pa,

Part BD | Peint B Q = 7.2%10"“m? tr lox)e®

< Y@ . (5021030 (7.221074) | )
ks (4.50% %10~ )10 xi0™ .99 % (0° Fa

L)

Part BDJ Point D Q s 422w |0"% Wl t= 107107 m

= YA . (Sox03)(42.2 w0 .
T 3% - (4507650 ) (lox o5 ) 4¢. 8 %/0* Pa

Part DE | Point D @Rz 422%/0° m? t=¢x0""?

~ VQ | (Soxct)(H222K0°) ‘
L= I °7 (eson>ior )&nioP) 78.0x(0"Fa
Poinl H Q- 49, 7 %0 % m t = ExioSm
V@ _  (Soxio® ) (49 7wi0t)  _ ¢
T= 3¢ ° (4. 502620 ) (e x0"%) A 9xio" Fa

—

13.%] MPa

7.99 MPa

46.8 MPa_

72.0 MPBa

9.9 MPa_
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PROBLEM 6.67

6.67 and 6.68 An extruded beam has the cross section shown. Determine (a) the
10cahqn of the shear center O, () the distribution of the shearing stresses caused by
a 25-kip vertical shearing force applied at O. '

SOLUTION
I = 2[g- @Y+ GXRET] « 26X = 58,729 in?

Part AB A=7x, J=4, Q:Ay-2x
kk-pi 'Ll_._. \_ﬁ_@-- (25)52*)

Tt Gg9Yd) = [,7027 %
Point A X= o - o -
Poirad B x= 3 T= 51 kst -

. 2
F-S2dAs S°|.7oz7>¢ cldx = l.‘i;:z‘l Xz]
I~ - [0 3)* = 2.931) k-'Ps

"f
Dsm, = DIM, 25 e = (F)(&)
e = (L%SS_L\LS_) - 1,726 in e

o

Part BD Q= QX3 + {(4-y)(HY)
i = eeg(le- ¥ = -4y
Ii -

M ve YQ . 25(3 -1y)
3 t (53.729) (%)
= 13.622 - 0.2128 y'

)

Point B j“‘ 4 T 10,2 Usi

A

Pint C. y* o T ~ 13.62 ks.
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PROBLEM 6,68

&67 xnd 6.68 An extruded beam has the cross section shown. Determine (g) the
location of the shear center O, (b) the distribution of the shearing stresses caused by
a 25-kip vertical shearing force applied at O.

SOLUTION

I= 2] 8OEP+ @A ] 4 3GEX® = us 341 in”

Prt AB A= &x, §:4 QA x
® =z NG L @s))
x| T 1p TsNEY 22055 x
Psint A X = O r=o0 -
‘POin'} r X = 2 /L).— &.62 ks; Y
3 2
F‘E StJA H So (Z_ZOSS')()':I*'JX = Z;.?L_‘Eé'i _?_.2‘_ f
2. 205 (3! .
o ( (lﬂ(a))( = 2.498I1% k-rs
OM, = DM, 25e = F(8)
e. = 0.79‘! ;h. —3

Part BD Q= 3 + ﬁ(q-j)ﬂ%‘dr
3+ klle-y) = 7-4y"

. V@ . (28sY7-3Y)
T It  (#s.391(%)

U]

* 7.7193 - 0.2757 y‘

Point B T Y T+ 3.3 is¢ —a

L

Pant € y=o T: .72 ki ~-

}
13
.

2
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PROBLEM 6.6%

6.69 through 6.74 Determine the location of the shear center O of a thin-walled beam
of uniform thickness having the cross section shown.

SOLUTION

Lm‘-' .ﬁ‘«r 3' = Sin, Au = ngt = (5)(75') = L25ia"
a5 Ach = (31asXaY = 375 "

Taa = (X2 « B2 = 8.1667 in*
T = @)2.76)+» X8 1¢c7) = 23.833 in"

Part AB: A= 3(S-yYin®  J: 3(S+y)in

Ss

Q= AF = $EyXS+y) T $@s-y) I
: VQ . V @s-y¥) _ v(zs-yv)

(4 1t~ 3)(3.83)o. zs) ) *ﬁ"c?rz_

F - Sf S \{rg cer_ J

® movsm -(253' 333])

—N___ - . i1V =
= Ho.“?[(zs')(s\ 3(53 (25%3) 3(3)] 0.0109 V

DM, = DM, Ve =-2FRM)r -07273 V

e= 0.727 in. -

Www.lepnu.ir

/ lep;?\Z[ZA
\/7
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PROBLEM 6,70

L]

— 33 O

[

]

]

—1 [

L

L1

6.69 t_hmugh_& 74 Determine the location of the shear center O of a thin-walled beam
of uniform thickness having the cross section shown.

SOLUTION

T = 0.28125 ;0

Leo = 3 in  Ago “(3) )= 0.75 in"
Tao = 3 Anh' = $(09)0.5) = 0.5¢25 in"
T = @)X0.2312¢ )+ @%0.5625) = 1.6875 in"?

Fart AB: A dy  §edy QA -4yt

'rl' va.‘ vV "YL = V.yt
It (8X1.e875)(0.27) 3.37s

£f-57d48- S;"%I?%-(o.zsdyx ¥

(025 )V IS (e.an)(.s)?
TT3.37% '% L“ 3.375%(3)

= 0.03333 V

DMD B DM,D Ve= 2 F. (33;0\600)

Ve = (2)(0.08333) V(3 $ia 0°)
e = (2)(0.08333 )3 sin €e° )t 0.433 ;,, =

—
3

1 [
S
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PROBLEM 6.71

L—?O Sin b0

6.69 through 6.74 Determine the location of the shear center O of a thin-walled beam
of uniform thickness having the cross section shown.

SOLUTION

Tos

$@Was® = 8525 #)0" w
Lag = 70mm  Ayg = (70NeIT 420 mm
Tag - 3 Ak’ = 3)420)(35)" = 170.52)0" mm *

I: RX85.75x0* )+ (Y1 71.8%10%) = SI4.5 x/0% wm?

Part A8 Aczls = ¢S KN,
5:%551"30.:"‘{'5 3ot \7/
Qs Ay - 4¢s°
fl' \_{_?_- = AVs

*2Vs® V("
F= § 7dA S;;?»’L%—/ws - %"S, s*ds
(37203, . L<7
(Y3 I v 3V
+§1MD ?‘D‘ZHD Ve = ZIEMGO‘)(TG Sinco")l
a 20.2 V
€= 20.2 wmm -
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6.69 through 6,74 Determine the location of the shear center O of a thin-watled beam

PROBLEM 6.72 of uniform thickness having the cross section shown.

SOLUTION

—‘7 T, = (B)HY = 192 210" mm®
" 40 mm Ly, 2 J Zo* + 4o = 50 mm Agp ® (50)(‘1’) 5 200 v

LA Too = FALK = 3 (205X90)* = 106.67 %10 i’
ok T= 2Tgp+ 2Tag = 597.33x10% mm’
Part AB A= 4x J =4e Q=A3=IGOK
F - 2 A
——za - Y@ | V@ex) | 4oV
mm i-nl_l T2 Tt 7 1oy - 3 .
ie
} F - S’L’JA = S° i‘%}-{ Holy = ’éovgo ¥ A
- léov X XT"_ 160 Y(8)*
AT T @(59283%103
= 0.1205848 v
AOM, T M, Ve s QOF (%)= 9.9 V
e = 7.69 mm g
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6.69 through 6.74 Determine the location of the shear center & of a thin-walled beam

PROBLEM 6.73 of uniform thickness having the cross section shown.

SOLUTION

For wlnofe CrosS scdi't'on A'-' 21ra.t
J: Aa’ = 2ma’t I=4J- na't

Use ?ofar ;ooM-'nafic 6 For ‘Pawf!'af cross Section.

A = St = O.et £ T are Jena‘i'l:
[ Y s:_d where ol = O
3 B F smol = Q,—-—-s::d
. 2
Q= Ay:abt a$F= - o't 2sim'«

= a't 25‘."1._? = a.'t(l- cos ©)

oo V@ _ Vatoo o
(e T T (\"c.0565 t
3 y v
Me= Sazda - (M (1-ccsodtade = Y&L (6 - simo)
'
= H———Z;Xfft = ZaV
But M, = Ve N hence e = 2a ik
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PROBLEM 6.74 O Ul Riknes havig i clous s shaney er O o il beam
.  SOLUTION
0 “¢  For a thin- walled holfow .t;_.;.v*c.ufaf‘ cross geetion A= 2mal
‘ J=a'A - 2ra’t I=4J= ma’t
‘““,B For the half-pipe section  I= Za’t
< eﬂl Use ?afa» coorchinate 6 for partiad cress section
A=st = abt 5= ar length
‘ Frafh® b o= $
J* Pesd = a m&_—fﬂl—
o_ = Ag s abta 5""1""5 : o't {2sind cosal)
s Al sim2d = a'tsim
- Y@ . Va sind
1 I v x| Vo't !
M= Satdh s §a¥E e tade - 7L -emo]
= 2 V:?"t = -% Va,
Bul M. = Ve . hence e=da = 1.273 a ~a
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“; 6.75 and 6.76 A thin-walled beam of uniform thickness has the cross section shown
L PROBLEM 6.75 Determine the dimension a for which the shear center O of the cross section is located
| D at the point indicated.
j SOLUTION
~ Port AB. Astx  §: &in Q:Aj s Six
! b e—zz® pe YR . Vo S¥x . sVx
1 fex A It~ ~ 1z I
3 3
{] Foe §ZdA = (5L de s SVE( <k
- = (5)£521 vt Vi
} 2 I - RS
Purt DE AzZx  Fe=din Q-Ayc 4Ix
?1 P - V@ . V 4ix 4Vx
K
a
o Foelvdas ( B¥x. g, - BE( "l
L - gvt ;t
- ‘ I oy AVviet
DIM, = BIM, 0= (10)(a2.s YF)-(g) 2T
h | a 1DY22.5) 2 .
- o - 7—8-)31(3)—: [4.0625 n a= 3.7¢ n,
-
o
|
I
!
B
r_i
L.
|
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PROBLEM 6.76 6.75 and 6.76 A thin-walled beam of uniform thickness has the cross section shown
' Determine the dimension a for which the shear center O of the cross section is located
at the point indicated.
A _f SOLUTION
a
Part AR le} = 1S+ a as shown. A
B * A tle-y) F-3(cry)
] 3.

R

+

Q = Ay = Ftle-y)c+y) = 4t (c-y")

«

» TS
—-)i
o

. ve. ) s
0 V(- . _ T .
Foo§ zda-§ Yoy < YE[ ooy,
2 3¢ 3 v (L)
- XYE[ 30— 15t s pas]
| A
Part BD Q. Qu+ Ex3,. ]
= 2t(c*-rs?) s tx(Ls) . . e
. 2= —-_% T ‘2!1.— (Cz" I.S'+3K) X :5

I
Fo= S72da - S:i%‘(ct-hft+ 3x )t e
- E (e 15" n '-f*‘]]: - YE[2¢ - axisharei]
: %f 2¢+ 1.5 ]
$DTM, = DIM, 0= 3F, - QY F,
YL 3(2et0s) - 4(ded-15ct s 1ies)]) = o
-8+ 12¢ =0
c= B . 45,

o= HS-LE = 3 0o in ——t
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PROBLEM 6.77

) Al-—.'SOmm 50mm~—’
6 mm D_f F

L'n'tewu'sz) ‘be ?qr"' DE

and for Part FG
Qfﬂu T H)7W,
h"’ + 2.h3‘

b =

ex= h:{-h:"'h;

Ve = bE + 2bF, =

6.77 A thin-walled beam of uniform thickness has the cross section shown.

Determine the location of the shear center O of the cross section, knowing that
h =80 mm.

SOLUTION R

Lt hrRB=h, =D, h-Fe th
I=%t(ht+h>ehd) -
Past AB:  A:(dh-y)t U

Jr 5(Ehe )
Q= Ay - 3t (zh-y)(h+y

Fo=§2dn- k;%g Fht-yt dy
3 %hl
- YL (4ny-¥£) N
CVEL L iy . VEh?
) T(“h“u""g(it T 21
h? v
Vl.“+h,_!-\h_,’
h* V

. "V
Fa i hus'"ht +Ay
bh,® + 2bh’ y
b3+ h’ehy’
(50\3 + (2x'40? (SO\ - 21.7 mm —ag

(207 +(60)* +fi0)®

PR
-




: S

D D

.1

L

L ]

_—

L

t
——

7

Ll

]

1

L.

6.78 A thin-walled beam of uniform thickness has the cross section shown.

PROBLEM 6.78 Determine the dimension k for which the shear center O of the cross section is

located at a distance e = 25 mm from the center of the flange A5.

SOLUTION

e‘(ﬂ‘

Al--ﬁﬁmmT&mm*) _ | B A
r’ oum T Let b= AB= b h,=TE h-Fe B!

_._1_
ohe Tt t(huhtah?)
> N
Part AB A= (%h,”y)t
3 = ‘%(‘*h. 4+ J) B
Q=Ay - '&'t(‘&h,*j)(-'ihﬁ \y\
=%t (¥h*-y")

- T= V? ;{[(‘l |-J)
A | $hy
F, i _ L
P A F’,-S'UAL (&h )taj

i-—b —-L—b —b\ - VtK_'-Ifh (J.h) é(‘lh ] _Y_%Ib_:_
h?V

W+ hg

. . = h"sv

Lglt’emse, for Part DE Fz T wEa h'_3+h‘3

3
and For Fart FG K= h,‘r‘h,‘\{r he?

$ITH, = DI M, 0= eF -(b-e)F, ~(zk-e)F,

eh? -(b-elh’ - (26-€Yhs

VvV = o
Wi+ bt oa h?

s

L-e
W 2= h s

h = T4 2 mm

. 3 k)
s g;uz.e)hs - (zg;(co?, (752)5(40) = 408 wiok wed

i

_ _ A—
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PROBLEM 6.79
SOLUTION

Re:i:err-'na +o Sa.np)e Prob. 6.5

A!owJ '&orizov:‘f"o.) ﬁes T -

S%dz

]

Aj"‘"j vertical }ez Te ©
3P

6.79 For the
along the h

3P{a.-z)(a-382) 3P
4ta?® T Ytad

a 3P a t 1 : &
S., T;‘t dz = -G;So(a.- 4az+32) dz =%?_; (a.z-‘ia.-g- +3§)L

3P/ » 3 3
PACREORS

= 0
3P(a-y)(a+ &y) _ 3P

4tad T Ytas

angle shape and loading of Sample Prob. 6.5, check that [gdz =0
orizontal leg of the angle and [g dy = P glong its vertical leg.

(a_z- Yaz + 32)

wath

(a' + ‘Jaj -Sy')

S%* - Su Tﬁtdj - -!ra—sg;(q.‘-l- 40._7-5]‘):‘1 = ";?a"'pi(a‘:y‘qa‘iit—sér‘)l:

= —'3-—?-—(0,34 Qa"-fa’)-‘ 3P gta’ = P

Ya*

Ya®

el
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PROBLEM 6.80

SOLUTION

6.80 For the angle shape and loading of Sample Prob. 6.5, (2) determine the
points where the shearing stress is maximum and the corresponding values of the
stress, (b) verify that the points obtained are located on the neutral axis
corresponding to the given loading.

Rcfer‘v‘-‘ns to Sampk Prob. 6.5

(a) A,Qonﬂ verticad ;Peﬁ

2 = 3P(a-ylla+sy) .

(a + ‘-chj Sjt)

4ta® B Htor‘
g%“s'if‘(”“"%”o J:Fe ~-
- 2 vy, 21 B
- 'ft ey + (He)Fa) - (5)(3:1)] ﬁ'&?‘ 2a" ) - % 7a -
. _3P(a-2)¥{a-22) _ 3P
Ajahs horizont af !eﬁ - Nfas  Utas (a'- 4az +32%)
j;r 43;: ~b4a + 62) = z=%aqa —
T = ,ftP,Ia (e )3 a)4(3)@o.)] (=§- - i%. ——
At the cornen y=o,2:z0 - %-{_’Ea —
® IT,.= 3ta Iy = % ta’ 6= 4s°
tan @ = :TIj_ fan © = ¢ @ = 14.023¢"°
B-@= H85-14.0%36 : 30.964°
5 . 2Ay . at@R)
J SAY T T zaE - 9@
5. 2AZ _ atlak) _ i
27 FA T T zak iy
Neu+raf axis intersects verticed zpej at
J-* y + 2 tan 30.944°
z (-& + -l,-f‘a.nSO-?“f")a.-‘ 0.4%00 a
= %Q_ watlh
Vevtral axis intersects horizont ol Jej at
2* 2 4 Y ton (4S°+ ?3
= (4 + 4 fan $2.036% ) = 0.¢c¢7 o
= -a_ -
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1200 N

L=7a = w(e)= 94.248 mm = 94 248 %102 m

For torsion of a no‘}aujojv ban C, v C,~ é(l - O.C%o%\

S 22.92 .
Tonien * ST~ (GraeNatamidorary - Al 210t P
= 21.TF MPa
Bj sufxer,’os:"*io“ fm = 424 ¢ 2L 4 = 25,85 MPa w—

PROBLEM 6.81 *6.81 A cantilever beam AB, consisting of half of a thin-walled pipe of 30-mm

d mean radius and 6-mm wall thickness, is subjected to a 1200-N vertical load.
Knowing that the line of action of the load passes through the centroid C
of the cross section of the beam, determine (a) the equivalent force-couple svstem
at the shear center of the cross section, (b) the maximum stress in the beam.
(Hint: The location of the shear center of the cross sectior was determined in
Prob. 6.74.)

SOLUTION

From 'He .so) v"‘\'ou +o _PROBLEM 6.7¢

A e: +a I=1 a‘t_
$ - 2 . " va
a:I Q= a’t simd T I_t.-
t Qnu = ; 2t J 6 = 90°
’ . . VQun
e—-l Dvue s\near.nj ‘Fu.m_.__ f’o. = ﬁ——

V= 1200 N = t: 6xctm
T T (e) r 254.47010° wmn? = 25447500 po"

Quny = (230)(6) = 54 %/0% mm® = 5.4%/07“m”

. aoo)Xs4xi07) o
** (254 H7 v W enko ) 4. 24210° Pa = 4.24 MPa

= : 2 -H = Z
e = ta, X = F0 e-¥ = =a

Torque T= (€-X)V = %(30:(0")0200):_22.‘72 Nem -

- 0.630)(6&
= 3(1- Lﬁj{;)é—‘l)r 0.3199¢
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PROBLEM 6.82

stk

*6.81 A cantilever beam AB, consisting of half of & thin-walled pipe of 30-mm
mean radius and 6-mm wall thickness, is subjected to a 1200-N vertical load.
Knowing that the line of action of the load passes through the centroid C ‘
of the cross section of the beam, determine (a) the equivalent force-couple system

at the shear center of the cross section, (b) the maximum stress in the beam,
(Hint: The location of the shear center of the cross section was determined in
Prob. 6.74.)

*6.82 Sclve Prob. 6.81, assuming that the thickness of the beam is reduced to §
mm,

SOLUTION

Fvom the sofotion +o PROBLEM 6.7¢

esta I-Fa't
IRy . vVe | Val
G-"" ats“"e t" It I

Qs * o't o 6= a0

V Qs |
Toee = Tr ;

Voo N - t:5x%0"m

Dve to sluzah'nel force

I=FEa(8) = 22.06x0  mm' = 212.0¢ /0" m*
Qe = (3Y(S) * 4.65%i0% mm® = 4.5 20" m*
(0200)(4.5x107%) ¢ (
. = "' . ‘? b .
T,. (212,06' '!0—')(5"10.4) 5 0 )‘!D Pﬁ. \S_oq HPQ.
- 2 . 2
e s .%Q_ X = Fa E-X = QA
Torque T=(e=-XW = % (s0x0)(i200 )= 22,92 N-m — |
For forsiom of a rta’"aujupu‘ bar €, =€, = ':;:'[ | - 0.630%] |
.¢30)(S ) :
= 3[1- SERE] = 0.3 !
T 22.92 ¢
Tiortion = - * < T 30.19 v10° Pa
oL, At 0.32219)(94. 2483 167 X(5>10°%) ,
' ¢ X = 30.19 MPa. |
Bj surerrosi“on ’fu“: S.09+ 30,19 v 35,3 MPs ~ulk
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L PROBLEM 6.83 *6.83 The cantilever beam shown consists of an angle shape of g - in. thickness.
o For the given loading, determine the location and magnitude of the largest
= shea!mg stress along line 4 B in the horizontal leg of the angle shape. The x’
. and ) axes are the principal centroidal axes of the cross section and the
— 27 kips corresponding moments of inertia are /. = 115.7 in* and /. = 12.61 in*
] SOLUTION
a \ V= 21kps  B=i5.8°
A v V,-
N Vo' = Veos B \{Y' = V.s-'-ﬂﬁ
B Ny In the horizontal J’e
. vse coorcinate. y as Glnown.
| = 212~y wt  t-fim

J=gReY)-4 = 244y

T
|

9’1'.1

——
X1

2 = ?casﬂ-’&sinﬁ
YT JeesR+XsmpB

]

e BAX (Ve g3 Wi-y [(kes 8 -(2+i3)s.nﬁ]
Iyt (1ze Y ($)

= 2.0603% (12-y (0. 41768 ~ 0.13614 y)  kav
Due h V,: 2 s MAY' . (Vsin)3W -0 |44y ) eosp +(|\s-aﬁ]
! N Iet {115, G)(g)
= 0.063595(12-y)( 2.19672 + 0.4311) g ksi

L
(v
c
(43
—’...
]
<

x.

S D

Totad T + ”L’z T (}1—31(1.000 " - 0.2.5"0';3)_ ks: '

‘g:(f‘h\ | o ' 2 l Y l
’L’(ksi)l m.oo‘ .00 | o l-s.oo
X

| ] ey
i

2
i

(1

|ID IIZ

-‘-l.oo‘ -3, 00 l el

[

12 ks at cornen Y

""*ksfdv*"y:gin -l

~(0.25)(12 - g )~ (1= 0.25y)
O.SJ,.,- 4 =zo d"F & in

i1 }
L4
]
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PROBLEM 6.34 #6.83 The cantilever beam shown consists of an angle shape of % - in. thickness.

For the given loading, determine the location and magnitude of the largest
27 kips shearing stress along line 4 ‘8" in the horizontal leg of the angie shape. The x’
and y' axes are the principal centroidal axes of the cross section and the

corresponding moments of inertia are I,. = 115.7 in* and J, = 12.61 in*.

*6.84 For the cantilever beam and loading of Prob. 6.83, determine the location
and magnitude of the largest shearing stress along line A ‘D' in the vertical leg of
the angle shape..

SOLUTION

V= 27 kips B = 1580

VIV Np: Ve Vot Vsing

In verticat zpej use coovelinate

vy X a3 Shown.

A! %(G"Y) t'n‘ t’%vq
3= 4o

R+ x)- s 2 44x

—

X' = X'eosf - ¥ sin R

3"3 J’c:uﬁ+§$fnﬁ

. Ve C VAR (Veos Y6 x MR+ dX)cos £ = 4 8 4]
Due += V, T, 1t (12.61:)(%)

s 2.0603 (6-x)(0.83531+ 0. 48111 %)

Dve + Vi 7,= &'A‘?' - (Vsin )3 6=V dees B + (A1) an/S]
I.t (1s.e Y

0.06359 (C - x )(4.3734 + O.13614 x )
Totadks Z+ 7T, = (6-x)(2.000 + 1.000x)

i

x(iﬂ‘Ollll‘& @ |5 |

v (ki) |I2-00il$oolm.oo|ls.oo \2.00 'I.Dcl o
Thnﬁ: 16 Ks: G\: 2z 2 in, -
9 (6-HA0Y 4 (2 %1

= H - 2%, =0 Xe® 2 in

R
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PROBLEM 6.87 %6.87 The cantilever beam shown consists of a Z shape of 5 -in. thickness. For

the given loading, determine the distribution of the shearing stresses along line
A'B" in the upper horizontal leg of the Z shape. The x’ and y’ axes are the
principal centroidal axes of the cross section and the corresponding moments of
inertia are I, = 166.3 in* and /,- = 13.61 in*.

SOLUTION
V=3 k.'fa: A= 22.8°
Vi = Vsin B VJf = Veesp

Tn uppev horizontald Jeg vse

v Vs coordinate % (-EnE 2 % o)
7 A=%( 6+n) in
% T %(*G*X) n
:Y- 2 G in.

R Xeow B+ y siupf

§ir Jeos R =R sing
Doeto Vo 7= Yiﬁ& |
o (Veing ) (A 643 ] 4(e4xIcsh b6 5B ]
' (1561 (B

- 0.094353 ( GaxX~ 0. 41554 + 0.46194 x )

o Vy AT (Ve B (et )G o B 46X ) 1R ]
D!)C + VJ ’r’_ I* 7 2 Los ('66-3)(*)

. 0.01c6ces (6+ )] 66032 - 0. 19134x ]

1t

"

Toted 2+ 7, = (c*x\[--'o‘;owa-n;..»f-- 0.085,396 x]
con |-c|os |4 s foala o |
T (ki) | o I—o.!os ‘-0.;40 |-o.lo'f l 0.003 ‘-O.ISO l‘o.qzsl




PROBLEM 6.88

*6.87 The cantilever beam shown consists of a Z shape of % - in. thickness. For
the given loading, determine the distribution of the shearing stresses along line

principal centroidal axes of the cross section and the corresponding moments of
inertiu are I, = 166.3 in*and /,. = 13.61 in*,

"6.88 For the cantilever beam and loading of Prob, 6.87, determine the
distribution of the shearing stresses along line B°D" in the vertical web of the 7,

shape..
SOLUTION
V= 3 kips p= 225"
Vi ® Vaing Yz Vem R
v \: For part AB’ A=EHE) > 1.5 "
?""‘3:‘n,j=6,‘n_
Vs For part gy
S Y
L"—-’-“Z-Z-}é T A= -,-I'-(G-y)
YE ¢ x=0 v © -L(G +~Y)
RS Yo R
X' = %Y casR 4 Y sinf
D Ja"“: Yy cos B - XsmpB
Due +0 v“. 21‘ = Vx‘ i;:tt o
7= (V sinB) [(I-S)(wB cos B + G sinpgY+ % (6-y) ¥ (c+y)sin ﬂ]
' Gseny@y
2. 4025 _
Due To VJ' Z = Vye (Afij_,‘% + Ag\g‘)
o= N cos B (1.6) (G cos B + B 5inpB) + 4 (6-y)i(c+y)cesgl
e : (6.3 1) ‘_]
_ (Veos g)[10.087 4 4.1575 - 0.11848 y - o } J
= con 0“.3)(*) 0.94¢2 ,0.0077:::J

Toted T+ T, v 1.2887 - 0.023384 J‘

y(«.\[o |:ta'(|d~:'4':l:$|

T lesi) | 1.287 | LY | 0.908 | 0.428 |

A'B’ in the upper horizontal leg of the Z shape. The x and 3 axes are the |
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OBLEM 6.89 6.89 Three boards, each 50 mm thick, are nailed together to form a beam that is
PR ' subjected to a 1200-N vertical shear. Knowing that the allowable shearing force in
each nail is 600 N, determine the largest permissible spacing s between the nails.

SOLUTION

CalewDate moment of inertia

Part | A Gant Y d ()] Ad® (105 T Cotram’)
ToP 1500 15 2.1 i.5¢
Middle] Sovoo 0 0 4,17
Bollom| 7500 18 H2.19 .56
150 mmn
\l P g4.28 7.29

T = TAL 4 ZET ¢ 91.¢7 10 wm' = 267TxiC " m°

Q: Ay, = 7500 X7s) - 562.5 710" mm’ T 5¢2.5%10¢ m®

g = AC . (1200)(562.5:10°°)  _ 5 a¢2 w10 N/m
I

CINA Ao
- Fuaid €00 - T = . -ﬂ‘
Fut = 4 se Bt - e = BhSX T B 5 e

Www.lepnu.ir

@ . im,
.ZA

VS

N _

— —
7 /
\ ) =




PROBLEM 6.90

6.90 The American Standard rolled-steel beam shown has been reinforced by
attaching to it two 16 x 200-mm plates, using bolts of 18-mm diameter spaced
longitudinally every 120 mm. Knowing that the allowable average shearing stress in
the bolts is 90 MPa, determine the largest permissible shearing force.

SOLUTION

Cajcupa}e mom et oF ;ner'h‘«.

Pant A Gd) | dmmd | AD* Goemm®)| T (10° mam)
Top plate | 3200 *leo. 5| 82.43 0.07
S3lpoxSA| 66So , ©° 5.3
Bt PJ?.:I-e 3200 |Neo.5| €2.43 0.07

bR 164. B¢ q5. 44

TAL* + T = 260.3%10" mm' = 260.3%15°C m'

AM dl"""’-
- ¥ dunt

i

11

. Fatt

ve

I

(3200)(160.5)=  S13.C%0" mm® = 513.4%107° m®

1]

FO2ac?) = 259.47 x 107" m*

Yy Ay = (30%10° )(259.497%10¢) = 22.90%10° N

o ZBE . QD o7 aiot

- 3
V s %3 - (2‘03?:L°x?é§§'-7“’° ) - 19s.5x10° N

= 193.5 kN -




.91 For the beam and loading shown, consider section n-n and determine the

24 kips lin. - SOLUTION
- }1 in.
o | %1 in, RA = ?B = 12 u"?s

At section Nn-n V=12 lc.'\-as.

2in.
Locote centrord and caleulate moment o inertia.
Part | A G| 3 G| A7 G| d GD] AL Gn)] Thin®)
O O # Y 13 2 e 5.3
'® Q 0 g i 3 2.67
- by 1 24 vyl 2
I’ Y = %%L: %’ = 2 in
T-SA+TT = 24+8 = 32in"

(@)

3- ‘ lﬂ.

(b)

3

Qu= AT (B8 = 255

t = 1| in
_ VQ. . G2)(a.s) | .
T‘_ = It - (32)(1\ = ‘.3'3 kSI
Q = AJ T RN = 6w
t = | in
V& . aY) . .
- N . 225 ks
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(a)

6.92 For the beam and loading shown, consider gection n-n and determine (a) the

PROBLEM 6.92 ! . ; .
largest shearing stress in that section, (b) the shearing stress at point .

03in.

SOLUTION
At section N-RN Ve 8 k,.'\g,-,

M.:meu'l' sF mertia
1= Hbh, - Gbh/’

sWEr- & (z.9)(54)°
27.28852 "

1l

The jar' est skeav(nﬂ stress occurs an a section +Inv~ou31\ bhe centroid

(b)

of the ewtire cross Section.
Z 3’: —T Part 'A('m‘) :{/(im\ Q- Ag (in‘)
40~ i ® | 1.2 | zes| 3.42
e ’l ® 1.62 138 2.187
vt < .2.82 L. 607
Rz 4.5185 i t = (2)(0.3) 7 0.6 in,

V@, | 8)s.607) | .
Tw® Tt © (27.3852)(06) 2.73 ks

Qo = AL§e s (12)285) = 3.92 ot

. = (a)(0.8) = 0.6 in,

VA N - ALY ¢ 3 S .
s 1 © Grssn)(o6) 1665 kst

o
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PROBLEM 6.93

6.93 The built-up timber beam shown is subjected to a 6-kN vertical shear.
Knowing that the longitudinal spacing of the nails is s = 60 mm and that each nail is
90 mm long, determine the shearing force in each nail.

SOLUTION
2 0 = L phi+ A
,/r:/ I"l T2 h \ + [l |
i PO
NN = ;k(sc)(loo)a ¥ (50)(100)(28Y"
N .
% = 32,292 #10" wmm
A
50m;:)mm50mm . Iz . -‘.li-L]q"" = T%(SO)(\_SO)S
= 14. 0625 % 105 mm"®
I- ZI, + 2L, = q2.71 %10° vt = 92T %10 m?
Q= Q= Ay - (50 )100)(78) = 3785 xI0° m® = 3516 m?
¥ \?[Q B (6*33237)|(31{:::’04) = 24.27%10° N/m §7 COmm= COXIC " m
2Fuet §s Fra < %95 = % (24271 eoxi5®) = 728 N -
6.94 The built-up beam shown- de by gluing together several wooden plarks.
PROBLEM 6.94 O T o b O teviad 8 130010 verisl shear, dcermine the.
average shearing stress in the glued joint (a) at A, (b)atB.
15 08 0.8 15
B |""|_4L SOLUTION
" os
T
B 1= 20 k088 + X(1)(0.87 + (MoBN2N |
= 60.143in"
Drmensions i inches @ A,z 0.8N08)= 12" J, T 2.0 in
) Qq.= Aaiﬂ.'- 24 ;n3
Z;“V/Jf - b= O.8 in
¥
_VQa. _ (1200)(2.4) _ :
— | ; (2% It, (com3)(o.8) - $9.9 pa -
(k) A,z (4)0.8) = 3.2 §,=20in

L P Z)

Qo= Asg?b*(-?-Z)(?-o) = 6.4 in
t, = 2)0.3) = Lé in

= Y _ (200)(ed)
T Tt " (60.13)(i1.¢)

79.8 psi ——




PROBLEM 6.95

Auw = Tduw = T(3) -

6.95 A beam consists of three planks connected as shown by % - in.-diameter bolts

spaced every 12 in. along the longitudinal axis of the beam. Knowing that the beam
is subjected to a 2500-Ib vertical shear, determine the maximum shearing stress in
the bolts.

SOLUTION

Locate nevtrad axis and compute moment oF inertia.

Part | A G| G AT '] o (W) Ad* )] T Gin)
) 12 2 3¢ 0.¢67) &5.333 36
12 \ 12 1.323; 2/.333 4
12 3 ETS 0.6¢7 5,333 | 3¢
36 24 122 16
Y- €AY - -‘-gi * "
Y= _E_ﬁi. 3% - 2233
I1:=:5AJd*+Z1 = 108 in’

Q= AJ, s QEX3-2.383) B in?
g = X8 - (zﬁ’gxs) : 185.2 Sb/in
Futt = gs = (135.2)02) = 2.222x 10 /b,

: 0. 1104 in"
Forr - 2.222=10° .

A O.llof 20.1 x 10° psi = 20. ) ksi -

P ——

A [ SRS R SN R

]

5
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PROBLEM 6.96

6,96 An extruded beam with the cross section shown and a 3-mm wall thickness is
subjected to a 10-kN vertical shear. Determine (a) the shearing stress at point 4, (&)
the maximum shearing stress in the beam. Also sketch the shear flow in the cross
section.

SOLUTION
Fow Par'!‘ @ \’le,{a,u h= 30mm “
b=-‘“‘§;;3°" £ =(1.12333)(38) = 3.4 wm
Ez = I-’?L(%\ h? = x10% wam
Part]| A Go)| i AF s | & (o) | A (i6Pwae' )| T (0% ]
180 |30 | &Moo |11.92 | 25.58 0128
204 )8 2040 , 3.08 V.94 5.3 .
g4 0 o |13.03 27.46 0.063
H68 ghe0 54,98 15. 55
Z.Ai = 8460 = |B.02 wmim
TA Heg. ‘

V-
T = ZAd*+ZI = 704840 mm = 70,48 <16 "

S ITrrEr s S

DL
)

%S/Zg Py Yy ///é)/“

Tom

Q. (o)aXnMm) = 2. 146 % 10" mmd
= 2146 % JO"%m®

. VG _(louo?')(z.‘l#swo") - 2710 P
Za It T (fo.ug =0T NG 10°3) T 1 4
= 50.7 MPa

Q= @+ QXN BE = 2629210° ma’
= 2.629%10°° m’

_ve _“(JOxlOs)(Q.Gzalx[o“) ) .
) It " (7o.48v1077)(6 v 1073 ) =  £R6~I0 Pa
= 62.6 MPa -




PROBLEM 6.97 6.97 and 6.98 A thin-walled beam of uniform thickness has the cross section shown.
Determine the location of the shear center O of the cross section.

SOLUTION

I = (4o £V oY = Juux10® L

Los = Jgo‘»fc.o‘ = 100 pm Ape= loo T

Le = 3 A h’ = (0ot)eo) = 120010 L

L= 25,+25, = 528x10° ¢

A B
T Part AB: A= Ix o o fex
Q= Ay = 60 Ix wmwm
120 mm 'K‘Mg‘-z V (gotx) - LoV x
J‘ Tt It T w
E :Sf)A:S:DGOIVX t e = QOI_V_ESo x dx
- eoVE " | (o)3)' VE _ ; hsyi3e V

1 2, @s2s-10onk

DIM, = DIM, Ve = (0.0513¢ V Y(120) ex (0.05113¢ (129 ) = .14 mm =&




PROBLEM 6.98

N

i

1!

DZMK :.)z Mk

6.97 and 6.98 A thin-walled beam of uniform thickness has the cross section shown.
Determine the location of the shear center & of the cross section.

SOLUTION
Lu = {45 43" = & in. Aw= ST
Tag = 5 Auh + Agd® s £ (5£)@" 1(52UDT
= 83.75 t I-”ﬂ

Iao = %(ﬂ(sf’ TN o I
I. = Q'IM + I.n T 177, 917 t .

In pard BD Q7 Que ¥ Qu
Q= (YW + (2.5-Y)EEN2s+Y)
- 20t + 325t - %ty"

- (23.125 - 4yt

a5
(" V(esis -3yt 4y
Sedd=§ 5% !
vt 2.5 \ ‘),I _ \VA » [23’ _L_g']?.f

Vt _ @2 o vE Qie.4iz)
_i_.zi(:aa.lstz.s) = ] T

0.62061 V
N (2e) =L (0.e20et V)

e = £l1-o0.c206 1} = 1.265 in, -

Note that the Dines oF action of Fan
and Yoe pass: -quoual-\ Po.'nf Kf-TLusJ these

Povces have zeww moment abovt Pou'v\'r K.




PROBLEM 6.99

6.99 A thin-walled beam of uniform thickness has the cross section shown.
Determine the dimension & for which the shear center O of the cross section is

located at the point indicated.
SOLUTION
Ax fe
Part AB: A = Lx 3-'GOIMM ‘m::!B
= A& = GO ZX wm'
T = \L@ = 60 Vx
1t 2 T VE %
Fo=§zaas (TEOVX g, o GOVE (7 s
(+ 30 .I I o
- Go VE x*)*° _ (eo)sa® VE | 1 VE
I a o - 2 I - 27”}0 :I
Part DE A= ix F S mm e
Q= Ay= 45 tx Ax e

7 = %@, 45 Vx

t I b 2
b . 4EVEL ) Vi
STk (S0 b - R {aa . HIpE

DTM, = DZM, 0T QUY4SIF - @F,
[@s)* bGlee)(27x10)]¥E - o

L2 = (@Mgo) 27 x10°) 27x10°) = 1606 mm~ b HO mm ~—

4s*

Note +hat ‘Har. paiv: oF F, Rorces forem a c:;ula.?e .

Ll'kewl's.e> the Pas‘v\ oF F;_ fovrces.
The Pines of action of +he forees in BDOGK
pass ‘H\rouﬂl\ Poe‘u"' 0.

Www.lepnu.ir

0 W\@:i_ep 2z,
. ZA

\\\K\_/ Pﬁ]

,.//

l'_'_fl

—J ]

|
L )




‘r Q.‘jl-.-l- ~P9an3e
h, = T, A= (zh,-Y)t,
LY :1('Lht+.\.()t,_
Lmk *‘L Q_ A
+h, j)(ﬂh-}X)t
- .L(J‘;hz -f)t
7= }’-% =-—"—(-Lh*- gt
- Wi\ L 2 L. 2 3 hy/2
S'tJA J"\’ 2]‘;21 hz._j )/tz"'j = H(}:’}'hzy-%‘ __L.af-;
~ Vi _ _, hy _ 1th = VEth® _ V L.h2
= QI 4 2 ? ) 2 3 -2_.")3} '——"'\21. = —_—.-t.l'l,3+'t,_h,‘
" = 4 - _ t.hthb
DM, =DM ~Ve =:Eb = Vt,h AT
. kb (ovsxé?(e) ) ;
€T Ensi Lk T BT + sy ey 2.87 in- -
H i\F" - H .l ]
F |

% En.——ll——-

PROBLEM 6.100

6. 108 A thin-walled beam has the cross section shown. Determine the location of

the shear center O of the cross section.

SOLUTION

rstk3+—th3




Wt e B (6.10), page 378; %, = 2! 4_ 2 M

PROBLEM 6.C1

6.C1 A timber beam is to be designed to support a distributed load and
up to two concentrated loads as shown. One of the dimensions of its uniform
rectangular cross section has been specified and the other is to be determined
so that the maximum normal stress and the maximum shearing stress in the
beam will not exceed given allowable values oy and o Measuring x from
end A and using SI units, write a computer program {0 calculate for successive
cross sections, from x = 0tox = L and using given increments Ax, the shear,
the bending moment, and the smallest value of the unknown dimension that
satisfies in that section (1) the allowable normal stress requirement, (2) the al-
jowable shearing stress requirement. Use this program (o design the beams of
uniform cross section of the following problems, assuming o = 12 MPa
and T, = 825kPa, and using the increments indicated: (g) Prob. 3.75
(Ax = 0.1 m), (b) Prob. 5.76 (Ax = 0.2 m).

SOLUTION

See solufion of P 5,C2 for the defermination of RAJ F‘P> V(%) ard M)
We recall that ~ ’
V()= Ry STPA+ Ry STPB - FsTPI~- K 5TR
— W (Z-205)STP3 4o (X-Xy)S TPH
M(x) = Ra (x-a)STPA + Rg(x—a-L)sTPE - F (2-X)STH
-, (=22 )STPL -0 (XY STP3 +3 W (2-s) STP 4

Where STPA STEB <TPA S7TPr <7
Functions detined :"’75 'Pﬂﬁj’,‘é;ﬁ} STP3,and STP4 are  Step

(1) IogATISFY THE Allowaers KCRMAL STRESS REQUIREMENT?
_I,',-‘f- Unknown dimension is A o

Saty = M0y o From 5361.—15;{1 we have h.= h=\[65/%

[f untwien dimension is t:

I =M1 /G . From 5-’-‘2” th', we have to: L= 65/h
(2) 70 SATISFY THE ALLOWABLE SHEARING STRESS REQUREMENVT

m“Zﬁ T 27n

//f UV\kV\D\UH dI‘IMOﬁsl'an is ‘ﬂ.' h@:h: 31\/#
2%y

&Uhknov\/n dimenaren js bV ot~ t = 3M
2 h Gl

(CONTINUED)




PROBLEM 6.C1 CONTINUED

Prob.

NI\JI\J!\JMI—'I—‘HI—-‘I—'I—‘I—‘HI—'I—‘OOOOOOOOOO
b
c

The smallest allowahble valve of A

5.75
2.40 kN RB = 3.00 kN
v M HSIG
kN kN.m mm
2.40 0.000 0.00
2,40 0.240 54,77
2.40 0.480 77.46
2.40 0.720 94 .87
2.40 0.960 109.54
2.40 1.200 122.47
2.40 1.440 134.16
2.40 1.680 144.91
0.60 1.920 154,92
0.60 1.980 157.32
0.60 2.040 159.69
0.60 2.100 162.02
0.60 2.160 164.32
0.60 2.220 166.58
0.60 2.280 168.82
0.60 2.340 171.03
~-3.00 2.400 173.21
-3.00 2.100 162.02
-3.00 1.800 150.00
-3.00 1.500 136.93
-3.00 1.200 122,47
-3.00 0.900 106.07
-3.00 0.600 B6.60
-3.00 0.300 61.24
0.00 0.000 0.05

HTAU

mm

109.
109,
109.
109.
109.
109.
109.

PROGRAM QuUTPUTS

Proh.

RA =

0
0
0
0
0
1
1
1
1
1
2
2
2.
2.60
2
3
3
3
3
3
4
4
4
4
4
5

Shown i the last two colum ns.

For Prob. 575 =
For Prob, 576 h=

5.76

25.00 kN

hU =173.2 mm. <
/7?:379 mm <

RB =

kN.m

0.000

4.800

9.200
13.200
16.800
20.000
22.800
25.200
27,200
28.800
30.000
30.800
31.200
31.200
30.800
30.000
28.800
27.200
25.200
22.800
20.000
16.800
13.200

9.200

4.800

0.000

25.00 kN

HSIG
mm

0.00
141.42
195.79
234,52
264,58
288.
308,
324.
33s6.
34e6.
353.
358,
360,
360.
358.
353.
346,
336.
324,
308.
288.
264.
234.
195,
141,

0.00

HTAU
mm

378.79 «f
348,48
318.18
287.88
257.68
227.27
196.97
166.67
136.36
106.06
75.76
45.45
15.15
15.185
45.45
75 .76
106.06
136.36
166.67
196.97
227.27
257.58
287.88
318.18
348.48
0.00

is The lacgest of the values




PROBLEM 6.C2 6.C2 A cantilever timber beam AB of length L and of the uniform rec-

b tangular section shown supports a concentrated load P at its free end and a uni-
formly distributed load w along its entire length. Write a computer program to
determine the length L and the width b of the beam for which both the maxi-
mum normal stress and the maximum shearing stress in the beam reach their
largest allowable values. Assuming o,y = 1.8 ksi and 1, = 120 psi, use this
program to determine the dimensions L and b when (a) P = 1000 lband w = 0,
&) P =0and w = 12.5bfin,, (¢) P = 5001b and w = 12.5 Ib/in.

SOLUTION

Both the meximum Shear and 4lie pnaxivuwm be,n(frffi e e b
Occur ot A, We have

V=P+ L b= PL+ 4 wrt”
T SATISEY THE ALLOWABLE ANORMAL STRESs RERU]REMEWT!
Gy=Lh= M4 _ 34,
ST Th(eh)t " 3743 b=b= [3“2 ik ]/5
70 SATISFY THE A‘LLOWHGLE SHEH RING JTRE-S'{S‘ REQAHURENENT-
we € Use E‘f (6.10), Fa(?@ 378 R
T =

:.;i A 3Va_ [ 3 \41 V2
ZF* Z b8 T 16 b7 Be=6~ ]

PROGRAM

ForLOVA Fa:mlb >0, M/hFMA—Oaan

=0
Starting w 2
7 W]_hﬁ ith L=0 and Vsing mcremcnt‘s AL= 0,001 in, We fnereage

by and by become equal.  We then print 1 and b,
PROERAM OUTPUTS

For P = 1000 1b, w = 0.0 lb/in. For P = 0 1b, w = 12.5 1lb/in.

Increment = 0.0010 in. Increment = 0.0010 in.

L =37.5 in., b = 1.250 in. L = 70.3 in., b = 1.172 in.

For P = 500 1b, w = 12.5 1lb/in.
Increment = 0.0010 in.

L = 59.8 in., b = 1.396 in.




—3 3 [

L1

1O

PROBLEM 6.C3 6.C3 A beam having the cross section shown is subjected to a vertical
shear V. Write a computer program that, for loads and dimensions expressed
in either SI or U.S. customary units, can be used to calculate the shearing stress
along the line between any two adjacent rectangular areas forming the cross
section. Use this program to solve () Prob. 6.10, () Prab. 6.11, {c) Prob. 6.21,
{(d) Prob. 6.23.

SOLUTION

| Entep V and The nomber T of
rectangles .
9. For L= ton, enterthe dimensions by and /7(:

3, Determine 4he area A = hihs of each rc’c'hanj/e.
4, Determine the efevation of the centretd osF each recfaU/e
Fi T X% " 05h
and he e/eration g of the centroid of The entire secfion
Y= (4; Ai 5/ (Z A

=) Determine the centroidal moment of jnertla of the entire
Section ¢ o

-5 oL 43 ~ =z
I“% ['Fi bh Azlfﬁ-“ﬁ)j
£, For ach surface Separating fwo rectangles and [+,
etermine .Qc' of the area belowthat surface
< = -
b= 2 7 AR
7. Selest for ti the smaller sf bc' and 5£+,.
The shearing stress on fhe surface between The recra ngks
{ and L+1 15 | |
V @
C, = £ <
2 It

7

(CONTINUED)




PROBLEM 6.C3 CONTINVED

PROGRAM OUTPUTS

Ef:j__— 4 ﬁhf*—-—%J
RO, @.ﬁn.
Ousié; d+‘_ '
< ® 1.5 in.
4—___® > ,'lﬁ-;n)
) .}0.57@
= 5] 1% 12 mnm
= A
@(‘, 35mm
ber—/0]) iy—=
@ 63 mm
- (5] 312 mm

B o 751!’!“»]
< |
A 5O mm
Db 50 mm
@ 5d mm
Il . ﬁ: -
() } o0 w1
: L -~
F—— 775 mm—|
. k=75
X
12.5m © From PE.2|
L - l
" 25 mm lf
' 0 =75 mn
SO © m

e 225 Mo ——|

Problem 6.10

v=10.00 kips
YRAR of Section = 2.000 in.
I= 14.583 in"4

Between elements 1 and 2:
Tau = 2.400 ksi

Between elements 2 and 3:
Tau = 3.171 ksi

Between elements 3 and 4:
Tau = 2.400 ksi

~g(a)

(b

Problem 6.11

V= 10.00 kN

YBAR of Section = 75.00 mm
I= 39.580*107-6 m"4
Between elements 1 and 2:
Tau = 418.39 kPa

Between elements 2 and 3:
Tau = 919.78 kPa

Between elementg 3 and 4:
Tau = 765.03 kPa

Between elements 4 and 5:
Tau = 418.39 kPa

- (a)
< (b)

Problem 6.21

Vv=200.00 kN
YBAR of Section = 75.00 mm
I= 79.687+*10"-6 m"4 ’
Between elements 1 and 2:
Tau = ~ 18.82 MPa

Betweerl elements 2 and 3:

Tau *= 18.82 MPa -4 (b)
Between elements 3 and 4: )
Tau = 12.55 MPa g ((l)

Problem 6.23

V=200.00 kN

YBAR of Section = 75.00 mm
I= 79.688*107-6 m™4
Between elements 1 and 2:

Tau = 18.82 MPa
Between elementg 2 and 3:
Tau = 19.61 MPa <&

!

(

—
|

[

1




PROBLEM 6.C4 6.C4 A plate of uniform thickness ¢ is bent as shown into a shape with
y a vertical plane of symmetry and is then used as a beam. Write a computer pro-
N gram that, for loads and dimensions expressed in either SI or U.S. customary

Ll units, can be used to determine the distribution of shearing stresses caused by

" a vertical shear V. Use this program (a) to solve Prob. 6.49, (b) to find the
shearing stress at point E for the shape and load of Prob. 6.50, assuming a

thickness ¢ = }in.

SOLUTION _
For each element on The right-hand scde,
we comfw’?e (for i=1 to =)~

Lengfh of e Jement = LL:\/(XL **Z(:ﬂ)z'-{. (gc _;{’JH)Z

Acea MC €/€Mt’nt = AL = tLL Wherc Z -:_7:: in.
Distance from & axis fo centroid of efe 7] /
‘ W’G’Jt = .= [ + s
Distance from X Axiy to centroid of Section! gﬁ 2(? g”')
=(ZA )/ 5A,
Note fhat 4,0 and that Z%p = Y, =0
Monient ¢ f ittertia of Section about Centroidal oxis:

F — 7 3 o= —
L Z:Z’ﬂ‘6 [7? (%L-giﬂ) T (?h" 3) J
C‘c‘;mm{'«ufaﬁ'm of Q at poink P wheve stress 15 desived
Q= ZA,; (?( - 3—1) where sum extends 1o the akeas |ocated
between one end of section and Fou‘nf’ P

Shearine stress af P!
o VO
It
NOTE: Th, 0ccuis on nevtral axis, .6, for Gp= Y :
P
FROEGRPAM DUTPUTS

Part (a): Part (b):
I = 0.5333 in"4 I = 22.27 in"4
Taumax = 2.02 ksi Q TauE = 194.0 psi Q

TauB = 1.800 ksi 4




PROBLEM 6.C5 6.C5 The cross section of an extruded beam is symmetric with respect
to the x axis and consists of several straight segments as shown, Write a com-
puter program that, for loads and dimensions expressed in either SI or U.S.
customary units, can be used to determine (a) the location of the shear center
O, (b) the distribution of shearing stresses caused by a vertical force applied

at O. Use this program to solve Probs. 6.65, 6.68, 6.69, and 6.70.
SOLUTION

FIMCE CEFron 11X ST MIMETRIC WITH A RS,

LS P POTATIONS WLl BE Done fpore 7

AR,

JFor L=/ 7o w1t/ (NOTE: mp1 15 THE S120%)
Fm7ET2 zZ, Yy, Y

Z J &
COMPUTE LENETH 5 £ KFhcH SELPIEMT
Fore L=/ 78 n
Ay, e 9L y
- Z L AyE YR
L= ( 8%F +447)

1

Pl /{J'M CAL COLATE MOMENT OF |NERZTIA "Ix
N B g onsn o ‘
Ase i Aji( 700 ) COMNSI DER FRCH SELSMENT AS MARE
(',.‘Z. OF /joo £QURL PART
l b Fov (=] 70 7

— %

Aneen = 4 Z, //oo
FoR -;f-—-/ 7o /0o
3=3¢+A5£('5—0'5)//06

Al_—.{gjﬁﬂsﬂ)gz
T -I.+41
e b%S

SINCE ONLYy 7EF AHALF wAS VSED

I=21,

(CALCUATE SHERRING STIZESS AT FMOS ©F
SELMENTS AND  SEAR  FoRCES IN SESPENTS
Fer Le/ 7T m
A BrER= L f}_//aa > el Tmeye

Foig 4 =/ 70 /00

g=y, + Ay, (5 ~6.8)} /06

AR :—(Aﬁfdfﬂ)/j

7;|'J= 7;7-690 2 G = G+AQ

Trew= VG2

"};;g = O'S( Or:/c/ +7;7ew)

T 747"’7&\/-6

CONTINUED

/ W\
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PROBLEM 6.C5 - CONTINUED

]

VAL

PrDLREM OUTPUT

Prob. 6.65

Forzee ;= 7’(4 ARE ﬂ)

7= V& /L1,
/ZZQ»MENTZE:T\’GEZZF5244

® =Q

Ty ut™ (rosscers )

L OCATION OF SHEAR CLpnTER

S CAATE AMONENT OF SHEAR

Forzces ARovr arigmw

Fer L= ] 70 7

[Eg)a:" /iw.céﬁ [A'Jlé)/éi

(7)), = Fonrct; (ag:)/e,
pewen7, == (R 8y (R %
PICIENT = MMOMENT A MOVIENT,

—_—

Fore WHOLE SECTIOM }/JOML:N7:‘2(MMLF/YT)
SHEAfR ¢ ENTER IS AF

e= MOMENT/V

T{i) X{i) ¥(i) L(i)
o wm ™m m
1 10.00 70.00 10.00 40.000
2 6.00 70,00 50.00 70.000
3 10.00 0.00 50.00 50.000
4 10.00 0.00 0.00
Moment of inertia: Ix = 3759956 mm"4 Shear 50000 N
Junction Q Tau .Tau Force in
of segments Before After gegment
mm” 3 MPa MPa kN
1 and 2 12000.000 15.96 26.60 2482.37
2 and 3 33000.000 73.14 43.88 20888.54
3 and 4 45500.000 60.51 60.51 27372.75
Moment of shear forces about origin: M = 2436.386 N'm
+ counterclockwise
pDistance from origin to shear center: e 48.728 mm
CONTINUED




PROBLEM 6.C5 - PROGRAM PRINTOUTS CONTINUED

Prob. 6.68

i T{i) X{i) ¥(i) L(i)
in. in. in. in.

1 0.25 3.00 4.00 3.000

P 0.50 ¢.00 4.00 4.000

3 0.50 0.00 0.00
Moment of inertia: Ix = 45.3328 in"4 Shear = 25.000 kips
Junction Q Tau Tau Force in

of segments Before After segment

in®3 kei ksi kips

1 and 2 3.000 6.62 3.31 2.48

2 and 3 7.000 7.72 7.72 12.47

Moment of shear forces about origin: M= 19.853 kip-in.

+ counterclockwise

Digtance from origin to shear center: e = 0.7941 in.
Brob. 6.69

i T(i) X(i) ¥ (i) L (i)

in. in. in, in.

1 0.25 4.00 5.00 2,000

2 0.25 4.00 3.00 5.000

3 0.25 0.00 0.00

Moment of inertia: Ix = 23.8331 in"4 Shear = 10.000 kips
Junction Q Tau Tau Force in

of seqments Before After segment

in"3 kei ksi kips

1 and 2 2.000 3.36 3.36 0.91

2 and 3 3.875 6.50 6.50 6.80

Moment of shear forces about origin: M= ~7.273 kip-in.

+ counterclockwise
Distance from origin to shear center: e = =-0.7273 in.
Prob., 6.7
i T (i} X({i) Y (i) L(i)
in. in. in. in.

1 0.25 2,60 0.00 1.500
2 0.25 2.60 1.50 3.002
3 0.25 0.00 0.00
Moment of inertia: Ix = 1.6881 in"4 Shear = 16.000 kips
Junction Q Tau Tau Force in

of segments Before After segment

in"3 ksi kei kips

1 and 2 0.281 6.66 6.66 0.83
2 and 3 0.844 20.00 20.00 11.65

Moment of shear forces about origin: M= 4.332 kip-in.

+ counterclockwige

Distance from origin to shear center: e

0.4332 in.




-

PROBLEM 6.C6 ; : :
6.C6 A thin-walled beam has the cross section shown. Write a computer

program that, for dimensions expressed in either SI or U.S. customary units,
can be used to determine the location of the shear center O of the cross sec-
tion. Use this program to solve Prob. 6.100.

SOLUTION
Dis’l‘ribuffm ot 5"1@\'1’03 S‘f'rcsses n e{emenf L
[et V= shear (v cross Sechon

:f = Cen'ffb‘f'da/ moment of ine.r‘h'a OfSGC'Hl')n‘
T We have for shaded area
Jlle ©TAI Gy Sk

-1 2z 2

Ll N tL' (a; -¥)

v KC\:..Q;_\{:X(OLZ—' )
AL It 11" I
Force exerfed own element §

L% 3
c' -
S

—-ai i 21— _a{:
- Vit a*- Vi, /n3 13- 2 .2
T f(a" ¥y i (a-500)= 2445

Tﬁe s fem of The forces Fy must he @

7uiva/ent to V af shearcenter,

:| T a | TEezR Z¥Etel =Y )
RE LY e zYsheihseV @
Divide @ by(1): & =Z4 af pi <
PROGRAM QU TPU T Zt ap
Prob. 6.100
For element 1:
t = 0,75 in., a=4in., b =0
For element 2:
t = 0.75 in., a = 3 in., b= 8 in.
Answer: e, = 2.37 in. <

-
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