D B

L

L1 [ R

— 3 1

s I s ol s S e L
T

L1

(

CHAPTER |

Www.lepnu.ir




<
I‘ 7
b

b
| I— |

1

—

.

(.

—/

L]

p——
L.

L

. : U DU P SRS (PSPPI URSEEIEES >SS EELLLLELLLLLLLLLLBLLLLLLLLLAS,

()

{b)

PROBLEM 1.1 1.1 Two solid cylindrical rods AB and BC are welded together at B and loaded as

shown. Knowing thatd, = 30 mm and &, =50 mm, find the average normal stress in
the mid section of (a) rod AB, () rod BC

d 125kN g _ * c
a4 ‘
80 kN )
|2.skN|
i 09m t 12m {
SOLUTION
rod AB Fowce * Pz 60 XIO“ N tens,/ ou
Avrea: A = -?;‘-d,z = (30:4:0 ) = 706.86 x[0°° mf
o . - P _ coxio> - <
Norma? stress: Gpg = A C 708 *16% T g4.88 xj0° Pa
Gpg = 34.9 MPa =
rod BC
Force © P = goxjo® -(2)(128x10") = =130%j0° N

Avec. A - %’-o,: = %—(50”0'3)1 = L‘?G&S')(IO-S m?
: P - a0 % 0° c
Normal stress : g = A C . 4¢38 ¥ fo7? = - 96.77x/0" Pa
gﬁ& = - qG.? MPQ -
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PROBLEM 1.2

SOLUTION

rod AR

rod BC

1.2 Two solid cylindrical rods AB and BC are welded together at B and loaded as
shown. Knowing that the average normal stress must not exceed 150 MPa in either
rod. determine the smallest allowable values of the diameters 4, and &, .

d 125kN g ? Cr
it o i -
0 L (AR

!

125 &N
09m t 1.2m !

"
o>
o
x
o
w
=

"
<H
*
”»

P
A
e = % - A=EEA-Q

2 -
all T Sas

Stresc: G, = ISO%/0° Pa

T e TW(ISOXI08)

N
I.}
g v P () 6oxio?)
)
d, = 22.56 %07 m

d‘, = 22.6 mm

Force P = goxj0® - (2X125xi*) = - 190 10 N

Stress

€ec= - I50%0° Pa

I

2 - 4P
A ndt

_ (4= 190 %[0
TSg. = T (-150*10%)

40.16 x{0”} wm

Area: A = ‘E‘d,t

T

1. G128 %10 m

dz = 0.2 mm

509.3x10 " m?

-
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PROBLEM 1.3

1.3 Two solid cylindrical yods AB and BC are welded togeiher at B and loaded as
shown. Knowing that &, = 1.25 in. and &, = 0.75 in., find the normal stress at the
midpoint of (@) rod 45, (b) rod BC.

SOLUTION

@) vod AB
P = 12+ 10 = 22 kips

A= Fd = F(125)° = 12272 it

Shs * "'E‘ = -1-%%2 = 17.93 K -t
) rod BLC
P = 10 kips
10 kips A = %Eaf; = %—(0.75)‘& = 0.4941% int
6rs = & T saaTg T RR.6 ksi -
PROBLEM 1.4 1.4 Two solid cylindrical rods AB and BC are welded together at B and loaded as

shown. Knowing that the normal stress must not exceed 25 ksi in either rod, determine
the smallest allowable values of the diameters ) and 4, .

SOLUTION
p rod AB:
P = 12 +rlo = 22 Kips
- - . A ‘Ic! .
12 kips Can = 225 ks -
~ - B
% Gae = Am = T
T 4P _ #DM22) _ 2
d, - TCe T Tass - 1.1208 in
ke dyz 1.059 jn -
od BC: Pz 10 kips Gz S ksi  Ag =F 4T
A ?ang = %ﬁ% = 05093 in® d,= 0.7 in, &

A
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PROBLEM 1.5
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1.5 A strain gage located at C on the surface of bone A5 indicates that the average
normal stress in the bone is 3.80 MPa when the bone is subjected to two 1200-N forces
as shown. Assuming the cross section of the bone at C to be annular and knowing that
its outer diameter is 25 mm, determine the inner diameter of the bone’s cross section

at C

SOLUTION

P _ P
6‘-3\— s A = &
A=%(d,

-

-

2 _ -3 \2 ('4‘)(12003
d; = (25107 ) T (3.80 X10°

222.9 »10°°% m?

I

d = 14.93 %107 d = 14.93 nv -8

i
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PROBLEM 1.6 L6 Two steel plates are to be held together by means of %-in.-diameter high-
B strength steel bolts fitting snugly inside cylindrical brass spacers. Knowing that the t
average normal stress must not exceed 30 ksi in the bolts and 18 ksi in the spacers,
determine the outer diameter of the spacers which yields the most economical and safe
B design. ?

1
[N

SOLUTION

; i

A‘\‘ Efu:.\n bopf‘_ )oc.an."\‘\'on '}'Le. Uppef‘ p)a."‘e tS Pu/led Ojowv\ LY -Ht +em:‘le :
Porce Pu of the boft. At the same hime He spacer Pu\shes !

hat Ppa,‘l'e upqu-o‘ with « compre,.ssfve 'Pov‘c.e B, In onder +o

4

| 1 mamtain equiﬂ.'lnm'um r
. Py = p.s i
s = B . 716 4.7
‘| For the bolt S, = -Kl: = %} or T, 5 C,. d, i
M For the spacer Cg = f:: = "(szég";‘)" o« B :ﬂl@(d;”a':) ‘
- ‘s~ iy '
{

| Equating P, and Ps ¢

':".;T”Egb Al: = %G‘s(d;‘o’:)

de* = dy° 4 g—:d: - (l+%—)cﬁ;

D i

! ]

i ds= (1 + 32)E) = 0.1¢6c7 in' ;

i

[_ g = 0.408n. -t :
|

i !




PROBLEM 1.7 1.7 Link BD consists of a single bar 30 mm wide and 12 mm thick. Knowing that
’ each pin has a 10-mm diameter, determine the maximum value of the average normal

stress in link BD if (@) & =0, (b)) § =90

T 3 3

SOLUTION

Use bar ABE 20 kn
as -Free boa!f

o

c

~

s T

Int _
1 Ay

j My =0
i (@) 6= 0 (0.950 sin 30" X20x/0%) = (0.300 cos 30) Fgp = ©
j ’ Feo = 17.32%/0° N

I (b) © = %0° { 0.450 cos 30°)20210°) - (6.300 cus 30° ) Fy = ©
D Fao = - 30 »I10' N
o Areas
U (&) densiom Poewlc'na A= (0.030- 0.010)(0.012) - 4o xID° W
[ (b)  Compression A= (0.030)0.012)= 360 %/c" '

J,' Stresses

*J @ & = fe 12.32x/0% 72.2x}0" 72.2 MPa -t

A 29cowxlo-

&) 6 = EE& i 3_6‘20:1’00‘3‘ = -83.3%/0° - 83.3MPa =

E;:]
=

b

|

—

Iy .
E: f—j_ .
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PROBLEM 1.3 1-? Each of the four vertical links has an 8 x 36- mm uniform rectangular cross
section and each of the four pins has a 16- mm diameter. Determine the maximum

Z‘aluii tlf; the average normal stress in the links cornecting {a) points 8 and D, (8) points
and E.

SOLUTION

Use bar ABC ac o Free booly,

20 kW
Fo.o&s _.-|-r.__..o.oqo .._\l
C D
A

B [
l FBD L FCE.

ZM, =0 to.040) Ry = (0.025 +0.0¢0)(20x10%) = ©

Feo = 22.5 %10 N Link BD s in Fension
Z2M =0 - (0.040\Fp ~ (0.025)(20%/0") = O
Fer = -12.5 10" N Link CE is in comprestion,
Vet anca of one ink For tension = (0,008)(0.03¢ -0.01¢)
= 16O %1077 w2 For two quﬂep Sales Az 320 (0" m*
Tenside stress v fink BD

3
@ B = io‘t- - 3%26%%‘%- = 101.56210° o 0.6 MPx -

Area 'FD/‘ one ,p:‘nl( " COMPMSJ.OQ = (0.008)(0.036)

= F88 X JO-G m>  For tuo fdrq el finles A=57¢ 3‘/(.)“6 e

Feor - “’2-5”!0‘
57¢ % 107

B Gy = 2 - 2170%10° or =2L7MPa ==
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PROBLEM 1.9 1.9 Two horizontal 5-kip forces are applied to pin B of the assembly shown.
Knowing that a pin of 0.8-in. diameter is used at each connection, defermine the
maximum value of the average normal stress (a) in fink AB, (b) in link BC

SOLUTION

Use jol'v\"‘ B as -rv‘ee. boJr.

*

|0 k.\'ps
Fae Fee
Is] k;Ps
Law f Sines Force +ma.va%h.
as - FE - 1o
R AN Sin GO° Sin 25°
F.AB - 7.3205 klkPS F:Gc_ = 8.‘?658 kI‘PS,

Link AB is o tension menm ben
Minimom Section at pim  Aug = (L8 - 0.8)(0.5) = 0.5 in"

@ Stress in AB G = R = TV o 1464 ks -

Link BC is o c.oums.sion member

Cross S&G‘quj avea 1S A‘: (l.S)(O-S) = O.Q_t'hz

- - 2. &8 .
(6) Stvess in 127 Gac = __;_h_c_ = __%_.%f'_‘i. - - 9.96 Ks i
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PROBLEM .10 1.10 The frame shown consists of four wooden members, ABC, DEF, BE, and CF.
Knowing that each member has a 2 x 4-in rectangular cross section and that each pin

nas a ¥z - in. diameter, determine the maximum value of ihe average normal stress {a)
in member BE, (&) in member CF.

SOLUTION

Add SuPpor"f' veacAions fo 'FISUM

mb oS Shown.

45 in.

} 30 in. 4
|8 fc:

Using entire Frame as tree boa\r

TM o= O 4o Dy - (Us+36)4e0) = ©
D,(""" G000 )L

‘.-JE in, ?F
Use member DEF ag Tree lDoJY SF % =0
4 D Zlnf ?DY '%Dxao
.se: \3 AT /Fé‘ Be, 3 D, = 3Dy = 1200 Jb.
o /
D E F
M=o (¥ Fe) - (30+15)D, =0 Fee = - 2250 fe.
TH =0 (8o)(% Fe ) -(IS)Dy =0 Fe > 750 A
y/!
4258 //4 Stress in c,o»\r)ress[m member BE

Area Az RQinx 4 = 8ia®
) Gpg = _EB.! = "—Zng L = 23] pot -

Stress in tension memben CF
Minimum section area ovccurs ad Pl‘n.
B = (2Y(#0~-0.5) = 7.0 "

woty ®) O T AF.?T = L2 = |0 psi -

SN
sectyon

H: SO
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PROBLEM 1.11

B D F

1.11 For the Pratt bridge truss and Joading shown, determine the average normal
stress in member BE, knowing that the cross-sectional area of that member is 5.87 in®

SOLUTION

B

. Use entive druss as Free body

12 &

il =My =0

El ra

A7 2
LQ&-»—-—Q&-—--—QR——«Q&-—'

(4%(80) +(18)(30) + (a7)(80) - 3¢ A, = O
P«r = |20 kips

sokips  Shkips S0 Kips

e Fao
Far
A < N
Fes

110 R,(f»s .%o} k\PS

Use Por",'c'on oF truss to the Pt Ff o section
cuthing members BD, BE, and CE. ‘

+t 2ZF, = o

IQO - 80 - :_'52" FBE = O -~ I:BE': 50 kt‘l‘.ls

Gap = ~28 = 2o = 8.52 ki -

PROBLEM 1.12

1.12 Knowing that the average norma} stress in member CE of the Pratt bridge truss
shown must not exceed 21 ksi for the given loading, determine the ¢ross-sectional area
of that member which will yield the most economical and safe design. Assume that
both ends of the member will be adequately reinforced.

B D F SOLUTION

Usz entive Truss as Tree bocly

| X i . 5 12 ft
E ﬂ DEMy =0

E <

l—-gﬁ—-—r-gﬂw-—&ﬁ-—-

? (@aM30) + (12 )(80) +(27X2) - 3¢ A, = ©
—9 ft

Ay = 120 Kips

S0%ips  Sukips 50 kips

8 Fao

; Fes
A f—S—
¢

120 PiPs 30 kips

Dse Pot“h'on oF Hruss to +he St of o sectien
C.VH'ihca mem bers BDJ BE, and CF

QZMS =0
12 Fop = (A¥(110) = © ~ Feg = 90 kips
Geg = L=
o8 A
A = e - 3o . 4,29 in? —

tew
Ces \
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PROBLEM 1.13 1.13 A couple M of magnitude 1500 N- m is applied to the crank of an engine. For
the position shown, determine {a) the force P reguired to hold the engine system in -
equilibrium, () the average normal stress in the connecting rod BC, which has a 450-
mm’ uniform cross section.

SOLUTION . ' P
Use piston, rod, and crank
'i'ocae;Hnew as tvree bo«:ﬁy.. Aol
wall peaction H and beaw'wa
reoctione A,( and Ay.

9 ZMA = O

(0.280 mYH ~ 1500 Newm = O

H= 5.3571 %10 N

P Us2 pisten alone as Hnee
body. Note +hat ved is
a two-Torece mem ber; hence +the divection
N of force Fpr is kuown. Draw +he fowce
-."n'a.na[e arel sodme For P aned Fae i’)’
ip Pr\oPof'Hons.
Fu 200 2 =J?wo" + 60" = 208,81 wmm
P _ oo . - 3
% T'l- = co . P-- 17. 86 »1O N
(@) P= 7.8 kN -t

Eff- = 2:;‘3' o Fae T 18.643 xSt N

Red BC is & Compression member. Tts area it 4SO mm = 450 Xlésml

- Fe . =—I8. 643"/03 - c
Sthress Gee. A T Thsexiot T Hl4xiol Pe
(b ae = - 4.4 MPa =8




PROBLEM 1.14 1.14 Two hydraulic cylinders are used to control the position of the robotic arm ABC.
Knowing that the control rods attached at 4 and D each have a 20-mm diameter and
happen to be parallel in the position shown, determine the average normal stress in (a)
member AE, {b) member DG.

-1 BN SOLUTION

Use member ABC

os Free body. lawp
A p— |
, 8. ¢
VAN
O SMg=0 (0.150) 4 Fae - (0. 600)(800) = O Fpe= Hxio N

Area of vod in member AE ix A= Fd'= F(010®) = 3116 %10 m"

3
Stress in rod AED 6" :“‘ = sikienice T 1273010 fa

6“5 - ’2.73 YAPO. )

206 N l (o)
jc.

Use com bined members ABC and BFD as tree IOOJY
bD ZMF = 0

3 (0.150Y 2 Fag) = (0-200)( % Fg)

- (1.050 - 0,250)(8°; = O Fos = —~1500 N

-6
Aven e vod DG = A= Ed*= F(20x0™)" = 314.1¢ xi0 W'

Stress in rod DG E YR F::' = ;l{{’s::‘o,c = -4.77%/0° Pa
(b) 6y = — 4.77 MPa. -4
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PRORLEM 1,15 .15 The wooden members 4 and B are to be joined by plywoaod splice plates which
will be fully glued on the susfaces in contact.  As part of the design of the joint and
knowing that the clearance between the ends of the members is to be 8 mm, determine

the smallest allowable length L if the average shearing stress in the glue is not to exceed
800 kPa.

SOLUTION

Theve are Your se,Pamde aveas oF pue. Each
owrea must Fravsmit halF oFf Ha 238N Sfoud.

ThereFore F = 1240 = 12xw0*N
Skean‘na s+r~ess in Je €T = 80O x;os’ 'Pq,
- F . _F _ iz x/o3 _ -3 2
VSR AT T peer T IS0
Let A = )%?Hﬂ oF e&)\;e ovea ond WE widh = 100 mn = Ol m
-3
A= fw o 9 = _A— = 15 ¥10 1850 *IO_SM = 150 mm
w a.] ,
L= 22 + 94p = 2Yi1so)}+ 8 = 308 mm el

1.16 Determine the diameter of the largest circular hole which can be punched into
a sheet of polystyrene 6-mm thick, knowing that the force exerted by the punch is 45
kN and that a $5-MPa average shearing stress is required to cause the material to fail.

PROBLEM 1.16

SOLUTION

A= Tdt  for c,yﬁin-lh‘c.-\f Paidove gord sas
‘:‘_;‘\nemf‘nﬂ stvess v = % - A - J_;_

Equd‘fna A\S_ 'det - —:"
. : - _ o 4sxo? - -t
So-f'vlha fr d d ?T%? * T (0.006)(55 ¥16°) 43 . 4x|o m

d = 43.4 mm -
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PROBLEM .17

1.17 Two wooden planks, each 7 - in. thick and 6 in. wide, are joined by the glued
mortise joint shown. Knowing that the joint will fail when the average shearing stress
in the glue reaches 120 psi, determine the smallest aliowabie tength o of the cuts if the
joint is to withstand an axial load of magnitude P = 1200 bb.

[——d—-l I " SOLUTION

. Glue Seven sorfaces capry the tuta?
T L, » foudt P = 1200 fb.
T hrea A= (NE)J=Hd
— P . - P Hﬁ_ — 1200 _ .
=g - A3 5d =20 d = 1.633n ~

—

PROBLEM 1.18

For aduminum

4. -

Lin-"{-fnj Vn.zpue o‘F P 'S 'H1¢ 5maﬂ)er-v¢dqe o

1.18 Ajoad Pis applied to a steel rod supported as shown by an aluminum plate into
which a 0.6-in.-diameter hole has been drilled. Knowing that the shearing stress must
not exceed 18 ksi in the steel rod and 10 ksi in the aluminum plate, determine the
largest load P which may be applied to the rod.

SOLUTION

Foe steef A = mdt = (o 8o

= 0FHEO in®
(A g @ P= AT = (0.7590X18)
T 13.57 kips

-~

A, = wdt = w{1.¢)(0.25) & 1.25¢6 it
= AT, = (Lasee )10) = 12.87 Wips
P=12.57 Kps -4

Sy
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PROBLEM 1.19

1.19 The axial force in the column supporting the timber beam shown is P =75 kN
Determine the smailest allowable length L of the bearing plate if the bearing stress in
the timber is not to exceed 3 0 MPa

. SOLUTION
Sp A Lw

L+ B - 185 %10°
GW  Boxo*)0.140)

= 178.6 10" m
L= ]78.6 mm -4

Solv\'na ‘FO\I‘ L¢

PROBLEM 1.20

Bem“ina P!JC -

k 3

A, = a =

P
G

1,20 An axial load P is supported by a short W250 x.67 column of cross-sectional
area A = 8580 mm’ and is distributed to a concrete foundation by a square plate as
shown. Knowing that the average normal stress in the column must not exceed 150
MPa and that the bearing stress on the concrete foundation must not exceed 12.5 MPa,
determine the side a of the plate which will provide the most economical and safe
desigr.

SOLUTION
Avea oF codomn: A = 8580 mm = 8580 /0~ w'
Normad stress in column: G = 150 %10 Pa
& = -E L Pz A6 : (gssoxc®)(150 x10%)

= 1.287xJ0° N
Oy = 2% and A,z O For squave plate.

- 1.287 %)0°
12,85 % {106

= 321*10-3h~ ov 32 mwm -
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PROBLEM 1.21

1.21 Three wooden planks are fastened together by a series of bolts to form a
column. The diameter of each boit is V2 tn. and the inner diameter of each washer is %
in., which is slightly larger than the diameter of the holes in the planks Determine the
smallest allowable outer diameter o of the washers, knowing that the average normal
stress in the bolts is 5 ksi and that the bearing stress between the washers and the
planks must not exceed 1.2 ksi.

SOLUTION
Bolt: A= Tt =T(3) = 019635 iut
6, = 'Z\E' 5 Tensife Force inbodt P =6, 2 =(5)(0.19¢38) = 0.98175 kips
Washer: outside diameter = dy
Beaning area Aw = F(L'- &?) ad A, = L

meide diameter = d,,; = .,g 'mJ

S
Equading ";_!_E(doz" d:') = %f—;_
T : s 875 .
do = J" + (‘s) ( }{g G/S) *7- L4323 int
d, = 1.197 in el

1.22 Link AB, of width » = 2 in. and thickness / = Y4 in , 15 used to support the end
of a horizontal beam. Knowing that the average normal stress in the link 1s - 20 ksi and
that the average shearing stress in each of the two pins is 12 ksi, determine (a) the
diameter d of the pins, (&) the average bearing stress in the link.

PROBLEM 1.22

SOLUTION

Rod AB is in Compreassini.
A= bt where bz 2in and t=1f-pin
P = -GA :-5(-20)(2)('4')'- 1O \(fps

Pin: Tp = P— ond A, =TJ"

(o = ‘/_'ﬂ_ \/_L*T; 4,&:’2%‘3}7 [.030 in -

R [+ - .
Y & = 3% T (.030)(0.25) 38.8 ksi -




—1

S S S U T LTty e e e

1.8 Each of the four vertical lirks has an 8 x 36- mm uniform rectangular cross
section and each of the four pins has a 16- mm diameter.

1.23 For the assembly and loading of Prob. | 8, determine (g) the average shearing
stress in the pin at 5, (b) the average bearing stress at B in link BD, (c) the average
bearing stress at B in member ABC, knowing that this member has a 10 x 50-mm
uniform rectangular cross section. o o

PROBLEM 1.23

SOLUTION

Use bar ABC as o Free bociy

\ _
’4—0.025 —>1-<—— 0.040 ——3}

7 C:L
Fee

( ,
A B L
: Fep

-(0. 025+ 0.040)( 20 w[o") = 0O

(O.OQO)F“D

32.5%x10° N

(&) Shear pin at B v = ;z" for dovhle shear

where A= L% -E(o.me)‘ =

g o SRS X )0* -
(2X201. 06 x10™¢)

(b) Bear-{nci fink BD

261,06 x[0"" m?

80.8 =x|0° £0.3 MPa. -ty

A= dt = (0.006)0.008) 128 x|O°* m*

5, = _..-*:'% . Log N 32.5010°) - jag.agx0f  127.0 MPal
) B&arihq m ABC o B

A= dt = (0.018)(0.010) = 1€0OXI0T m°

G B S - meaot weR

~

N

frte ol
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PROBLEM 1.24

S Mg=0 -(0040)F, - (0.025)(20xi0%) = ©

(a) Shear in piv at C

Dovkle shean ZA T 220106 x0¢)

1.8 Each of the four vertical finks has an 8 x 36- mm uniform rectangular cross
section and each of the four pins has a 16- mm diameter.

1.24 For the assernbly and loading of Prob, 1.8, determine (@) the average shearing
stress in the pin at C, (b) the average bearing stress at C in link CZ, (¢) the average
bearing stress at C in member ABC, knowing that this member has a 10 x 50-mm
uniform rectangular cross section.

SOLUTION

Use bar ABC as « ¥Free ’aoaﬁr

F 0.025 0.046 —-‘

( - D)
A B Ci
‘l/ FSD E.E

Feez = 12.5x10°

A=Ed*= E(0.016)" = 201.06xc°wm*

e N 3 -
£ oo 123 «i0 = 3L1x)0°¢

3] MPa -t

(v) eead‘;nﬁ m dink CE at C

S PR S

]

]

Az=dt = (0 06)0.008) = 128x0"¢ m*

S = hr . L0ENZ50/0Y) o yg 3.0t 4gy MPa -

©) Bearing in ABC at C

A= dt = (0.016)0.010) = 1coxI0 ~ mt

R 5 %10°
S = = lg)i’:éo_‘ = 78.1 %10 781 MPs =

—

—

[:1

Ve
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PROBLEM 1.25 1.9 Two horizontal $-kip forces are applied to pin B of the assembly shown. Knowing
that a pin of O 8-in. diameter is used at each connection, determine the maximum value
of the average normal stress (a) in link A8, (#) in fink BC.

1.25 For the assembly and loading of Prob. 1.9, determine () the average shearing
R o ~ stress in the pin at 4, () the average bearing stress at A in member AB.

SOLUTEON

Use Joiv\'l‘ B o< Yree body.

10 Wips
ZARNGE
\O kI‘FS
Law of Sines Force 'H\fan?{e
Fae _ Fee _ 10 - \
;m q':é“ - Sin Gd.ﬂ T ostn 98 FAG- 7-320§k‘P$
(a Sheam'nj S+r€5$ " PM at A 7= -Eﬁi*
b hez % = F(0.8)" = 0.5026 in®
- 7-3205  _ .
T = (2*—-"‘—"“‘""‘,(55026) 7.2% T7.28 Usi A
(o) Beam‘nod stress at A in member AB
A, = td= (0.5(08)= 0.4 in
6, = te o L2205 . 330 13.30 ksi -

A, 0.4

Www.lepnu.ir

. lepl?zl

\4‘
\\\\\/ Wj
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PROBLEM 1.26 1.9 Two horizontal 5-kip forces are applied to pin B of the assembly shown. Knowing
that a pin of 0.8-in. diameter is used at each connection, determine the maximum value
of the average normal stress (@) in link 4B, (#) in hnk BC.

1.26 For the assembly and loading of Prob. 1.9, determine () the average shearing
stress in the pin at C, (b) the average bearing stress at C in member BC, (c) the average
bearing stress at B in member BC.

SOLUTION
Use joint B as Free bod;/
10 Kirs
FAB
Fec
10 KI'FS
Force trian Je
haw of Sines ° 1
Fﬁg _ Fac _ 10 _ .
Siﬂ ‘4.5“ - SI.H 600 - s;ﬂ q$o F&_ - 8- qGSS klPS
. . . - Fac
(a) Sl‘neamnﬂ stress in Py at C T= “2—%:
Ap = Fd* = F(0.8)" = 0.502¢ in®
. 8.9¢58 _ .
r- (o.5026) ¥.92 8.92 ks, -
(b)  Bearing Shress o C in wember BC &, = _lz_e_c,.,
A:- td = (0.5)X0.8)= 0.4 in"
8.9658 .
Op = ~og - <2.4 2.4 ks -t
ey Bearing stress at B in member BC S = %s
Az2td =200.6)(0.8) = 0.8 in®
_ 8.9¢58 _ |
Gh - 0.2 = ,’- 2, | ”-Ql kSn -l
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1.27 Xnowing thatd = 40% and P = 9 kN, determine {a) the smallest allowable
diameter of the pin at B if the average shearing stress in the pin is not to exceed 120
MPa, (b} the corresponding average bearing stress in member A8 at B, (¢) the

PROBLEM 1.27

P corresponding average beanng stress in each of the support brackets at B.
SOLUTION
Geom e.‘}‘w\/ P Teie nq Je ABC s
A

an isoseldes fw‘amjﬁe with
ahﬁles shown heve.

[¥a3
i} o

Use Jo;h‘f A ot c.,_“g’ra\'g ;QQ.—‘!’;.

Law of Sines app)ie.:’

P Yo Force +N'a.v:1-?e
lto Fie P - Fea  _ _Fac
}5; 7 5in20°  Sinll0°  8in50°
AB - P sintlo®
M im0t
- !3[55:\ O = 24.73 KN
sin 20°

(@l AMocha,e an dz'a.-neief‘.

rs T oyr s Bge ke P wnise0l#
P
4%- RFae o QW24.73%10%) | gy g x 07 m?
T (120 x108 )

d=1).495 %10 m 145 mm =
(b) Beo.f-'nc] stress in AB of A
A tol= (0.000)(1.4S %0 ) = 183,26 %/0™"

N FAB - 24.73 X/Os - '3 34.9 M Y
6‘5- Ab - !%3’2‘,((0_6 .’39.9"/0 l ﬁ PQ_,

(<) Beaﬁ'n‘} stress 1n support brackets ot B
A= td = (0.02)Y01145%100) = 132.4 %10 "=

LS
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PROBLEM 1.28 1.28 Determine the largest load P which may be applied at A when # =60 , knowing
that the average shearing stress in the 10-mm-diameter pm at B must not exceed 120
MPa and that the average bearing stress in member 45 and in the bracket at B must not
exceed 90 MPa..

SOLUTION
Geometry (‘\aw:).pe ARC s
an isosedes Friangde with

anejles shown heve

C

bse J'oi'n'f A as Tree Bo&r

o haw of sines cpplied to
Tovee ‘h\mnj}g
j120° Fae Fac
I FM; Force sSin 30 = Sin 12p° T s 20°
% WI F uﬂ%o
Fe m“ab' AN - R - 6.57735 Ry

Sitn |?

F&Sﬂ'\ a° _
St 30 B EC

If skeam‘na stress in pin ot B is eni ticad
A = Fa*= Flo.010) = 78.840)5¢ m*
Fag = QAT = (2)(78.59%0)(|20%/0%) = 18.850 0% N

IF bearing Stress in member A8 af bracket at A is critiead
Az tel = (0.016)(0.010) » 160 >I07°
Faa = AGSL = (1coxo™ X0 x10¢) = 14. 40 110" N

IF bearing shress in the bracket at4 B is ariticad
A= 2t d = 2)¢0.02)(0.010) = 240%107¢ e
Faa = A6, = (240%10°)(q0x10%) = 21.¢xf0* N

Aldow ble Fig is the smallest, 1e. i4.40 %1% N

Then, #row Statics P (0.57785 114405 10%)

= 8.31%/0° N S3 AN  -m
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PROBLEM 1.29

1.29 The 6- kN load P is supported by two wooden members of 75 x 125« mm
uniform rectangular cross section which are joined by the simple glued scarf splice
shown. Determine the normal and shearing stresses in the glued splice.

SOLUTION

p= cxic®N 6 = 90°- 70° = 20°
A, = (0.078)0.128) = 9,375 %107 m*

P o2, _ lew0des 20° _ 3
6 = A, Cos 6 = fi,375"¥lo'3 - 565 %10
G = S6§ kPa, -]

_ P - (gx10®) sin Ho°
L= 2A. ' 26 EVCEISTIERD)

T = 2086 kPa el

206¥08

PROBLEM 1.30

125 mm

75 mr\nZ\ | 7

\l:l/

1.30 Two wooden members of 78 x 125- mm uniform rectangular cross section are
joined by the simple glued scarf splice shown. Knowing that the maximum allowable
tensile stress in the glued splice is 500 kPa, determine (a} the largest load P which can
be safely supported, (#) the corresponding shearing stress in the splice.

SOLUTION

N

1}

A, = (6.075)0425) = 9.228 »l6  m

8 = 90°-70" = 20° G = $00 %10 Pa,
o fonto
A6 . (2.375%1673 WSeo % 1) A
e= cost® cos® 20° = 53085 /0
(o) P= 5.3 kN —
o= Psin20 (5308510 ) sin 40" 15 9q 4 0°

2A, (2Y(3.378 ®(0™%)
(b) T = 182.0 kPa el
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PROBLEM 1.31

P

()

L 6 = cos @

£.31 Two wooden members of 3 x 6- in. uniform rectangular cross section are joined
by the simple glued scarf splice shown. Knowing that the maximum allowable shearing
stress in the glued splice is 90 psi, determine {a) the largest load P which can be safely
applied, (4) the corresponding tensiie stress in the splice

SOLUTION
6 = 90° - 40° =50°
A, = (3Y&) = 18 in'

r= E‘Eﬂ. sin 29 N
= Rt _ Q¥ug)(do) _
|3 Sin 78 sin jOO° 3290
P= 3290 b -
3290 _cos* 507 _ 15.5

= . -l
2 & 75..5"/”

PROBLEM 1.32

1.32 Two wooden members of 3 x 6- in. uniform rectangular cross section are joined
by the simple glued scarf splice shown. Knowing that 2 =2400 Ib, determine the normal
and shearing stresses in the glued splice.

SOLUTION
O = Fo° -4 = 50°
Ao = (R)(E) = 18 it

P 2400 b

n

= P ‘:M: !
G-Aocoae 72 S5

G= §5.1 psi -

L__z qm_)_s_f‘_'.‘_ l 00 ° =
@RI(18) 6.7

T= 5.7 Psf -}

=
1
o
ey
@
E N9
®
I
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PROBLEM 1.33 - 1.33 Acentricload Pisapplied to tht_e granite blo_ck shov._rn. Kno“fing that the resulting

' maximum value of the shearing stress in the block is 2 5 ksi, determine (a) the magnitude
of P, () the orientation of the surface on which the maximum shearing stress cccurs,
(¢) the normal stress exerted on that surface, () the maximum value of the normal stress
in the biock.

SOLUTIGN

Ao~ (63(6) = 36 it Loy ™ 2.5 Ksi

0= 45° fon sza.ue. of Tomx

. b e )

(@) fwzlz%o 2 1Pl= 24, o = @)(36)(25)

= 180 Kips -
b) sin20=] 28=90° © =457 -
= £ cost45° = b = THO o g cpsi -
) 6:,5 AL cos 45 A = R3O . i
- P -180 _ _ i Le:
PROBLEM 1.34 1.34 A 240- kip load P is applied to the granite block shown. Determine the resuiting

maximum value of (@) the normal stress, () the shearing stress. Specify the orientation
of the plane on which each of these maximurmn values occurs.

SOLUTION
A, = (6)6) e 36 in®

G = -% .cas"ev = -'%3—9 €o8'® = -6.67 cor*O
o

(o) moxn tensife stress 5 O of O = F0°

I

o . c.o--«pt-ebsive. stress = G.67 Ksy ~ll
4 6= 0

6in . P _ 240 _ ;
(b) /f,....,‘ 2A° - 623(36) - 3.33 k5 1
e~+ e = ‘*5‘
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PROBLEM 1.35

1.35 A steel pipe of 300- mm outer diameter is fabricated from 6- mm- thick plate by
welding along a helix which forms an angle of 25° with a plane perpendicular to the axis
of the pipe. Knowing that a 230- kN axial force P is applied to the pipe, determine the
normal and shearing stresses in directions respectively normai and tangential to the weld.

SOLUTION
do = 0.300 m o = oo = DISO
¥i = Yot = 0O.i50-0.008 = O.144 m
A= TR - )= 1 (0150 - O.144%)
= 5.54 xjo™3 m*
8 = a5°
G = F""“COS tg - - 250 % (0> cos® 25°

Ao 5.5 xilo™~
=-37.1 ¥|0* G ==37.1 MPg --

T = ; - ‘250”’03 sin SO°
2h, >0 26 (2)(5.54 xj0™2)
=-17.28 x|o" Y= [7.28 MPa -

PROBLEM 1.36

1.36 A steel pipe of 300- mm outer diameter is fabricated from 6- mm- thick plate by
welding along a helix which forms an angle of 25° with a plane perpendicular to the axis
of the pipe. Knowing that the maximum allowable normal and shearing stresses in
directions respectively normal and tangential to the weld are 0 =30 MPa and 1t =30
MPa, determine the magnitude # of the largest axial force that can be applied to the

pipe.

SOLUTION
dp= o-3wh r\o'-"'*Jo: O.\SOM
v.=0,-t 0.150 - 0,006 = O14Y m

T(rt-rt) = T(0.150 =0 144 %)
= 5.54%]0”5 m*

Ao

Smaller valie is the

6 = as°
LBaseJ on |61 = 5o Mfa: G = T cos® 8
P A (smaeiae | g0
Based on Z1= 30 MPa T = - sia 20
P = 2A. T 2)(s5.59x102)(20%109 _ 43¢ xjo>
sia 26 sin 50°

cSPowable valoe P & P=337 kN ==
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PROBLEM 1.37 1.37 Link BC is 6 mm thick, has 2 width w = 25 mm, and is made of a steel with a
480- MPa ultimate strength in tension. What was the safety factor used if the structure
shown was designed to support & 16-kN load P ?

| l SOLUTION

Use bar AC D as a FTree
k‘lOdY awnd note that
member BD (s a two-
Force mewmber

2M =0
U480) Fg, - (Boo)P = ©

_ 6oo _ (6oo)(I€x10%) _ 3
Fec = 4o, P = Y 20 x [O° N

DiHimet e Joad for member BC F, = G A
Fo = (4‘80)(10‘)(0-006)(0-025): 22%10° N

~ Fo 72 %o
. - = = = 30 Co "
f: & m(‘ o O" Sa're"‘/ F S. ‘:Bf- “2"0"'*_;05
PROBLEM 1.38 1.38 Link BC is 6 mm thick and is made of a steel with a 450- MPa ultimate strength

in tension. What should be its width w if the structure shown is being designed to
support a 20-kIN load P with a factor of safety of 37

R

SOLUTION .
Algl, N 5
& 90, Use bar ACD as a Free b ody F
480 mm aned note that member BL i3 B
\ o two -Foree member.
'D N ]
2 MA =0
f 490 Fuc - 600 P = © p

3 +
o @ G‘?:DP - (60?8220119_.2 = 285>0 N

For a Yoactoar of 22 ef'x/ FS. = 3 +he vdlimate Joad oFf wmewmber BC

F, = (ES)(F.L) = (3)(asxi0®) = 75%10° N

But ¥, = G'UA S A= -g,!- :-4% = FGG.G'IXIO_G ™
)

%
. , _ - A o 166.67x/0
For o red“anavﬂﬂf sechion A=z wl or ws ? ) 0'06075

W= 2780 m ov 2.8 mue
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1.39 Member 4BC, which is supported by a pin and bracket at C and a cable BD, was
designed to support the 4-kip load P as shown. Knowing that the ultimate load for
cable BD is 25 kips, determine the factor of safety with respect to cable failure.

SOLUTION

Use member ABC as a A
free \soa\\/ ond note

that member BD 15 a
two - Yorece membar

ZMC:O

18 in. 12 in.-——‘

(P cos 40" }(B0 ) + (P sind0°)(15 in. ) = (Fen cos 30" )(iS in)
~(Fep Siw 30°)( 12 fn) = O
FBD - M P = (32‘623)(4) = 6.871§ kI'PS

| \2. 496 12.990
Vector of 5¢Fe.+y £r calble BD Fa. = "F}f"-ﬁ' = G.ﬁﬁ" = 3,64 -

1.40 Knowing that the ultimate toad for cable BD is 25 kips and that a factor of safety
of 3.2 with respect to cable failure is required, determine the magnitude of the largest
force P which can be safely applied as shown to member ABC.

PROBLEM 1.40

SOLUTION

P

Vse member ABC as a
free bodr and note

that member BD is 4
two -Force mem ber.

ZM, = o

A

{o
18 in. 12 ‘u:.—*l

(?cOs Yoo ) (30 in) + (P sin 40°)15 in) = (Fyp cos 30°)(15 i)
~ (Fgy sin 30°)(12 1n) o

- \8.99¢ -
P = m F-B.D = O.SQZIG F.o

Ablowehle foad For member BD Ts Fop= oF = 2 - 28125 ki
Alowable dosd P =(0.5821CX7.8125) = 4.5 kips -
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PROBLEM i.41 1.41 Members A8 and 4C of the truss shown consist of bars of square cross section

made of the same alloy. it is known that a 20- mn- square bar of the same alloy was

tested to failure and that an uitimate load of 120 kN was recorded. If bar A8 has a 15-

0.75 m — mm- square cross section, determine (@) the factor of safety for bar 4B, (b) the

# F dimensions of the cross section of bar AC if it is to have the same factor of safety as bar
r AB.

SOLUTION

Len3-|-1\ o‘? member AB
Qpa = -1/‘(5;.75;24-. 5:'?;' = 0.8 m
Use entire +russ as a Free \occ.ly A, WAA-.(
P
gch =0 WA, - )28)= 0 A= 15 kN

fZR =0 Aj-23:=0 Ay = 28 kN ®
Use joiat A as Free body 28 kN
N Ay BZF,=0 6—3{;&3 Ay = ¢ ¢
Fao RO
Fac HZF =0 Ay - Fa - O‘q Frg =

; (o4 -
F. = 23 —o‘gsﬁ—l‘ 20 kN
For the test bar A r (0.020) = #400%0  m* = 120%10° N

For +he metemalt Sy T %_ = —!—2%?— =  BooxID® Pa

L&oowlo"‘
(@) For bar AB  FS.= & - . {3ooxiot ) (0.0i5)’
e Fas 17%i0
T 3.97 -
E . A G, a
= = Lo - OpQ
(b)Y For bar.AC ES. = Fic. = =
Q:L = (F.S.\ Fﬁﬁ - (397)(20 x’o‘) = 64,7 ylo" o
Su 300 %(D¢
o, = 16.22 %/0™" m 1627 mm =--

[ .
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PROBLEM 1.42

1.42 Members AB and AC of the truss shown consist of bars of square cross section
made of the same alloy [t is known that a 20-mm-square bar of the same alloy was
tested to failure and that an ultimate load of 120 kN was recorded. If a factor of safety

r_ 075 m -~ of 3.2 is to be achieved for both bars, determine the required dimensions of the ¢ross
-}FA ¥ section of (a) bar AB, (b) bar AC.
am SOLUTION
B
l4m Lena-Hn oFf member AB
e Jdoa {0 v 042 T 0.8 wm
o A
1 Use enhre truss as o Free bocly o TA !
DM, = Lu A, =(0.95)28) =0 A= ISkN
]
s1ZF =0 A, - 28=0 Ay =28 kN
Use :)Oin'} A a8 'Free bo:lx/ 28 kN
A AN 3ZTR0 2ER.- A,: o) ¢
(0.25)(1s) _
l Fie Fra = S2E20S) = 17 4N
Fie ATR=6 A-Fe-2if=o
Fio = 28 - (097) - 70 kN
For the test bav A = (0.020) = dooxio® m* P, = 120%/0° N
3
For +he matevial 6:)= 'APU = st::g-‘ = 300 XIO‘ Pa.
R . SA . _ Guat
(o) For member AB ES. Fﬂ = U =
2 (F.S.) Fa - (3. 2)(‘?;{[0‘) - /3|.33XIO“M"
& ® e 360 xlo
a = 13.47 x(02 m 13.47 mw -
A _6,b°
(b)Y Fov member AC FS, = g:_ = f;m = —T_;t"
(3 )(2 Igs -L =2
. —_-————-(Fé)p‘c = 33;0 K[oox‘ ) = AR .BIXC m
[3]
b = 1461 210"% m 9. €1 me, -
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PROBLEM 1.43

20U KN 120 mm

20 kN

LenjH‘ of sphice L=
C‘pedranc'e. f = '9‘;(

Arec. oP 3Pue A=
U;"*‘iw\.c.j'é jOaJ Ptl

Fa.o“l'ovf‘ o‘P stﬁ FS.

1.43 The two wooden members shown, which support a 20-kN load, are joined by
plywood splices fully glued on the surfaces in contact. The ultimate shearing stress in
the glue is 2.8 MPa and the clearance between the members is 8 mm. Determine the
factor of safety, knowing that the length of each splice is L = 200 mm.

SOLUTION
There avre & s;pa.rah areas of 3}03. Each
-3.90: area must Fromswmt 10 KN of sheanr
ipOaJ.
P = loxio* N
2.@ + C W\‘ICM }"—' )en%‘Hq a‘Papue qv\o’ C =
L-¢) = $(0.200 0,008 = 0.096 m.
Pw = (0.096)Y(0.120) = .51 %j0°° m®
= ZoA= (2.3%10° Y(11.52%10™ )= 32.256%/0° N

- P . 32.285¢x10° _ -
TP T TJoxiof = 3.28

PROBLEM 1.44

20 kN 120 mm

20kN

Required vitimate Joud

1.43 The two wooden members shown, which support a 20-kN load, are joined by
plywood splices fully glued on the surfaces in contact. The ultimate shearing stress in
the glue is 2.8 MPa and the clearance between the members is 8 mm.

1.44 For the joint and loading of Prob. 1.43, determine the required length I of each
splice if a factor of safety of 3 5 is to be achieved.

SOLUTION

Theve ore 4 separate aveas of glue. Each
3’ue area must transmit 10 kN oF shean
Poad.

P = loxlo® N

P,z (Fs)PY = (2.5)iox1o*) = 35x/0" N

RequfreJ JPe.nel-H: ‘p o‘P- ea.r)-.“jpue arntéa,

Po= TWA = T, 4

w 9= P o 3sxio*

-3
= = 1041 x)0 ™
oW (2.310°)(0.120)

Length of sphice L=20+c = (@Q)0417xi07 )+ 0,008

= Z216.2 %0 m 216 mwm =
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PROBLEM 1.45

1.45 Three 7 - in.-diameter steet bolts are to be used to attach the stee! plate shown
to 2 wooden beam. Knowing that the plate will support a 24-kip load and that the

ultimate shearing stress for the steel used is 52 ksi, determine the factor of safety for this
design.
SOLUTION

for ek bult A =Eats BET + ot i
Po = ATy = (0.4418)(82) = 22.27 kps

Per bolt P= 23& = 8 Kips

£s. = f_f;' - 2297 - 2 37 -

8

PROBLEM 1.46

1.46 Three steel bolts are to be used to attach the steel plate shown to a wooden beam.
Knowing that the plate will support a 24-kip load, that the ultimate shearing stress for
the steel used is 52 ksi, and that a factor of safety of 3.37 is desired, determine the
required diameter of the bolts.

SOLUTION
For each boft P = -%i = 8 Uips
Required P, = (RSP = (3.37)(8) = 26.96 kips

To = % R L -‘2;2?‘ = 0.5189€ "

A=Rd*~ d-= 1/ 1/.1.‘!1(2:.5_8.._6)

= 0.8125 1w, ek
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1.47 A load P is supported as shown by a steel pin which has been inserted in a short .
wooden member hanging from the ceiling. The ultimate strength of the wood used is
60 MPa in tension and 7.5 MPa in shear, while the ultimate strength of the steel is 150
MPa in shear. Knowing that the diameter of the pin is & = 16 mm and that the
magnitude of the load is = 20 kN, determine (a) the factor of safety for the pin, (b)
the required values of b and ¢ if the factor of safety for the wooden member is to be the
same as that found in part a for the pin.

SOLUTION
¢ p=za0kN = 20%I0°N oy
@ Fn: AzTdb = F(0016) = 20006115 m
i i Dovble shear 7= % T, = -aEK_
/4:\ e -6 é
10 mm_>< P, = 2AT, = @NR0116xic°)(150 %10%)
= 60.319x10° N
0.819 x 0"
F.S. = .F;" = 6.20,,0’;'0 = 3.02 -
(b) Tension in wood Fy = 60.319 /10' N for same F.S.
G, = Lo o= B Where Wz 4O mm = O.040m
A w(b-d) ,
- PU - ___§0-3"‘1>’10 - . OS m
L = Y. 1 wmwm -9
Shear in wood P, = 60.812 »10° N Ffor same F.S.

Double sLeaﬁg

To = ziu

P <
2w To  (2X0.040) 7.5 xi0%)

each area 1s A= weC

awce

3 -
@.349x 100.5 20> m

C = 160.§ mm

- ey
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_ 1.47 Aload Pis supported as shown by a steel pin which has been inserted in a short
PROBLEM 1.48 wooden member hanging from the ceiling. The ultimate strength of the wood used is
60 MPa in tension and 7.5 MPa in shear, while the ultimate strength of the steel is 150
MPg in shear.

1.48 For the support of Prob. 1.47, knowing that & =40 mm, ¢ = 5SS mm and = 12
mm, determine the allowable load P if an overall factor of safety of 3.2 is desired.

SOLUTION
Based on dovble shear in pin
PU ZA fy' = 2 %Cdzfu
= T (2)(0.012)(150%10*) = 3393 410" N

Based on tension in wood

PU = AGU: W(b-d)s‘u
= (0.0¥0)(0.040 - 0.012)(60 x J0°)
= 67.2 x10°N

Based on double shear in +he wood
Po=s 2A7, = 2we T, = Q)0.090)(0.055)(7.5x168)
= 33.0 xj0° N

Use smallest Py = 33.0xi0° N
Ablownhle P= g = S2:0X07 . (4 414
10.3) kN -
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PROBLEM 1.49 1.49 In the structure shown, an 8- mm- diameter pin is used at 4, and 12- mm-

diameter pins are used at B and D. Knowing that the ultimate shearing stress is 100
MPa at all connections and that the ultimate normal stress is 250 MPa in each of the two
links joining B and D, determine the allowable load P if an overall factor of safety of

Top view 3.0 is desired.
200 mm 180 mm -~ 1o SOLUTION
& L *1) i o
8 mm I Statices © Use ABC as Free bedy.
T 3 c T Y
A B«
- - S 0.2 0.8
“ B t— 20 —fe— O.
P
F
20mm YP - 8 mm A FGD
Z2Mg =0 0.20 Fa-0.12 P =0
D D
P=L&F
12mm——-| l-- A
Front view Side view
ZMp=0 0.20 Fp-0.38P = Q
lo
Based on double shear in pin A P= 19 Fao

A=%4d% = F(o.008)* = 50.2¢ <10 m*

v ___gé’u?= (2( 100 xgc.;‘)(so.zécvlo'c’ = 3.35/%)0% N

P=RF = 312x0"N

Rased on dovkle sheawn i PF\ns el B and D

A= %’dt = ¥ (0.0 = /8.l %o & mt
£, = ABA _ @Weoxie )(Nzdoxie™®) _ 5oy 0y

F.S. 3.0

P=48Fp = 3.97x0°N

f

Based on c.ompression n Siaks BD
For one fink A= (0.020)(0.008) = 160 %jo M

Fap = 2‘:6;»“ B (2“»3"’2 xjo¢ Yo XISE) . 2¢ 7 %0 N

P = wFRo= Hotxlo*N
AJowable valve of P is smallest - P= 372 ’IOsN

2.72 KN ~l

AT




PROBLEM 1.50 1.49 In the structure shown, an 8- mm- diameter pin is used at 4, and 12- mm-
diameter pins are used at B and D. Knowing that the ultimate shearing stress is 100
MPa at all connections and that the ultimate normal stress is 250 MPa in each of the two
links joining B and D, determine the allowable load P if an overall factor of safety of
3.0 is desired
1.50 In an alternative design for the structure of Prob.1.49, a pin of 10-mm-diameter
is to be used at A. Assuming that all other specifications remain unchanged, determine

Top view the allowable load P if an overall factor of safety of 3.0 is desired.
L L”J:l-ZOO mm—-|<—180 mm—-1 li{‘ m SOLUTION
‘ |
8mm< T {7 ) o -
= 7 e o T Stahies 1 Use ABC as Free body.
A c——-————-—e"\;?
B b‘o.zo + 0.18 ..{(
P
8 mm FA Fﬂn
8 mm
D Z2Mg =0 0.20 Fn'o.‘8P=O
. 12 mm—»‘ F— P = %’ F'A
Front view Side view

ZMp=0 020 Rp-038P =0

lo
Based on double shear iw P.‘,\ A m'@,‘ Fao
A=Fd% = F(o.010) = TREE 10w’

T: =£fUA - (?XIOO xlO‘)(‘ra’ﬂ ’Io_c) - 5.236)‘)03 N
A RS, 3.0

P= "gz[——,\ - §£.82 xt0* N
Rased on dovkle shean in Pe\ns ol B awd D

h=Ed*= F(o.on) = 8.0 x1o" & m*

_ 2BA _ ()(ooxp )3 toxle™) 2
Fap = T = 20 T.54 xj0™ N

P=8 Ry = 3.97x0°N
Based on cCompression n finks BD

For one Rink A= (0.020)0.008) = 160 %/0™" m™>

- -
Fao = ZF%A = (2)(;53 0 )ICXISE) - 2¢.7 %10 N

P = mFo = 1M.o4xio% N
AMlowable value of P is smallest - P= 3% *I10® N

H

3.97 KN ~-a




PROBLEM 1.51

|~—8 in.

ZMC = 0

12 in,—»

ana - 12 P =
Ba'Ha Rinks haue the Sawe area

1.51 Each of the steel links AB and CD is connected to a support and to member BCE
by % - in.- diameter steel pins acting in single shear. Knowing that the ultimate shearing

stress is 24 ksi for the steel used in the pins and that the ultimate normal stress is 60 ksi
for the steel used in the links, determine the allowable load P if an overall factor of
safety of 3.2 is desired. (Note that the links are not reinforced around the pin holes.)

SOLUTION E. o
Use BCE as Free \ooo\)/ B L_ El
Z M e = O L‘ g. —)L_ 12 —_J
8%, -27P = Fa

P = % Few

= % FRa

o.hal Sawme PW\ a'lame,"‘e.f J he\nce

being oh the same materiad, they will have +he same uMiwate Joml

Ba.seaP on Pm " Sinj.ﬂe 51\84\/‘

A= Td-

Fo = ToA = (2y)(0.19¢35) =

PG =

0. 196385 1wt
H.7712Y¢ kuibs

Based on tewsion in ﬁlhk
= (b-d)t = (

Fu’ G:JA'-'-‘

0.125 m*

(-4 UF) =

(0 }(0.125) = 7.50 Kips
ViFimate load For Jink is smadfest:
Alovdle foad R finie

Abhoworte Joaod For structuwe P =

Fo = H.7129 ks,
F = J.'l .,9__1.2:!.

Es. 14726 kips
,,-:?F = 0.58? l(u'Fs
F = 3589 Jb -

L3 [ ™

[

J..
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PROBLEM 1.52 1.51 Each of the steel links AB and CD is connected to a support and to member BCE
by % - in.- diameter steel pins acting in single shear. Knowing that the ultimate shearing

stress is 24 ksi for the steel used in the pins and that the ultimate normal stress is 60 ksi

for the steel used in the links, determine the allowable load P if an overall factor of

safety of 3.2 is desired. (Note that the links are not reinforced around the pin holes.
1.52 An alternative design is being considered to support member BCE of Prob. 1.5

in which link CD will be replaced by two links, each of 3 X 1-in. cross section, causing

the pins at C and D to be in double shear. Assuming that all other specifications remain
unchanged, determine the allowable load P if an overall factor of safety of 3.2 is
desired.

l—sn. 12 in. SOLUTION

. Reo Pl Use member BCE as Free body

— Y ZIMgzo  BRp-2P:o  pP:2FR,
Faa ¥ TM.=0 3Fe-12P=0 P:%F,

Based on pin Ain simg.pe. sheav

A = -E-J“ = 3\ = 0.19685in?

Fo = ToA = (24)(0.19635) = 4.7124 Kips
HBased on +ev\5|'om tn )fnk AR

A=(b-d)t = (-%)EF)= 0.125 in*

R = GuA = Lo)0.125) = 7.50Kps
U!+;MA£'¢ 20&.0’ ‘F&-" ﬁmk A iS Sm‘p’&"‘ t.e HE —;'-I- *HQ.LI kIPS
Cof‘f‘e.spomahhi Up‘l'llMﬁv"’C JPoaJ ‘FDV‘ S‘}NC*UY‘-C-’ R = 3.141& Klps
Ba-sc-? on pins at Cand D in doub]e. shear

{H‘ FE) = 0.19635 in*

F.,= 2TA = (@Y24)(0.19635) = 7.4248 Kips
Based on tension in finks BC

A=(b-d)t = (I-£)$) = 0.0625 > (one fink)

o= 26.A = (2)Xe0)(0.0625) = 7.50 kips (hted, both finks )

UMimate foasl For Kinks BT is smallest, ie. F, = 7.50 Wips

Corr&spmJina vitimate foad Rr structure Po=3 F,= 3.00 Kips,
Actoad vlimate Sood is .s'nque,s'{-o e, P, = 3.90 Kips

Allow able Joast tor stroctvre P = 1‘=E§_ = _;_g._p_ = 0.93% kip

P = 933 Jh. i




PROBLEM 1.53 1.53 Each of the two vertical links CF connecting the two horizontal members AD
and EG has a 10 x 40- mm uniform rectangular cross section and is made of a steel with

|"\ an ultimate strength in tension of 400 MPa, while each of the pins at C and F has a 20-
o 250 mm mm diameter and is made of a steel with an ultimate strength in shear of 150 MPa.
e Determine the overall factor of safety for the links C/ and the pins connecting them to
400 mm the horizontal members.

e \”\250 - SOLUTION
3 ™ Use membher EFG as free bdy‘
| Fe R
= = 5
I‘_" O0.40 —>le— O.2$'—-—-—>V
DM =0 Z¥kN
} 0.4 Fp ~(0.65)(a4vi0) = ©

2N Foe = 39x10° N

Based on tensisn in Pinks CF
A= (b-d)t = (0.040 = 0.02)(0.0t0) = 200 £10°% m* (one Sink)

F, =268, A= (2(n00x10%)(200 x10™°) = 160.0 % 10° N
Based on dovile sheawn in pins

A :E'a'z = %(0,020]7' = 31416 x/0 " m*

Fo = 2T,A = QY150 x10°)(314.16 x10™%) = 94,248 xj0° N
Aetosd) F, is smalder vadoe, i F, = 94.248 x10® N

i

n

3
Foctor of safely  FS. = F?.: - BMEXO o 542 -

1

.

1

L
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[j PROBLEM 1.54 1.53 Each of the two vertical links CF connecting the_two ho_rizontal members AD
- . and FG has a 10 =« 40- mm uniform rectangular cross section and is made of a steel with
f an ultimate strength in tension of 400'MPa, while each of the pins at C and £ has a 20-
mm diameter and is made of a steel with an ultimate strength in shear of 150 MPa.
Determine the overall factor of safety for the links CF and the pins connecting them to
the horizontal members.

1.54 Solve Prob. 1.53, assuming that the pins at C and / have been replaced by pins
with a 30- mm diameter.

SOLUTION
Use memher EFG as free body.

) J’Foe [ Fee

_ =4 E 3]

- ko0 — k0.5 —-,L

:‘ HSM, = o 24 KN

i Y 040 Fr - (0.65Y 2 xic) = 6

- F.. = 39x/0° N

e Based on tension in finks CF

I A= (b-d)t = (0.000- 0.050)(0.010)= 100 ¥I5 m (one huke)

- Fo= 26,A = (2 dooxio®Y(ivox10™¢) = 80.0x10° N

|: Based on deoble shear in pins |
1 A= Fa*= L(0.030)" = 706.8 x/0 m* |
[ F, = 275 A = @)(1sox10* X 706.86 7107 ) = 212.06%10° N

| } Actoad F, is smaller valoe ic. F, = g0.0x0* N

lE Factor of sa:Pek/ F.S. = “E;"’: = _g%%!%o; = 2.05 - |

—

— -
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PROBLEM 1.55 1.55 A steel plate 136 in. thick is embedded in a horizontal concrete slab and is used
to anchor a high-strength vertical cable as shown. The diameter of the hole in the plate
is% - in., the ultimate strength of the steel used is 36 ksi , and the uitimate bonding

stress between plate and concrete is 300 psi. Knowing that a factor of safety of 3.60
is desired when P = 2.5 kips, determine (@) the required width a of the plate, (b} the
minimum depth b to which a plate of that width should be embedded in the concrete
slab. (Neglect the normal stresses between the concrete and the lower end of the plate.)

SOLUTION
2.5 Kips Based on tension in plate
A=(a-d)t
Po = GLA

= Pu = GL(Q"C!)E
T F.S- P P

Sopv\‘ng v b
a= d + (Fs)P _ 3, BeoX25)

Sut % (Be)#)

o= 1.550 in -
Basedon sheavr between plate and concrete shak
A= pen‘me'f’ew y Je.P-l"n = 2(a+t)b To = 0.300 ks
R = T.A =27, (a+t)b F.s. = %-

olvin for = (S P _ (3.6)(2.5)
S Vi 3 b b Q(Q-l-t)zz‘ - (2 )(I-SS.O"i)(O.EbOO)

b = 8.05 m -,

Www.iepnuL.ir
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1.55 A steel plate 1—55 in. thick is embedded in a horizontal concrete slab and is used
to anchor a high-strength vertical cable as shown. The diameter of the hole in the plate

PROBLEM 1.56

is% - in., the ultimate strength of the steel used is 36 ksi , and the ultimate bonding

stress between plate and concrete is 300 psi.
1.56 Determine the factor of safety for the cable anchor of Prob. 1.55 when P =3
kips, knowing that a=2in. and =75 in.

SOLUTION
3 kips Bosed on tewsion in plate
A=la-4d)¢
=(2-3)&) 7 0.390¢ in’
P = G,A

= (36 )(0.3906) = \4.0¢ k‘rs
FS= -E\L M—- = 1§.¢9

Baseol on shear be+ween P.Da'l'e. and concre,’l’e Sﬁa‘o
A = perimeter v depth = 2(a+&)b = 2(2+F )78
A

P,z TuA = (0.800)(34.67) = 10.41 kips

s = B dedl - 347

Actoal Facter oF sa‘-Fd'\/ is the smaller value F.S.2 3847 --

34.C9 in" Y, = 0.300 Kksi

n




PROBLEM 1.57 *1.57 A 40-kg platform is attached to the end B of a 50-kg wooden beam AB, which

. is supported as shown by a pin at A and by a slender steel rod BC with a 12-kN ultimate
load. () Using the Load and Resistance Factor Design method with a resistance factor
¢=0.90 and load factors ¥,=1.25 and y, = 1.6, determine the largest load which can
be safely placed on the platform. (&) What is the corresponding conventional factor of
safety for rod BC 7

| ) SOLUTION
- “P ol

! 24m Ax \:Is

: |
le \I( W,
PDEM, =0  (24)8P = 24 W, - L2 W, -~ P-£W, +£W,
For dead .poa‘“ng W, = (40)(2.81) = 392.4 N
= ($0)9.81)r 4%.SN

To © (FA392.4) +(§ )(490.8) = 1.0628 x Io® N
For Pive poaa'u'nj W, = mq W, = 0O

-

P = ‘“g" mg From which m = % %
De.sfﬂn evritenion

npu + LR o= ?Pu
p = PR-%B (0.90)(12x10%) = (.25 )(1.0628%15™")

Y. 1.6

= &.920xi0* N

A‘Mowa.‘upe )ouo‘ me= é 5;2;:0 > 362 kﬂ -l

Conventionad Factor sa'P-e'l'y

PsR+P = 10628 + 5.9200)0° = 6.983x/0° N
F. S. = _?_0_ ‘a WD‘

P T Tms.gy T T -
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#1.58 The Load and Resistance Factor Design method is to be used to select the two
cables which will raise and lower a platform supporting two window washers. The
platform weighs 160 b and each of the window washers is assumed to weigh 195 1b
with his equipment. Since these workers are free to move on the platform, 75% of their

PROBLEM 1.58

total weight and of the weight of their equipment will be used as the design live load of
each cable.. (@) Assuming a resistance factor ¢ =0.85 and load factors y, = 1.2 and
¥, = 1.5, determine the required minimum ultimate load of one cable. (&) What is the
conventional factor of safety for the selected cables?

SOLUTION

P + V.R = P F
PU - -Y;.PD*'Y‘L‘PL

P
(A% 1e0) +( 1.5Y(3 %27 198)
) 0.35

= 629 /b. -t

Conventional Factor of Sa:Pé'.'}y
P=P+P = %x8 » 025 %x2x195 = 3725 Ib

ES. = :" - S0 = 1esd ~

Www.lepnu.ir
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PROBLEM 1.59

BY S v Mo ‘}‘m‘amﬂapes

Fao _ 120
378 3
Jo:'n‘i‘ D

Feo
25
. '?zs‘ RF
Feo ]
For

A =

Ama. - oe

Stress -

mel.§9 For the truss and loading shown, determine the average normal stress in
m

er DI, knowing that the cross-sectional area of that member is 2500 mm?>.

SOLUTION

Us'mg method of Jornts fo Find member forces
Joint B :
Joint A ¢

AB and BD ave zevo fovee membens.

By = {3+ 2.25% =

3.75 m
180
> £\k 130 kn
= ]
FAc FMs a&
Fovce
FADr 225 .PL Tmhj le

(CQMP resSion )

87 sx'miﬁqr ‘f‘r‘l"qnﬂﬁes

Ope =

2800 MM‘. =

_asxie
2S00 xijo> ¢

Foe. . 225
2,28 3.78
e = 135 AN CCDMP)

2500 %16 ¢ wm*

- 54%0‘ P

135 x10% N

= —54.0 MP&, il

L
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PROBLEM 1.60 1.60 ‘Link AC has a unifo‘rm rectangular cross section %in. thick and 1 in. wide.
Determine the normal stress in the central portion of that link.

SOLUTION

Use the PPa:}e, 'l-oad-kew

with two pu,Ue\;s as

free body. Note thet

'H‘\Q CC!:\).? "'e-lﬂSI‘on 12095

c.?o.ses ot t,’eooj!’la-in

chock wise coupde do act /
Fae

120 b

ow the boaj.
“DE MB = 0O
(12 + 4 )W Fpe cos 36°) + (J0OVW(Fpe sin30°) = (260 = O
1200

FM = -iGCAS&DD“ IOS:H3‘9° T -135.50 zpé.
Avea. o Pink AC: A

lin Yf;f';v"-'- O0.125 1w

Stress in Jink AC: G v g = = ABREE = 1034 i = OBt kel

PROBLEM 1.61 1.61 When the force P reached 8 kN, the wooden specimen shown failed in shear
along the surface indicated by the dashed line. Determine the average shearing stress

along that surface at the time of failure.
15 mm

l/ v Avrea beinj sheared
—- Az GOmn » 1Smm = 1380 mm = ]35O0 TTo e

teel ‘———I
T Force TPr 8%i0° N

: - -E -_rau.f./m‘?«?w—‘ ey > b
She«nmj Stress - A T Tagasiove 5.93 (0> Pa=5.93 MPa. ~-a

1.62 Two wooden planks, each 12 mm thick and 225 mm wide, are joined by the dry

PROBLEM 1.62 mortise joint shown. Knowing that the wood used shears off along its grain when the
average shearing siress reaches 8 MPa, determine the magnitude P of the axial load
SOLUTION which will cause the joint to fail.

Six areas, each 16mm*x 12 mm ave

\:e.ina sheaved.

Avea: A =(6)Y(16Y(12) = 1152 - Ay e gn P
| = 1)§2%107¢ m* ‘ e -'
= B

v _A | |
P= 7A - (8xio®)(isa%10°) = 9.22%(° N = 9.22 kN -




PROBLEM 1.63 1.63 The hydraulic cylinder CF, which partially controls the position of rod DE, has
been locked in the position shown. Member BD is3 in. thick and is connected to the
vertical rod by a % in.- diameter bolt. Determine (a) the average shearing stress in

4in. 7in /\ the bolt, () the bearing stress at € in member BD.

78° SOLUTION

Use member BLCD as a free 3:»4»::’7/J and
wh note that AR (s a +wo Force nhemben

p‘s :"I 3’-+ \-31

= 8.2

Y00 cos 75°

HoOo Sin 76"

.8

E{Fm
8.2 Tas

DEMe=0  (Heas20° X35 Fig) - (tsin 1555 Fa)
- (7 0132.00)(400 8in 7-5-°> - c7 Sia 20“)(1}00 ijs“) =0

3.3¢€78 Fpg - 2789.35 = o© ~ Fpg = 82847 P
“JF, =0 -:?:%F;B + Cx + HOO cos75° = o
Co = UBLBIBM) oo g 75° = 7234 44
4"‘2'137= o) -%: A8 + Cy - 400 s/ 75° =0
¢y = (BXB284) \ 400 5in 76° = (19465 Fb.
C = yC,* + C,~ = 197.2.4

[a\SheaMma stress in the boft : P = li97.2 bbb
A= :"1]:0'1 = %(%)L = 0.1o48 [»°

7 = —E 2 g’}?-,-';'—;,% T 10.84x10% psi = 0.8 ksi -
(8} Beam'q stress ot C in member BCD : P= 1422 2b
A dt = (FNE) = 0.234875 "
- P ez _ 2 . = .
Q, - AL Z Dasiire C S 1] %10 ps, 5. 1 ks —




1.64 A 7 - in.- diameter steel rod 4B is fitted to a round hole near end C of the
PROBLEM 1.64 wooden member CD. For the loading shown, determine (a) the maximum average
normal stress in the wood, () the distance b for which the average shearing stress is

90 psi on the surfaces indicated by the dashed lines, (c) the average bearing stress on
the wood.

SOLUTION
(@) Marimom normald stress in the wood

At = 2(23-2) = 1825 i?
&= P _ J000

)

532 Pse' -

()
>
£
00
~J
a

P /00O :
e 6, = A £ . 7 T RECT7 psi ~
6 dt CRIED
1.65 Two plates, each 3-mm thick, are used to splice a plastic strip as shown.
PROBLEM 1.65 Knowing that the ultimate shearing stress of the bonding between the surfaces is 900
kPa, determine the factor of safety with respect to shear when P = 1500 N.
15 mm 20 mm

SOLUTION
Rond avec (See *F(g ore ) ¥

Zﬁ_" < // )
A= 5 (60)@2)w(I5)(60) s
<= 1500 mm™ = | 506 ¥|O°m ~

7N
A 7
7 s ./-'//-|

L———Go~—>l

P = 2A7, = (QAIs00x1F 1 (Goo =0 ) = 2700 N willimeders
F.s. = %- = -—-}7%-0902' = .00 =l

1.66 Two wooden members of 3.5 * 5.5-in, uniform rectangular cross section are
joined by the simple glued scarf splice shown. Knowing that the maximum allowable
shearing stress in the glued splice is 75 psi, determine the largest axial load P which can
55in. be safely applied.

PROBLEM 1.66

SOLUTION
A= (3.5)X5.5)Y=19.25 in"
Q= F0°-20° = 70°

’ZJ - —AE SinBeesB = %o Sin 26

| 2AZX _ ¥12.28)78) _ |
P - SN Sin l4o° = H492 0b H. 47 keps -t




1.67 A steel loop ABCD of length 1.2 m and of 10-mm diameter is placed as shown
around a 24-mm-diameter aluminum rod AC. Cables BE and DF, each of 12-mm
diameter, are used to apply the load Q. Knowing that the ultimate strength of the
aluminum used for the rod is 260 MPa and that the ultimate strength of the steel used
for the loop and the cables is 480 MPa, determine the largest load Q which can be
applied if an overall factor of safety of 3 is desired.

PROBLEM 1.67

SOLUTION
Using joint B asafree bod @
Jﬂc\!us‘dew " wwmefv ¥
an onaL v k 83 1 ' !.3
2-%.5.3 - =06 Fe Fie
Q = é‘ﬁn

Usiag Joiat A as a Free body Fan
el considering .S\/mm&‘f"r»’ <4_..._- Fre
2-%Fu-Fe =0 Far
3£0-Fe-o o a:iR,
Bosed on streagth of cable BF
Qv = A = 6 Ld* = (130x16°) ¥ (0.012)° = 54.2a%13° N
Based on streagth of steel J’oo,:
Q= SRy = 2GA= 650"
£ (430x10*) T (0.010)" = us.24w0° N
Based on streagtl, oF rod AC
6= §Fuo = 36A = 36, Td"
= 2 (reoxo?) E (0.024)" = 88.22x/0° N
Actosfd vitimete Boad Qo s the smadfest -~ ()= 45.24x0° N

1l

. 3 .
A.pjouﬂe Jo»’ Q = % = L{S:g‘h( 2] = I§,.08 r]O N
= 15,08 kN -

]

—_
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PROBLEM 1.68

1.68 Link AC has a uniform 3 x 3 - in. uniform rectangular cross section and is
made of a stee] with a 60-ksi ultimate normal stress. Tt is connected to a support at 4
and to member BCD at C by % -in.-diameter pins, while member BCD is connected to
a support at B by a + -in.-diameter pin. All of the pins are in single shear and are made
of a steel with a 25-ksi ultimate shearing stress. Knowing that an overall factor of

safety of 3.25 is desired, determine the largest load P which can be safely applied at D.
Note that link AC is not reinforced around the pin holes.

SOLUTION

o]

DT Mg =0 CXEFR.)-l0o P =0
Fpe = 2.0833 P Pz 0.480 Fpe
:"‘ZF-,:=O Bw‘%ﬁn,_‘-o

B = 2R = (&)Y20883P) = 125 P

Bosed on 5"'7‘3'\7'“' of fink AC:
At = (&)(‘%-%)7 0.0312«5—1'-1‘:

Based on sf'reuj-;‘-ln of pin at @

Based ow s+ren3+h oF P.'v\ ot B:

R P A B,+§F;_—'P=O

B/ P- $(20383P) = ~ 0.L64€7 P
B:y8 +B" = LH&TP, P:0.765383B
6o = 6O kst

Fa,o = QAL =(60Y0.08125 )= 1895k,

Pu = (0.480)(1.875) = 0.900 kip,

Yoz 25 ksi

Apin = Fod* = F(EF) = 0 HoO¥S jn®
Fre,o = Tohpn = (28)(0.11048) = 2,76/ kip
P = (0.480)(2.761) = 1.325 Kip.
Apin = Fd* - EGE) = 0.0%70 ™
By = TApn = (25)(0.072670) = |.9175 kip.
(0.70588)(1.9175) = 1.353§5 lp

Acdosd P s the smallest: Py =
A)Powwl:,pe \Io.ﬁUQ {'\ow P

R:

0.900 kip.

P If; - S0 < 0277 kip = 277 bb. -




PROBLEM 1.65 1.69 The two portions of member 4B are glued together along a plane forming an
angle &with the horizontal. Knowing that the ultimate stress for the glued joint is 17
MPa in tension and 9 MPa in shear, determine the range of values of & for which the

' 10 kN factor of safety of the member is at least 3.0.

SOLUTION
Ay = (0.030)(0.050) = |.50%|0> m*
P = lOxio* N P, =(RS)P = 30xi10* N

Based on tentife shress

G-y = EQ- cos™B

Ao
et = SuAs o (17210°)(1.s081G) 0. g5
Pu 0o xio* -
cos © = 0.9219% 8= 22.19° @ 2z a2.79°
Rased on shearin Stress T, = Eﬁ?— sin cos & = P . 26
j u Ao " o - 2& SN
-3
st 26 = AT, - QXi.s0 xio Xaxi0f) -~ 0.90
v 30 x |03
280 = 64.16° O = 32.08" O < 32.08"
Hewnta 22.79° € © £ 32.08° et
1.7¢ The two portions of member A5 are glued together along a plane forming an -
PROBLEM 1.70 angle & with the horizontal. Knowing that the ultimate stress for the glued joint is 17
10 kN MPa in tension and 9 MPa in shear, determine (@) the value of & for which the factor
“ of safety of the member is maximum, (b) the corresponding value of the factor of
safety. (Hint: Equate the expressions obtained for the factors of safety with respect to

normal stress and shear.)

SOLUTION
A, = (0.030)(0.050) = |.Sox(6™ m?

At Hhe optimom angle (FES)e =(FS)e
Nowm af stress * G'= {;c‘sstQ B

: N 0. &
o0 (FS)s - 27 - Selay
S\we.aw:nﬁ stvess ! ¥ = %5;“90‘59 g P“ef :eimQAc:s e
- 'Pq'd . TA
(F.g.\f' P - Ps;v\ewse

. R Gqu — 7. A° .
E?")J‘uj ) Peos *© ) Ps('f“e -

Sopv{ma: SaQ +an 6 = -g% = ,—;1‘ = 0.52‘?"“5 eo?-\-‘ 27.9° i

cos ©
ﬂev\ Pu - G:)Ao = (_’7 XIO‘)(I.SO X0~ ) - 32'45—,(/0‘\;

Cos™6 cos?27.9° Po 32.65%0 _ s
RS ® $°7 Towos - =26

1]
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PROBLEM 1.C1 1.C1 A solid steel rod consisting of n cylindrical elements welded to-
C\1 gether is subjected to the loading shown. The diameter of element i is denoted

/ T by d; and the load applied to its lower end by P, with the magnitude P; of this
load being assumed positive if P; is directed downward as shown and negative
Element n otherwise. (a) Write a computer program which can be used with either ST or
U.S. customary units to determine the average stress in each element of the
rod. (b) Use this program to solve Probs. 1.1 and 1.3,

SOLUTION
FORCE IN ELEMENT [ =
[t {5 The sum of The forces a?ﬂp/iec/

fo that element and all [ower 0i=s:
L

FL =D P
k=1

Element 1

AVERAGE STRESS (N ELEMENT [ :

: ArcarAL _—.ZL[?TOLE‘
PROGRAM QUTPUTS

|

Ave stress =

[t |

Problem 1.1

Element Stress (MPa)

1
2

84.883
-96.766

1
2

Problem 1.3
Element Stress (ksi)

22.635
17.927




PROBLEM 1.C2-

FORCES |N LINKS
P=20 kN

2€E’T

1.C2 A 20-kN force is applied as shown to the horizontal member ABC.
Member ABC has a 10 X 50-mm uniform rectangular cross section and is sup-
ported by four vertical links, each of 8 X 36-mm uniform rectangular cross
section. Each of the four pins at A, B, C, and D has the same diameter d and
is in double shear. (@) Write a computer program to calculate for values of d
from 10 to 30 mm, vsing 1-mm increments, (1) the maximum value of the av-
erage normal stress in the links connecting pins B and D, (2) the average nor-

- mal stress in the links connecting pins C and E, (3) the average shearing stress

in pin B, (4) the average shearing stress in pin C, (5) the average bearing stress
at B in member ABC, (6) the average bearing stress at C in member ABC, (b)
Check your program by comparing the values obtained for ¢ = 16 mm with
the answers given for Probs. 1.8, 1.23, and 1.24, (¢) Use this program to find
the permissible values of the diameter d of the pins, knowing that the allow-
able values of the normal, shearing, and bearing stresses for the steel used are,
respectively, 150 MPa, 90 MPa, and 230 MFa. (d) Solve part ¢, assuming that
the thickness of member ABC has been reduced from 10 to 8 mm.

SOLUTION

“"f

B . DIaaeA M
32“/\4 ZFBD(BC) P(AC)=0

A 1B C9)
,""'_0,25m""*~‘—' O.4 m --.->' +SZMB: 0;265 (BC)*P(A_B):O
e fep= P(AB)Jz(BC) (COMP)
” lr/;jf %ﬁqme% . “ FEL_%;Ekne s= t
e , ke
HBD—- tL (/l/l)i_.d_) }L co . l
~ A = L, a0
j‘"“‘d “6p=+ Fzp/Aeo = T L
s k_ﬁ Ve =~ FE:E/AC,s

(#) PIN C
T =F,./(Trd/4)

ABC:

= P(ACY/2(BC) (TENSION)

(5) BEARING STRESS AT B
Tf)lckr]ess oF Nlember /‘\C C/*C

5!3 Fear B= f; BD/(d ZAC)

) BEARING SrREss AT C |

SHEARING STREss INARC
UNDEE’ PIN B

F C‘AC f;qc (’“IAC/Z)

Z. F (2) 2R =2FRs
f\.. FBp_
¢ ~ Iac W,

StpBearcs Fc:t:/(cf c)

(CONTIN.UED) ,
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PROBLEM 1.C2 CONTINUED PROGRAM OUTPUTS

INPUT DATA FOR PARTS (a), (b), (c). P =20 kN, AB = 0.25 m, BC = 0.40 m,

AC=0.65m, TL =8 mm, WL =36 mm, TAC = 10 mm, WAC = 50 mm

d Sigma BD Sigma CE Tau B Tau C SigBear B SigBear C
10.060 78.13 -21.70 79.58 ﬁiig,aﬁ 125.00
11.00 81.25 -21.70 65.77 113.64
12.00 84 .64 -21.70 55.26 3 104.17
13.00 88.32  -21.70 47.09 zg%/ﬁﬁ 96.15
14.00 92.33 -21.70 4D0.60 T 89.29
15.00 96.73 -21.70 35.37 216.67 83.33
16.00 101.56 -21.70 31.08 203.12 78.134&*‘(12)
17.00 106, 9T =21.70U TI. 59 Z7.5% T, I8 73,53
18.00 112.85 -21.70 63.86 24.56 180.56 69.44
19.00 119.49 -21.70 57.31 22.04 171.05 65.79
20.00 126.95 -21.70 51.73 19.89 162.50 62.50
21.00 135.42 -21.70 46,92 18,04 154.76 59.52
22.00 145.09 ~-21.70 42,75 16.44 147.73 56.82
23.00 18625 -21.70 39,11 15.04 141.30 54.35
24 .00 527 -21.70 35,92 13.82 135.42 52.08
25.00 -21.70 33.10 12.73 130.00 50.00
26 .00 -21.70 30.61 - 11.77 125.00 48.08
27.00 ©-21.70 28.38 10.92 120.37 46.30
28.00 -21.70 26.39 10.15- 116.07 44 .64
29.00 -21.70 24.60 9.46 112.07 43.10
30.00 -21.70 22.99 B.84 108.33 41.67

() ANSWER : 16 mm < d < 22 mm <% (C)

CHECK: For d =22 mm, Tau AC=65MPa<9% MPa OXK.

INPUT DATA FOR PART (d): P =20 kN, AB = 0.25 m, BC = 0.40 m,
AC = 0.65 m, TL =8 mm, WL = 36 mm, TAC = 8 mm, WAC = 50 mm

d Sigma BD Sigma CE Tau B Tau C SigBear B SigBear C

C106.00 78.13 -21.70 ;2:26620 79.58
11.00 81.25 -21.70 . 65.77
12.00 84 .64 -21.70 147", 55.26
13.00 88.32 -21.70 3 47.09

14.00 92.33 -21.70 40.60
15.00 - 96.73 -21.7¢ ,8{ 35,37

16.00 101.56 -21.70 80.82 31.08

17.00 106.91  -21.70 71.59 27.54

18.00 112.85 -21.70 63.86 24.56

19.00 119.49  -21.70 57.31 22.04

20.00 126.95  -21.70 51.73 19.89

21.00 135.42  -21.70 46.92 18.04

22.00 145.09%  -21.70 42.75 16.44

23.00 ” - -21.70 39.11 15.04

24.00 -21.70 35.92 13.82

25.00 -21.70 33.10 12.73

26.00 . -21.70 30.61 11.77

27.00 5 &9 -21.70 28.38 10.92 )
28.00 gﬁ,sj/ -21.70 26.39 10.15  145.09
29.00 Béfggw -21.70 24.60 9.46  140.09
30.00 A &l -21.70 22.99 8.84  135.42

(d) ANSWER : 18 mm < d < 22 mm

CHECK: For d=272 mm, Tau AC = 81.25 MPa < 90 MPa OK.

()




PROBLEM 1.C3

1.03 Two horizontal 5-kip forces are applied to pin B of the assembly
shown. Each of the three pins at A, B, and C has the same diameter d and is
in double shear. (a) Write a computer program to calculate for values of d from
0.50 to 1.50 in., using 0.05-in. increments, (1) the maximum value of the av-
erage normal stress in member AB, (2) the average normal stress in member
BC, (3) the average shearing stress in pin A, (4) the average shearing stress in
pin C, (5) the average bearing stress at A in member AB, (6) the average bear-
ing stress at C in member BC, (7) the average bearing stress at B in member
BC. (b) Check your program by comparing the values obtained ford = 0.8 in.
with the answers given for Probs. 1.9, 1.25, and 1.26. (c) Use this program to
find the permissible values of the diameter d of the pins, knowing that the al-
lowable values of the normal, shearing, and bearing stresses for the steel used
are, respectively, 22 ksi, 13 ksi, and 36 ksi. (&) Solve part ¢, assuming that a
new design is being investigated, in which the thickness and width of the two
members are changed, respectively, from 0.5 to 0.3 in. and from 1.8 in. to
2.4 in.

SOLUTION

FORCES IN MEMBERS AB AND B

FREE Bopyrs PINR

ZP

B
éoa_g He» 2F = F 'FABD - F:BG 0=
. \F . 753\3i Sin 45§ s$iNéD Sim75°
FL 75 ) . o s
60T LN [;B: ZP(SinY5/ S 75°)
2P

A

fae=2P(sin60/5in75)

(IDMAX AVE STRESS INPE (2) AVE. STRESS IN BC
fae Width = w- Foo~N
Thickness =L B¢ Age = WL
Aag = (W-c) T 0. = F,
] A
e 9= Fre/Aue  Fa se® Toc/ 6c
G) PIN A ) (4) PINC
Ca= Fas/2)/(TTd14) = (e /2)/ (Tl Tt)
(5) BEARING STRESS ATA (6) BEARING STRESS AT C

Sig Bear A = Fas /Lt

(7) BEARING STEESS

519 Bear C = Egc/dt
AT B

INMEMBER B(C

S{QB@W‘B:FBC'_/ZQC

{(CONTINUED)

FROM FORCE TRIANGLE:
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PROBLEM 1.C3 CONTINUED

PROGRAM OUTPUTS

INPUT DATA FOR PARTS (a), (b), (¢): P =5 kips, w=18in,t=051in.

«—(B)

D SIGAB SIGBC TAUA TAUC SIGBRGA SIGBRGC SIGBRGB

in. kgi kai ksi ksi kai ksi ksi
0.500 11.262 -9.962 'igjggé' .282 35.863 17.932
0.550 11.713 ~-9.962 ¥ A .620 32.603 16.301
0.600 12.201 -9.962 545 .402 29.886 14.943
0.650 12.731 -9.9%962 11.030 .525 27.587 13.793
0.700 13.310 -9.962 9,511 11. .916 25.616 12.808
0.750 13.944 -9.962 8.285 10.147 19.521 23,909 11.954
0.800 14.641 -9.962 7.282 8.918 18.301 22.414 11.207
0.850 15.412 -9.962 €.450  7.900 17.225 21.096 10.548
0.900 16.268 -9.962 5.754 7.047 16.268 19.924 9.962
0.950 17.225 ~-9.962 5.764 6.324 15.412 18.875 9.438
1.000 18.301 =-9.962 4.660 5.708 14.641 17.932 8.966
1 050 19.521 -9.962 4.227 5.177 13.944 17.078 8.539
1100 20.916 -9.962 3.8%52 4.717 13.310 16.301 8.151
1.150 _9.962 3.524 4.316 12.731 15.593 7.796
1.200 _9.962 3.236 3.964 12.201 14.943 7.471
1.250 -9.962 2.983  3.653 11.713 14.345 7.173
1.300 |49 -9.962 2.758  3.377 11.262 13.793 6.897
1,350 (47, -9.962 2.557 3.132 10.845 13.283 6.641
1.400 |A# B0 -9.962 2.378 2.912 10.458 12.808  6.404
1.450 "g21| -9.962 2.217 2.715 10.097 12.367 6.183
1.500 |4 .pr -9.962 2.071 2.537 9.761 11.954 5.977

(c) ANSWER: 0.70in. < d 5 1.10in. -~ (c)

INPUT DATA FOR PART (d): P =5 kips, w=2.4in,t=031n

D
in.

500
.550
.600
.650
.700
. 750
.800
,850
.900
.950
.000
.050
.100
.150
.200
.250
.300
.350
.400
.450
.500

FRPHEHHRRHRRREEOOOOC OO0 GDO

SIGAB SIGRBC
ksi

ksi

.843
.190
.556
.944
.354
.789
.251
.743
.268
.829%
.430
.075
771
.521
.335%
c219

-12
~12
-12

-12
~12
-12
-12
-12
-12
-12
-12
-12
-12
-12

|-12
-12
-12
-12

.452
.452
.452
-12.

452

.452
.452
.452
.452
.452
.452
.452
.452
.452
.452
.452
-12.
-12.

452
452

.452
.452
.452
.452

ksi

.886
.169
. 905
.989
.347
.924
8.679
.580
.603
. 729
. 943
.231
.584
.994
.452
.954
.495
.069
.674
.305
.962

TAUA TAUC SIGBRGA SIGBRGC SIGBRGB
ksi ksi ksi ksi
D,
5945 ” §
11.030 é}(%ggz ;2{?32;
9.511 649 34.860 |
8.285 10.147 32.536
7.282 8.918 30.502
6.450 7.900 28.708
5.754  7.047 27.113
5.164 6.324 25.686 .
4.660 5.708 24.402 29.886
4.227 5.177 23.240 28.463
3.852 4.717 22.183 27.169
3.524  4.316 21.219 25.988
3.236  3.964 20.335 24,905
2.983 3.653 19.521 23.909
2.758  3.377 18.771 22.989
2.557 3.132 18.075 22,138
2.378 2.912 17.430 21.347
2.217 2.715 16.82% 20.611
2.071 2.537 16.268 19.924
(d) ANSWER:

085in. <d < 125in, & ((1)




PROBLEM 1.C4 1.C4 A 4-kip force P forming an angle o with the vertical is applied as

shown to member ABC, which is supported by a pin and bracket at C and by
a cable BD forming an angle 8 with the horizontal. (@) Knowing that the ulti-
mate load of the cable is 25 kips, write a computer program to construct a table
of the values of the factor of safety of the cable for values of & and 8 from 0
to 45°, using increments in « and B corresponding to 0.1 increments in
tan « and tan 8. (b) Check that for any given value of « the maximum vajue
of the factor of safety is obtained for 8 = 38.66° and explain why. (c) Deter-
mine the smailest possible value of the factor of safety for 8 = 38.66°,as well
as the corresponding value of «, and explain the result obtained.

12 in.-—'\

«—— 18 in.

SOLUTION

(«) DRAVW F. B, DiAGrRAM OF ABC:

- (Fcooﬂ)(/gin.)-—(Fsin/}){}an,) =0
C
Y¢, F= p /5SinG +30 asX

FA)Z M _=0; (P5}170(>(/5/_'n,)+(PC\OJO()(3Oi2)

l C /5 Cosp + 12 5;’!1/5
2in, —
f:: E;a - /7J]t.//’F:
QUTPUT For P= Y kips ARD _Fyp =20 Kips
VALUES OF FS
BETA _
¢ 5,71 11.31 16.70 21.80 26.56 30.96 34.99 38,66} 41.99 45.00
ALPHA
0.000 3.125 3.358 3.555 3.712 3.830 3.913 3.966 3.994 ¥.002 3,895 3.977
5.711 2.991 3.214 3.402 3.552 3.666 3.745 3,796 3.823 [3.830] 3.824 3.807
11.310 2.897 3.113 3.295 3.441 3.551 3.628 3.677 3,703 B.710| 3.704 3.687
16.699 2.837 3.049 3.227 3.370 3.477 3.553 3.600 3.626 B.633]3.627 3.611
1.801 2.805 3.014 3.190 3.331 3.438 3.512 3.560 3.585 B.59213.586 3.570,
56 .565 2.795 3.004 3.179 3.320 3.426 3.500 3.547 3.572 B.57913.573 3.558,
20,964 2.803 3.013 3.189 3.330 3.436 3.510 3.558 3.583 R.59013.584 3.5468
34.992 2.826 3.036 3.214 3.356 3.463 3.538 3,586 3.611 B.61913.612 3.596
98 .660 2.859 3.072 3.252 3,395 3.503 3.579 3.628 3.653 B.661]13.655 3.638
41.987 2.899 3.116 3.298 3.444 3.554 3.631 3.680 2.706 B.713]13.707 3.690
45.000 2.946 3.166 3.351 3.499 3.6l11 3.689 3.739 3.765 E.T?B 3.767 3.750

1(b)
(b) When 3= 38,6¢; fanp = 0.8 and cable BD is ./JeT/Dend:'cular
fe the lever arm BRC,
) F.S.=3579 for ¥x=266": P /s /Oerpema‘fcu/ar fo. the
lever arm AC
NOTE!
The valve F.S. =3.579 is the smallest 6f thevalves of FS.
Corresponding to B=38.66° and the [argest pf Those
C,‘C'FI”GSPCHC“;\C(; fo X=26,6°, The Poinf X<rZ6.65 /3-‘38: 66"
is a 'saddle point', or ‘minimax’ of the function FS(%,0).




PROBLEM 1.C5

1.C5 A load P is supported as shown by two wooden members of uni-
. form rectangular cross section which are joined by a simple glued scarf splice.
e (@) Denoting by o and Ty, respectively, the ultimate strength of the joint in
: tension and in shear, write a computer program which, for given values of
a, b, P, o,and Ty, expressed in either SI or U.S. customary units, and for val-
ues of o from 5 to 85° at 5° intervals, can be used to calculate (1) the normal
stress in the joint, (2) the shearing stress in the joint, (3) the factor of safety
relative to failure in tension, (4) the factor of safety relative to failure in shear,
(5) the overall factor of safety for the glued joint. (5) Apply this program, us-
ing the dimensions and loading of the members of Probs. 1.29 and 1.32, know-
ing that oy = 1.26 MPaand 7, = 1.50 MPafor the glue used in Prob. 1.29,
and that ¢y = 150 psiand 7, = 214 psi for the glue used in Prob. 1.32. (¢}
Verify in each of these two cases that the shearing stress is maximum for
o = 45°,

SOLUTION

Draw the F.'B.dl'agr-am of Jower member:
Q;ZF;: O =V + PwsX= O V = Pcos o
+/‘ZS:O: F~ Psinx =0 F=PsinX

X ~
X Area = Qb/Sr’f?OK
g Norga/ Stress ; /0/ I
Area ( 2 im0
Shedcing siress 1 o = N = (B/ab) sinX coso

o Ar€a
(3) = S . for fension (norma | =tresses)

FSN = O’U/G\
(4) F 5 for shear:
Fss = Cu/C
¢) OVERALL F.S.°
FS = The smaller 0f FSN and F35.

(CONTINUED)




PROBLEM 1.C5 CONTINUED PROGRAM OQUTPUTS
For Fri. .29 P=6kN

) . A
s 125 mw, b= T75mm, =70, Ou = 1.26 Mfa, '6U'-' /.50 MPa,

ALPHA SIG(MPa)  TAU(MPa) FSN FSS FS

5.0000 0.0049 0.0556 259.1782 26.9942 26.9942

10.0000 0.0193 0.1094 65.2905 13.7053 13.7053
15.0000 0.0429 0.1600 29.3899 9.3750  9.3750

.0000 0.0749  0.2057 16.8301  7.2925  7.2925

45,0000 0.1143  0.2451 11.0229 6.1191  6.1191

30.0000 0.1600 0.2771  7.8750  5.4127  5.4127

35.0000 0.2106 0.3007 .5.9842 4.9883  4.9883

40.0000 0.2644 0.3151 4.7649 4.7598  4,7598

45.0000 0.3200 0.3200 3.9375 4.6875  3.9375 - ()
E5. 0000 0.3756 0.3151  3.3549  4.7598  3.3549

55.0000 0.4294  0.3007 2.9340 4.9883  2.9340

60.0000 0.4800 0.2771 2.6250 5.4127  2.6250

65.0000 0.5257 0.2451 2.3968 6.1191  2.3968
70.0000 _0.5651  0.2057  2.2296  7.2925 2.2296 -« (@)
75.0000 0.5971  0.1600  2.1101  9.3750  2.1101

80.0000 0.6207 0.1094  2.0300 13.7053  2.0300

85.0000 0.6351 0.0556 1.9838 26.9942  1.9838

For Prot, {22 P 24008

a.=6in,b=3in, X=40°, O = /EOP:sL) ‘Z‘U:ZWID\?L,

U
ALPHA  SIG{psi) TAU(psi) FSN FSS FS
5.0000 1.0128 11.5765 148.1018 18.4857 18.4857
10.0000  4.0205 22.8013 37.3089  9.3854  9.3854
70000 8.9316 33.3333 16.7942  6.4200  6.4200
25,0000 15.5970 42.8525 9.6172  4.9939  4.9939
' 55.0000 23.8142 51.0696 6.2988  4.1904  4.1904
30.0000 33.3333 57.7350 4.5000 3.7066  3.7066
35.0000 43.8653 62.6462  3.4196  3.4160  3.4160
0 0000 55.0901  65.6538  2.7228  3.2595 2.7228 <@ (D)
45.0000 66.6667 66.6667 2.2500  3.2I100  2:Z500° .ag§(c)
20 0000 78.2432 65.6538 1.9171  3.2595  1.9171
55.0000 89.4680 62.6462 1.6766 3.4160 1.6766
60.0000 100.0000 57.7350 1.5000 3.7066  1.5000
65.0000 109.5192 51.0696 1.3696 4.1904  1.3696
70.0000 117.7363 42.8525  1.2740  4.9939  1.2740
75 0000 124.4017 33.3333  1.2058  6.4200  1.2058
80.0000 129.3128 22.8013 1.1600  9.3854  1.1600
85,0000 132.3205 11.5765 1.1336 18.4857 1.1336
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PROBLEM 1.Cé
1.C6 Member ABC is supported by a pin and bracket at A and by two links
which are pin-connected to the member at B and to a fixed support at D. (a) Write
a computer program to calculate the allowable load P,; for any given values of (1)
the diameter &, of the pin at 4, (2) the common diameter &, of the pins at B and D,
(3) the ultimate normal stress ¢;, in each of the two links, (4) the ultimate shearing

Top view program should also indicate which of the following three stresses is critical: the

|<—200 mim —>|<—1

b T 1_.49 a'nd 1.50, respectively, and comparing the answers obtained for P, with those
= . y -T givenin the text. () Use your program to determine the allowable load P, , as well
oA B C as which of the stresses is critical, when &, = d, = 15 mm, g, = 110 MPa for
aluminum links, 7, = 100 MPa for steel pins, and F.§. = 3.2,

( 8 mm stress ¢y; in each of the three pins, (5) the desired overall factor of safety F.5. Your

80 mm

normal stress in the links, the shearing stress in the pin at A, or the shearing stress
_.112 M in the pins at B and D. (b and ¢) Check your program by using the data of Probs.

SOLUTION

() T.B DIRGRAM OF ABC:

, £ N M= O
8 mm f't\ - Z MA‘
T T .
e R 1
- onomm: IE’OW\PQ 5 My=0"
n 2D _ 200
F=To5
0 Porgiven dy of PinB: F= 2@, frs)(dise), Bz 12,
(2) Eot given d of pins Band D: = 2(F JF 2 - 200
O s o o i B SO IR, B
) for_ultimate stress in links BD: T30 = 2(({)/):5)(0'02)(0‘00@’ §=% Fan

() For UIT. sheacing STese 0 @ing:
(4) Fbx desiced syecall FS,

/% is the smaller of P/ and'l:;
Fs is the smaller of B, aind P,
If F_jg < Fy, strees is critical in links
/lf{ ;4,, <Py and Fi< B, stress /s ceitical ?n.[:in A
9 <F end B <P, shress is critical in Pins B and D
PROGRBM OUTPUTS
(h) Pf@b, [.49. DATA: d = 8mm,d\,=12mm, G =2 50 MPa 75 = [00MFa F.5=3,0
Faly= 3. 72 AN.  Stress in ein A is critical <
€} Lrob. (. 50.DATA: d;=I0pm, d, =fzwm = 250MPy, T = 100MPa, F5.= 3.0
Fy= 597 kN.. Stress in pine Bavnd D is critical -4
@) DATA: d =d,~ |5 mm,G, =110 MPq, 7 =/00 MPa, FS.= 3.2
Fae =5.79 kN, Stress in [inks s critical |
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