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1-1 1-9 1-18 1-23
(a) A rigid body is a solid body in which all the No, a force acting on a rigid body can be consi- (a) _ 1 mi _ .
poinfs in the body remain ?n fixed positions dered to act anywhere along its line of action w 150 Ib R = (6371 k) ———LGOQEIH) = 3960 mi
relative to each other; that is, a rigid body does according to the principle of transmissibility. m = T = m
not deform. >
(b) In statics and dynamics, all bodies are considered | 1-10 2 — = 4,66 slug L | (l-.)z‘
id because small deformation, if any, is negli- The principle of transmissibility cannot be appli
gible in the static and dysamic analyses. if we are concemed with (b) 9.81 m/s? =(9.81 W}(E{-“Igf—]
(e) Deformations of bodies are important in the study (a) the internal forces in the body and . s =2471b € mis?
of strength of materials for t\:vfo reasons: (1) the (b) the deformations of the body. W = mg, = (4.66 1b« s2/ft )(530 fvs?) = 24. . =322 fus?
amount of deformation (even if small) is required 4.66 slugs is unchanged on the moon.
in designing a structural member, (2) the defor- | 1-11 [ o i (b) _
mation condition is needed in solving statically In a@mwh:non;l syl&cm the :mt of force (glr 1-19 100 MN/ m? = (100 ( 1 ksi )
indeterminate problems. weight) that is dependent on the gravitation s - Mpa) 6.895 MPx.
— attraction is chosen as one of the base units. In (W) 638Gg=638x10Pg )
1-2 . an absolute system, the unit of mass that is inde- =638 x 106 (10° g) = 14.5 ksi
(a) Strength of materials pendent of the gravitational attraction, is chosen
Eb)) Statics as one of the base units =638 x 105 kg 4|(c) ”(
€) Dyssnics 10m/s =(10 _Lhn._NSEDJ.)
(d) Strength of materials 1-12 (b) 900 km=900x 10°m =000z b
E:)) gymnac:ﬁca W = mg = (5slug)(32.2 ft's*) = 161 Ibs < =9x10°m L i
13 113 (€) 376x107g=37.6(105g) = 6 o) 5 m)
The characteristics of a vector quantity are mag- =37.6 Mg 4 = 22.4 mph
nitude, direction, line of action, and point of _ W _ 5001
application. "% T nznis (d) 70mm=70x103m 1-25
4 = 15.53 Ibe s?/ft = 15.53 siug E =0070m 4 y—
a) Scalar ¢ .
(b) Vector 114 (&) 2B4ON=B.4x1PN 200 Ib- £t = (200 It =)
(e) Vector =23.4kN «
(d) Scalar W =mg = (10 kg) (9.81 m/s?) - =271 Nm
(e) Vector i
=98.1 kg-m/s?=98.1 N - 1-20
(f) Scalar g+ m/s (w‘i)(mﬂ)( 1K ) 60 rmph = {mm)(l@hn!h)
1-5 1-15 v = 60mph = {0 PN Tk /\60 min
A concurrent coplanar force system. -
= m=¥.= JO0ON = 5280 fUmin ‘1o I
A at spatial f ; 100 hp = (100 hp)
nonconcurrent spatial force system. =101.9kg - hp’
1-7 1-16 +3 100 m 1 mph =746 x 10° W = 74.6 kW
Mass is a measure of a particle’s (or a body’s)| ™~ v = = (10.18 m49)
inertia, i.e., its resistance to a change of motion. ~10Mg =10x 10°k 982s 7 0.4470 mis 1-26
A body of greater mass has greater resistance to a m = g=10x g =278 mok < A = = 2325 fy2 = 332 f
change of motion, and hence less acceleration is =me=(10x 10° kX951 m/s? Lo mp = : 5
caused by a given force. W=mg = (10 x 10* kgk®. s%) 127
.8 =98.1 x 10° N =98.1 kN < 1-22
Newton’s third law asserts that every force is|; ;9 A =m =na(134 frp
aommpameddtyanequalmac;gverforce:ceungm . (lsolb)(4.448)()( 156 )( 1 kN ) —(56410}!1’)( 1 acre )
the opposite direction. Thus the forces between = 3 M - 43 560
two interactive bodies are always equal in magni- m = W __IPEE_: = 10.19kg ] ? 118 0.02832 m" /A 1000
tude and opposite in direction. g 98l m/s = 23.6 kN/m? < =1.30 acres
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1-28 1-34 1-40 1-43 C
= J2gh = LG22t/ 1251 @
y=v[+lgt2 v Sh ( SX ) b 0 mm j —
o+ 3 =89.7 fi's < A <L AY:
- 1 : z
_(2.?5|nls)(308)+ 2 (9-81 ml's’)(30 S}’ 1-35 40 mm C= lmﬂ_(350+65a)=mo «
= 4482 < v = J2gh =,ﬁ(9.31 m/s*)40 m) ;
=4482 m Qosint-s3° b ___¢ _100mm
" =280 m/s R 2 50 sin65° sin80°  sin35°
p—— lgtﬂ 1-36 0=106.2° «f | From which
=vot+ —

2 . § a+l;+c _ 545+6.:5+7.39 - 9851t 1-41 b= 158 mm 4
=(25.0 f/s)158) + 3 (22 fU)(15 sy ¢=171.7 mm <
= 4000 ft < Check:

A = J(9.85)9.85- 5.45)(9.85- 6.85)9.85-7.39) =4/158% + 171.7% - 2 (158) (171.7) cos 35°
13N . =179f8 - =1 (Checks)
y=58¢ 1-44 ¢
2 1-37 8 N .
t F 2(1250 ft) =(50m) tan 40° =42.0m "”"""ﬂ""'"’
g ¥322f/¢ > @ BC=(50m)tan30° =289 m o c .
— g o =43°
=881s < A 3 c a=AC-BC=420m-289m == <
1-31 a=csin 35° = (700 mm) sin 35°= 402 mm 4 =i M Py e
x=3in.=(3in.)(1;?m) =0.251t b=c c0s 35° = (700 mm) cos 35° = 573 mm 4 — b=BC=RB9m N e wiich
= (100 Ib/)(0.25 ft) = 25 Ib | Check ) b=2721t <
Va2 + b2 = Y4022 + 5732 =700=c  (Checks) c=496ft <
1-32 % B
1-38 ) ~
it consi 3 _ a=+/2.72% + 496 - 2 (2.72) (4.96) cos 43°
The o SO T SN | hecter i (k)
V152 17 = 11.2in. j 1-45
_ 1 [k _ 1 [i50N/m . The shorter side is 10 in. -—zoa
il Py = =Y 305k The angle between the hypotenuse and the shorter
ek h=20tan25° =933 ft -
= l.14 cycles/s = 1.14 Hz L 003'1'}%=48.2° < LT
b__h _933ft_ a=4122+152-2(12) (15) c0s 45° = 10.7m
1-33 ] — r 3= b= 2eil=TR0 (12) (15)
A = —=(0.002 m)* = 3.14x 10° m* b=15.64 ft 122 = 10.7 + 1% - 2(10.7)(15)cos B
4 = 1> cos B = 0.609
a=—B_=233ft_1718n
E = 270 GN/m? = 270 x 10° N/m? X\ sinS0°  sin 50° < B=5.5 «
CMD# A 15 = 10.72 + 127 - 2(10.7X12)cos C
. (400 NX(10.0m) tan A = BC cos C =0.1304
AE ~ (3.14x10°m’)270x 10’ N/ m") BC= A@mA = (400 i) tan 49.5° Check: 1218+ 782220 cC=85 «
a+3=12.18+782= Check:
=0.00472 m = 4.72 mm o =468 ft < £ (Checks)| A UB +C =45 + 52.5° + 82.5° = 180° (Checks)
3 4
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c=4/9% + 10%-2(9) (10) cos 120° = 16.46 in.
® = 102 + 16.462 - 2(10)(16.46)cos A

cos A = 0.8807

A=283 <
102 = @ + 16.462 - 2(9)(16.46)cos B

cos B = 0.8503

B=31.T <

Check:
A+B+C=283°+317+120°=180"° (Checks)

1-48

OB

Check:

1-47

C
b=4.5 =2.3m

A c=54m B

232 =45 + 542 - 2(4.5(54)cos A
cos A =0.9078

A=248 4
4.3 =542 +23%-2(54)23)cos B

cos B =0.5717

B=551" 4
5.4 =23%+4.5% - 22.3)(4.5)cos C

cos C =-0.1749

C=100.1" <4

Check:
A+B+C=248°+551°+100.1° = 180° (Checks)

=3

B = sin! 100 sin 40°
- 250

250mm

sinl25.I°  sind0°

149°

y=180°- (40° + 14.9°) = 125.1°

sin1251°

OB = (250mm )

=318mm

o

18 mm

OB =4/100% + 2502 - 2 (100) (250) cos 125.1°
(Checks)

<4

B

OB = /702 + 902 - 2 (70) (90) cos 120°

= 1389 mi

1-50

3x(a)
5x(b):

(c) +(d):

Subs in (a):

3x+5y=-8
5x-3y=15

9x + 15y = -24
25x -15y =75

34x =51
x =15

=-25

Sy=-8-3(1.5 =-12.5

(a)
(b)

(c)
(d)

1-51 1-54
3.45x - 2.65y = 2.77 (a) -0.444x - 0.857y + 0.667z=0 (a)
1.86x + 3.76y = 9.85 ) 0.444x + 0.429'y + 0.667z = 17 kN )
0.778x - 0.286 y - 0333z =0 (c)
(a)/2.65: 1302x -y = 1.045 (©
(BY376:  0495% +y = 2.620 @] (®-a: 0888+ 1286y =17kN @
(a}+2(c): 1.112x - 1.429y =0 (e)
ep=ldr  LIx =% (d/1286:  0.6905x + y = 13.22 kN ®
x=2.04 4| (e)/1.429: 0.7782x -y=0 (g)
Subsin (b):  3.76y =9.85 - 1.86(2.04) =6.06 | () +(g) 1.469x = 13.22 kN
y=161 L | x =9.00 kN <
1.52 Subsin(f):  y =0.7782(9.00) = 7.00 kN <
T sin 10° - Psind0" = 0 (a) siista): = Y ]
it ()| Subsin (a): 06672 06‘.‘5‘3(9 00) + 0.857(7.00)
(a)/sind0" : Tsinl0"/sind0’ - P=0 (©) z=1500kN L]
(b)/cos40’: Tcosl0'/cosd0” - P =200 Ib/cosd0”  (d) T
. cos 100  sinl0"y _ 20010b 3x+5y=-8
@@ o - s o o3y=13
1.015T =261 Ib b 'E ..3i=(3)(-3)-(5)(5) =24
T=2571b - Dx'lfsa f3|=(sx-3)-(15x5)=-51
Seiminlds Pu = .51 4D, -E {g =(3X15) - (5X-8) =85
sin 40°
X = 2‘- - -:;—41- =15
1-53 85
Y- —t oy —--2.5
-0.429P + 0.231Q =19201b (a) -34
-0857P-0.923Q -0.923R=28801b  (b)
0.286P - 0.308Q - 0.385R = 2160 Ib (c)| 1-56
3.45x - 2.65y = 2.77
(b)/0.923:  -0.928P-Q-R=31201b @) 1.Béx +3.76y = 9.85
(c)I0.385: 0.743P-08Q-R=5610Ib (e
.45 -2,
(e){(d): 1.671P + 0.2Q = 2490 Ib ®|D=|ise 3.721 =17.90
(0/0.2: 8355P + Q=124501b @|p - E-W -Zﬁil =38,
(a)l0.231:  -1857P+Q= 3121b | D= =loss 3.7 s
(@)-(bx 1021P = 41381b D,-fise 5aq-28%
- -
- P=40531b Db 308 <
Subsin (g): Q= 12450 -8355(4053) =90641b 4 D 17.90
; R } } D
Subs in (d): R =-0.928(4053) - 9064 - 3120 y__,__zaaa_m <
=-125601b « D 1790
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1-57
T sin 10° -Psin40° =0
T cos 10° - Pcos 40° =200 Ib

B sin10°
“los10°

-sin40°
,| = (sin 10° )(-=cos 40°)

- cos40
- (cos 10°)(-sin 40°) = 0.5
0~ -sind0%_ o 200 by -sind0®
cosa0? = 0 X ~sin40°)
=12851b
= (sin 10°)(200 Ib) - O
=34.731b

D, =

sin 10°
cos 10°

" 0
L 200 Ib

=257 1b

D, usi b @

=69.51b «

1-58
-0.429P + 0.231Q =19201b (a)
-0.857P - 0.923Q - 0.923R = 2880 Ib (b)
0.286P - 0.308Q - 0.385R = 2160 Ib (c)

-0.857 -0.93 -0923( -0.857 -0.923
0.286 -0.308 -03 0.286 -0.308
= (-0.429)(-0.923)(-0.385)+(0.231)(-0.923)(0.286)

- (-0@3_;9)(-0.923)(-0.429)-(4)385)(4857}(023 1)
= 0.1

-0.429 0.231 Oasl -0.429 0.231
D=

1920 0.231 0 |19200b 0.231
D, =|2880 -0.923 -0.923|28801b -0.923
2160 -0308 -0.385/21601b -0308

= (1920)%-0.923-0.385) + (0.231X-0.923)}(2160 Ib)
:6(’;09:;@)(0 .923)(1920) - (-0.385)(2880)(0.231)

D, -67.95Ib
- ek g c—
P D L6567 4052 1b 4

Subsin(a): Q=[0.429%(405.2 1b) + 1920 1b] / 0.231

1-59
-0.444x - 0.857y + 0.6672=0 (a)
0.444x + 0.429 y + 0.667z = 17 kN (b)
0.778x - 0286 y - 0333z=0 (c)
-0.444 -0857 0.667| -0.444 -0.857
D=| 0444 0429 0.667| 0.444 0.429
0.778 -0.286 -0.333| 0.778 -0286

= (-0.444)(0.429)(-0.333) + (-0.857)(0.667)0.778)
+ (0.667)(0.444)(-0.286) - (0.778)(0.429X0.667)

- (-0.286)(0.667)(-0.444) - (-0.333)(0.444)(-0.857)
= 0.9002

0 0857 0.667)] 0 0.857
D, =17 0429 0.667| 17 0.429
0 -028 -0333] 0 -0.286

(0.667)(17X-0.286) - (-0.333)(17)(-0.857)

-8.094 kN
-0444 0 0.667| -0.444 0
D, =| 0444 17 Q667| 0444 17
0778 0 -0.333] 0778 0

(-0.444)(17X-0.333) - (0.778)(17X0.667)
-6.308 kN

-0.444 -0857 0| -0.444 -0857
D,=| 0.444a 0420 17| 0444 0429
0.778 -0286 0| 0.778 -0.28

= (-%35'7)(17)(0 .778) - (-0.286)(17)(-0.444)

D, -8.094 kN

ik Y BN 0 N “
=D " 0.9002
D, -6.308 kN

ke g O AN 01, KN E
=D " o000z

Z-EL.M.M_QQ kN L |
D~ 09002

Test Problems for Chapter 1

The following problems may either be given
to students for them to practice their
problem solving skills or be used as test
problems. The answers are provided on the

formula

A=4s(s-a)s-b)s-c)
where a, b, ¢ are the three sides of the
triangle and s = (a +b +¢) / 2.

next page.

(1)

Carry out the following unit conver-
sion. Round off the resuits to a proper
number of significant digits.

(a) 258.4 1b/in2 to MN/m?2
(b) 2.45 1b/ft3 to N/m?

(4)

Solve the two simultaneous equations

Pcos30°-080Q=0
Psin30°+0.6 0=1001b

for the two unknown forces P and Q
by the method of addition or
subtraction.

(¢) 258 Nem to Ib-ft
(d) 1000 kg/m? to slug/fe

Calculate the stress o (force per unit
area) in kip/in.2 due to bending from
the formula

(2)

o=Mc
I

where the moment M = 3.53 kip- ft,
the distance ¢ = 5.00 in., and the
moment of inertia / = 136 in.4. Round
off the results to a proper number of
significant digits.

The three sides of a triangular lot are
measured to be 147.3 ft, 87.9 ft, and
91.4 ft. Find the area of the lot. (Hint:

(3)

(5)

Solve the three simultaneous linear
equations

2x+3y-z=5
x-4y-5z2=-22
-x+y+z2=4

for three unknowns by using
Cramer’s rule.

=9064 1b 4 Find one of the three interior angle
Subs in (b): R = [-0.857(405.2 Ib) - 0.923(9064 Ib) and a height of the triangle. Then
- calculate the area by A = bh/2.)
ks Check the answer by using the
=-125601b -
=
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Solutions to Test Problems | . . .o =
for Chapter 1 Psin30° + 0.6Q = 100 Ib (b)
(1) (a)/0.8: 1.25Pcos30°-Q=0 ()
@ (b)/0.6: 1.67Psin30° +Q=1671b @
AT 6.895 kN/ m®
EBAD I N BTy ) (€) +(d): P(1.25 cos30" + 1.67 sin 30°) = 167 Ib
= 1782 kN/m?* = 1. 782 MN/m P 167 = 8111 @
) ® 125cos30° + L67sin30°
(2.45 (4.443 N)( L ) o .
T 1o 0.0282 m° Substituting into Eq.(c) gives
‘—'385 ijz ‘ Q = 1.25(37.1) 60330 = 943 b ‘
(e) & (5)
N 1lb- 2x+3y- z=5
= )(lSSGM) x-4-52=22
= 1903 1be ft - it il
@ 1slug \(0.02832 ar” ¥ 2 N 7 3
ug \f0. D=| 1 -4 -5 1 -4
(Imm"y(mwu)( 1t ) ~1 1 1 1
= (2)0(-4)(1) + 3)-5)-1) + -1)IXD)
1941 stigite A DR - (D) - (XB) = 17
MERE
e 09 ldp-ﬁ')(n m')(S.OOin.) ) 4 1 1] 4 1
o="== L = (SX4X1) + BX-5K4) + (-1X-22X1)
. 136 in. - (4X-4)-1) - (1X-5K5) - (1(-22)3) = 17
= 1.56 ksi - 2 5 -1 2 5
D,=| 1 -2 -5 1 -2
3 ] -1 4 1] -1 4

9].42 = 14732 + 87.92 - 2(147.3X87.9) cos a
cos a = 0.8136
a=355
h = (1473 ft) sin 35.5" = 85.5ft

= %bh = %(87.9 ft)85.5ft) =3760 frz d

Check:

. = 47.3+9;.4+8’7.9 - 16331t

A =f(1633)(163.3 -147.3)(163.3-91.4(163.3-87.9)
= 3760 fi2 (Checks)

@)(-22)(1) + (SK-5X-1) + 1X(1X4)
- CIX22)-1) - (@X-5)(2) - (1)(XS) =34
2 3 3 2 3

D = 1 -4 =22 1 -4
-1 I: 4| -1 1

@A) + (BX-22)-1) + (SX1X(1)

- IX4X5) - (1)(-22)(2) - (4)(1)(3) = 51

x--lzi--E-l «
D 17
34
el s e i L |
e et
D, 51
LRl <
D71

R = y80° + 65° - 2(80)(65)co8 35" =459 N

sina _ sin35
65 459
a = sin’ M-_—gﬂ'

459

0=543" + 10° = 64.3°
R=459N £ 643

2-1 (b)
(@)
g5 N
R = 1507 + 85" - 2(150)X85)cos 30" =87.4N 4

) 1502 = 857 + 87.42 - 2A85)(87.4)cos O

cos 8=-0.5134

6=1209" “o_ E
22

R=45 +7%-2(5)7) cos 160" = 11.82kN 4

85N
R=88N 6=121"o_

sna _ sin160"
7 1.8
a = sin’ M =117
1.82
O=a+15 =267 < 4
12-8
P
R
booN
60.
3
= tan’ = =369
* 3
P 600
sin 30° sin 369
G(psmiiﬂ’ = 5001b <
sin 36.9




9

7 1ydey)

BD=5-l.86-l.44=1.70ft>53£=l.6’lft <
Thus the resuitant passes through the middie one-
third of the base. Hence compressive soil pressure
exist over the entire base of the dam. (This is one of
the required conditions for the safety of the dam.)

2-15

F. =F cos 8 =(460 Ib)cos 220° = -3521b — 4
F, =Fsin 0 = (460 Ib)sin 220" = -2961b ¢

216

P, =Pcos 8 = (200 Ib)cos 30" = 173.21b
P, =P sin 6 = (200 Ib)sin 30" = 100 Ib <4

26 29
sin (90° - a)
2 - Tye _ _R __ loool
sin 25 sin 100" sin 55°
2sin A
% -a = sin’ (—-— =325 :
25 ) Ty = (1000‘1b)5;m25' = si6b
a=90"-325 =575 -
py R - (000 ?b) sin 100" _ 202 1b <
sin 55
Check:
R = 1000 + 516" - 2(1000)516)cos 100°
=12021b (Checks)
210
P 2 (m) 6=30°
sin 70° sin 50"
2 sin 70¢
P= = 2.45kN
sin 50°
P=245kN ~7 40°
28

Q = 35° + 45° - 2(35)45)cos 0" =35.0kN

sin(a+40')_sin$3‘
45 T35
_ 4 [45sin 50
a+40'_m( = )_au.o-

a=80"-40" =40"
Q=350kN = 40°

a=180"- (110" + 40°) =30°

T _ 5kN
sin 40°  sin 30°
T =6.43 kN <

(b) Value of @for T,y

212 <

217

F:ZSO N
F.=Fcos®=(250N)cos(-55)=1434N— 4

0 3 ;
F, =Fsin 0 = (250 55)=205N t |
R=611b, 6=875h | Fr=FRe0=GON i (5) !
2-18
2-13 d 12 kN e
4
214

>
F.=Fcos 8 = (15kN)cos 120" = -7.5kN «— 4 <

F, =Fsin 8 = (15kN)sin 120" = +12.99kN t 4

11
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Q= % (10) = +4.47 kips —

Q = 725- (10) = +8.94 kips

T
Ry=25Ib Ry=6091b

219 22 :
_________ F=10 kips P=2c «N
Q=25kN
El’ 3 B 2
a e x z
[=A mid B i
4 o= += (26kN) = +10kN —
F,= +'5“(i0kipl)=+8hpg —_— 1132
3 P, = +== (26 kN) = +24 kN t E
F, =+§(10kips)=+6kips1' 413
=-= (?5kN)=-2DkN<- L}
220 53
Q, =+= (25kN)=+I5kN ?t <
F=29%«N 5
23
2)
20
bo] x
Jil + E =29
Fe= m(mm) 200 kN 5 5l
T® = - W, = 100 b)= +48.6 Ib
? SRR e
9
F, =+%(290m)=+210m1 w, = -m(lmlb)=m,4|b J/ 4
221 224 %
/2 doth 200
Q=10 kips ‘%' 13o~g0° 304
. ml
P=15 Kips 0 z
o * Force, F (Ib)| Direction, 8 | Fx =F cosB | Fy =Fsinf
P, = :fs-usuum i (ib) ab)
1 %g g 23.2 103
= =+6.71k 200
P, 7 (19=+67 kips t 2 > 2 20
25 609

R = (57 + (60.97 = 6L0Ib 4

3'--!3:1"%-’52:8’7.6'?;_ -4

228 227
Force, F(Ib)| Direction, 8{Fx =Fcos8 (Ib)|Fy =Fsin6(ib] Force F(kN)|Direction 8|F x=Fcos8(kN)| Fy=FsinB(kN)
15 369 120 9.0 100 25 20.6 423
10 90" 0 10.0 120 60 60.0 103.9
20 -30° 173 -10.0 95 110° 325 893
16 -105° 41 -15.5 78 180° -78.0 0
z 252 6.5
Rx=2521b Ry=-651b
Re=25.2 o)
By=~6.50) L !
L O R
= J(25.27 + (6.5 = 26.01b <
, 65 R = (4017 + (150.9) =156.1kN <4
= tan" —— = 14.5 150.9
52 8 =tan'—— = 751" 4 <
0=-145 =T <4 ot
a5 228
[ B
TF04b )50 u
/2 &N : z Bl

-]

X

Force F(kN)|Direction erszche(kN) Fy=Fsin@(kN)| If the resultant is in the vertical direction, the x-
component of the resuitant must be zero. Thus,
8 35 6.55 4.59
7 130° -4.50 536 | Ry=150cos B-70cos40°-80cos 15 =0
12 180° -12.0 0 x
10 25 9.06 A8 | cost = mm’“l;}m"“ls = 08726
Z -0.89 8=29.2" «
Ry =-0.89 kN Ry=572kN 2.29
10 kN
2m ——f
R = J(0.89 + (5.72) ' Z
572 CE
= tan" =— = 8LF
@ 089
8=180"-813"=987 & 4 Mo =+ (10kN)2m)=+20kN-m{)

14
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230 AD =0.6-0.173 = 0.427m 236 (¢) The smallest force F which will produce the
(a) By definition: 10 kips same ust be perpendicular to CO.
d = AD sin 60" = (0.427m) sin 60" Hoi e
A =0370m g
M, = + (2000N)0370m) OL}’
R = +740Nem O -« _ {h
d=5:inﬂ=5(;)=3ft (b) By components at C: 732N 'wu‘t
I \ F
Ma =- (10kips)(3 ft) =-30 kip-ft Cv C 1000 N g II aa"'c e
- » 0.3m
(®) Using components: 1OKips 4_o.ém Iy M, = - (100N)02 m) - 40NX0A433m) | oo . J6743F =6.71 R
cen] 3R - N =-124Nem () < Fc (6.71 ft) =254 Ib. ft
A 5 ey T A:‘:’(-,«'N )l(n.o)-( )(0.3m) 4 - Fe=3791b a5 o
M =- (6 kips)(5 ft) + (8 kips)O ft) i ";q\ 239
=-30kips ft (Y « |(©) Bycomponents at D: oo T —3"
72N Gin. B 433kN  Ep kN
231 s 173220 ||B Ll DE' //
g.-&zz.g.. foooN Ha) :.(.'_'_ joo Lk _J !
M, = +(IT32N)042Tm) o Perte 2008 L i -::zu 25 Ii'"
=+740N-m % o9 L P
AL EM,, = +(100 Ib)6 in.) - (75 1b)(24 in.) i
Ma = (17.101b)1 1) - (47.0 1b) (1.732 ft) “CH0 RS ) 000 X2 ) @
=-6431b-ft O | =t - M, = (43.3 kN)(1.732 m) - (25 kN)(1 m)
232 2-38 =+50.0kN+m (\ «
8 40° 5ot 4003: 20044 ®»
. . - -
-;“z’.‘;‘ﬁ My = +(173.2 NXO.5 m) + (100 NXO) —_p A fiﬁ m,p M; = (433 kNX1.732m) + (25kN)X2m - I m)
24 8 o =+100.0kN-m <
" =+866N-m (O < 38t | 34
A 74t N 2-40
Ma=- (214 )2 ft)=-643 Ib- (Y o |25
233 F=200N
rale a B (o
@ By definition: 2000N £ B (@
Mp, = +(346 Ib)(1 ft) - (200 1b)(3 ft)
=-2541b- t O} <
For My to be a maximum, the force F must be
perpendicular to arm AB. Hence (b) To produce a clockwise moment about O, the
o« =90° < vertical force Fy must act upward.
BD =22 _01Bm For a = 90", the maximum M, is Mo=F, (3ft) =254 1b« ft M = +(12.99 kN)(0.2 m) - (7.5 kN)0.1 m)
tan 60° (Mp)aux = (200 NX0.50m) = 100N+m Fy=847I1b ¢t < =+1.848kN-m O «
15 16
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247

Resolve the 400 N forces into horizontal and vertical

components, we get:
200N

200Nt 7 r -

344N

The two 346 N components are equal, collinear and
opposite, they cancel each other out. The two

2-50

=
2 kips

A

L G in.
6 in.

M, = (2 kips)sin 70°(6 in.) = 11.3 kip - in.(O

11.3 Kip*ii

2 kips

Thus the force-couple at B is:

TSR

vertical components form a couple. The resulatnt
moment of the couples is
ZM = (150 NX0.12 m) + (200 N)X0.12 m)

-(200NX021 m)=0 b
Hence the given system of forces is balanced.

241 245
® ?ﬁou
so8k /r'oa.ﬁ. A
6.6 th 45 260 %
30 86.0% 34
podd 504k
Y. 1200 %
M = +(50 Ib)(10 1) + (86.6 IbYO ft) B
=+5001b«ft L | 200 sb
242 M = +(1200 Ib)3 ft) - (900 Ib)}4 ft) =0 &
12 b ®)
IGeb /zolh R, "“'14”“
Alian 3n L 4 Set 4
08 128084 ~
l 1ze ‘! Y
3& ‘HA\
2t — ~ o
Sl T
M =- (121b)3 ft) - (16 IbX8 ft) q”t'}:x’ R,
=-1641b-ft (¥ IR, and R, are equal and opposite and both act along
243 line AB, hence the moment is zero. 4
12N
246
G.m A 5 kN
T 12 kN -
3 kN 3N 5 &N ..._f ____L
M = +{12 kNX©0.1 m) - (3 kNX0.2 m)
=+0.6kN-m O < M={(5kNX1.5m)=-7.5kN.m (O
244 The force at D must be equal and opposite to the
force at C, as shown.
6.6 04
“Wron l
501k
oo : 457 con  oon
45"
e 6.6
PN 2
M = +(86.6 Ib)(4.5 ft) + (50 Ib)(2 ft) :
- (150 1b)3 ft) 606 kN
=43901b.ft O < Fp=7kN x 30°

248

251

Lo

60024

Mj = (600 1b)X8 in.) =4m0lb-in.=4mlb(-{l

Thus the force-couple at B is:

Thus the force-couple at C is shown above.

8 )400%-#
M, =- (5kNX0.693 m) =347 kN+m (¥ I <
Thus the force-couple at 0 is: G002k
2-52
/svov
£
4TKN -m 433N 1
0.6m
SkKN ‘ —O-Sn:
249 | £E1 10 kips . - B°|
M, = - (433 N)(0.6 m) - (250 N)(0.8 m)
! fo =460N-m (™
¢ / kip- £t ivalen -
L ) [o kip Thus the equivalent force-couple at Bis: o
M. = (10 kips)(1 ft) = 10 kip» ft ) <
460N

17

18
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9 in.

) 7

20%

=-14.11b- ft

M, =- (20 Ib sin 70°X9 in.) =-169.1 Ib~ in.

25 )N D

A J.;azkhl =4
2m
3m
B 1.73§W,,c1 kN

The two 2-kN forces at A and C form a couple. The
resultant moment of the forces about A is

350N
M

)

Q.I5m

c
If the force-couple can be replaced by an equivalent

2-62 4 <N

N
e, 124 |

(@) a=2m

. force acting through the corner C, the moment ¥ Mc Ry =ZRy =4-12=-8kN | <
The equivalent force-couple at 0 is: ZIM4 = (1 kN)(3 m)-(1.732 kN)(2 m)= -6.46 kN« m must be zero. Thus,
0)14 o P @ IMy =«(12)2)=-24kNem (¥
st o Equating moment of R about A to the above moment: Mc =-350N)0.15m) + M =0
:’T’J? (5kN)d=646 kKN - m ¥ M(_+52§N )‘_’; » BKN)d=24kN-m
i S SO oo - n d'=3 m (to the right of A) -«
254 S5kN 2.60 () a=3m
Y, 400N So0N 300N N Ry =X Ry =4-12=-8kN |
R=5kN« B y :"ra yoew
At 1.292 m below A. - AE 4B IMy =12)3)=-36kN.m ()
a o 257 240 | 3m 2m I 2m (BkN)d=36kNs+m
R =Z Ry =400 - 500 + 300 - 200 d=4.5m (to the right of A) -
5 4ons = 10 000 2b 35 o0im—-———Hy =-800 | 4 e
M, = (10000 b)d = 2500 b ft 1 1L L., taw 3 M, = <500)3) + (300XS) - (200X7) F 2508  jeoth
. L.__o.sm—-—-—-l =-1400N+m (" 2 5 ER 25 ¥
____250[} : Mp=+2 03 m)=+0.6kN - = i
=10 000 Ib =0251t B=+ZENNOS m) " Equating moment of R about A to the above moment;| A B¥
i t bD . = =
=3in. B i e 900'N5 w1400 IMa = 250)2) + (100)(5) =0
2.55 P 0.6 kN*m ~0.15m d=1.75 m to the right of A. «| Since IMj = 0, the resultant of the three forces
4 kN et passes through A. «
1002k .
L R=4kN | 4 GC < 264 G — 12 Kips 13kips
At 150 mm to the left of B. « (3oth—ul|— 43F s s j"
1 $h ft Skie
0 b . = foft ¢ A
l 10 M:?mﬂ-..ﬂ/4 3¢ Rx =Z Ry =- Skips —
B in —] 1A__ 8 ¢N D3 B[-]—- Ry =X Ry = -9+10-12=- 11 kips }
4 odm odm Zo.im R = I’ +5 =121 kips 4
, z - - 11
L . If the given system can be replaced by an equivalent Rx=ZFx=60+130-90=1001b - 0 =tan' — =656 &
R =800 Ib.<30 single force at B, then TMp 2 0. £ Mg ={60)9) - (1306) + (90)3) 5 7
M, = (100 Ib)(8in.) =800 Ib » in. IM, = 320Nem - %F(O.Zm) =0 - I Mg =+9X12) - (10)(6) = +48 kip ft {)
3 . : uating moment of R about A to the above moment:|
(800 Ib)sin30°(d) = 800 Ib « in. From which = (100 Ibd = 1050 Ib ft (11 kip)d = 48 kip» ft
d=2in. to the left of 0 F=2000N=2kN - d=105ft (above B) < d =436 ft (to the left of B) <
19 20
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I

If the resultant of the three forces passes through O,
the sum of moments of the three forces about O must

r  FPMea

L lﬁo"'ﬂ 20 kip 4
o 2.5%m B
Lz&e | 24 24

Rx=EZ Fx =+25=2.5kips—~

270

254k
Rx=% Fx =-10-15=-251b «
Ry=X Fy =-36-25=-611b }

R = (257 +(61) =6591b
6 =tan” —=61T 7

TMy = +(10X8) + (36)(12) + (25)(4)-300+200
=+5121b «in. )

(611b)d=5121b « in.
d=839%9in. (to the left of C)

booN
D gooN
. b=

0.36m C
GooN

The forces form two couples and hence there is no
force component for the resultant along any

272

A=

R=0 L |
ZM = (600 NX035 m) - (800 NX0.2 m)
=+50Nm{)

The given force system reduces to a couple. The
moment of the couple is

M=50N.+m{) «

273

be zero. Thus, Ry =% Fy =+4.33 - 10 =-5.67 kips |
$M, = F(0.8 m x cos 30°) - (7 kKN)(0.6 m) R = 4‘2'55 67*(5'6'” =620kps 4
-(BKN)1.2m)=0 0=tan" —-2'.5 =662 |~ 4
F=199kN 4 = Ma = +@33@) - (104 - 20O
2-66 Ikips  dkips |G kips =-513 kip- ft
(5.67 kips)d =513 kip+ ft
B d=905ft
3 kips -
4&',.‘-},\ i d-8=9.05-8=105(to the right of B)
B &+ 8§t 4 ‘5;“?' g
Rx =X Fx =+3 kips — 269 BN
Ry:sz=—3-4—6-4=—r’kiP31 ik r 90N 100N ZE Nem
R = V3 +17 =1726kips < * 4
b e - - £ 4
8=t !31 =80.0° g" 4
IMy= -(3)(8)-(444)(16)(—_}(6)(24) 0.15m °"°1!
=-296 kip~ it = = L == -
7k S R 25,5 0 muer = ey
d=17.411ft (to the right of A) | Ry=ZFy =0sin60" + ‘: ANt
R = (225 +(177.9¢ =287N -
267 177.
3 KN a = tan” =383"
0.5m 225
5kN 8=180"- a=141.7 "o_ «
. 5
or" T M, = (180)(0.13) + (90 sin 60°)0.15)
IR +(100X0.25)-35=25.1 N=m
Ry=% Fx =3+5=8kN —
Ry=Z Fy =-4kN | Ryx=R,y=251N-+m
R = Y& +4° =894kN 4 (o 2L _ 251
o= m"%-_—zs.s' < “ R, ~ 1779
TM, =-(3)(1.0) - (5X0.5) - (4)(0.45) =0.112m totherightof 0. @
=-73kN-m O}
- B1 _ 251
BkN)d=73kN «m ¥= R, 225
d=0913 m =913 mm (above point A) ~0.141 m above O. P
21

N 8] _o.5m

1_& — B) 70 kN*m

joo &N
i

3o &N

—_—

D-tdm —x

30t
4. 5m

i 130 kN
R, = EF,-+72- (100kN) = +70.7kN —

0.5m

R, =3 F, = +j’-2-(1oom)-1eem =893 kN |

R = J(70.7)° +(89.3)° =114kN

L 893
= tan”" — =51.6"
- 70.7

8=-a=-516" T
M. --quoom)}o.sm]

- (160kN) (0.5m) + TOkN » m
- (30kNX0.4 m) =-57.4kN - m("Y

(70.7kN) 7=574kN +m
7 =0812m (above point C.)

750(th

] } 540 b
-J B

S Gooth

—2

—3

™

Ry =5 Fx =-540 b«

4
Ry=X Fy =-750-600- 1000 =-23501b }
M, = 750(1.5)+ 600(2) + 1000(3) - 540(2)
=42451b - ft (¥
<
2350( X) = 4245
X=1811ft -

<4

Thus the resultant passes through the point on the
base at 1.81 ft to the right of A which is within the

middle one-third of the base. <

22
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274 2-76 IL- 3 - Im | 281
AN
4 I—J—/ﬂ—r\| 5 28, 34t
i t I , 13K/ liass
15 kN 7.5 kN "
lsm 15" . 12 N.‘\'f-:*’rfa
| 4m ]
D14z N R=ZFy =15+75% 225kN A J L LI
l -l R=22.5kN } < 2 ki G ki
|
] B T" I Ma =-151.5)-7.5(4) 5674
A - 2 =-525kN+m() 7.5 4
b—2m — s
Re=3 Fy =441 kN« 2.Xx)=525 9 :
Ry =3 Fy =442-412= 8S4KN | X =233 m to the right of A 4| |R=IF, =-900-450-800=-21501b R=XFy =-625-13-6-6=-19.5kips
: R=21501b R = 19.55 kips | <4
T Mya =-44.2(1) - 41.2(1.75) + 44.1(1) LA | A 2 kinfy, 10 % ¢
=-722kN+m() /I l 8 T My =-900(4.5) - 450(6) - 800(13) T My = -6.25333) - 13(5.67) - 6(7.5) - 6(10)
At ! W_— =-17150 b ft () =-1332kip » R}
854(X) =722 1o kips
X =084Sm < — f"“l 2150( %) = 17 150 19.55( %)= 133.2
T g o X = 7.98 ft to the right of A X =681 fi to the right of A -«
Thus the resultant passes through the point on the [ = = ¥ ~ © = P
. Rl R =16 kips } E 282 ;
base at 0.845 m to the right of A which is within the e 2,54
middle one-third of the base. A[IMy = -64)-109) = -114kip - ft 3 2.4m 4 2.4m 4 2.4m
2758 24 Ty I§%)=114
T 2eciiote | ¥ =7.13 ft to the right of A | 24 i
lL“ZL 12 &b/pe 278 WG 4.5
At B qxN 4.544 4u—ga;3_af
Y " o 3 e M}ZW- N i
K- i @ 3 0l ' 3 e Ry =X Fx =-2.5-8-2=-12.5kips
Lk ] x Ry =X Fy =-433 kips
as 2m Ya5eM
5 fr —5.25 R = J(12.5) + (433)° = 13.33 kips
o 33
- - = - 5 o o A0 - °
R=EZFy =-30-24-40=-941b oREFy =-0-315- 45 a5 R=3 Fy =-1920-600 - 1440 = -3960 N = - |12.s|'19'l
=941b
- ¢ R=45kN | < R=390N | 8=180"+ a=199.1~— <
Z My =-30(1) - 24(3) - 40(5)
- . 3 Ma =-9(2) - 31.5(5.25) - 4.5(9) 3 Mj =-1920(1.2) - 600(3.2) - 1440(4.8) e =64.66 kip + ft)
3021b -« ft g e sl g T M =2.5(12) + 8(4) + 2(133) p
e 45(X) =224 3960(X) = 11 140 e " «
% AU the righn of ik " % =4.98 m to the right of A B % =281 m to the right of A PR o
3
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£l

8 2m m 4 m e i 13?:‘. % e
aa ‘_31"'_21 135 % i
B [ 1 _E
Ai EY Y i T = A — B
[ T 3m \1\I
' Em o 750N~ 500 W
Shh 3m ] 3 —a]
Ry=Z Fx =-3-45=-75kN Z
Ry=ZFy =-4-8=-12kN ==t
For a zero resultant force we must have
2 2
(7.?2 + (12)° = 145kN < 135a.=7%0
@ = tan” = 580° a=556f1t L |
= 180" = . For a zero resultant couple, the moment of the forces
9= 190 % inl f— - about any point must be zero. Taking moment about
S Ma=-4(2)-88)-4.52)=-81kN em O B we write
12(X) =81 IM, = lSSa(b + 1 - 750(4) =
X =6.75m to the right of point A «t
!35(5.56)(!) + 22 = 750(4)
i
284 T 350 2 )
b=1221t L |
A T x ;
J 286 —a .
I-—Fﬂ‘--- 5334 200 eaa 2
] g #t
200 2b ,
\ '
N 50 ob
& S0 e \“mj ht
Ry =% Fy =-200-200 =400 Ib ' 24
Ry =X Fy =-3461b For a resuitant R =200 1b | we must have
100 2 - 300 = 200
R = J(400)* + (346)" = 5291b « a=5ft L |
4 For the resultant to be located at the mid-span we
a = tan = 40.9 must have
8=180"+ a=2209° e s lom(-z-';+b) 300(4) = 200(6)
3 My =-200(533) =-1066 1b « ft O
100(5) (—— + b) = 200(6) + 300(4)
346( T) = 1066
X =3.08 ft to the right of point A - b=1471t <

287 4
1#’ 3.5 I
——— i
|
o
b.2%¢ I l : 7.24
I P
A——r—ﬂ.;ﬂ' |
1,754 |
3 D - z.fm
14
A N > 206 Lh/pt
2.25¢| *
4.,

Wi = (1 ftN6.2 fr)(1 ft)(150 1b/ft3) =930 Ib
Wa = (4.5 ft)(1 ft)(1 ft)(150 Ib/ft3) = 675 b
= (3.5 ft)(6.2 ft)(1 ft)(100 Ib/ft3) = 2170 b

= %(216 I/fty(7.2 ft) = T781b

Ry=-P=-TT81b
Ry =-W; - W - W3 =-930-675- 2170 =-37751b
Z'M, =-Wy(0.5) - W(2.25) - W3(2.75) + P(2.4)

=-930(0.5) - 675(2.25) - 2170(2.75) +
T8(2.4)

=-60841b « it (¥

3775 X) = 6084

X=1611t -«

Thus the resultant passes through the point X = 1.61
ft to the right of A, which is within the middle one-
third of the base AB. So that compressive soil
pressure exist over the entire base.

3 /i _
.._.2.1..._1_.1
|
LGm |
5.5m ; : I 4.5m
I P
4 W
LT
A '[ B 4.1 N *
2.4m Jim

= -(2,4 mX5.5 mX1 m¥23.6 kN/m?) = 156 kN
wz (1 m)5.5 m¥ 1 m)23.6 kN/m3) = 130 kN
P= %(44.1 kN/m)4.5 m) = 99.2 kN
Rx=-P=-992kN
Ry =-W| - Wp =286 kN

EMa —-Wl(l .6) - W2(2.9) + P(1.5)
=-(156)(1.6) - (130)(2.9) + (99.2)1.5)

=478kN +m (¥

286(X) =478

X=167m <
Thus the resultant passes through the point X = 1.67

m to the right of A, which is within the middle one-
third of the base AB. So that compressive soil
pressure exist over the entire base.
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Test Problems for Chapter 2 |(3) Find the resultant of the force system Solutions to Test Problems |©® .
acting on the bracket shown. Specify for Chapter 2 3.46xips
The following problems may either be given the magnitude, direction, and point of 2 rips ;
to students for them to practice their problem application along AD of the resuitant. m p— 7 = 5 G hip: £
solving skills or be used as test problems. dkip 2 kipe ! :
The answers are provided on the next page. —1- 55° 3kips J
4 Lo 34 Hod 100 t 34 .L 3p | 3 |
(1) Determine the magnitude and direction 2A I3 c —L
of the resultant of the concurrent . ; 204k : z Rx =-2kips «—
coplanar force system shown. 3 prs 2 kips Ry=-3-3.46=-6.46 kips |
2fr . 24 | 3 | F(ib) 0 Fx=Fcos® | Fy=Fsin 8 R = 2 + (6.46) = 6.76 kips |
(Ib) (1b) J|-6.
a = tan’ = 7B.0
100 a0 766 643 isin the thi 3
120 80" 208 1182 The resultant is in the third quadrant:
110 155° 997 46.5 6=180"+ a=253" «
80 180° -80.0 0
I M, =-3(3)-3.46(6) - 6=-358kip - O
z 823 229.0
M, (O+): 6.46(X)=358
Rx=-8231b Ry=-22001b & i
(4) Find the resultant of the loads applied b ST (;29 S i X =554t totheright of A -
to the beam shown. The loads include - > - @
two concentrated loads and a uniform a = tan” &:3 = 702 S0
load. Specify the magnitude, direction, = . G6oON 200N
and point of application along AC of AMGHRRS I o s 3‘2”%]--__[ [ _I;.m
the resultant. 8=180"- a = 1098 L] R r
D 2004 C
i 300 N/m . @ lo.n. 0.Im a,;...J a.1m
(2) Replace ‘the 50-Ib force at A by an B { T i
equivalent force-couple at B. B
A 100 ™a | |00 mm | japmm | 100 mm ‘_B______— x Ry=200N —
; N :—jﬁ |0.2n Ry=-500-60=-560N |
4 - lz"" . Som R = {(200) + (560)° = 95N <
? a = w2 = 0.5
4 po——0\ 8 m —‘ﬁ ’ \ - m - . g
SoxN ol The resultant is in the fourth quadrant:
O=-a=-705 L
5 = : - 20000.1) = .
Mg = 40(0.8) + 30(0.2) = 260 kN e m > M =0T - S005)- WNEA) =- BB el )
The equivalent force-couple at B is: 3+): S60(%) =88
F=ﬁm4§ M=260kN.m () = X=0.157m=157 mm to the right of A -
27 28
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1

31 37 o 312 T 314
@ 10°
. B 10°
4 1 x 4
28 [Pia 's:..;r%c' ZH__D A T 4o Tas by
32 l0ose Ry 208 Dy . i o
: 30"+ /P
38 R
8 ‘l"___T Wemg=50(0)=49IN P 20 zooib
2 p | R, o> NI e Ty _ Te _ 2000
Ay 0.350m ‘ p . Wsinl0" o sin 55  sin 70 sin 55
i Re sin 30° from which we get
33 2008 A—1z 0.12m T
R, AD = - = 0.208m ®) T =2001b <
A - 10 = 4
y Te=2291b
A 39 ; 315
Ay 208 28 !gfl‘f" e
Ay A-A 5 F,= Tsin10" - Psin 40" = 0
= oo A0
34 W=mg=500(4.8) Ay Re sin 10° 294N
= 4905N B C ]E D ZF, = Tcos 10" - Pcos 40" - 200= 0
60" D ( sin 40°
A ie] s My \_lo,oosno*-oosw)P=zoo
A,, 4 kips D, sn
310 T from which
= 4 P=69.51b
B o I a=m'2=sr
F 33 w—;;-gvhu) g
f joo 2b 101h F Rl 3] =m"; = 9.0
4002 F=10tan30°=5771b E
736N =180"-(53.1" + 59.0") =67.9"
4 1 oga=98.IN R, ' ( )
X ‘o.
e % Ty o T | B4
Ay g,/ 9908 Fa d=ig0"-(so’+20’)| SiW P sno  siny
= |eo
36 M R / 736 i
45° los —A_ = .R, = — T _ 294 sin 5.0 = 2N
5 sin 60° sin 207 sin 100 AR sin 67.9
P 98.1 B, » oSy « TN V4sin B _ ., 0
= sin 100° Tac in 67.9°
sin 100~ sin 65 bt L
. 736 sin 20°
P = %l sin 10° — 188N < Ry = —m = 256 N Tw=W=2MN
sin 65
29 30
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¢ andey)

316 i
e Tas = %:"'?‘5' = 6591b
Tee
i /1 90 sin 60°
Ty = —— = 80,
2 it @ S 80.7 Ib
2 kips (b)
a=w’ =26 6
2 Ay T
f=tam' = = B3I
) Ta
T P — . 30°
sin (90° - B) sin(90°-a@) sin(x + B) For T 0.0 & kil
Ty _ T, - 2 kips 8=90"-30"=60"
sin 36.9 sin 67.4 sin 754
319 ¥
From which we get A
T = 1.239 kips .
3 Tz = 1.905 kips : A
0o(4.8)
317 Fe =98Id

T _ _Fae _ SBIN
sin 30° sin 130° sin 20°

321
Deformed length of spring
AB = V2% + L5 = 251t

Sring deformationx =2.5-2=05ft
Tensile force in spring:

F, =kx = (100 Ib/ft}0.5ft) = 50 Ib

324
-
‘érf’rm
J00 1
Ta T

R =508
E
3 5 =504 =
F=1{-— S0Ib) =
Zx ) 601b
322
1208k e
LA CE
150%

W, = J150° + 120° - 2(150)120) cos 60"

o Ty _ 100b
sin 70" sin 50° sin 60°
From which we get

Tag = 10851b
Tac =885Ib
325
r=5in

From which we get = 137.51b
T, Ty = 1430N
. o BN sin(0 + 30) _ sin 60
i e 150 137.5
From which we get 320 8430 =709
T =411 kN The three forces meet at B. 6=409
Tac=3.23kN . B 323
8 L m The tension is T throughout the cable. Hence the
@ 0=45 . free-body diagramis
To Tae The 4 113 50024 o iJ
45" 02k A
0 0 .
'r,;.;° 0 R _ 500 762N IF, =R, - 1666sin3.1" = 0
04 - sin 120° sin 30° For equilibrium, we must have R,=13321b
T _ T _ 9% from which we get 4T =1962N XF, = R, - 20 - 16.66cos B.1° = 0
- 45 - - - - dis o e
sin sin 600  sin 75 R,=8661b & 60 T=49IN « Re =3001b
31 32




326 - 329 3-31 332
- () The ladder is a three-force body. Two of the [(@) The three forces W, R,, and Ry meet at D as
forces W and Ry meet at C, the third force R, shown.
The must also pass through C. W=i00(g.81)= 98N
1} EREESUC R
200 b B <
IF, = T,y sin60’ + 150sin30° - 200 = 0 fooN A
Ta = 1443 1b < fac Ry
) - CD = AE = AB sin 45" = (0.70 m) sin 45" = 0.495m
ZF, = -T,c - 1443s5in 60" + 150 cos 30" = O a = tan 4‘36'9' e=tm"Q-m"0‘495 B
Tac=5781b - BC 0.8 '
B =tan’ 4. ar
327 2W - 3 981 N
7 = 130°—(L+B) = 90° CE=BD = 16c0s 20° = 15.04 ft Ry w RO < 4
= = = 15. tan 31.7
W / Frs = (100 N) cos 36.9° =80 N AD = 16 sin 20° = 547 ft
o Fic = (100N) cos B.1° =60 N AE=ED= %AD=2.7351‘! R, = %‘; = 180N 3LT 4
& L
w Xpp = Fa 6 = tan" AE - tan” -lzi,g—;- =79.7 ®) wW=asi N
Since the force triangle is an isosclels, we have k“w N o - Ax
W =2(2W) cos (90" - @) = ——— =032m ] 301b . |o7ses”
22 R, = = ag =0,
il 250N/ m Tl 3054797 - e 0.495m
a =sin-l 0.25 = 14.48° < Fc '-LB!
X = MG _ 30
a+B=9"-a, 27 e, Ry = ——= = 545 < €M, = -A,(0.495 + 9BI(08) = 0
p=90"-2a=610" L ] = z—m%“i—b-:-—- =03m 4 ) 8 A, =1590N— <4
— N/m x IF, = -B, + 1590 = 0
R 330 B, = 1590N + <
. IF, =B, - 981 =0
R 5o & o o y 'y
? :C B,=98INt <
R LA 333
G —_—
50 N TN @ T K
LY = 2 SE =T : G6ft l\\’t‘{- ., Bl
0 "3 y = TSN~ CAaAF =0 a=(8ft)sin20" =274 ft RN N
b=(8ft) cos 20" = 7.52 ft 44—
- F,=6251b T=0778C (a) ®1) _1“ A Bp
. M, = B,(2x 7.52) - 74) = 0 A T
_E' Elongation of Spring IF, = -Tsinl0" -Ccos 50" + 20 - 6 = 0 (b) " : "B 5)47:::’(1 ) P 5 = B
= " - . o x = D! -— 4= =
g |*= VI8 + 247 - 18 = 12in. = 1At Substituting (a) into (b) gives SF, = A, - 547 = 0 = = BF
w = 4 8
Spring Chamar (-0.778 sin 10" - cos 50°) C = -14 A.=54T1b— 4p=m’ o =64
k=5 D _gsmin < C=18kN a| PR R LT . AT
x 11t T=0.778 (18 kN) = 14 kN < A,=301bt 4 |sin 26.5  sin 1269 sin 26.6
=
~J1

33 34




81

¢ adey)

333 (Cont) 335
(@)
From which we get
A =10.0 kips } «
C=179kips 634 i - R/ lson
®) 8 ki
Ac B A
44 48
[ 26 5
Ay Cf—c.
IM. = -A,(4) + 82) + &4) = 0 CD = BE = AB sin 60" = (10 ft) sin 60" =8.66 ft
A, =10kips t d |AE=AB cos 60" = (10 ft) cos 60° = 51t
ZF,=C,-8=0 1
C, =8kips — % AD=DE=5AE=2.SR
sz=C,+IO+6=O
, CD , B.66 By
=- 1 oad (0=t _— = —
C, =-16kips | e =
334 % -
(a) The three forces W, F, and R, meet at C. Pz e e = lidlh <
W=4002k tan 8 tan 73.9
50 50
G e W — bA739
&, Ri= sne - mamy 5201 4
®) P__ g
&+
" = 4
CD=24+18=42in.
AD = J24 -l§ =1587in. £.66 # .
4 AD 1587 in. <
f=tan' — =tan"! ——— = . 4
sl et i el Ny Sy
F = (400 Ib)tan 6 = (400 Ib)tan 20.7" = 151 Ib « ek
(b) :
IM, = P(866) - 50(2.5) = 0
P= 1441b «— «
3F, = A, - 1441=0
A, = 1441b— <4
_ IF, =A, - 150=0
IM, = -F(24 + 18) + 400(1587) = 0 A,=501b t <
F=1511b — 4

(a) BD is a two-force body. ABC is a three-force
body.

= 369
F, C 100

-
"

J
i

sn(0 + P  sn(% -a)  sin(a- P

Fp - C - 100
sin 126.9 sin 33.7 sin 19.4

From which we get
Fup =241 N(C)
C=1670N B\ 369

®)

A ozc'
EMc=jﬁ an(0.2) - 100(0.4) = 0
Fw =240N
3
EF,_C,-m(mnmo-o
C,=100N
EFrz -C,'l' T(23 240) = 0

C,=133N

337
(a) The three force P, R 4, and Rg meet at D.
,’T\
#Z N
’,’ : \\
C_-5o* A AN

ZM—R:IU—- Ry

AD=2tan30"=1.155m

_ _SON
~ sin 40.9

R, _ _Ry
sin 79.1°  sin 60°
From which we get
. R,=750N ¢
Ry =661N Y 419

()

g:N C A B B

I k-, B,
Zm | m

< EM-= -A (1) + 2503) = 0

A,=750N t
SF =B -43=0
< B,=433N —
SF,=-B,-20+790=0
< B,=500N }

35
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61

338
(a) The three forces meet at D.

0.5
tan 60°

BD =0.4 +0.289 = 0.689 m

8 = tan ,AB= _.05=_

= 0.289 m
au'

a=180"-(60" + 6) =84"
3

(3 kN) sin 60" .

R, e - teW Ase

_ (3 kN) sin 84"
T sin36

®) C

15N

= S08kN ¢

A

2.604N

\ggM 014-

p
h’a.s m B't(. 0.5m

I M, = B(0.5) - 260(0.4) - L.X10) = 0

B, =5.08kN t
YF, = -A, +260 =0

A, =260kN+~
JF, =-A +508-15=0

A,=3.8KkN |

3-3»

(a) Member BD is a two-force body. Member ABC
is a three-force body. The three forces meet at D.

D

_ ,’ 14002k
-

A ’g P l(‘: BD
% ZETE g

()]
CD=BC=3ft

CD 3
6 =tan” 2 = tan?! 2
e AC - 6

= 26.6"

a=180"-(116.6" + 45") = 184"

R! - Fln = 40011;
sin 45 sin 116.6° sin 184
From which we get
R, =896 b 26.6" E
Ro=Fp =11331b 4745 4
® 400 %
et 1,

e 1
l_a?é-.l-_w‘l
oM, = %(3) - 400(6) =

Fas =11301b(C) L]
SE =-A + % =0

A, =8001b -+
SF = -A, + % 400 = 0

A,=4001b | <

Rp=Fy = 11301b £ 45 <

a =’ % =369
B = tan” 2 = 563"
vl 4 2
v=180"-(13.7 +369) = 194
1‘—]2+36ﬂ550—"! W S . 3
sin 36.9  sin 123.7  sin 19.4
a=m' == ;f:gw = 10.8 From whiich we get
R,=3.62kN 4
= =D ‘
soui_‘l\a\r\ =y = SOEN
oL ®) c 2 &N
P B 0:15m
B= — =2601b
tan @ B
B=2601b— -t a.isn|| * Fe
A= =2 265D A As
slna
- A =2651b™x~ 10.89° 4\TM, = ‘—;F,,,(O.IS) - 2(0.30) = 0
A A 504 Fu = S00kN
_Ss?u@o‘ Ay -'n-R( Ro=l"}p=5.mkN 0 =
=2.400n, 7\ - ZF" =A, +2- —(500) =
/,——3 cospo=|.5in. | S5
M, = B,2.60) - 5= ' Ao )
A = e - 13. = 0 3
F, = -A_+ =(500) =0
B, =2601b— « 2F v+ 3800
EF‘= -A, + 260 =0 A, =3.00kN } -
A, =2601b+ <342 8 c
EszA!'S():O e / 35 '[ 3FE Ca
ax 7/ . '
A, =501t . oaf 184 g, ¢,
341 zFx=C‘l'6=o
(a) mﬂneefomesr?fctatﬁ. C, =6kips — «
c 2k
Eqpig== IM. =-B, (3)+8(6)=0
\\P\ B, =16 kips t <
'L}.\ B M, =C,(3)+83)=0
i =8kips | <
-k fo Check: G
N 3F,=-8+16-8=0 (Checks)
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343 345 T
(3 ki) 28)= GRie g kips A D g Bg—B:
b : i
e e —— ml o} Zm |}
An A T A8 T# -C 204N 4 &N By
. FAf M, = -ZT(4 m)+@20 kNX3 m)+(4kN)2m)=0
L 3
F ép T=2833kN <4
M, = :&P-(l)-ﬁ(l)-«zho 4
£F,=—(2833): B,=0
Fup = 198 kips 3 P
e i B,=227kN~
Ro=Fp = 198 kips 4| SMy=B,(4 m) - (4 kKNXZ m) - (20 KNX1 m) =0
EF,=~A,+I—3'58-=.O B,=7kN -
Check:
A, =14.0kips « « 3
ZF,=Z(2833)+7-20-4=0 (Checks)
19.8
ZE=-A+ 5 -6-4=0 = T 344N
3
=4.00 ki - A dw
A, =4.00 kips | P = B,
Check: 204 awt " B
= 4, - = ¢
T M, = 4.0001) - 41) = 0 (Checks) zm.:mm)d-mmxzm)-%(ymxm):o
. | am 1 d=368m “
18 kN
A :—5*’— ——l—————-. 47 B B,
|
At ‘B 'C I
2, Sl — 0.5 244 ,
Ay By J ! H_WL#
SF =A,+0=0 A agAweE > T | P onin
A0 « | EMa=B(24) - (1032) - (20 cos 30°)(48) = 0
B, = 48.0 kips — -
M, = -A,3m) + (18 kN)O.5m) = 0 B, =B, /4= 12 kips 1 <
Ay = IWNE . IMp = Ay(24) - (10)(32) - (20 cos 30°)48)
M, = B,Gm) - 18kN)2.5m) = 0 M
A, =380 kips — <
B,=15kN } 4| ZF;=Ay +By - 10-20cos 30" =0
— . A, =153 kips 1 <
SF=3+15-18=0 (Checks) | ¥F, = 38-48.0 + 20 sin 30° = 0 (Checks)

348 SFy=By-2=0
6 X x
M/ l 2 KN/ IIZM' B, =2kN— 4
|
A, ZMc =Bx(4) +(2X1) - (8X133) =0
L) S R B,=2.16kN } <
41
e e Y IMp = - Ay(4) + (BX2i67) + (2X1) =0
):1=,=A,,-12;‘\1"0?31n A,=584kN -
= ips Check:
A'z ANt «|SFy=584+216-8=0 (Checks)
My =M, - (12)3) - (10X6) - 4=0 g
M, =100kN+m By e
29.4&N
" *-‘# 38 ~ 3 B“‘—B G
I'_"3 kips am l%tfp}
2%ipfee b 12 kips — A l - =4840
25p/ee ] ' 2 4m
A i T M, = A,(2) - O81X2) - (29.4X6) = 0
ZF;=Bx+0=0 A, =980KN— El
B.=0 SF =-B +9%0=0
IMa=By(6) - BXD) - (12)3) =0 B =Bk - -
B, =6.5kips 1 3 F, =B, -981-294=0
Mg =- Ay(6) + 3X5) + (12(3) =0 B,=392kN t <
A =85k
Y e 1 382 Ikps AKp Gk
Check: }
IF,=65+85-3-12=0 (Checks) -
350 A 8
4m I 43‘; |
e, 33m_] Ay TH T B 8
2.67 ¢
4 kN, 2 kN EF‘=-A‘+3=0
A, =3 kips «— <
4 2 M, =-A,(32) +(3)(24) + (4 + 4X16) +(6)8) =0
Ay 24V | A, =7.75kips } -«
! (m | 2 M, = B,(32)-(3X8)-(4+4X16)- (6X24)= 0
. S-S — B, =925 kips ¢ <
B Bx Check:
1 Y F, = 7.7549.25-3-4-6-4 =0 (Checks)
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17

40th
- D .p
5334 2.67 fe—] 100 & ];l 20 ID)
g ft 28 lm f:.&l 28 |
SE =A,+0=0
A, =0 4| YF =D,-30=0
I M, = -A,(8)+(16X4)+(@X2.67) - 20=0 g &
A, =684 kips 1 4| T M, =D, (4)+(100)2)-(20)1)- (40)2) = 0
I M, = B,(8)-(16)(4)-(4)(533)-20=0 D, =251 § <
Bl B, =13.17 kips 1 4| T M, =-B,(4)+ (100X6) + (20)3) + (40)2) = 0
JF, =684 + 1317 - 16 - 4 = 0.01 (Checks) ) B, =1851b <4
F, = -100+185-20-40-25 = 0 (Checks
354 i 356 YE + (Checks)
L 356
81(-}'5 Lhp 40015 2002k
~ Goows
4| P ! ﬁ"ﬂ]}
iy 2 AT
|
Ay b -—‘L“"WBa M oen | gn
are—Limp
TS, /W T — SF. <A, + 346 = 0
SF =A, +0=0 A, =3461b - <
A.=0 < | DM, =-A,(8)+(600)(4)- (346)(3)- (200)(2) = 0
T M, = -A (6) +(8)(3.33) + (1(133) + (6X1) =0 A,=1201bt <
A, = 5.6 kips 1 < | SM, = B,(8)-(600)4)-(346)3)- (200)(10) = 0
T M, = B,(6) - (BX2.67) - (1X4.67)- (6X5) =0 B, =6801b ¢ Bl
B, =934 kips 1 < Check:
Check:

EF,=566+934-8-1-6=0 (Checks)

SF, =120 - 600 + 680 - 200 = 0 (Checks)

100(2, #)
=9¢(N
L 02m | 0.2my 0.2m
B
Al Al v c
Ay fio 200(2.21)
=|q2N

T M, = Fygsin30°( 0.4)- (981X 012)~(1962)(0.6) =0

Fm=mN

Ry =Fap =6870 N £730° <4
E M, = A (0.4) +(981)0.2) - (1962)(0.2) =0

A, =491N | «
S F, = -A, + 6870co30" = 0

A, =5950N « -4

Check
3 F, =-491-981 + 6870 sin 30" - 1962 = 0 (Checks)

3Im 2am ) 2m
o088k |~
L2kN || | LAN
1
;ﬂ% e N T
‘_—-—A J
A 1.5m | 3.§l|\ Ea
2m |, im
3.67m | 18m
SF =A,+0=0
Ag=0 4
M, = -A(5)+(.6X3.5)+(1.2X3)
+(12)(3) +(1X133) =0
Ay=351kN ¢t -
3 M, = B,(5)-(3.6X1.5)-(1.2)2)
- (1X3.67)- (4(5)=0
=6.29kN <
Check: B
S F, =351+629-36-12-1-4=0 (Checks)
358
T T
L im 1Hl im &
A —4A 104N
A
T'M, = Tsin30° (4) + Tcos 30°(1) + T(2)
-(10kN)3) =0
T=6.17kN -«
SE =A, - (617 cos30" = 0
A,=534kN— |
SF, =A, +617 + 617sin30" - 10=0
A, =0745kN t -

360

g 0.5%
A
foosh II B B
"
504b . _l.
<9
Cy

IM

-B,(1.5ft) + (100 Ib)2.5 ft)
+ (50 b)Y05ft) =0

B, =1831b+ <
YF, = -C, +1831b=0

C.=1831b+ <
S F, =C,-1001b-50Ib =0

C,=1501bt e

41
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M, = F,(0.1m) - (2kN)0.2m) = 0

F,=4kN
F, 4 kN
= L = = 0.
=L T owm %2
=200 TM, = -T(03+4.62)+(196X2) + (392)08) =0
i 3% T=143N -
| kipfge |3 %P8 EF, = -A, + 143sin30" = 0
" —lg A =TL5N~ «
Ny Lc,c TF, =A, + 143c0s30°-196 392 = 0
Y 15f bew g A,=464N t |
r T y =

SF =A,+0=0

(Checks)

A, =0
Y M= -A,(2)+(3X0.5 =0
A, =0.75kips t
M, = G@2)-BXLS) =0
C,=225kips t
Check: )
SF, =075+225-3=0
(_\'sz.ﬁ'k:fs 4‘;‘,},
Cl—
L 2 # 2 £
2F,= -D‘ +0=0
D,=0
YF,=D,-225-4=0
D,=6251%
F My = -M, + (2.25(4) + (@X2) = 0
M, =17 kip« ft

Check:
M= -143(03+%‘3) -(392)(2- 08)

- 71.5(2tan30°) + 464(2) =0 (Checks)

Test Problems for Chapter 3

The following problems may either be given
to students for them to practice their problem
solving skills or be used as test problems.
The answers are provided on the next page.

364 IDO“M’E IZQ.SB
B

L5 4.5
3002k e
. A iy 1

A & :I—-g.i.... 30=11324

Resolving B into oom;;onun at D, we write
IM, = By(4.5+1.732)- (300)1.5)- (225)1.5)=0

g
i
x

By = 12641b
B 126.41b
L S - °
Be—te 1461b *h 60
IMp=-Ay(4.5 + 1.732) - 300(1.5) + 225(4.732) = 0
A,=9861bt e
SFyx =-Ay+300 - 1465in30° =0
Ax=22TIb+ B

(1) A T-shaped bracket supports a 300-N
load as shown. Determine the
reactions for the hinge support at B and
the roller support at C. Treat the
bracket as a three-force body and solve
the problem by using a force-triangle.

300N

A!<°"' S—
-y
[L | e
w-—-]-—roa-J

(&)

The L-shaped bracket is supported by
a cable BC and a hinge at A as shown.

Determine the tension in cable BC and
the reaction for the hinge support at A
due to the two weights applied as
shown.

4. C

0.5¢
0.5 ¢

SANERRRAE

=

E—i.s#—--— 1.5 ft—al

1

100 b

200 %

Check:
ZFy=-98.6-225+ 146 cos 30° =0 (Checks)

(2) Solve Problem 1 using equilibrium
equations.

@

A

The overhanging beam is subjected to
the concentrated load and the
distributed load shown. Determine the
reactions at the supports.

104;,; . 2.6Lfa
el

A i

c
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Solutions to Test Problems
for Chapter 3

(1) 'I‘I:BgivenSOOmeandRmuonC intersect
D. The third

force, the reaction B, must also
pmthmughpo:mi‘)
/BOOM B
L:'T
/ i | o.lm
péél\:’ _____ c ¢ |
LL.L_—a.rs-—-L-om-.l
AE 0.1m
2= 6w  wmer | Coom
DF=0.057Tm + 028 m=0338m
@ =tn'Bx = ma! 2L = 165

DF _ " 0338
The three forces form a closed triangle as shown:

B 4 260

= Tr = —_— 6.
6 = tan B, tan” = = 16.5
B=916N =165 <4
O — £
"Lr‘"m-.. T T
z
* m.r Gil-
l A : I u'-w
Ae
o

IMp = (T-T)(zm (100 1b)0.5 ft)
(atC) -(2001b)(1.5ft)=0

T=18451b 4
ZIMc = Ax(2ft) + (100 Ib)(1.5ft)
-(2001b)}1.5ft)=0

Ax=751b -

L7 = .
oA ot IFy = Ay + =(184515)- 2001b=0
B p R— Ay=14171b B
- = - w - = .
N RS Fy =75+ 100- 336(184.5[&:-0.03 (Checks) B
sin 120 sind3.5  sinl6.5 O &
@ 28 LR dsh NG N e O —T
B=915N 165 e L—Jm G0 B o] Goo BT D l 25 Ty P 24t
C=T28N~ ja.:'jd . 45 kips(c 20 keI
1 - 150 ¢4 45 kipr 4
il A A Hirfp %y 00k rsol.b & D F E
@ BI! & J_ B I C R 15 kips 15 kips
A Rt B;"L""" La 124N Y f e dkin( B 4k
zF,—A,+o-o ¢l r3aN \E )
Ax= 4 p K ’ R
Mg —AKI0f) + (10 kipsk5 ) l 4k
IMp =-Cx(0.1 m) + (260 NX0.28m) =0 =R -(3hpsx1.§t) (24 kips)(2 ft)=0 Gul' g 2 % U—-ﬁt
Cx=T728N ‘ =4.07 ki - - 3 1
Ty~ 0, 70 \=Byi0 (05 s E o
- -(3hps)(ll.5ﬁ)-(?.4hpu)(l2ﬁ) 0 4 - i gural g
Y B, =260N By = 1133 kips - — - D 184N "F_"gk;,,
o =BT £ 2607 = 916N |5 T407,1133-10-3-24=0  (Checks) v k s s
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p aaydey)

IBeH(QF

414

A e
cl RIE
j2r 12kN
3m 3m

T M, =- F,p(4)+12(6) +12(3) = 0

Feo =+27kN(T)

4
SF= -SFu-12-12=0

Fae =-30kN (C)

EM.: Fe@ + 123) =0

ch:"gk-N(C)

ZFR=!=m,+%[-'.,;+l'7c,s

=27+ 330+ (9)=0

(Checks

o, &[ x i .
Rr| K %
{ p
o ft 20 fr QT”
Y M, = Hy, (6:67) + (9%20) = 0
(atH)
m = -27 kips

Vg = ';:Hm = -9kips

= ‘427)1 + (9i = 28.5kips(C)

SM, = -Vy(200 + 0= 0

(atl)
Va=0, Fa=0 <
3 M, = -Fg(10) + (9X30) = 0
Fa = +27kips (T) -

Check:
3 F, =-Hgy-Hp -Fgq =<-27)-0-27=0
SE =V -Va+9=-9+40+9=0

Fgg = +27 kips (T)
S F, =Hp +Hg +Fg, = 40.5+13.5+27=0

SE =Vy-Vg-9-9+18
= -135+135-9-9+18=0

= = J(13.57 + (13.5)° = 19.1 kips(T) €

3 M; = Fi (10)-(18(30) + (9%20) + (9X(10) = 0

£

419 D

g ] ]

lof
A

MR’ 1C.
M, = -c,(m) +C§20) =0 ¢

C,=+10kips t
YF, =-5+10-E, =

0
E,=+5kips | E /D
B8 4 —r

p | 1OfE

4
N Veint e I~

:kf” D3= 1;#}':47—&
A/C s,

L._,aﬂ-,—-;a&—-ﬂo&
I M= -Hp(667) - (18X20) + (910) = 0

Vor = gHy = -13.5kips
For ,k405) + (13.57 = 42.7kips (C) 4
T M, = Vi (20)-(9X10)-(9)(20) = 0

(atE)
Ve =+13.5kips
Hgr = Vg = 13.5 kips

A
sc_ okmfC 1|
S M = -H,,,(sf T 50 =0
(atB)

Hy =+10kips, Voo = %(10):55.:

Fap = Y(10) + (51 = 1L.2kips (T)
(]

I M, = Vp(10) + 1010) =
(atC)
Vo =-10kips, Hyp =-10kips

EMD= (10) + 5(20) - 10(10) = 0
Fx=0
k:

N F, =Hyp +Hop +F e =10-1040=0
S F, =Vyp+Vp-5+10=5-10-5+10=0

<

= J10)* + (107 = 14.1kips(C) «

<

47
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ST

423 (Cont)
T My = -V55(30) + (170)10)= 0
Hm = Vm =+56.7kN

=J(567)7 +(56.7)° =80.2 kN (T)

= Hg (7.5) - (170)20)= 0

<
M,

(at E)
Hgo = +4533 kN,
V= il-lm = +113.3kN

Fpo =J(@533) +(1133) =467kN(T) d|A

S E =Fp+Hyg+Hy = -510+56.7+45.3=0
S F, = -V -V +170= -567-1133+170=0

With the reactions and the horizontal component H
found, the method of joints can be used to determine
the forces on all members. The joints can be
analyzed in the following sequence: D, E, C, and B.
Equilibrium conditions of joint A will provide useful
checks.

420 _ _ _
D S T ] | Z¥e = Tl 01 ~ 8
S & E ¢} Fro =+583 kN (T) <
FE H
Ac\ 1.5m F, =H+Hy +F g =-75+16.7+ 583 =0
F x DF DG
e | - F, =Vpp-Vpg+35 = -15-20+35 = 0
L—,iff B [ 0.25m 2 4 oo
3 M, = Frell75) - 82) - 12(4) = 0 4
Fr H T
Fac = +36.6 kN (T) < | _
T My = Fop(14) + §(12) + 12(10) = 0 S SN T
b 4] o —-.,_____‘
Fop =-1543 kN (C) o G i s e e
TMc= -Hy(l79) - &Q2) - 12(4) = 0 I%:l Sl Lo TSR o
(atD) -»-.-E__—-g(;o-.)-mm____.
Hp =-366kN, Vps= -(-36.6)=-45:'kN 3 M, = Hy(14) - (30)10) + (45)30) =
(atF)
For = Y(36.6) + (457)° = 369kN(C) 4 1
il dht ol Hu=75KN, Vg = gHp = -1SKN
Y F.= -Foc - Hy = -(+366) - (:36.6) = 0 Fe = W75 + (157 = 76.5kN(C) 4
Fyz-F -V -8-12=0 EMQ:Vm(m)+(30)(a))-(45)(4O)=O
= Vau=0
Fou=0 -«
I M, = -Fy(12) + (45(20)= 0
Fa=+75kN (T) <
3 F, =-Hg - Hoy - Fo =<-75)-0-75=0
. S F, =V - Voy -30+45=-15-0-30+45=0
S(om)=SO0m o 20m s
T M, = -Hy(14) - (35(30) = 0 iom 20m Lom
(@tF) | l |
1
Hp =-T5KN, Vg = THpe = -1SKN ___la 8 pl | EETF
Fue = (757 + (15 = 76.5kN(C) 4 i £, ;
T
T M, = -Vie(70) + (35)40) = 0 Eo'G
(at G) g
Voo =+20 kN EMO = - Fpe(10) - (170)(30)= 0
Hoo = 2V = +167 KN Foe =-S10KN (O) <
= J207 + (16.77 = 26.0 kN(T) 4[ (Cont’d)
49

424
1-:1-_& B
iln

R

206 g

E Cx
I M= -E(2) + 204) + 20(2) = 0
E, =60 kN =
SF =D,-E,=D,-60 =0
D, =60kN —~
>F, =D,-20-20=0
D, =40kN t

M, =

He (D + 20(2) = 0
(at C)
He =40 kN (C)

Al
-
o
g
=
X
o
N
Gow
425
Find Reactions
’ !
A‘l!. dogp G‘ff"‘za;e"ﬁ ’zoﬂ”v
M, = -A,80) + 60(40) + 60(20) = 0
A, = 45 kips
JM, = H,(80) - 60(40) - 60(60) = O
H, =75 kips
SF,=45+75-60-60 = 0 (Checks)
TM, = -H,,(30) - 4540) = 0
Hy, = -60 kips (Cont’d)
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¢ andey)

(@25 (Cont) TM, = -Hyo(7.5) + 30(10) - 60(6.25) 427 (Cont) 10 Kips SM, =R, +0=0
0 | .
With the reactions and the horizontal component Hyp, H (t(-:Z)OkN(Q - 60(1.25) = = Re =0 <
found.themetbodofjointscanb;husedmdammTe AC A ZM":RM- 1-5=0
the forces on all members. The joints can be Method of Joints: Joints are analyzed in the sequence g ! <
anal in the following sequence: A, C,B,D, E, . soint D. & Ry, =+6 kN 1
G 'ond 1. Equilibriamcontitions of joiat F will | B+ A+ C- E+ and ELEi checke dp oletine e T Bl 4% TM, = M, + AX04) + (H0.2) = 0
provide useful checks. GokN A H E . <
1E ) s =+L1. *m
= 22 kips 429
b Mg = -Hpe(9) + 2209) = 0 _
) (at H) Member ABC: Note that BD is a two-force member.
™ Hpe = +22 kips (T)
“lgoxN | |Method of Joints: Joints are analyzed in the sequence:
A, B, C, F, and E. The checks are obtained at joint D.
; : 0 k;
e 10kps  10kys  10kips iosr saty KN
. G ki 4
ps ‘ L .
¢ : S M, = Fy,(6.93)-(50X12)- (1002 x 6.93) = 0
Bl -+ =2871b(0) £
Ay R SF, = -Ry + S0sin 30" = 0
3 T M, = -A,(36) - 6(12) + 1027) i <
sofm B +20(18) + 10(9) =0 e = _
J 208 o 7 A, = 18 kips 1 T M, = Ro(6.93) - (25¥8 sin30°)
; - —_—
SMa= Fa0) 3000+ s FoFlsy T 66T g i) MemberAC CaN RGN et
+60(2.5) + 60(7.5) =0 -20(18) - 10(27) =0 b bt & Ry, =14331b ) «
F,=180kN « F, =22 kips 1 G -
2 --E(10)+30(20)4l-)60(10) AT =y 50 Ra % $F, = -1433 + 287 - S0c0s30° - 100 = 0
T -2 A, =+6kips « 21: =-C,+0=0 (Checks)
E, =GOKN Check: * C,={;
s it JF, =18+22-10-20-10 =0 (Checks) S M. = -R,(06) + (3)0.4) = 0 4-30
=90kN t " .
5 Method of Sections {4 ! Ry=+2kN } 4Fm_am a0 pia
2F. =60 +60+60-18 =0  (Checks) ~ T I M, = C,(06) - 3X0.2) = 0 Rnn-‘l—‘{‘_'
e \ 9 f C.,:i-]kN i Rﬁ, \
B |
&t :ﬁm 12, _z(; \4)= 54N M, Rox 28 ¢ Eﬂ"i
" 7 gl _ ¥ L -
M, =Bl o) -612) - 189) = 0 R e DM, = Ry, (2) - (600)(3) - (300)6) = 0
(atG) , R.. Ru= +18001b = 4
Hyp = +26 kips (T) (Cont’d) 14N (Cont’d)
51 52




¢ adey)

LT

430 (Cont)

S F, =Ry, - 1800 = 0

Rpe =18001b—
g
SF, =R, + Ry - 600 -300 =0
Ry +Rp, =9001b (a
Member ABC: Note that BE and CF are two-force
members. >
G SF = -R,+L05=0
h\
L Rax= 1.OSKN — <
28! g "
Ron o—5 B 2F =R, -2=0
‘_f-——i—ff: 1.5 R, =2kN <
Ray Re  FRe TM, = M, - 2XL2) - (LOSYLOS) = 0
EF.=%F“-13°0=0 M, =350kN.m () «
.Fa.=+30001b(|') < Member CDE  Note that BD is a two-force member.
D
G E
TM; = -R,,() + (1800X2) = 0
3 C, 59 24N
R,y =-1200Ib } -« M = (EF,D)(OAB) @02 =0
From Eg. (a): Fap =+ 5kN(C) -«
Rp, =900 - (-1200) = +2100 b 1 4| ¥M, = 08 - 2(0.4) = 0
7 4 C,=+1kN -
F, = -Fg - 1200 - —=(3000) = 0
2F - 5000 EF,:-C,+§(5)=0
Fig = 3600 Ib <
« (© C.= 41N <
fuw
Member DEF (For checking) Member ABC (For checking) o) T
3600 L) 30001 J.o5m Ll
18000 4 E F 15 K—1+
I a4 |
2loo kb 6001l 300tk L.'.:
v A ac AN
Y F, = 1800 - 23000) = 0 (Checks) 4 ) 50 Al'm
5 4 EF‘=4-§(5)+1.05-1.05=0 (Checks)
3F = 2100-3600-600 - £(3000)-300 = 0 3
(Chmmz';,ﬂ-;(snz:o (Checks)

53

EF,=R.,+7.67-40=0

Entire Frame Ry, =3233kN t <
SF =R, -Ry +10=0
R =Ry + 10 (a)
Member AC Cy
B —4 e
T, } .
T M, = -R,(30) + (5K20) + (4X6) = 0 < i
Ry, =4.13 kips 1 « o N _’-*--
F, =Ry, +413-5-4=0 )
E y By - R“J_. A
Rp, =4.87 kips ¢ < 5
SF =R, -Ry, =0 Ry
Re.=R, @] ¥ M. = R,,(18) - (7.67X15) + (10X11) = 0
Member AC Ekips Ry =028kN— E
c FN!I'IEA]-(‘):
Rg: =028 + 10=10.28BkN <
10
R4 | 434
— i ]
4,3 kips
S M. = R, (10) - (413)15) + (X9 = 0
R, =3.70 kips —
From Eg, (a):
Rg, = 3.70 kips <
433
Entire Frame 4o 3
Ray
IHm IM, = Ry - (4199 = 0
loxN Rp=459kNem <
am R‘.‘EF’=RM-4.$=O
Ro &, Ry, = +4.59 kN — «
SMy = -Ry(30 - GOKT + @X75 = 01 |2 TRw -4 =0 -
Ry =+4kN
R, =7.67kN t < ~ ¥ (Cont’d)
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434
Pulley

(Cont)

r=o0.2m

Gy 44N
M, = T(02) - 4X0Q2) = 0
T=+4kN
JF, =G, -4-4=0
G, =+8kN

Member CEF

T=44N
Co L.om £ 9.55
& l Ex e
&
M, = -G,(1L0) + (4X0.55) = 0
C, =+22kN
EF,= -E, +22+4=0
E, =+6.2kN
YF =E,-C =0
E=C,

Member BEG

By

E, =+156kN
|From Eq.(a):

C,=+156kN
SF =B, -156=0
B, =+156 kN

SF =B, +62-8=0
B, =+1.8kN

M, = E (0.5 + (6.2X10) - (8XL75) = 0

(For checking)
F, = -4.59 + 156 - 156 +4.99 = 0(Checks)
F,=-22-18+4=0 (Checks)

435 T

Puliey

X
508 St
IM. = -T(M + 50() = 0
T=501b
S F. =-C,-50cos30 =0
C,=+4331b— <
SF, =C,-5-10 + 50sin30° = 0
C,=+35Ib ¢ -
Member ACB
356 l_ gft
A 4-‘5“1 A )&1'
: -
604k ZF By
S F, =B, - 60sindS - 35-15 =0
B,=9241b } 2]
M, = -M, +60 cos 45%(6)+35(4)+ 153) = 0
M, = 440 Ib-ft () <

4
> F, =B, + 39-4=0
D B, = + 8 kips <
Forces on Members
p
¢ e
B 5”" . s . . .
45 F}kr‘ b i daw Ak
7 ] 7 ki L_‘ 2
A 4 kip Br.‘,; * ¥
\_l_z;pl. Skips 95t
EF, =A, -4=0 4
Ay =4 kips t < 4:_‘*-?-*
]
IM, =M, -44 =0 Meni !El (For checking)
MymEisngan 43E = %(5) +4-7=0 (Checks)
7;__. EF,-;-(s)-s+4=o (Checks)
w 14 kips 2“4 - '%(5)(8) -45) + 74 + 16 =0
TMy =TO - 40 =0 (Checks)
T = +4 kips | 437
SF =E,-4=0 EntinFome 24 -
E, = +4 kips 4
EF! =E, -420 4‘ {
B, =+4kips < g4
Member CDE  Note that CD is a two-force member.
Ry 4 iy
Cc i Fdh' R F
3 B 2 & e F;""__"
SM, =A,® - (X9 =0
9.
M, = -3Fa - @0 = 0 A= 3 Kips R
Fms-S;ip-(C) <4 Ep_gp,-§=o
2F,-a,+§(-5)-4=o FF%H‘”__ <
B.=+7h.ﬂ -« (Cont'd)
56
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67

437 (Cont)
SF, =A,+F,-1=0

A,+F, =1

1k
TR
"‘;P %’,Kl\r

By inspection:
Bx =1kip
By = 1kip
Dy =1 kip
Dy = 1 kip

ile

TM. = -A,6) + DB - 12) = 0
A=+ %ﬁp 4

From (a):

9
=—ki
Cy +8 ps

1
EF,=C,+E.—1—1=0

...
G=+5 ki

(@

A A A A

9 9
F,==-==0 Checks
11
EF,=E+1--E=0 (Checks)
4-38
Entire Frame
808
A
R
OH 5 i
CH = eyl = 866 in.
Due to Symmetry, R,=R,
SF, =R, +R, -80 =0
R.=Rg=401b
(Cont’d)

Due to Symmetry, Rg=Ry
S F, = 2R, cos 60" - 80 = 0

=R, =
Ra "7 2cos &0

Member ADCH Note that DE is a two-force member:

=801b

S M, = Fug(8) - (BOX8.66) - (40X9.24) = 0

Foe = 132.81b (T) <4
S F, = -C, +80cos30" + 1328 = 0

C,=202.11b <
Y F, =C, - 8sin30" + 40 = 0

C,=0 «

:
__m_j

8
&8,
19620 N = 19.62 kN

L

A
W=mg=:w00x9.8‘f

4-

T M, = B,L) - (19.52)(-[:) =0

2
B, =981 kN F
By =4.81%H,
8
0.5} In
M = -F(1) + (981X015) = 0
F=147kN <
0 =~ doW——
0.26=
Fait 0.06m
EMA = F,,;(0.06) - (40X0.25) = 0
Foail = 167N <
4l
@ 3 M; = P®) - (60XLS) = 0
P=11251b B
® YF, =E,-60sin30" =0
E =301b -

SF, = -E, + 60cos30" + 1125 =0

E =6321b

<
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I M, = F, sin 407(231) - (100X8) = 0

Fo = $391b
20™ ans'i?.li

Fal

SF, =P-59cos 20" = 0
P=5061b

434

Joint A T

Fas £

Fa=F

The Block &

7

T=W=mg=200x981=1962N
S F, = F,sin35 - Fysin35 = 0

JF, = -F,5c0835 - F,ccos35 + 1962 = 0
Fua=Fic=1198N

Fy

E— &

fx

443
Member BC (a two force member)

Member AB =iV
B Hu:’zw
M 0.15m
A
A‘ a.|m
Ay

T M, = M- (2X015) + (1X0.10) = 0
M=02kN+m ()

E,=F,=9%IN

I M, = -E,(03) + (981)(0.125)
+ (1198 sin 35°)(0.15) + (1198 cos 35°)(0.1) = o
E.=10®N £
Y F, =D, - 107 - 1198sin35 =0
D,=1766 N ««
3 F, =D, + 1198cos35 - 981 = 0
D,=0 L |
Check:
T M= 1766(0.15) + (981X0.225)
- - (1079X(0.45) = 0 (Checks)

tw=1162N

Due to Symmetry, E, =F,
4 SF =E, +F -1962 = 0

M, = n,,(20)5«(%:7510)(35)+ (%xTSO)(ZS) =0
Foa = 1613 1b(T) -

+de
Note that AB, BC, and BD are all two-force
members,

Fia= 8 &N

Ee, ™ F;D

S F, = Fyesin 75 - Fpsin75 = 0
Fac=Fap

S F, = Foocos 75 + Fypcos75 -8 = 0
Foc = Fip = 1545 kN

Joint C
E

75
:%’kws#m‘ B RC.
n

a=180"-(75 +11")=%4"

R, _ 1545

sin 94" sin 11°
Rc=80.5kN

Due to Symmetry:
Rp=R.=805kN

Press Head

15,45 kN

Rembo.56N  Ry= 0.5 <N

YF, =P-8.5-85=0
P=161 kN «

The ratio of the compressive force to the resultant
pressure is

161

3"

Hence the resultant pressure force is magnified about
20 times.
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Test Problems for Chapter4 |©

The following problems may either be given
to students for them to practice their problem
solving skills or be used as test problems. The
answers are provided on the next page.

(1) Determine the forces in all members of
the truss shown using the method of
joints. Indicate the results on a truss
diagram wusing the arrow sign
conventions. F

b
of

The three-hinged arch ACB is subjected
to the loads shown. Determine the
reaction components at supports A and

Solutions to Test Problems
for Chapter 4

@

de JOOkips
Sokips ¢

VoS E| §
Griﬁ_‘o 3G kips e @

(2) Determine the forces in members CE,
BE, and BD by using the method of
sections.

12 kN 12 kN
c = l’F
I
i | 1
A% B £
|-—»3m—-l-—3ﬂ 3m —=

The shear shown is used to cut
circuitboards. For the position shown,
determine the vertical force exerted on
the circuitboard by the blade at E.
Neglect friction forces on the joints and
between the blade and the guide. il

(1) Equilibrium of the entire truss Fy

A
EF, = Fy - 6 kips " 6 kips =70
Fy=12kips ¢
ZMg = -é, (10 ft)+(6 kips)(30 ft)+(6 kips)(20 ft) = 0
Gy =30kips «
ZFx =F;-30kips=0
Fx =30kips -

Method of joints is applied in the following sequence:

A,C, F, G, D, B, and checks can be made at joint E.

A4
A" 8.
SMg =-Ax (101t) - Ay(54 ft) + (50 hpf)}(-‘“ ft)

+(100 kaps)(14 ft) =0
10Ax + 54 Ay =3450 (2)
IFx= Ax B;-O

IFy=Ay+B smn 100 kips =0
Fyﬁ'_&a RS

(b)
(©)

MM&M
ke o o,

5
o i ICy ot
4 2B

IMc = A‘?lﬂ ft) - Ay(23 ft) + (50 kips)(10 ft) = 0( "

ZMp =Fcg (4m) - (12kNX3 m) - (12kN)(6 m) =0

Ay =-500

(a) - (d): TIA,_M
Ay =513 kips { <4
From (a): Ax= @-—:ésix-—sg)- =68.0 kips— -
From (b): Bx =68.0 kips ~— 4
From (c): By =150-513 =987 kips } <
(4  Equilib. of the handle (BD is a two-force body)

2008

61

Feg = 27kN(T) -
1
IMg = Vg (9 m)+(12 kN)}(9 m)+(12 kN)(6 m) =0 3 8
@se IMa = (ﬁ F,,,)(o.us m) + (ﬁ FB,,) (0.03 m)
s - (200 NX0.03 m + 0.207 m) =0
FaE=ngE=ﬁkN(C) -« ) Fpp =963 N
SME = -Hpp (3 m)- (12 kN)(3 m) =0 = fibn g
Hhp = -12KN ’ Hy=V-F5 Fro=0
H 8
Fap=-‘§_?-ﬂm=12.65kN(C) ' v Vzﬁ(mN)::MN <
62
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s adey)

e 5
(a a=10 002k
i
#!-0'3
Fin

S, =N - 100c0s 10" = 0

N=9851b
S E, =F-100sin10" = 0

F=174Db
Fo= |,|.,N (03)(9&5) 2961b

< n

Hence the block is at rest. 4
®) a=30 1008
S F, =N - 100cos 30" = !

N=8661b
S F, =F - 100sin 30" =

F=501b
Fa= u.N (03)(86.6) =26.01b

F>F,

Hence the block will slide down. <

58 W=2z0(3.31)
=|9G6N
P = 196sin 44" = 136 NA 6 =44° -4
a P,
W=196 N min
p 3
mn q‘ M
R <
=14
P. =196sin 16°=54.1 Nex"0=16"
510

The minimum force P required to cause block A to
slide on block B:

Al —Fha
N= u.ou

51 5 (2) + 0.4 x (b):
: i P, (cos 20" + 0.4sin 207) - 0.4(491) = 0
1 Po = 182N <
=3 To avoid solving simultaneous equahunn, Prnax may
HM=04 lN bet}btmnedbysolwngthefome triangle as shown in
= =ﬂ)x9.81 =$1 N lhe onowmg‘ o
3 F, =N+ 150sin20" - 491 = 0 -
N=440N W= 49]]“ .Pm Plll
SF, = -F + 150cos 20" = —
F=141N i’\ 44iN
Fo=p,N =(0.4)440) = 176 N )
F<F. A 4=J~Lu“,u;
&AR = dano.4=218°
The block is at rest and the friction force is " ol = 80"— 70 ¢y = 78.2°
= ‘ =
i sin 2.8 sin8827
s2 W=49IN P=250N Pou=182N Bl
| 20"
i Prax
D
/‘5=0 "r—F
M=03 T
.. ” 3* -“ !. Pm
YF, =N + 250sin 20" - 491 = 0
N=405N
S F, = -F + 250c0s 20" = 0 a = 180" - (30° +413')—-lo&7‘
F=235N Pou_ 40
F. ;t.N (a4)(405)- 162N sin 413 sin 1087
F>F, Pox=2791b &
Hence the blockum motion and the friction force is
the kinematic friction force equal to:
F,= p,N=(03¥405) = 122N - 400b 8.7
%
- 400 tb
W49/ N P
i 30'~41.3° =113 4
ot -u-:'
g, un 1020=113"
E=/N=0.4N ¢ =tan-
I it a=180"- (30'+1&7')—1313
% Pay 40
Y F, =Py cos20’ - 04N = 0 @)|5n187 ~ smi3L3
YE, =P.sin20" + N- 491 = 0 (b) P =170.71b <

&7
w

Amax

R _—o=4¢

When the crate is on the verge of motion, the
maximum friction force F, develops. Thus

O=¢ =tan-p,
The weight is balanced by R. The weight is in the
vertical direction, the reaction R must be also in the
vertical direction to satisfy the equilibrium condition.
Thus

0=ap
Therefore

Opy =@, =tan-'p,=tan! 03 = 16.7 «

Fa= N =(035)100) =351b
SFE =P_-35=0
Pua =351b
The minimum force P required to cause the two
blocks to slide on the floor:
100 eb

|A t L P,
] B izaouJ

Fa= N = (0.1)300) =30 1b
YF. =P,-30=0

Hence the minimum force is 30 Ib and sliding will
occur first between block B and the floor. <4
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517 (Cont) 519 520 (Cont)
Minimum horizontal force to cause tipping about | (a) When sliding occurs:
comer A: L o' R=24635
P 0(9.80)=745N g
P o =2443 R
30in. G z 3 o @L“o
3
F =14*
750, Ty Erﬂsf;”.ﬂ 8. 5= i MNa= 0.45N, 914 P
M, = -P30) + 675 = 0 = N
P=1501b 2E ;N,MN. - 745 = 0 B = 180" - (66" +767) = 38"
The file cabinet will tip first when P= 15.01b it N x 745 _P_ _ 28D
b ot SF, = 045N, + 045N, - P = 0 e
g P=045(N, + Ng) = 045(745) = 335N 4 P=1563 b
P (b) When tipping 521 a=180"-(75 +80°) =25
L P W= 7458 w 'T 2 L— - 8121b
% l | sin 25  sin75
: ST P 5ok & | R J W =3551b -
G i
| PE———* 523 o
E ’ R, =1962N R
4 A Ia.d-z- \ BecAtihy er
¢ =tan" 030=16.7 NA ‘:i"‘\ ; = P’ =44905N
a=180"-(50" + 16.7") = 113.3" EMA = 335h - 745(0.42) = 0 b=i5"\p, /
P 50 1b _. ,
= = = = 0.3=16.7
e h=0534 m =934 mm < o -
P=1561b 52 W=mg=200x981=1962N W =mg =500 x 9.81 = 4905 N X
| |a=180"-(105 + 15) =60 a=180"- (167 +118.7") =44.6"
When tipping about comer A occurs: =24 . e o ON
oP 2000 b sin 15 sin60° sin 167 ~ sin 446"
[ - el
lott | G 3 ¢, » P
jo2s B,
F _ 3 - 28.7*
WITI ¢, =tan 025 = 14.0° B Ri=1007N
T M, = -Poosd0(1.0) - Psin40°(06) sl GF s & e e P,
A_4-50(0:5)-0' ) =5t Due to Symmetry, R, =R, =2007N
R _ 20001 i 10" - (O 415 . 36° B=180"- A613" )= 57.4°
P(cos 40° + 0.6 sin 40°) = 15 sin 104" sin 57 P 586 1b P__ _ 2007N
P=1731b - e sin 57.4  sin6L3
The crate will slide first when P = 15.6 Ib. 4 (Cont'd) P=36ON < P=1928N -
67 8
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St

F
R‘sﬂ.gi 24
uy\eﬁg!-u-' d@?

B = 180" - (66" + 76" ) =38
P 1283 Ib

- ia; of wed er it is bei
driven_into the log: Without any vertical force (P =
0), the reactions will not have any vertical
compontent. The wedge becomes two-force member
with Ry’ =Ry’ = H acting as shown:

R’=R,’=H=6281b <
Note: Since the angle 8 = 5" between R,” or R,’ and
the normals to the surfaces of the wedge is less than
¢, = 16.7", the wedge will not slip out and is said to
be self-locking.

527 B.,,

B By
il
500 th #40011,
P A BT
= 03Ny
se | 2e |
N

3 M, =N, sin 2 S2)-Nycos 5(5)+0.3Ncos 5'(2)
+0.3N1un5‘(5)+5(11(2) 400(1)=0
-4.le+m—
N, =1471b
sopy 1478k

£
0.3(M7)=a4.| bb
F= 03N

EF =N, - 147cos 5 + 441sin 5 =
W, = 142.61b
F,=03(142.6)=4281b

YF, =P-147sin5 - 441cos 5 - 428 = 0
P=9951b <

p=0.lin, =030

Tightening torque =30 b « in.

_ 4 0p 4 20.1in.)
8=t o =™ Zm01875i)

¢, =tan-' p, =tan" (030) = 16.70°

Since 8 < ¢y, the clamp is self-locking.

(a) The compressive load W on the wood:

M = Wr tan (¢, + 6)

30 Ib«in. = W(0.1875 in.) tan (16.70° + 9.63%)
W=3231b «

(b) The torque required to loosen the clamp:

M'=Wrtan (¢, + 0)
=(323 1b)0.1875 in.)tan (16.70° - 9.63°)

=7.511b-in. <4

= 9.63°

528

For single thread, n=1
r=0.025m, p=0.010m,
W=mg=2000x9.81=19620N

530

The torque M applied at the sieeve is shared equally
by the two rods on each end, hence each rod is
subjected to a torque of M/2.

- 6=tan” — =tan” —— = 37.9 np 1x00lm
sin38  sin 76 CD 7.72 @=tan" o= =tn" ————— =368 |posingle thread, n= 1
il a =180 - (14.53° +37.9° ) = 1276 2ar 2(0.025 m) * sing!
= R, _ _7kN ¢,=tan- p,=tan- 0.10=571" ok 1. i "
528 §in37.9  sn 1276 Since < @, the jack is self-locking. W=l=l0kps o= Sim; P T Ees
=543kN ui i is: p 1(0.25 in.)
0=tan" =& = tan ' =———= = 4.55
4.537,R M = Wr tan (¢, + 6) 2nr 2n(0.51in.)
e = (19 620 N)(0.025 m) tan (5.71° + 3.64") M
459 —%08N-m <7 = Vran@, -0
8L.47°
t e | The minimum tightening torque is
¢, =tan" p,=tan" 030 =167 "ll?“' ("5“7;:33;:") =206 M’ =Wrtan (4, + 0)
Let H be the horizontal component of R, and R,. e 5 T = (19620 NX0.025 m) tan (5.71° - 3.64°) M= 2(10]:193)( ln)m(8‘+4.55')
H=(2501b)/ tan 21.7" =628 Ib P=2.15kN < =177Nem 4| -223kipin. <
69 70
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531

Since 8 < ¢, the turnbuckle is self-locking.

% = Wrtan (¢, - 6) I

The minimum loosening torque is
M’ =2Wr tan (¢, - 6)

% = Wrtan (¢, + 8)
e ising load:

M =2Wrtan (¢, + 6)
=2(3.46 kips)(0.625 in.)tan (8.53° + 5.82")
=1.10kip+ in. = 1100 Ib+ in. <4

=2(10 kips)(?la- in.) tan (8° - 455"

=0.603 kip + in. = 603 Ib» in. <4

532

Note that AC, BC, AD, BD, and AB are all two-force
members.

loint C

533

% = Wrian (9, - 6)
The torque M" for lowering load:

M’ =Wr tan (¢, - 8)
=2(3.46 kips)0.625 in.)tan (8.53° - 5.82°)

2xp =0.205kip+ in. =205 b~ in. L |
T 534
Zﬁps
Ec Fnc Fn: H Free-body of the upper member:
w
From the force-triangle,
Fac =Fye = 2 kips (C) 1
Simil:ﬂg,fmmtheeq ibrium of joint D, we have = ~
o = Fao = 2 kips (C) b I
150 2 F

Joint A
e
307
*%ﬁ- 2%
7Y Fas

Fup =Fac c08 30° +F,p cos 30"
= 2(2 kips) cos 30" = 3.46 kips

r-gin. == in
=3 P=

I M, = W(7) - 150(10) = 0

W=2141b

For double threaded screw, n =2

1
8

The torque M is shared equally by the threads at A |9 = m"[i'%] = m“[g(%] = 6.06'

and B, each thread is subjected to a torque of M/2.
W =F,g =3.46 kips
FordoquM.n=2

d 1.25in. : 1 .
r—z- 2 —~0.625m.,p-.5—0.2m.
1, =0.15, ¢, = tan (0.15) =8.53°

i J 2in.)
Dmten gyt 02
- 2xr - 2m(0.625in.) A8

¢, =tan’ 0.20=113"

M = Wrtan(¢, + 8)

=(2l4lb)(%in.)m (113° + 6.06")

=2511Ib+in. <

535
=P
1;.;002&
i =030
n
= = rad.
P 2
T; _ 100 lb= oM = m.m(;] = L602
T, P
Pa OB g, -
5-36
T-T
T=104N
=025
1 5x
= 1— tums = — rad.
B 4 2
5=
w0 e g VL s e
Ty T
10
= —— =1
L 7.124 ke
T=P
“=-T-f.4-0“
B, =025
f =1tum = 2xrad
LL = L90 kN = " = OB 48
T, P
1.40 kN
P= = O
251 0.292 kN

537

From the diagram for rod A in Prob. 5-36,
Sm 10 000 N
n(Z) -

2 T
From the diagram for od B in Prob. .36,
2n)=Iln ——
(a)+(b:.( ) woN
u,(z.fﬂt+2:i)=lnm+m+ln«lm
I
b= e = 0228

(a)

(b)

@

a=180"- (60" +46.7) = 33"

T - 501b
sin 467 sin 73.3
Tau=3801b

For maxim umW_., W_>T_

I‘-l = 1V‘- = et = (OD2M _ 5
T, T,

Woa = 1.52 Ty = 1.52(38.01b)
=5781b

71
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f=180"-(60° + 13.3") = 106.T

T _ _S0b
sin 133" sin 106.7
T =1201b

22"
a = 180° - (45"+28.3) = 106.7

sin 106.7 sin 28.3°
(Wiae =695N
The largest mass of block A is

Since W < T, We write (m,). = -(w—")- = = = 708kg 4
A 2 9.81
T T
_ Jmig _  pd _ (02002094 _
??‘-_w“.-e” =¢ =152 541 )u
T 12.01b o
=l = . 7.
W 152 .52 0 b
L]
Tend
a?}mﬁ'ﬂ / T
T T
T Bd 025
~l =" = = 2193
T,
am Ty=2.193T,
Hash =28 TL 20 4%
- T=2mT T pe
16.7* B8 ’__D
T ---E] Wp =48I N smr Fin. 9in.
Ry $=16.7" Re
3 M, =T, (9)-(2.198T_)3)-(20X18)= 0
Wy =mg=100x991=981N T, =148.71b
= Ty= Ib
T, =981 tan 16.7 =2943 N el
2 The torque on the drum is
T_n_ B _ M(:]
=e =¢ = 117 M =(Ty - T)r = (326 - 148.7)6)
L
Ty=117T.= 117 (2943 N) =344 N = 1064 Ib« in.= 88.7 b ft O <

/"‘- 0. 25

Ty = e = ¢ = 2193
T'L
Ty=2193T,
T

INTI Qin. qin.

T,=2.18T P=20tk

Ra
I M, = (2193T,X9) - (T, X3) - (20X18) = 0
T,=21.511b
Ty=2193 T, =47.171b

544
From the solution to Prob. 543, T =462 N.

T. = 3om = %N

M= (T - Tur = (462 - 154)0.2 = 61.6 N+ m( )4

545 T

For the lever:

3 M, =Tcos 30° (0.1) - 100(0.4) = 0
T=462N

For the flywheel:

b "
B =210° =210° (-13&-) =3.665 radians
T T

Sl QL =e(mam = 3.003

Te 462 N
Ty =3.003(462 N) = 1387 N
M=(T“-T|_)l'=(l387-462».2=185N‘u0‘

The torque on the drum is Ty=toco &
M = (Ty - Tor=(47.17 - 21.51)(6) Ty _ 100016 _ s om _ 5
=154.01bsin.=1281b«ft 4 T T,
T,.=3901b

M o = (T - TOr = (1000 - 390)5=30501b -in. 4

= 3.06
T.=1307N

M, = (TiTpr, = (4000-1307)0.100=269N.m

T4
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e 55 ki Test Problems for Chapter 5 |(3) The 8" wedge of negligible weight is
Yes. A car with fully inflated tires would have a | Weight on each wheel = 8 =625kips . . . used to adjust the position of the 2000-
better gas mileage because fully inflated tires deform The following problems may either be given Ib bleck shown. Know that us = 0.25
less and have a smaller coefficient of rolling Rolling resistance on each wheel to students for them to practice their problem at all contact surfaces, determine the
- solving skills or be used as test probiems. smallest force P required to move the
548 - W _ (0015in.X6.25in.) The answers are provided on the next page. weight.
Tor 12.5in. ‘ P
The gas mileage of an automobile traveiling on a . (1) The 100 Ib block rests on the incline
paved road is better than travelling on a dirt road, =0.0075kips =7.5Ib shown before the force P is applied
because the coefficient of rolling resistance of the . . D . 11 £ P
tires on a paved road is smaller than that on a dirt The horizontal force required to keep the etermine the smallest force g -
road; hence the rolling resistance is smaller and the . required to make the block start to 2000 £b
gas mileage is better on a paved road. railroad car to move at a constant speed move up the incline. Assume that pg =
— =8(7.51b)=601b < .40. e
(@) Sled on snow s
» W =300(981) = 2943 N
! ) W _ 293N _
- , e s e Tl (@) The block shown rests on the incline
F=p#N=0,035W . . shown. Determine the smallest force P
N=W Reliing neclstmmce poc el required to keep the block from sliding
BW  (4mm)T36 N) down the incline. The static friction
2F =P -0B5W=0 M e = aaN coefficients are 0.4 between the block
P,=0035W 4 and the incline and 0.3 between the
® The horizontal force required to overcome the cable and the circular peg.
B st
W rolling resistance .
=4(118N)=471N < (2) The refrigerator shwon has a mass of
i 100 kg and a center of gravity at G
> £52 shown. Knowing that us = 0.40,
e 2 , , determint the smallest force P required
) Horizostal force required to cause the refrigerator to slide or tip
Pia%W=n:):_smw=0.m5W <4 = roliling resistance over.
m.
() Steel wheel on stee] track = g
w
{ o 0.05in)2001) _ . »
LO75ft
—=h
P =—bw =9£-1-_§-i2;w=0.m15 w L |
r 10 in.
75 -
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Solutions to Test Problems
for Chapter 5

(1)  Before the block can move up the incline, the
maximum static friction force must be overcome.
The reaction R makes an angle ¢; with the normal to
the incline.

120" 7
gzmlp,;m-lOAO:zm‘
a=180"-70" - (§s + 20°) =68.2°

P 100 Ib
sn(e, + 20)  sina
p (1001b)sin (9, + 207 _ (1001b)sin 4L
sin a sin 682
P=7181b Ll

(3) The small force P required must overcome the
maximum static friction forces in all the contact
surfaces. The reaction at the contact surfaces must

form an angle ¢s with the normal direction.
At

¢y =taml |n.=mr10‘.'.ﬁ=l4.0‘

a = 180° - ¢g - (s + 90°) =90" - 2¢y = 62.0°
R, _ 20001b

sin 62.0°
4

= = 548
sin 140° - -

_ 548 1b
sin(29, + 8)  sin[90° - & + ¢,)]
p (5381b) sin[(2)(14) + 8]

T sn[90° - 8 + 14%)]

2

To cause sliding: The smallest force to cause the
refrigerator to slide to the right needs to overcome
the maximum static friction force.

W =mg = (100 kg)9.81 m/s?)

=981 N
IFy=N-W=0
Ll N=w =981
& i ! Fam= N
G =0.40(581 N)
1.08m 0.85m =392 N
By ZFx=P-392N=0
A o P=392N
ippi For the smallest force to cause the
refrigerator to tip over about point B, the normal and
friction forces must act at B.

N
Mg = -P(1.05m) 4981 NX0.4m) =0, P=374N
P =374 N (cause tipping) L |

P=3471b -4

61

cos? O, + cos? 6, + cos2 6, =1

cos 8, =Jl-cos‘0,-oos’ﬂ,
= 1 - cos’ 70" - cos® 0"
=+ 0.685

Since F, is negative, cos 8, = -0.685
F, =F cos 8, =400 cos 70" = +137 Ib -
F,=Fcos@,=400cos 50" =+2571b
F,=Fcos0,=400(-0685 =274 Ib 4

cos? 0, + cos? 8, +cos? B, =1
cos? 0, + cos? 65" +cos? 70° =1
cosB, = V1 - cos’ 65 - cos’ 70" = 0.839
8, =329
F, =Fcos 8, =(18) cos 329" = 15.11 kips 4

4)
For the smallest force P, the block tends to move
down the incline and the reaction makes an angle ¢
with the utg .t’he incline.
(~prps
"—«‘iu T

¢y =tamrl pg =tan1 0.40=218"
T _ 981 N

sin(60 - ¢,) sin(90° + ¢,)

(981 N) sin (60" - 218°)
= = 4

T sin (90" + 21.8") ERAD

For the smallest force P, the ratio of T to P is a

maximum, and is equal to ¢"#

T
S AP = - Cadd

T, P
T _ 6340
P= 57 = wxmaw = 298N <

62

cos? 6, +cos? B, +cos? 6, =1
cos? 35° + cos? 120"+ cos? 6, =1

F, =F cos 8, =(18) cos 65" =7.61 kips 4

F,=Fcos0,=(18)cos70° =6.16 kips 4
Check:

JU5.117 + (7.6D)7 + (616)° = 180 (Checks)

cos? 8, = 0.07899
cos B,=-02811  (Negative value is taken 65
8, =1063" wse Fianegalive) | £ 600N, F,=+800N,  F,=-2400N
F= +F " +F
F,=Fcosf, =400cos35 =3281b Ml - -
F,=Foos8,=d00cos 120 =200l @| = V(+600" + (800)" + (2400 "
F,=Fcos,=400cos 1063° =-1121b | =260ON
Check: F +600
- 1 _ -1
JB32BY + (200) + (112)° = 400  (Checks) 0, = corl =k = cos” ok = 6T 4
F +800
9, =cos' = =cos' — =721"
3 F=loot e Iy . o
B,=eos'—i:‘=oos"— = 1574 4

¥
cos? B, +cos? 6, +cos? B, =1

cos? 76.7° +cos? T2.1° + cos? 157.4" = 1.00
(

cos? 30"+ cos? B, +cos? 75" =1 66
F] -
cos, = ¥l - cos’ 30° - cos’ 75 = 0.4278 F. = 1001b
6, =64.7 F, =1051b
F,=Fcos, =100c0os 30" =8661b 4 F,=-1451b

F,=FcosB, =100 cos 64.7°=42811b

F,=Fco0s8,=100c0os 75" =2591b <

J(86.6) + (42.8) + (259)" = 100 (Checks)

F = J(100)" + (105 + (-145) = 2051b 4
8, = cos’ (%) = 60.8° <
(Cont'd)

K )

78
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66 (Cont)

8, = cos’ (%‘-;) =27 -

0, m‘;(l}é—s) = 1350 a

Check:
cos? 60.8" + cos? 59.2° + cos? 135.0° = 1.00

(Checks)

c(1,2,0)
\

\ Tae = 900N

\AC4.5, 0,2)

0, 2)
2, 0)

d, =335, d,:-z_: d.=2

&7

-160N
300N
-340N

b b

F = J(-160)" + (300)° + (-340)° = 481N 4

0, = cos’ (%:-.li) = 109.4 L |
8, = cos’ (%) = 518 <
8, = cos’ (%?—) = 1350 <

cos? 109.4° + cos? 51.4° + cos? 135.0° = 1.00
(Checks)

(Toc)s

d=J35 + 2+ 2" =45

35

2= = |
ﬁ(goom +700 N

2
= - L |
:f:S-(MN) 400 N

2
= <4
Z;(ooom +400 N

C(l,2,0)
" Tpe=GooN

“B(0,0,2)
0, 2)

d;=-1, d’=-2. d=2

D (0,
d.=4, d,=5, d,=5

d=@ + (5" + 5 =812m

(Tan), = —(5kN) = -2.46 kN

cos? 6, = 0.250

cos 8,=0.500

8, =600

P, = (400 Ib) cos 120" = -200 Ib

P, = (400 Ib) cos 45° = +282.8 1b

P, = (400 Ib) cos 60" = +200 Ib
Force Q is on the xy-plane:

Q, =(5001b) cos 30° =433.0 Ib
8: 3500 1b) sin 30° = 250.0 Ib

R, =P, +Q, =200 + 433.0=233 Ib
R, =P, +Q,=2828+250.0=533 Ib
R,=P,+Q,=200+0=2001b

(P is positive)

68
6, =40°
0,=75
F.=-2601b

cos? 8, +cos? 8, +cos? @, =1

cos? 0, +cos240° +cos? 75" =1

c0s@, = -1 - cos’ 40° - cos” 75 = -0.588

0, =126.0°
F, -260 Ib
F= ie = = <4
cos B, cos 126.0° e

-

alpalpals !
keffe
I

-1

d=JOF + @ + @ =3
Tick = %(soom = -200N «
(Tac), = “H(60ON) = -400N “
Tao), = 2G0N) = +400N «
*

(o,5#, 244)

=4, d,=5 d=6
V@ + (57 + (6) =871t

4
gﬁ(:ﬂnlb) = -13681b <

5
= 17L 4
E-;ﬁ(m Ib) = 171.01b
= - «
a—-_ﬁ(aoo Ib) 2052 1b

d,=-564, d, =795 d,=10

d = J(564) + (7.99° + (10Y = 13.96in.
564

615
Force P acts from A to'B:

B (© 03, 06)
2 A (06 0, 0.4)

21z
Tao)y = F5(5kN) = 308 kN
5
Top), = FTF(SEN) = 308 kN
Check:
Tap = W(2.46)° + (3.08)° + (3.08)" = 500
(Checks)
613
B, 100m, l0ia,
- T=50lb 4 Geesso) Gsinlo)
(5:44in, 2.05/n,0)
oz
”.
B (0 10, 10)

cos? 6, +cos? 8, +cos? 6, =1

cos? 120° + cos? 45"+ cos? 6, =1

T, = 501 = -20.21 |
7.95
T = — = «
4 13:6(50 Ib) = 28.51b
1
T. = =
: = T3ogt0Ib) = 3581b |
Check:
Tep = Y(202) + (285)° + (358)° = 500
(Checks)
614
For force O:

d,=-06, d,=03, d,=02
d = J(0.6) + (@37 + (0.2)° = 0.7

P, = 25Tk = -6 kN
0.3
P, = E‘-_;(nm = 3 kN
12
P, = G5(7KN) = 2kN
Force Qactsfrom A to C:
C (0s6, 03, 0)

d, =0, d,=03, d,=04
d = J(0) + (0.3 + (0.4 = 0.5
Q! -

03
Q = E;:sm) = 3kN
Q = SS(N) = -4kN

R, =P,+Q,=-6+0=-6kN
R, =P, +Q, =3 +3=6kN
R,=P,+Q,=2-4=-2kN

A A A
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616 6 618 (Cont B (9 0,
A(o, 4,3) P, = E(lSkN):gkN ( ) 3 ( ) 8)
P=6oots 8 _ L2 - d, =9, d,=12, d,=8
famasoii~B(4,0,1) Py = 005KV = 12IN o o4 e e =4O + (1 + @& =17
_ 0 _ 9
‘,C(-%, 9, 10) P, =0 Ta)y = 734N = + 4kN Fu) = 5Fu = 0529F,
0.6 12 ¢
) AB 8- 2, 31% Force Q acts from A to C: (Typ): = E(14KN) = + 6 kN (F“), = _l_.;_ o = OT0SF,,
d.=4., d,,=.4: d=-2 C (3, 0, 2) C (o 08, 04) (Fo), = E'F.u = 0.471F,,
B o D A (12 0.5 0) 17
d=J@ +@ + @ =6 J_)‘L"'_)’ 4.=-12. 4,=03, 4=04 .y
: d=3)Y +® +(2) =7 d=J(l.2): +(03))+(°‘4)z =13 (Taok, = (Toc)s =0
P, = —(6001b) = + 400 Ib 3 _
% = = = - -1.2 = =0,
i Q = S(4kN) = -6kN Tk = 2203 kN) = - 124N g:i;g-':)'
P, = —(6001b) = - 4001b 6 s
6 Q, = =(14kN) = 12kN (T,), = —(13kN) = + 3kN W.=0
2 s ©y = 13 W, =-7201b
P, = Z(600Ib) = - 200 b 2, e - .o
Q = S14kN) = Mpe)y = T5(3KN) = - 4 kN o
C @, o, 10) F, = 0.59F,; - Tyc = 0 (a)
2A 4, 3) =P, +Q,=9-6=3kN - R, =P, + Tag) + (Tac) = 16 - 12- 12= -8kN ' e
d.=4, d,=4, &=7 R.=P,+Q i p a,=9,+(r::));+(rf);=12+4+3=+19m SF, = 0706F,, -7201b = 0 (b)
R,:P,+Q,=12+12-2ARN R'=P:+(Tu),+("[‘,c),=0+6—4=+2m EF: = 0.471 F»\B = TBD =0 (c)
d=yJ@’ + @ + (7 =9 R.=P,+Q.=0+4=4kN <
R = Y8 + (197 + (27 = 20.7kN | From Eq. (b)
618 .8, -o.
Q, = 24s01) = + 2001 Lloen—40 0. = coi (—”—Bu) = 127 <« Foa =+ 102016 (C)
_: B(o,04,04 L == 2.7 Substitute into Eq. (a)
Q, = =(4501b) = - 2001b iy TRSI3&N  p=204dy SR (+_19 i < Tac =+ 540 Ib (T)
9 i y = cos 20_7) =< Substitute into Eq. (c)
= £ = +3510 Wit b
Q = JU0L) = + A(l.2,0.5,0) 8, = coa"(z;_%;) et - ke
’ 620 4 (4, ¢,0)
R, =P, + Q, =400 + 200 = +600 Ib 4 ¥ " A
- "
R, =P, +Q, =400 - 200 = -600 Ib - P, = *'?"(mm) = + 16 kN “‘"‘2-7"“‘“’235*"“’3“'5'“?0-999' ; ol i .
R,=P,+Q,=-200+350=+1501b < 3 . I Tog 4™
— P, = T(0KN) = + 12kN 619 e(ae,2) M.Z'e'.‘c‘_ 5(3,0,%)
$ il I 4 in. D('JOI")_'_ o VW= T20 kb
Force P acts from A to B: : = -« ’ /
7 o T bq(a, 1, 0)
B (0 0.9, 0. A T
! B (6 2, 0) . ( 6) ) B(2,0,2) From Prob, 6-19
d,=6, d,=8 &=0 d,=-12, 4, =04, d,=06 ¥ =720 (Fra)x =0.529F
d = J(l2)" + (02)" + (0.6)" = L4 +':4 (0,12, 0) Foy Z0am Ee
d=JO +® + (0 =10 (Cont’d) ' ® * (Cont'd)
81 82
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620 (Cont) P
et Tyl = gTac = 0667 Ty 622 (Cont) S F, =0429Fs +081Fpc +19201b=0 ()
=~ip>
T = (125, =0 Toc), = ﬁTsr:= o ) B (-6, 0, K. EF, igsm,.-o.mr,c -0923 F,,- 2880 Ib
I ; T - 3
Fovol (Tack, = 5Toc = 03BT, d=JO s T @ =14 I B, ;-0.286F,.+0.3(BF“_-~0.3&$ F,..,-ZIGO(LI;
P
D (9, 6, 0) D 0 (Fup), = —F,5 = -0.429F
: : 7 An)s s An (6)/0.923 - (c)/0.385 :
188 9 8 3B @ y Q) o3 ~1.671 Frg - LBOOF pc + 2490 1b @
=0, d,= d. = d,=6, d,=6, d,=-7 (Fu), = —F,, = -0857F,,
d=J0) + (6 + @ =10 d=yOr s 6 s O =11 Ly (a)/0.231 + (d)/1.800 :
v ¢ ; : Fu) = 2F, = 0286 F, 2785F,5 +96951b=0
o), = o6 Moo, = Tan = 0545 Ty 14 Fre = +3480 Ib (T) “
=S C G 0, 4 _r
(Teo)y, IOT"’ 06Ty, Tw), = I—'T-T‘D = -Q545 Ty, 3 A (0, 12, 0% Smuu:)n.zngll%m(a—)é!4
8 o e | = 0.429(3480) - 1920
M), = 15Ty = ~08Ty Ty), = 2Ty, = -0.636T d= o +@2F + @ i
BD/z 1 BD o BD = 4(3) + §12) +@°" =13 Fyc =-1850 b (C) 4
SF, = 0.59F,, - Tyc = 0 (@) Fra)e =Fra)s =0 Fuch = JFFac = OB F, Substituting into (b: '
S F, = 076 F,, +0.6T,, - 7201b =0 (b )y =Fia Fos= -2F - _0923F OS2I E o = - ORI - QYR -IRKD
SF, = 0471F,, - 08T,, = 0 © P, =-20kN il e e -
P,=P,=0 (F.o), = iF = Q308 F
(bY0.6 + (c)0.8: acke = FFac ac Fao= 4500 b (C) «
(0.706/0.6 + 0471/08) Fyy - 720006 =0 | T F, = 0.667T,. + 0.545T,, - 20kN = 0 (a) D@ & 5 Pre)
Fro =680 b (C) 4| SF, = -0.667T,. - 0.545T,, + F,, =0 (b} |21 A (0 12. 0)
Substitute into (a): SE = 0333T, - 66T, =0 © :-=°- (0)" :(lé') dz(;-5 N GLo,3, =:25)
= + = = ——
Toc = 0.529(680) = 360 1b (T) 4 @)+®r  Fu-20kN=0 x
Substitute into (c):' Fu =20kN(O) < Fao)e = (-’12 S W=IT4N
1 S ¥ 2
Tyeo = (oTa) (0.471)(+6801b) (8)-2x(ck 1817Tep-20kN=0 Kialy ™ 23w = BB Ly ra
i < Tao = 1LOKN (T) “ Fro), = -%pm - -038SF,, A, -3, 1.5)
621 _ 1B(o,49) T Substitute into (c): E @ o 9 ’ Cc (o 3, 525)
P=100 ey Tac =21.0KN (T) 4/ |H A (g 12, 0) d,=-3, d,=3, d,=525
AN SS=SD0,-7) m Uyl G eR R d=JOr + @ T =675
~| A\ e 40,2, 0) d=@ + 02 + O =17 DY R .
a \ = 4080 2b 3
. x = (Tao), = ~—=—Tpe = -0.444T
\es,0 3) YA s T, = %(40801&) = +19201b e *
Sy 5 50D (Tac), = —=Tpc = 0.444T
2B o P a y ] T, = -%(MIb) = - 28801b = 678 Sl s
d.=6, d,=6, d,=3 / 01', z ° (Toe), = &%T’c = 0.T78 T,
d=® + (6 + OF =9 B(40,4) 4 / ‘e(3.0,4) (Cont’d) T, = -[7(4080 D) = - 216016 (Cont'd)
L 84




9 andey)

£r

623 (Cont) 624 [s.u (Cont) M) = 0
8
D (0, 1.5, -1) = 20&N (Tanx =(Tap). =0 (T,.), = —T,. = -08T
2 B G 0 0) -E'(o, 4,0) (Ta)y =20kN AT T 10 re
4=3, &=15 da=1 & k= T = <Ol
n ’ 2 2}/ S F, =06Tx -0.667T,c =0 (a) 10
el * AA" vy was (o4 S F, = 08T\-0667T\08M To+20kN=0 ()| p (a, 0, 5.20)
3 B(3.9, 0) F, = 0333 T,+0447 T =0 (¢)|L-A_(O. —& -]
Tyo)e = a:;Tao = -0.857 T, D(o,0,2) 2 ® d=3, d=3 1dl_ 520 .
15 () +2x(c): 08Ty-1333Tyc+20kN=0 (d) d = JG3Y + ® + (5207 = 10.00
(Tap), = —=Typ = 0.429T,,
¥ Ba, o 0 25(@)-@: 200Ty-20kN=0 Mol = 03T,
Mao)e = 35T = -0286Ty, A f} -(g' dr} d, g) Tas = 10KN (T) < M)y = -0.8Ty
x = I == = = 03T
B G, 0, 0) d=JBF + @ + 0 =5 Substituting into (a): T o). A
- = 3 T =9.00kN (T) -4 “ﬂ’*fg&ﬁf“
d,=3, d,=3, d,=-1 (Ta) = =T, = 06T, o Moy =
= ’ ? T _ * 5 |Substituting into (c):
oA ¥ G H 0 mAS 4 SF =06T -03T =0 @
Th), = =Ty = -0.8T,, Tap =6.70kN (T) « x = A% A
(Fo). = F. = 0.667F 5 = ~ N F, =08Ty-08T,-08Tp+800=0 (b)
an)s 455 an =0 AB Tha)y =0 = Toa= 20025 SFE = -0.6 Toct0.52 Toao =0 (o)
F.), = —F,, = 0. i 2
(Faa)y 45F“' 0667 Fos £ r . 1 0.8x(a) + 0.6 x (b):
(Fp), = :'-'EF_,, = -0333F,, d,=4, d,=4, dz=:'2 0.48T,. - 0.72T,, + 480 = 0 (d
% d=y@r +@ + @ =6 ; 2 _
V(—‘ﬁ-”, 0, Geos3o (c)/0.6 - (d)/0.48:
W,=W,=0 a Wb op 2367 Trp- 1000=0
W, =-17kN (Tuoh = -5 Tac= -0667 T, Tao=422.51b(T) «
EF_ =-0.444 Ty - 0.857 Typ + 0.667F 3 =0 (a) Ty)y = -11'“: = -0667T,¢ Substituting into (c):
Y F,=0444 Ty + 0.429 Typ + 0.667 Fyy -17= 0.(b) ~ g & 4 & T =366.2 1b (T) <
S F, =078 Tuc-0286Top-0333F 4 =0 (o) Tac) = -2Tac = -0333T,¢ . : T
d.=6 4,8 d.=0 ubstituting into (a):
(b)a): 0888Tye+1.286 Typ- 17 =0 (d) ) 1; gg: 2, (z,% d=J& + @ +(OF =10 Tae =2113 b(T) <
(@) +2x(c); 1L112Tac- 1429 Top =0 (| d.=o, =4, d=2 g5 626 4 3
3 -’: ¥ W " 0,0, -5,
(d)/1.286 + ()/1429:  1.469 Tye- 13.22=0 d=yOY + @+ =0 =26 Maade = 15Tas = 06T /(b(
1
Tac=9.00 kN (T) « (Tp) =0 (T, = %Tn = -0.8T,, bo) ’C-("'-",Q) o
Substituting into (e): Tu), = - 2 Tw = -0.8%4T,, Ty, =0 B(s0.3 A
@ 25 /%
Tap = 7.00 kN (T) 2 C (©, 0, -6) ¥ Tae 2,-4,0)
" . . GAD): = ?TAD = O‘WTAB _) A (0. BL o) AC / 7
Substituting into (a): S o e T
Fa = 1500kN (O) « (Cont'd) d=JOY + @& +(@6F =10 We=toolh (Coat’d)
85 86
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626 (Cont) (c)0.620 - (d)/1.356:
y 1845T,; - 480.11b =0 i e
(0. 0’ 3) W,--leN
QA @ £ 0 Toa =26021b (T) « D ¢2 0, 2)
d=2,__d,=6__ d.,=3 2 A (3 S, 2) B (2 2, 1)
d=y@2) + (@ + (3 =7 Substituting into (c): d,=-5_ d,=-6 d.=4 2 A (0 0. 0
- Tan = 180.01b (T) “ d =5 + ) + @ =877 Gud G=d G=i
; -5
Tis). = ‘72'Tu = -0.286T,, Substituting into (a): T = ﬁT»\n = -0.570T,, d= 4(2)2 + @+ =3
6 Tac = 186.01b (T) | o B
Ty, = _—rTu = 0857T,, M), &-;HT‘"’ 0.584 T, (Fa) = -32— F,, = 0.667F,,
3
= = = 627 (T )g = =T = -0456T 2
(), = 3Ta = 0.429T,, AC4 D8 aw’s = QT ® o (Fus), = 5 Fg = 0.667F,
T W.=W,=0 1
D) E g. g, 8 ‘I% W, =-40 1b (Fu). = 3 Fo = 0.333F,,
d:.=5 d, =6, d,=0 717 "/ W=40 &k
d=J5 +6F + O = 781 e / ZF. <04DF,-05HT,OSNT,  =0M|, § & 2 2
s Y F, =0857F\s -084 Toc 0684 Typ-40=0(b) |~ d,=-2, & =2, d,=-1
Y T = F, =0286F\3 + 0137 T\c 0456 T, =0
Tace 7.31“ el (Ew_m ® " S T e
e a - (b)/0.684:
Tacky = 57 Tac = 0T8T, & 0500 F 5 + 0242 Tye + 585 =0 @ 2
Ty) =0 3 B Tac)y = -ETBC % 6 Tae
e T (a)/0.570 - (c)/0.456:
D © 0, -5 | = -(3 . 1—6-2 et 0.125F 5 - 1.264 T, =0 (e) 2
J _ " . =JOr +© + (2 =7 (A)/0.242 + (e)/1.264: Tsc)y = 3 Tac = 0.667Tye
d.=-2 d=6 d=-5 1.967F -
d = J2) + (6)' + (5 =8.06 (Fu), = 2F,, = 0.429F N 1
m): = ZFy = 0.429F,,  Fa=1281b(C) “ (Tac), = -= Tae = -0333T,,
3 - GF e Substituting into (e): 3
= —--- = =-U. Ll — - o F -
(T ) aosT‘“’ 0.248T,, Anly -2, AB AB Tac=1221b(T) 2]:‘_—.0.55717“.0,557“(_. =0 (a)
M), = Q%ET“’ = 0.744T,, (i), = 5Fu = Q286 F, Substituting into (a): S F, =0.667F,y +0.667 Tyc - 16=0 ®)
X Tao=8081b 4| Y'F, =0333F,;-033 =
Mok = 5oTuo = -0, ce o 3 A 2F. W = -
N -) 2‘ =Ji. = _%. - f) 6-28 ?l;nianat(a) anh: () I:ie indepe“:dk;nl. since (a) =
.=W.=0 » ] P 4 c). ut we ve only two owns, so two
W, =500 1b d=J@ + @6 + () =728 Joint B independent equations are enough to solve for two
S F,=-0286Tyy +0640T,: -0248T,, =0 (a) M), = "I%T*‘-‘ = -0549T,. @+(®x  1333F,-16=0
3 F, =0.857 Ty +0.786 Tac+0.744 T,-500 = 0 (b) & % Fa = 120kN (C) <
F, =0.429T, -0.620 = sch = so2Tac = -08MT
% s To =0() 78 s Substituting into (a):
(a)/0.640 - (b)/0.768: Tach = 555 Tac = 0137T Toc =
1563 Ty-1356Typ+6511b=0 (@) 13 " o = 120N <
(Cont’d)
& 88
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628 (Cont)
Joint C
C (0,4,0)m
Ti' Tre=124N
E(H403% [ F

Py “. B(z‘fz: l)"
'pf—q, 0,2)m
Fach= (Fac): =0,
acly =Fac
D (4, 0, 2)
2. C (0 4 0)
d, =4, d, =4, d.=2

d=yJAF + @ + (2 =6
4
To), = -2 T = -0667Tey

4
M)y = =Ty = -0667 Ty

2
Tw), = sz = 0333 T
E (4, 0, -3)
2 C (0 4, 0)
d, =4, d, =4, d,= -3

d=@ v @ + @y = Ja1
(Ta), = e Ty = -0GST
ﬁx—ma- = CE

4
Tg), = -mTa = -0625T,

3
Tee), = -IGTT“ = -0.469 Ty
B (2 2, 1)
2 C (0 4, )
d, =2, d,= -2, d,=1

d=yJ@F + @ + (1) =3

2

Tye) = ET“_- = %(IZKN) = B8kN
2 2

(Tge), = -ET‘C= —-3-(]2l’.N)=-3kN
1 1

Tec): ='3'Tac= ;(IZKN) = 4kN

S F, =-0667Tep - 0.625 Tes +8=0

D F, =-0667Tep -0.625Tcx +Fac -8=0
S F, =0333T0-0469T  +4=0

-1.563 Ty +16=0
T =10.24 kN (T)

(a) + 2Ac):

Substitute in (a):

T =240 kN (T)

Substitute in (b):
Fac =16.0kN (C)

(a)
(b)

(c)

Test Problems for Chapter 6

The following problems may either be given
to students for them to practice their problem
solving skills or be used as test problems.
The answers are provided on the next page.

1)

A force acts at the origin in a direction
defined by the angles 6 = 125° and 6y
= 50°. Knowing that the y component
of the force is F; = +500 N, determine
(a) the value of 8y, (b) the components
Fxand Fy.

&)

Given that P is 600 N and Q is 900 N,
determine the magnitude and the
direction angle of the resultant of the
two forces exerted on point A.

e

Knowing that the tension in cable BE
is 313 Ib, determine the components of
the force exerted on the platform at B.

@

A container of weight 85 Ib is
supported by cables AB and AC as
shown. Determine the magnitude of
the force P along the x-axis that must
be applied at A to maintain the
container in the position shown.




o

9 1dey)

Solutions to Test Problems |® "
for Chapter 6 (83,0.4,0)m
(4]
(@) i
(ﬂf,a,a.dﬁ
cos28y + cos28y + cos28, = 1 le(o1,0,07)m
cos2 125" + cos2 50° + cos2 8, = 1 (daB)x =-02m
cos26, = 0.258 (daB)y=-04m
cosB, = 0.508 (neg. value dropped because Fis +) |(@AB)=+04m
cosB, = 59.5 < daB = «0.2 m) + (0.4m)’ + (0.4m)’ =0.6m
(b)
@) p_02m
PX= 600 =
F,=+500 N = Fcos 59.5 du T 0.6 ( i s
= ON @), p_04m

F= =05 ~9%SN Py= du = oo (G00N)= 400N

= 'F cos Ox = (985 N) cos 125°

=-565N ap,= Cankip_04m - 00N

Fy = F cos By = (985 N) cos 50° de O6m
=+633N 4 |(dac)=+04m
@acly=-04m

@ 4 (dAC)z=+0.7m

.“E(a.m, 0.8¢¢ 0)
\
\ Ta==3134b
x

B(L5# 0, 1.0
06ft-1.5ft=-091t

dx =
dy=08ft-0=081ft
&=0-10ft=-1.0f

d= J0.9R) + OBR) + (LOf) =1.565ft

d -0.9
= —2Tgg = =- <
(Tae)x a BB oo (3 13 ft) = -180 ft

(TBE)y = %TBE = Lo'szsﬁﬂ (313 ft) =+160ft |

d -LOft
= =&Tpg = = - «
(TeE)z a P TSesn (313 ft) =-200 ft

dac= (0.4m)* + (0.4m)* + (0.7m)’ =09m

+04 m

Qx= E"-“L)-‘-Q-- (MN) +400 N

Qy M:) -04]11(”") WN

d 7

Ry =Py + Qx = +200N
Ry=Py+Qy=-800N
Rz=P;+Q;=+1100N

R= /(200 N)* +(800 NY* +(1100 N)?

=137T5N «
(Cont’d)

Solutions to Test Problems
for Chapter 6 (Cont'd)
(3) (Cont)
i ol B o et B0
B,—euslg—oosllﬂs =816 <
-800
= o = 1 —_— =
By =cos E{- cos 11:15&;? 125.6° L |
= cog-1 =cos”! —— =369"
Sy o o o Rl -
@

] --Z)Fl

Te ™4 (1.5, 2.0, 0)8¢
P
W=esi
(daB)x =251t
(daply =201t
aB)z =151t

dap = ¢(2.5ft)* + (20t + (L5ft)” =3.541t

Pandom (dyp), T -2.51t

AB = ﬁ(’fan)=-7-06TAB
(d ) 2.0ft
(TaB)y = i Taa—m(fm) =0.565TaB
) L5ft
..._.n.:.
(TaB)z= d Tas = 555 (TaB) = 0424 Tap
(dackx=-251t
(dac)y =201t
@ach=-2.0ft

dac= J2.5Mt)* + (20ft)* + (2f1)° =3.771t

()
=addsy, =
(Tack 4 Tac 37T R

) 2.0

- M:

Tack = —=Tac= 724

(o) 201t

= Uac).

(Tac)e i Tac= 3153

Px=P

Py=0

P;=0

W s 8sih

Wy = 1

W, =0

IF; =-0.706 Tpp -0.663 Taoc + P=0
ZFy =-0.565Tap +0.531 Tyc -85=0
ZF;= 0424 Tap -0.531 Tac =0

(b)+(c): 0.989T s -85=0
Tap =8591b

Substitute into (c):
Tac = 0.424(85.9)/0.531 =68.6 1b

Substitute into (a):
P =0.706(85.9 Ib) + 0.663(68.6 1b)

=1061b

2.5ft
(Tac) =-0.663 Tac
(TAC) 0531 Tac

= (Tac)=-0.531Tac

(a)
(b)
(c)
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] gm’v. i g—m(0.0Sm)’(TTkNIm’) 76 y ~ Areal A (in.?) |x (in) | Ax (in.?) |y Gin.) | Ay(in.?)
o | BT e
W, = 'y, = x(0.0075m) (0.2 m¥27 kN /m’) 4in. A, [0.00393 0379 | 000149 | 0.125 | -0.000491
= 0.000954 kN > s I &
X = Ww|ﬁ +':;:; A, 4in. I |0.0682 0.0137 0.00672
1+ W, e )
_ (0.0403(0.05) + (0.000954)(0.2) | sinfaul 3 = ZAx _ 00137 ooim
) 0.0403 + 0.000954 Area | A (in.?) y (in.) Ay (in.?) IA  0.0682
=n(1)}%8) =25.1 in? =0.0835 m =535 mm < =201m <
. = = A, 64.0 4.0 256.0 _ g! 0.00672
V,=m(3)*(1)=283 in.? 74 A, 16.0 933 1493 ¥y= = = 0.0985m
T apm s A, | 80 20 -16.0 IA  0.0682
= Yt Vo, (@259 + (B3)05) 2in. /‘a;- 490 Uf A, | 157 a4 694 —o85mm @
Vv, +V, 251 + 28.3 2ty Lin. 5 -
=St < . "1 :__,&r&_}_ . 70.43 3824 For uniform thickness: P
v dp e =y R34 Z=1t/2 =20mm
72 1 Xl VT = 043 y= 2 = 543in.
T a'f- ;rhe:m“u:;ymmemoal with respect to the vertical W = 2040 + 1980 = 4020 Ib
F oo lw, = [@X2X9) - 505D 4000 _ a0om Y = 4in x= Yoo 2005 - goon @
A 0" 1z ) e
z 3 Since the thickness is uniform, the center of gravi < b
I-—o%-- _— w, = 202 WD) - 02181 samat e Located i tho mic-ckaces aace 7= Wamp W
’ Z = 0.5in. 12
V, = 3x0.2/10.2) = 0.00838m’ ¥ 2kt W, (400D +(0.310(6) ———=——(2040 - 1560)
3 W, + W, 409 + 0218 Therefore the center of gravity is located at the point 4020 tan 30°
V, = 7(0.2)0.1) = 0.01257 w? =125in. & G (4,543, 0.5) in. - 240 ft <
i : 79
e VIZI + Voy, 75 P The weight of the block is
V, 7V, —=— W=yV =y (ZAX L %tb = 250 = 1%m -
— - ~ 3 -
(o.omsy[o.uf(o.z)‘ + (0.01257X0.05) (=== e = (55 IbAPYT0.8 in. x 1 m)(_”‘l_n,) ys s Reows - W
= e Wtan ©
0.00838 + 0.01257 ho.osme] oi0i =2241b < 3 667 - 534
=009m - 0,10 m——— 13.3 tan 30° i
V,= %((1&)2(0.1):3.14: 10 m 77 % = 0.520m F
V, =- 2(0.01)%(0.05) = -3.93 x 10 m? o T 710 34 »
4 070t m| 08/ 0.075'm
g = ik o+ Vxy LAY, St
Vi+V, o.lm 0,126
(114;10-’)(005) + (-3.93 x 10°)0.075) T A T——om
x (7]
3.14x 10° + (-3.93x10%) 0],,,,.' .36 | M, = -10% + X10) = 0
=0.0464m =464 m L %=7in <
9% %
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711 bm2id A, =1x0.65=065m?
k4
WS, A= :(0.65)2=03318 m?
—=—18 .- Ax,+A,x, _ (0.650.5) +(0.3318Y1.276)
A +A, 0.65+0.3318
=0.762 m = 762 mm «
t=2p-200-18m @
Wb 25 oA rAy, (0.65(0.329+ 033180 27%)
j= mw, - W) A +A, 0.65+0.3318 «
= 24 as. =0.308 m =308 mm
S5 19 .
=065 m «”
X
7-12 b astt .  4.58 %
i /:‘
Il D
T 1Zin
La AT R AR . ¢

A, =45x3=135M
A= ;—(4.513)=6.'75‘ﬁ=

.'_“E'F;L‘l:: T Nam 140

SN,

12 in. Gin.

A= %(121 12) = 72in.2

7-15 't p 7-17

A, =m(12)* =4524in.2
A, =-m(4) =-50.27 in.2

10

IR

% sin, Sin. Sin 5in.
1 T

n,

*
W)
o
=

[¢]
A, =(20)X10) = 200 in.?

The area is symmetrical about the y-axis, hence, A=- 5,5(5)’ =-393 in2

T=0 4|y, =5in.
y; = 10 - 0.4244(5) = 7.88 in.

¥= Ay + Ay, Due to Symmetry:
A +A, X=0 e
_ (452.4)0) + (-50.27X6) y= At Ay, Q00X + (:39.3X7.88)

452.4 + (-5027) A+ A, 200 + (-39.3)
« =430in. «
%

7-16 7 7-18

0-325m
, ME %@"ﬂ’
¢ A [T 0.4244 0. u)no 274m
o]

I_Isﬁv =

2, = Ho.260)= 0.0866m

=% .sh..a!zs-.
Ax + Ax,  (13.5(2.25) +(6.75(6)| A, = Z(6)? = 56.55in.2 e —z
a AL o 2=1.0+0.4:
x A +A, 13.5 + 6.75 % =1.276m OL—&'——G?-?O'ZGOm——-I
= - 2
=351 s = 212in)=8in. A l,;x:ﬁz 0:5"‘ A= -(oze'oxo 15 = 00195m:
= =—(0. — 2
Ayi+ Ay, _ (35(L9) +679() |xa= 12in +042446in) = 14551 e A= O = 000196 m:
y - IAI = i o e A’ =-1|,’(0_15)3=-0_0707 m? A:l +A2 = 0.01754 m?
1+ A,
- 1331 | 1= j02im)=4in g Al tAX ¢ Ax, 5= AxtAx
> y2=6in. Al +A, +A, A +A,
713 " _ (0.65(0.5) +(0.3318)(1.276) + (-0.0707)(0.5) _ (0.01950.0866) + (-0.00196)0.05)
Im 0.65m gAX AKX (T2)X8)+(56.55X14.55) - 0.65+0.3318 + (-0.0707) 0.01754
bt 088 < < =0.783 m = 783 mm < = 0.0907 m = 90.7 mm «
=1 in
0.65m |_E G iq’? ) e A,y + Az!z +A=y; ¥y= Alll*'_A.Lyl
T 1N & gAY Ay, _ (T2X4) +(5655)6) VS Tk vy + A A +A,
Olgasa| Upmo ke L A +A, 72+56.55 _ {Q.6510.325)+ (0.3318)0.276) + (-0. 0700, 325) - (0.0195x0.05) + (-0.00196)(0.05)
aymt e, 4ot (0.65) | =488in. < ) 0.65+0.3318 +(-0.0707) o
=1.27Gm =0307m =307 mm L | = 0.05m =50 mm <
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7-21 3m 7__om
S o—— IS () SF, =R, -4=0
< ]—\—C‘ . 0.2m ® JF =N-9%1=0 Ry =4kN t -
e, | N=9.1N IM,=M, - @() =0
E 1‘ | C, ! S F =F-138=0
. YEd =7 h T 0.2m M,=4kN.m{) <
Gin. ,,,,,F v-[_ 1 F=1388N<F,=pN=p, (981N) :
! ° - ()ee = 1B®N 0.141 - = P=J'-(3M'4”FB*"P/
Ia;... 2] ] Tt =0 a4 (® SO A.=ogxo.4=o.z4mz vme T oRIN T _—. "
=127 Parabolic Area: As=-3(06X02) = 008’ 1.24
) ) =02m —d@e
y Go.) Ay () % =02 3(0-2 . When the plate is in equilibrium, the center of K‘L—4:ﬂ43"' Ry
3 2160 Y2=02+ 30N =02m gravity G must be vertically below A. From the free-body diagram, we see that the resul-
;“25_’ 13?.2 < AntAy, _ 02402 + (0.08(0.32) tant load acts at the midspan. Thus,
bandd 51:4 A +A, 0.24 + (-0.08) Ry=Ry= %P:zkjp. <4
127 -180 - =0.14m = 140 mm < e
to Symmetry: 7-27 P=5Us2)0)= Verfex
358 {;;%
—--"::: = 4.84in. <72 At I -
L B Lasm@mzafm
2m K -: im
. 4m %
< \ﬁc M= -Ry(6) + (6000)2 + 2.25) = 0
Re In the right triangle ADG, we have Ry =4250N ¢t |
EM, = (P)(r) +(10)(0.4244r) - (20)(0.4244r) = 0 2 EM.= Rc(6) - (6000)(1.75) = 0
P=4241b 4| |[AP=gAB=an Re=1750N t -
x 7-23 DG = ;-' BC=13331t Check:
[P wn - DG _ 1333 S F, = 4250 + 1750 - 6000 = 0 (Checks)
. n T = m— I —
A, =quarter circle = —r2 = =(5)2 = 196 AD B 3+ !ﬂ‘\ -
4 4 7-28 " i
——— lbh 1 —— ﬁ:tan"—-—l':;33=33.7 4 Parbela Pa B £ KN
= e = -=— = .- =
: 2 7K = Verbes ! 1 W,
: P
- Ax +Ax 34, P=4(34)=44N 3 |
e % + AKy A
* A +A, M parabola Varkex —
(19.6)0.4244(5)] + (_lzs)fl(s)] 0C=0.42§4|‘ ) RA;‘EA B ; R Bm 1--—;:—2—"1
R i 39 CE = 0OC sin 30" = (0.4244 r) 5in 30" = 02122 r ‘..1_.-'4.._.;,(4):3.._.[ P, = 5(3m)(2wm)=2m
19.6 + (-125) i =t
29t P @ T M, =@)r+05) - (98.1X021221) = 0 e mcn E'o » Pz=%(2m)(lkam)=lkN
L P=1388N < A - P; =(4 m)1 kN/m) =4 kN
y=x=2921t < (Cont’d) Rux=0 ] L. (Cont’d)
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728 (C
- W, = [-21-(9)(16)(1)](11)) = 108001b 2 yomy © \ .
IM =R, +2(2+2) +1(2-2) s 40 -0 W = 26X DI150) = 43001 P, =pa(4x3)=12y(h-4) s"=23,c=2x.[l " %({-a] . §(§1) ]
1 B B
== 1 =7 = - - = - - =
R, = 137kN 1 < P 2(998)( 6)1)=79801b P, 2(1‘»' P4 x3) =6[yh- y(h- 4] =24y —2(100)[1 . 2(40): 2(40)4}
4 - oA T
EMA=R.(5)-2(§) 13+ %)-4@ =0 |R =P= 79801b « M = -tzv(h-4xz-m+247(l.5-;) =0 SNy IR
Ry =563 kN 1 - e h=4.67ft - = G
- 3 M, = 7980 [;(16)] - 10 800(6) - 4800(10) 733 P 738 T xg= 4752
S E =137+56-2-1-4=0 (Checks) =-N2U40kb-R A - —48 Tt
7.29 I.5m) 15w Rd= lSGm;l:'IO?AO T 3 L—L=250-F‘—'1'
d=450ft< ZAB =367 | B, A
i— T o Tberesultamdoeam(m.:uhmughtheuﬁddle-thirdof " e oo Jond 1 culnd Sy o coblas, Flancs
] il o the base and so the dam is not safe. - i 1 q=l(8kipm)=4kipm
i he7m 7.31 Ay pi S padon s Sy : 2 2
A Ay . _ gl _ (4kip/ RX950ft)
Ea” " A Ta p:=ps 3 W)= 3yhw T =To =g = —®com
; i\ 3™ 2 :
W=yV=(B6kNm?)(3x5x 1 m?) =354 kN """z..-a--ﬁﬂ il s [t} 2 = b «
poveiar IM, = (>vh ) -) - Bybw)L5) = 0
P = Ywhs = (9.80 kN/m?)(5 m) = 49 kN/m? R; B 2 3 . .
P=(Zpby)t=( > x49x5)(1) = 122.5kN A Tae =Ty = {T7 + 4%
2" # Pa = Yrha = (9.80 KN/m?)(2 m)= 19.6 kN/m? h = J(6X4.5 = 520m it = V(5014)" + (4)'(479’
R, =P=1225kN « Pu = Ywhs = (9.80 KN/m?)(5 m) = 49.0 kN/m? 734 P———L=200m—= = 5362 kips <
R,=W=354kN | P, =(19.6)(2x3)=117.6 kN |00 OO M —
M, = +122.5(1.67) - 354(1.5) =-326 kN« m () . 1(490 19.6X2)3) = 882 kN 2(y T
== .0 - 19, = = miak] - =&k
el KT AL bt 1]
326
= =-— =0, L | = - - = r g
35 = 092m IM, = (RYG) - A17.6)(L5) - (88.2X2) = 0 ——= =2(475)[1 .\ g(iog) ) 3(335) ]
s Ry =117.6 kN < =1 4N/m 3\47 5\47
Which is less than AB/3 = 1 m. The resultant does @
not act through the middle-third of the base and so the T mlom £_(l KN/ m)200 m)* s =972 1t L |
dam is not safe. 4_&,(3*?.4'_ (b-;- LT 840 m) = 736 ?
7-30 y
g gl =TB=Jin +q°x, B—_'.‘:—
= JAZSKN)” + (1kKN/m)’ (100m)’ 4= dom
= 160 kN b b
= 9%  (EKN/mX100m) _ ° %
= = 125kN ol A2y = t0om—
(Cont’d) 0, =387 <4 (Cont’d)
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736 (Cont) 7-39  (Cont)
a= [PLYa _ [A2935)®) _ .00
q=3kN/m f'l'_ 7 1340)2) K as
voki a= = =366m
o - Q% _ GKN/mX100my s ™ q 4 o SO ’%ﬁﬂ:g_‘m
°7 2y, 2(40 m) b FTE!, _ ’2(1340)(5) —Am 1 .
4 ’ !
=375kN R = J(894)" + (2790F - (2)(894 ) 2790) cos 433" 1 ﬂ’g‘im i 90 m 5 —_—
=2230 kips Check: ’ '
2 2 - -
Toe =Ty = k’rof + ql x: i = oo (894 ) (;)(ﬁ:;za-ogmy" = 1203 a+b=36.6+634=100 (Checks) T_ =T, = m
= J375kN)’ + (3 kN/ m)*(100 m)? B = 180" (266" +120.3")m30.1° (@) T = (2935) + (0.57(59.4)
=480k R = 2230 kips~< 33.1° < - “E 2 4 "‘2 =418kN -
= + 63.
i — V(1340)" + (4)(63.9) ospe H
=208 T = 1364 kN Pl § =1
B X - —— _I;
=50+ ~ ®) () s
.]: A % s T =.‘X.
T,=100 x; 5 laope > ¥ 5
_Bhplﬂ o - '’ x SK:=1X,\| [l + 3[1&) = _2.(!1) 24
= T 2 kip/ RY200 M)} F=dorb/e A 3\x, 5\x, EF- =(Ty), -T,=0
_ 9% _ p . (@ 2 4 (Te) =T,
To = = =800 kips . p— 2( 2\ 2( 2 sh=To
2y, A0 ft) T, = 1000001h = 350 o OIB/AX" e 3(366) 5(3&5) o -
2 22 ¥s (2)(m ft) =36.7m E y = (Tg), “ 3=
T, = T + a5, X = JI0 000 f* = 3162t « z ) Te)y =210
e . 2 - 2 2 _ " - -
= V(800 kips)* + (2 kip / R)*(200 ft)" = 894 kips ® ,'cﬂ.[l . %(_:_l) ) %(h) ] q=41b/16ft =0.25 Ib/ft
B Xy
B:m"ﬁl=m"m___2ﬁg 2 . i i
s T, 800 i Z(h) _ ] =(53,4)[1 " Z(L) N E(L)
" 3\xy 3\63.4 5\63.4
i S =) |
* c £ - ——— - - —
femtott < >k . V162 5162 S =367 m+638m=100.5m <
-
2 . 2 7'“ L‘—" 70 m
T/ =ﬂﬁ_=(z_hﬂ.ﬁx_'4“ﬂ= . M. = (ToX12) - (2)(16) - (20)8) = 0
° =2y, 2X60 ) N kire . " a % b T 2 T,=161b
g LA W mI-Gm Tas s Yy =30m A R0 9%’
= (2670 kips)’ +(2kip / ft)" (400 ft)" - . bx Wa:r\—P\ 2 N B=¥s = 37,
= 2790 kips —=L=i00m . L  (a5K%0) _ (0.251b/R) 8f)?
2 4)(100 i “‘7'17-" J8 + B30 - 2 (161b
8. = tan™ 2] — tan 2(-400) = 16.7 To= ﬁ:ﬁ%—f =1340 kN Yy, + Y A + «30) ( )
Ts [ 2670 I Ya B =2935kN i =0.51t <4
. (Cont’d)
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Test Problems for Chapter7 |G

The following problems may either be given
to students for them to practice their problem
solving skills or be used as test problems.
The answers are provided on the next page.

(1) A machine part consists of a
rectangular solid made of steel (y, = 77
kN/m3) and a circular cylinder made
of aluminum (y, = 27 kN/m3).
Determine the center of gravity of the

4pmm

An automatic valve consists of a 0.8 ft
X 1.2 ft gate which is pivoted about a
horizontal axis through C as shown.
When the water level rises to a certain
level, the gate will open automatically.
If the gate opens when the depth of
water reaches d = 2.0 ft, determine the
value of A for the location of the pivot
axis from the bottom of the gate.

>
fo— ho———+
=

R

FTTTITITTI?

Gearreed

(2) Determine the centroid of the plane @

area shown.

Cable AB supports a load distributed
uniformly along the 45 m horizontal
length as shown. The sags at the
support from the lowest point are
indicated in the figure. Determine the
minimum and maximum tensions in
the cable.

C

EL TR T FET]
TS &N/ l
46 m- —

T

Solutions to Test Problems
for Chapter 7
m

The body is symmetric with respect to the xy-plane.
The centroid must be located on this plane. Hence

Z.=0 ]

The weight of rectangular solid is
W1 =y&V1 = (77 kN/m*}0.04 m)(0.08 m)0.12 m)
=0.0296 kN =29.6 N

The weight of the circular cylinder is
Ws = yaV2 = (27 KN/m3) [’:—(uom m)*(0.080 m)]
=0.00271 kN =271 N

The value of 7: rg
L/
120 =
[ t4u=100ms
v, two-
i |
el [2]
y= WI!|+ W;x‘
W, + W,
_ (29.6 N)(60 mm) + (2.71 NX100 mm)
- 29.6N + 271N
=63.4 mm 20 mm «
g0 ==
The value of X:
W,
[Za=60mm
P“'
%= Wlxl-f- Wﬂz
W, + W,

_ (29.6 N)(0) + (2.71 NX60 mm)
- 29.6N + 2.7IN

=5.03 mm <4

@

The given area is divided into four component areas
as shown. _— »
"= ", 1

-

3

The area and the centroid of each component area is:

A =(16)X8)=128in.2
x; =8in.
y1=4in.

Ax= %(16}(6)=4Sin.2
X2 = ;(16) =10.67 in.
y2=8+ 31(6)= 10 in.
As= 1;-@2:77.021:.2

A7 .
= — = 1897
x3=16+ o 18.97 in.
y3=Tin.
As= %(3)2 =-14.13in2
x4="7Tin.,
43) .
= —=127in.
Y 3x -

A
oo 2
*=ZA
_128(8) + 48(10.67) +77.0(1897) +(-14.14X7)

128 + 48 + T77.0 - 14.14
=12.13 in.

-
(Cont’d)
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Solutions to Test Problems |@ [H 85
for Chapter 7 (Cont
p ( ) 1246” ;_=F_ ‘!]1’)‘12 _ h - b=100mm=0.1 m
@ (Cont) & b ] * " YA v h=200mm=02m
o % 2y B r_=F_ hb’!l!._j?_ - ]=%:i_(bz+hz}
={2m b = -
_ 128(4) + 48(10) +77.0(7) + (1414XL2T) | o= 2m L A - = ©.1m)0.2 m)
- 128 + 48 + 7.0 - 1414 — = L, 82 =——|u (0.1 m)* +(0.2m)*]
=633in - §=1.54Wn - =833x10°m* -
A=—d
(3)_ A From Eq. 7-16, the minimum tension is 3 . 54 10 in.
T ] I = —d ;
0.4t T.= gL’ _ (L5 kN/ m)46 m)* 64 6.».1_ "
o= 2 = ¥3 N
4 Afi ) A+ i) = i) _ 4
d
| Z-Ft °-4k =40.0kN ‘ f = J‘—A—r = xdz = I ‘ ———1"_5_:i‘
_ , From Eg. 7-15, the distance b is 3 I, =L + Ad®
, 4 . .
olﬂt i b FT,x. = fztm'mxn'z'm) =253m s mwin'= £ ll‘.)1(212 2L+ aoxnzia)= @
- q 15 kN/m I =L+Mz thnw‘llaiq’v_vega
= =/m.
P =T~ 120 From Eg. 7-10, the maximum teasion at B is - E,‘ + (ar)d? I, =T, + Al + 37
(10 in. X12 in.)’
= (62.4 IbAt3)2.0 ft - 12 ft) Tmax = Jiu + q'Xy = 1:.'(5 in)* + M5in.)*(10 in.)? = 12
. 120 in* (10in.)*
= 49.92 1b/ft2 = J(40.0 kNY + (L5 kN/ m)*(253 m)® =8340in. < e
V(40.0 kNY* + ( / m)*(253 m) = 13440in4 <
P = Tod =474kN - 5 5 JE _ E—E'; e "
= (62.4 Ib/A3)(2.0 ft) A Yx(5in) (
= 124.8 Ib/ft2 o - D=igin.
84 =%
1 —=
P1= S (4992 IMAZ(12 08 1) = 2401 I, = Ar,? = (100in.)(124 in.)? = 15376 in.* L =1 + Ad?
From 1. = 2 i xD* (aD*\/D\* 5
P2 = L(124816/02)(1.2 )08 f) = 599 Ib fy = b+ Ad”we wite "6 (T)(E) -
4 =1, - Ad*= 15376 - 100(12)’ = 976in." 4
IMc =(24.0)(0.8 - b) - (59.9)(h - 0.4) =0 Ja=k+l,
S 6n
) ) _ ) o g oD g g
192 - 24.0h - 59.9h +24.0=0 7 = E = J% =312in 4 o * i
h=0.514ft - = 58 in.)* =30920in* «if
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Ay, + Ay, + Ay,

N % 810 - =
1 3 1
n. y =
l/c% T n 7_41__ ﬁ Ay Ayt Xy
s " Gin. I 0.02m == —T.0.240.20m
xa_ % EL £ | 5 i =8(05)+6(4)+6(7'5)=365in
= 3¢ = 5(008 m’ = 001005 m’ 2i papom Ly M?‘_ . 8+6+6 .
_ =’ _ m0.08m)* . Gin. =i —_— men 0dm - R
i B R 1.608x 10° m 7= Ay + Ay, _ (6x 2)XD) + (2 x6X5) wmbmgl‘gfliﬁn%.g :nosmm-mre.m :vg‘t%aﬂ me—pe L E[I‘ PAGD ]
& A+ A, 6x2 + 2x6 a1
B !’ : Ad =3‘1]I. L = (I")l N (Il)z - -T % &3'&5-0‘5)21
= = + A@) [ _ ©.16)0.27 (0.12)(0.12¢
L=[L+AG-yn]+[L+AG-5n 12 12 ey
0.08 4 ! 2 Y - Y2 ] .|.[_ 6_41
- 5_"5'1) + (0.01005 m*X(Q.08 m)* &2 =894x10° m* < 2 a9
=8.04x 104 m* [ Ly (6 x2)(3- 1)’] 8-13 9 &1y
[ wESEET [+ ]
l‘.'E= 001005 m +[2_(6_?_+ (216)(3-5)31 = i T | 12in )
=0.040 m =40 mm =l 2 10n. ;‘1 i: h 1jlh =1882in.* >
hesi
T =4+48436 B=136ins 4 S 815
=92 Y oottt
*“YA Y 0.01005m s Gin o Ay + 24y, (10x2)X1D) + 22 x 10X5) i — — 0.05m
=0.0894 m = 89.4 mm <4 z""_|___ A Cl""‘“—-f- A +2A, 10x2 + 22x10) anh. A ¢ — =
89 e, I X =7in. o.m. A . —% 3’""“
Gin. 2 C.x 1;=7m- I‘T - ct < — ‘&“1‘\ Tz
rl 3‘13"1 1 r“ = [Il + AIG . Yxf] + 1!: + Ag@ - v,)’] Aﬁlﬂ-lfu A L“‘A=°‘°§'
A Lin, * —
= ¥= Ay + 2Ay, _ (6 x2X7) + 2(1 x 6X3) = [M + (1012)(7-11)‘] L= 2[([ )I A z] 3
= A, + 24, 6x2 + A1x6) 2 s O T 2lL), + (L), + A]
=0.0549r4 + Ad? 2(10)
=0. =5i + 2[_ +(2x 10)(7-5)’] 0.250.
L sy i “3 2[——25(1(;05? + (25 xo.osxo.ls)’]
=L +Ad’ L=[l+AG-%]+qL+Aq -] =820in. <
=0.0549r4 + Ad? 814 0.05(0.25¢
=0.0549(6m.)'+(283 in.X6 in. - 2.55in.)? 62)° s +2 e
= = [_..iz_ + (lzxs_nZ] i;., e in.
= J_ ; =3.00in < /o [0.15(‘105)’
283 in. L =1 =75 2| ———— + (0.15x 0.05X0. =]
208 i + 2[4 | (oxs-37 6w fT——F 3 12 05
N =yE b A8 380in < s : =4 [§
283 in. =136 in# Lin A e | - =739x 104 m* o
Lﬂ--o 5in.
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SS

816 . 818
1in, D!_{‘iib'_h-

A 3im
3in. E."——"‘——ﬂ,-a.n. il = £ -
Al gma. sl F 4T @[_ :
Lim S | : 14-1:. l 42 Gin.
o Ay + Ay 31&‘,:1 S — z
¥= 0A5;+;12;)A,s( ” 8 -[(I,) +A,yl] [(I,) +A,y,]
20.5) + + 54 .
SR T T - (B + 6xiveer
L =3[ +Ag - y] k "‘;f + 5(3)’(5)’]
2(1)’ £ B asf] =2936in.4 <

A=A, -A,=6x12- 2(3)2=579in2
ua) 2

A=A -A,=6- 5{6)==7:rsw

I, = [(T,)' + A,y,’] - [(T,,)z + A,y,’]

Xy = 6-04244(2) = 5.151 in.

—X;=3in

%, =0.4244(2) =0.8488 in. — 9

—+5(3l4-5)]

=272in4 -
&11 O.i0m
a.us'.'\ F_ﬁ. CZ‘
3 ¢
O.0k0m e
0ifm| F—F o - S——X, = 0. 4244 (3)=).27in.
o.uﬁs- ¢ Pe=e ﬁ P
Feforence axis
- Ay Ay,
y A -A, L= [(rv). * Al"tal : [(T,), o Az"zz]
(010 x 0.15)0.075) - (0.05 x 0.05)0.10) 126)°
= 0.10 x 015 - 0.05x 0.05 " [ 2 “2"6)(3)1]
=0.070m -
) [0.1093(3)‘ W 5{3)’&273)’]
I; [t +AGF -y) ] [I +A(¥ - y) ]
=832in <
0.100.15)
= [ 1z (0.10:0.15)(0.070-0.075)’] A=A, -A,=6x12- 1'2-(3)==5r.91n.:
_[Ei'-"(l‘;-ﬂ +(o.05xo.osxo.m-o.w)’] - ‘E: ~ '832 W e -
*“ YA VYsi9in?
=257x105 m <

—— 4+ 3@3.1- 2..5)’] in*

r, = J-[: - l’mf“; = 712in «
5([)3 A 57.9in.

-19 Z_gin

66
“[‘u‘*“‘ "3"] L =[(K), + ax]- (1), - [(), +Ax/]
h [0.05¢9(6)‘+-E(6)’(6-2.551’] [12(6) + (12x 6)(3?] [w(Z) }
=243 in+
[omm(z) . ﬁ(slsi)‘]
243in.° .
821 824
J, = one-half of J, of a circular ring T 0.04m
o l ,d‘ 4 ______.__Ci._______ '
- afaste - 4] i i
_ % . 4 1 < =0
= 1.28[(0'6 m) (0.4m)] a,-c-r,g—;., 3;-“4-.& 0.Q6m
=511x 103 m* - } i
L—O.ﬂb—-
A, =(0.13X0.06) = 0.0078m?
Lt W %(&13)(0.04): 0.0026 m?
@T  |As=a0m@pr  =-000126m
’1’1’"‘ A=A, +A,+A, = 000914m?
0.13X0.06
L =[(L), + Ax?]- (L), + A2 (1,), = S2X000 )!(2 Y - 234x10° m
[6(12) +(6x 12)(6)’] ), = M‘);:-ﬂ = 231x10" m*
[-(2) + u(z’xs)’] (r), = -59-';”)—. = -126x10"m*
= 2990 in.* < (Cont’d)
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LS

= r& 18in ¢ I4-in. plate A=2A,+A,;=2996) +16x1=359in.2 Test Problems for Chapter 8 |(3 Determine the moment of inertia and
—=—a Ay + A the radius of gyration of the built-up
Trc - ¥= JL"‘Y" The following problems may either be given steel sgction ;hown about its horizontal
& _ 20 %)(7 5 + (16 x 1(15.5) to students for them to practice their problem centroidal axis.
¢, o218 630, 359 solving skills or be used as test problems.
A G =11.07 in. The answers are provided on the next page.
Sigx rm =9
ke L=2@), + AT - y)']+[0). + A7 -y,’]| | Find the moment of inertia and the
L H x z/1 1 1 x 2 Yﬁ a -
refare-ce - 1315 e 9.9«11.07_7‘5)21 mllfﬂ?:fa::on of the shaded area
T - 16(17 ’
A, =16.1in.2 —— = w T
vy + [ 5+ A6 x1x1L07 155)’] i |He—Ciox30 ‘:ﬁ,,,_
(L)=804in+ = 119in.* P
A=2A,+A,=216.1)+ 18x 1.25=54.7 in.2 T i
s O T R
in.
ya 2T
Al + A, 833 i
_ 2(16.1)9.0) + (18 x L.25)18.63) A Kinrlin —
'1296_ 54.7 7
- - C+— (4  For the built-up steel section shown,
L=, +AG - w]+{d0+A,G - 3)7] : (2) Abeam has a box section as shown. find the location of the horizontal
iwq_ + 16.1(12.96- 9)] ||"\ Find the location of the horizontal centroidal ,axls_ and de!erm.mc its
18(L257 2349 |||  centroidal axis and determine the moment of inertia about this axis.
+ [——- + (18x 1.25)(!2.96-1863)’] moment of inertia of the section about
12 4.6 P this axis.
—2840in4 < ._4,-——~:,- 5,327 in.
e A-S(a
Ill = 3 = y——340nm x | Zum
J = 721in. - A, =996in.2 25 mn
J{ (I),=813 in* r?'s_mﬁ plate
Az 1Gin xLin plate . plate X =0.787 in. " @300 x 0.438
= : == A=2A, +A, =2996)+ 16 x 1 =359in.? =2 ;/ //ﬁ
e, - % I
o Ty /
E - T l = 15.5in r' =2 [(ry)l + A‘x12] * d )11(16): Is0 ? fl
A — =2[8.13 + (9.96)(5387)?] + —— 7
cisuasa pe =936in.t 7 %////
P PN .| L_referemce =201 i 45 z/
axis
ForC 15x33.9 [from Table A-3(a)l: _ JE - ’935 LA <
iseen LS T
(I,y=315in4
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g andey)

Solutions to Test Problems
for Chapter 8 (Cont)

@ (Cont)

1 1/3
= 2(10.0in. -(-- =5375i
y2= 5(100in) + > 41n.) 5375in.

A=JA=2A;+2A,
=2(8.82 in.2) + 2(9 in.2) = 35.64 in.2

rl=ﬂ1 +2[13 + Agy2?]
=2(103 in.%) + 2[0.42 in.4 + (9 in.2)(5375 in.)?]

=727 in4 L

727 int
f = = = 4.52in. L |
T 'JA J35.64in.; i

. 2Ay;-+ A
y=__2§L..t_Z.!l
T A,

_ 2569x10°X0.1524) + (408x 10° }(0.3108)
- 2569 x 107)+(4.08 x107)

=0.19%92 m
L =20, +A,F-y) 1+, + A,(F -y,)°]
=2[67.4x 10-6+(5.69 x 10-3)(0.1942 - 0.1524)2
+{4.90 x 108 + (4.08 x 10-3)(0.1942 - 0.3108)2}

= 2.10x 104 m? L |

Solutions to Test Problems A = (0.125 m)0.250 m) = 0.03125 m?2
for Chapter 8 Az =-(0.075 m)0.150 m) = -0.01125 m2
(¢4}
yi= 0.250 m ~0.125m
2
o TR o
4% 2
- A
§ = Ay + Ay,
x A +A,
_ (0.03125m*)(0.125m) + (-0.01125m?(0.150m)
0.03125m”-0.01125m’
Aj=(8in.)X10in.) =80 in.2 =0.1109 m = 110.9 mm L |
= = i 2:- in2 3
Az=A3=-x(2in)?=-12.57 in. " bl_I;_=(0.125m)(0.?5)m)’ i3 x 104t
y1=Sin. 2
y2=042441=0.4244 (2 in.) = 0.8488 in. lz:%’ - (0.075m)l(:.150 S P
y3 = 10in. - 0.8488 in. =9.15 in.
[ =1, +A(F-y,)1+[L+ A,F-v,)*]
- E ) (8in.X10 in.)’ S 1 «F-n L 2T -y,
12 12 i =[1.628 x 104 +(0.03125)(0.1109 - 0.125)2
I =13 =-0.1098 % = -0.1098(2 in.}* = -1.76 in.4 +[-2.109 x 10-5+(-0.01125)0.1109 -0.150)2]
Ix=Z[1+Ay3j =-131x104n? <
=[666.7 + 80(5)2] 3 12 i, xd=in.
+[-1.76 + (-12.57)(0.8488)2] 3
+[-1.76 + (-12.57)(9.152] h
= 1063 in4 [+ z
@ A1 cioxso
'[ 4 AT 12.in. x 3-in.
oom | | e A)=882in2
0.250m ' d=10in.
[ 3 y1=0
pg h Iy =103 in4
0.075m ] b o
Az=(12 m)(z m.) =9in2
0.125m  leference axis (Cont'd)

@ o X |2
L -
¢ 6 %
CMW'N\ F i
= A‘..:.:
Teference aws
A;=569x103 m?
d =03048 m.,

y1= %:0,1524!11

I; =674 x 106 m

Az = (0340 m)0.012 m) = 4.08 x 103 m?
-~ %-03048m+ %(0.012m)=0.31(8m

3
= ?-'2— - @30 X002 m) mi(:.ou m) - 490x 108 mt
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65

%1 a4 1 3
A B c | oD
1 L:J
= 3(1:5X20016) = 1000 b P f‘" =P
L 3
=2#-%025mp= i b
A= 2= 2(025in) = 00491 in? P epy -p
onl o OB _03mps @ A
A~ 00d9lin’ oo - t
=¥ | Ppc=0
92 A B 2 "
=§(&)kN)=26.67kN Pp=P P
x T +P=+IR04N = N
A=2d*= 2(0015m)* = 1.767 x 104 o P C 1 o
o= B o _BETKN 2 ., = B
A 1100 m For 70 mm x 50 mm section,
=151 x 10° kPa = 151 MPa 4| A=(0.070 m)0.050 m) = 0.0035 m?
93 6. =o. =P _ *I80KN
Ry—t —=4oxp f—m30Kp f—120 kip a8 = Yo =R T 0.085m”
ke il Am ;; < = = 51 400 kN/m?
2F =R+ Mol =51.4 MPa(T) <
R, =+ 50kips «— Gac=0 <
1
S'UH'—I:i——P“-_-mkiplm 95
Ay 100 kN 20 gpm
40 L S I m—
Sonp Pyc = 10 kips (T) A B jookN  C 20N D
A B 3
1 T F, =-R,- (100)(2) + (20)(2) + 20=0
Pp =20kips (O —+___ |—20kp 2, = 145KN
+50k i D 5
140 D= 140 AN(S)
Agial foree N 3 20k 50
diagram P D L P = (orN ~—
1 Al g T [T e o
=1‘.;=’_'.2- 2 -3.14in2
A=Zd=2Qiny =314in. - o
0,,-—;1 -2 08P _ 1592k (T) < séoxi
A o T, [ |tz
Onc= 28 = T—CB0 - .3.18ksi(T) @ |/ fos 5 5 D
e 3bum Dl
=—m - ;—_E— ‘
e T Srrn (Cont'd)

[o-s

(Cont) L]
P =200 kN
p -140 kN
Opp == ———= -49 SOOKN/m’ O = 150 MPa = 150 000 kN/m?
Aus .‘E(o.ms:n)2
P 200 kN
_ = — =0.001333 m?
49.5 MPa (C) e 150 000,kN /m” _ "
P +60 kN =£d’= 2= 33 m?
O =§“‘=x = +4&7 700 &N/ m? 2 & =07854d7 =0.001333 m
2 0.001333 m?
d= J———" —00M412m=412
< 07853 m mm
Used =42 mm <
9.9
‘ Joint B
Tas
T 15 T“
Ric 8
=ISkN F.‘._
Tw _ 3
w 3
From the appendix, Table A-5(a): _3
For 3” standard weight steel pipe: A =2.23in.2 | 1m0 = 3(W) = '“5) BT
For 4” standard weight steel pipe: A =3.17 in.?
T 25kN 2
P K o =2 = 318000 kN/m
O =K-—Ez.23 = -897ksi(C) d| ** A, %(0.0]1!1)’
P _-20kips .
=— = -631 ksi L | = L |
% = A 37’ © o
9.7 9-10
P =40 kips (T) From the solution to Prob -9 we find
Ourow = 22 ksi Tu=§-w=§(30kN)=fﬂkN
1 = = 2
e 3 i O L 1B 858 o™ R ki
O 22 kips/ in. A= —4L — ———E-N---—---—3.‘3‘.3:&10*%:1z
= = =
Oy 150000 kN/m
=-;-d=—07854d1 1.818in.2 =%d1=0.7'&54d'*=333x104m’
1.818 in. 2
d= 222 194 - [33Bx10°m? =
0.7854 d = 5 =0.0206 m = 20.6 mm
Used:l-l-gin. (1.563 in.) 4 Use d=21 mm <
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9-11 9-14 915 (Cont) 919
Joint B F 26.8 kN M _90N.m
A = Epp o 268N P== = ;—— " =543x10°N=543kN
T ( 'D)M 0:,?_ 70 000 kNIm’ r 5(0'035 m) *
EN . =383 x 106 m? = 383 mm? 4 @
3 Aoy = Fap 268N A, = bL = (0.008 m)(0.050 m) = 4.00 x 10 m?
Fe  W=cooms wlm = GO = 70000 kN/m®
2 O S A T
From the force-triangle, by inspection, =383 x 10¢ o = 383 mm TA, 400x10°m’ T T
Fog =Tec=5001b _Q __loolb . _ Fg _ 48 kN = 1357 MPa 4
=2 o WUB o0 P R ...
s %= A Ty pic) - Al = 50~ = 0000 N/ m ®
o = g = 1000 psi (O) » 4 230x100m =30 mm  4|A= 2L = 220050 m) =200x 104m
in. 9.15 P 543 kN
500 1b . o1 %= A " Z00x10° mt - 272 10° KNm?
O “GosmT - X OMMm 4 -
. - P _ _8oOm i .
e *T AT Qm@m) ™
From the solution to Prob 9-11 we find - - Ty= 4ol
Sw)=10 M, = 8+16)3) = 0 4
Fa =2(=W)= Z(100016) = 1667 b TM; = -Hyp(3) - 24(6) + (8+16)3) = <o P __P__ _120kN 0.20m
6 6 H.,=-z¢:|:N T, 4(362)' = (0.02m)*
. S r i
Cow = 1200 psi Vi = 2Hm = -12kN (@ rivess) T=ito M
Fuo = Y247 + (127 = 26.8kN(C) _ _ M =(T; - T)) fpuy =(120 kN - 40 KNX0.10 m)
b T A - B =95 500 kN/m? = 95.5 MPa <
Ouen 12005 /in. FM, = - Vy(6) - B+16)3) = 0 =800kN-m
b agu - P 120 kN
n . = =-24kN _ _ M 8.00kN+*m
A==d*=0.7854 d* = 1389 in.2 - - g, = =— = o SWWEINI
4 ™ Foe = Y(24F + (12) = 268kN (O) * 7 4d  (4)(0.012 m)0.02 m) e Tl
— _ ~
P T EM. = Fg(L5) - (24X3) = 0 = 125 000 kN/m? = 125 MPa < ®
J 0.7854 Fos = +48 kN (T)
3 i (1375in) 2] i P 200 kN ;
Used=1=in. in, (Check: = —_——— = /
8 ~ _ The shear stress (double shear) in the pin: e T Ruagoe - P 0NE
S F, =Hyp + Hyg + F = 0 ' «
9-13 =-24+(-24) +48=0 Checks i =100 MPa
_ -29) _ ( ) T = X = ﬂL = 113 ksi k]
< JF =V + Ve + 24-8-16 =0 2A ER o)
A = 7.¢* = 07854 (0.080 m)* = 0.00503 m =-12-(-12) +24-8-16=0 (Checks) 2(:;’)(74' “")
P 200 kN
m_—'mm:mw)w‘na 02:.=10MP8=140WW[B2 Thewngmmthﬂﬁnmﬂlﬂpm o, = A_ =M)(_01_-;=m (ImkN!mz
© _ P 10 kips _ v ( 1m
P = 2A0,. = 2(0.00508 m2)(200 000 kN/m?) [Tuew =70 MPa =70 000 kN/m? %= God = (1 ; (3 A 267ksi 4
- -
=2010kN - (Cont’d) 2 ) 3 ) =200 MPa <
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19

921

320 in.
F=¢6oolh

r-ﬁ@ Ew el

(-)
= -{(4 in)? - (2in.)?] =9.42 in.2

P = OpAp = (4000 [Vin2)9.42 in.2)

925 (Cont)

= J@) + oy =

The pin at B is in double shear. Thus each area

22.4 kips

Ry =Fgc = 10kN

The bolt at B is in double shear. Thus each area
carries one-haif of the load.

R,/2 _  10kN/2

=377001b carries one-half of the load. A= = T =417 x10° m?
M = (600 [b)(30 in.) = 18 000 b in. =377 kips - c ) Twn 120000 kN/m
Mate 22.4 kips/ 2 ) x
_ e L. =0.747 in2 A=24,2=0785d,2=4.17 x 105m?
pM _ 18000 _ oo ®) T tam | 15kip/in’ = 4 x *
¥ lin. P P 417 %100 m?
T=— = =L 42207854 d2 = 0.747 in22 . ,__.__
@ A, (ma)t) 4 . 07854
747 in.: )
T = .l:... 18 000 Ib = 14 400 psi = _.3_715'_193_ = 12.0 ksi ] d = 0_-73;:. =0.975in. =7.28x 10° m=7.28 mm
A ()23 ) w2in ) n) Used =1in. < e ko <
9.27
= 14.4ksi 4924 +in
T—
® B 77 I el
P 18 000 1b mr—E.E-’
0, = = = Tr———7— = 28800 pai Joam
~ et o T
P 50 kN 2
) = 2 O o =0.982 kips = 982 Ib
=288 ksi 4| A, (0.09mX0.15m) " g
*22 =3.70 MPa - T .
(u,,)“ 300 Ib/ in.
@ = 2 i = 8330 KN/ m’ N A A=Z@-025
% = A, T ©004m)0.5m) " SF, = R, + (%)(10) -4=0 - { '
alkas POl =833 MPs < Y _07&54(42-0.0525)=3.271u.z
thickness t = 0.004 m Ry =2kNY{ 3.27
9.25 d?-0.0625= -~ =4.163
A, =(2mr+ 2Lt 87 7 _ A
= (2 (0.04 m) + 2 (0.12 m)] (0004 m) W+ 0r =8B _
=0.001 965 m _—— “..;‘H‘Sf‘t’;;’.‘;:i“ W = J4.1631+ 0.0625 = 2.06 in.
carries one- d=2 — in. i ™
Pu =A, T, =(0.001 965 m?)(300 000 kN/m?) Usd=2 15 B (20GSin)
/2 8.25kN/2
=590 kN < A D02 o =3.44x 10° m?
— = ™, =Bl - p: 10)2) = = e 120000 N/m . i .
- i 2= =450
JE :_2;::: =0 A= 0.7824.1: 344 x 105 m? I i 1 kg
-l _ F.Mno m ! il o
SN e T t=tfi S F, =Ry, -10=0 dy= T _L r=12¢n.
Ry = 10kips 1 =662x10°m=6.62
(Com’d) = m= mm P ,
Used, =7 mm « (Cont’d)
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928 (Cout) () Size of the pin at A:
. -=,=£§=-isp—-z-=7jookmm’
M = (450 [b)30 in.) = 13 500 b « in. A= Raf2 _ 10K6pel2 0o A’ 0.01155m
. e 2 TWN o
p_M _ 13500Mbein S SN P=Gokpe |From which we get
T " T iuse  Cpomh As= 7d;, =T8S d, =0417in? P=578kN E
P 12 000 Ib .417'in.? . P, = 60 cos 30" = 52.0 kips
A.:— = =15in2 d‘"= — =(0.729in.
Tww 8000 1b/in. . 057854 thickness t = % in.
A,=bL=(05in)L=15i.2 Used,, = 2 in. - i
= i 930 = = in.
L=3.0in. P= 50 kips bon o 12in
P 12 000 Ib
A= = =0.6in.? d 7 1 ;
T Ve 200001 /m; A =(12)(_2.) w6int
o - % t=din
a= ()= e Bt o Wb s
=(0.1875)L = 0.6in.? ) D — e
=32i " . h P _ 52k ; P, 346k )
ez 1 A=—— = 8B _j5in: ®X " em: oM “ %= " 'K’E e
UseL=3 zm. « O gitow 20 kip/ in. :
x e P, 20 kips )
==d?=0.7854d2 =2.5in.2 = = = = 6.67 ksi 4
929 4 e T AT 3wl
5in . t,, = =0 = — ———— = 800 psi
AB is a three-force body. The three forces meet at D. d= 2 _17in = | 2 (2)4ind) e 9.35 =
0.7854 p d=Omm
o 2P 45| & | Shear stress in collar: P = (800)(2)(2)4) = 12 800 Ib E\ dowel
A ¥ s i P = 128 kips <
S P 50 kips . f
T A= — = ————=333in2 9.33 2 R
i P2 ki Tu  15kip/in: P 3 = N
From the force triangle, by inspection, we have A.=udl=xd(%in.) =1571d=333 in.2 *
T=R, = 10kips d=212in. A = =d* = =(0.01m)* = 7.85x 10° m’
(a) Size of eye bar: Und:Z%in. (2.125in.) « p
stress between P,= — sin45 = 0.1768 P
P . By P 50 ki ‘e 0.1768 P
T 0y 20kip/in: = = P =102 The section is: 0.1 m x 0.1 == .
siow y kip /in. A, o = Suplia’ 10in square cross section is: 0.1 mx 0.1 m v Bhin ey
A==d d*=0.7854 d;,, =0.5in? x 0lm
= A= —(D?-2.125?) = 0.7854 (D? - 452) =10in.? . = = QI155m P 5
=2 4 = 30 -7 S Ty = B000KN/m
dik .5in. ~0798in. D2-452=12.73 4.44x107 m
. [ - 2
0.7854 i D=J27 + 4_512 =4.12in. A’ = (0.1 m}0.1155 m) =0.01155 m P < (8000 kN/m?)(4.44 x 10<m?) = 3.55 kN
Uled..:-l-ain. <4 UuD=44—in. (425in.) < lP,:P;inan'_—.o,sP P =3.55kN <
124
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936
Solving p from Eq. 9-17 we find

(1 in.) (8000 1b /in?)
8

9-40
Solving p from Eq. 9-17 we find

o= 19 _ (05in)(6Sksi)

r, 7.5in.
=433 ksi

Test Problems for Chapter 9

The following problems may either be given
to students for them to practice their problem
solving skills or be used as test problems.
The answers are provided on the next page.

= O _
T 8in.
=125 psi
9.37
From Eq. 9-19
- pr _ (3.5MPaX0300 m)
Tt 140 MPa
=0.0075m="7.5mm

L Uset=8mm
9.38

Solving p from Eq. 9-20 we find

2oy, :{-m (6000 psi)
=750 psi
9.39
P P 30 kN
P: -_— r = ?‘—
A Xy T (0.040 m)
4 3
=23 900 kN/m?
=239 MPa
From Eq. 9-19 we find
N LA (23.9 MPa)(0.020 m)
O 140 MPa

=0.00341 m =3.41 mm

Uset=4mm

(1) For the stepped, circular bar subjected
to the axial forces shown, find the
normal stresses in the three segments.

10ki Gri 3K

asindiam. Ly diam, 0-75indiam

2 ft —.L-ife_u

P=4 kips

(2) The lap joint shown is connected by
two 25-mm diameter rivets. The load P
is 30 kN. Determine (a) the average
shear stress in the rivets, and (b) the
bearing stress between the rivets and

@

A short concrete post have a
rectangular section 50 mm X 100 mm.
Determine the maximum compressive
load that can be applied to the post
without causing a maximum shear
stress to exceed 6000 kPa.

Lzs-—-'a!.‘u. rivets

(3) For the structure shown, the load P is 4
kips and the pin at A is in double shear.
Determine the required diameters of
the tie rod BC and the pin at A to the
nearest sixteenth of an inch. The
allowable tensile stress is 22 ksi and
the allowable shear stress is 15 ksi.

125

the plates.

P--—--j Isur'n:n E ° D=3°%
T i ®)

P =t

A cylindrical pressure vessel with
inside diameter of 10 in. and a wall
thickness of !/2 in. is made of steel
having an allowable tensile stress of
8000 psi. Determine the maximum
internal pressure that the vessel can
withstand.

126




2

01 1dey) ‘6 1ydey)

fSt:métli‘ons to Test Problems Y F, = -R, + 6kips - 4 kips = 0 16-1 10-5
or a r =2k oz
pter 9 R, =2 kips | o e O Wi oo o |Addiiomlload  AP=201b-101b=101b
@ E 30x10 ksi
- ’ A= Fac Skips oo AL APL (101b)100 x 12in.)
44 2 fps Oun  22uplin? oM )  ©=eL =(6.67x 104)(10 ft) = 0.00667 ft AE (3xlm.)(30no‘1blm )
08 indnm  ly fiam 075 indinm A E " i =0.08 in. (elongation) | 8 32
= - ={0. =0. in.2 - Bok e
b, ccedifipn sc= 7ot =0.7854 dpc? = 0.273 in. e =0.034 in. = +0.008 ft
Pm=+l4kim 10.273 in.2 Stmchedlenulh: 100.003 ft L |
=+8K A Lo i
Py =+ 8 kips s 0754 050 A=%d’=%(0.€ﬂﬂm)’=3.l4x104m’ 106
P + 4 ki =
o= A = = "’“2 +15.92 ksi(T) 4 Used= 3““‘““" | BoivingLfom b= T we g Joint B
AB -E(O.Sm) AB T
P +14ki ln -z(_zw.): g e sa| DB
Opc= I = ﬁ:ummm * e " iShgrny ] _ (0.0035m)(3.14 x 10 m?X70 x 10° kN / m®) =
BC - mn =
4 " 25kN [
= |5 kN BL
P 8 ki Aﬁ-=§dﬂ-‘=°-735“d-u’=°-ﬂﬁﬁ7im’ - il 1 OO ¥
0= T2 = ———F— = 4181 ksi(T) < g 103 SN 3
Ao Z@Q75in) b et 3
4 " 0.7854 P Ik s - T = S(I5KN) =25kN (T)
@ Usad=-iin.tiemd « TA =1, B i .
16 z\-iln A = zd’= (0.010 m)? =785 x 10% m?
(@)
“@
Y= “mm . _ o _ +153ksi =L _ (25 kNX0.5m)
2A,  2%0.025m)? From Equation 9-16, the maximum shear stress at = E~ 200 =+0.000 527 < AE ~ (785x10° m*)210 x 10° kN /m")
4 45° inclined plane is one-half of the normal stress. 0.758 x 10° 0758 <
=0 m=u. mm
= eL = (0.000 527)(20 ft)
=30 600 kN/m? = 30.6 MPa - e i e . e 07
@ T W s S GO Rl 0011 ft it
o, Elongated length =20 +0.011 =20.011 ft Tac
30 kN 3
S—= — = P= /m2)(0. 2) =
Y A, @ " 0012 mX0.025m) 2(6000 kN/m?)(0.005m?) =60kN 4 TM \
a A =Za= 20002 e
= 100 000 kN/m? = 100 MPa < =T e PGNP eI X 10t m W=G0o s
. PL
i fF,,_ e [ 3:01b 8 ;
22
‘ T P = . = (o_in.)(sl;gqo L L (S00NX1m) Tac= 2(3001b) = 500 1b
Ry 2.8 et it — P=dkpe i ™ Ad  (3.14x 10° m*)0.00606 m) PE i
=400 psi 2 i i - . x12in.
M. = Fol2 ) - 4kips3R) = 0 :bi’::i:m"’“‘d‘ﬁm" : AE ~ (0.025i X30 x 10° Ib /in.))
Fac =6 kips (T) o g , =0.040 in. (elongation) <
127 128
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10-8 10-12
M, = (%T,c)(4m)-(8kﬂ)(3 m)=0 The I[n I
‘ X, = = F—24t P 10 kN
A= —d?= —(0.030 m) = 7.069 x 104m? T=10kN (T) I_A['_‘ B As —— 2 e 2 667
4 4 1 ] '“o,., 150x10°kN/m’ =P o
E="70 GPa =70 x 10° N/m? A=28=20010mp=785x105m
4 4 900 tb . PL
Solving A from 8 =. — we find
AE=495x10"N PL (10 KNY5 m) 3 M, =T (6 1) + (900 1b)2 ft) = 0 AE
b= _ Tac =3001b
R S AE ~ (785x10° m’X210 x10° kN/m") e i .. (10 kKNX(1m)
3 = 7
_ M, =Tgp (6 ft) - (900 Ib)(4 ft) =0 8E  (0.001 m)(210 x 10° kN/ m?)
_ (430000 N)2.0m)  (+20000 NXL5m) =has Iu, To =600 1b (T)
495x10 N 495x10' N =3.03 mm (elongation) < =60 M
Check: 5
= = ‘ i 5 8
0.00182 m =182 mm l.‘;‘ll sz =300+ 600 - 500 =0 ( ') Since A, is greater, the stress controls
10-9 %’-—&.: +1004N 1
sokpe I:l .= +30xps (M) P x.  m(3 \! 7% =07854 4 =6.67x 105 m*
W “ -—I“ | 2254 ..._P.:-—usm A=:ﬂ’= z(a in.) =0.1104 in.2 e
40 { X m
N N d= ]l——— =00092m=92m
=10 ki A B 0.04»
o ‘:é—& () @ D e w PL (300 IbY(5 x 12 in.) 0.7854
A 8 = Bpo=— =
N o S 100 kN P AE ~ (0.1104in.7)30x 10° Ib/in.”) Used =10 mm -
=+20 kigpe—i 5
P H”Ek ' D ? ] =0.00543 in. (elongation) «4|10-15
e ki A B C i 4 (60 Kips
__»r__| S < (600 1bX5x 12in.) ;ﬁ
P A c D lo_t2m b ) 1m ©TAE  (0.1104in.7)30x 10°1b/in.?) A Gms < 3
";" ]F‘ 4 E =210 GPa =210 x 10% kN/m? =0.0109 in. (elongation) ™
360 | 2¢ e x ,
B B B Ap= ;(0.03 m)? =7.07 x 104 m? 10-13 R‘—‘::%—.Rs
(430 kip@ x 12 in.) 10 kipsx2 x12in) | Asc= :’:-(0,04 m)? = 1.26 x 10° m? From the solution to Prob. 10-12: A c
e ad P | ) . 2z
RN 000 Kp/ ") G XAT 60 gl ) AQ=%(o.ozsm)==4.91xm4m= Pu =6001b, 3, =0.00543 in. Y F, =R, +R;-100=0 (a)
, (20 Kipsx4 x12in) o (+100kN)1.2 m) . PL B = Biriihg = (-l:,.)(:o in.) (+R.,)§8m.) N
@ in? X17 000 kip/ in.%) 4B~ (7.07x 10° m X210 x 10° kN / m*) Solving A from & = e we find (6in"XE) (Bin."XE)
: . ) =+808x10*m x6E: -10R,+16R; =0 (b)
=+0.0318 in. - 0.0071 in. + 0.0282 in. o (-125 KN)(1.8 m) e PL (600 1660 in.) A B
= +0.0529 in. (elongation) - (1.26 x10° m*)210 x 10° kN / m*) ©=3E ~ (0.00543in.)30 x I0° Ib/ in.") 10(a) +(b): 26R, - 1000=0
10- =850x104m ’ ) Ry =385 kips
10 (+50kN)(1.7 m) =0.221 in2 itute ;
= . Substitute into (a): =100-38.5=61.5ki
e b= @1 % 10° mH(210% 10 KN/ m) il -3 kips
A 3 =+824x10*m 2 =07854 42 =0.221in2 _ R, -615kips _ ,
Ay = =8 Bap= 81 = dpc + 4 * e e IR %
‘h, i =808x10¢*m-850x10*m+824x10* m
P=2xN =4782x104m= 0.782x10* m 221 in.2 . +R.  +385k
. dgp = of——— =0.5301in. <4 . T ) ;
=0.782 mm (elongation) < 0.7854 Ocs A 32 =+12.83 ksi(T) 4
129 130
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10-16 i 10-18 10-20 1023
A BO&N 160 £
4 — — ics: Pu=P a) 2P, +P,=50kN (a)| AT =40°F
4C |c. v] 5% s Pa+Pu . . L = 40 ft = 480 in.
[o2ml  0.4m | o.s-Jl Deformation: 8, =0 8, =0, Sr=0p+ = in.
P (L5m) P (1 m) 16
[60kN P (20 in.) —— =
—_— R . : A(120GPa) _ A(210 GPa) - ot
& AT i) B ° (4 x 0.715in.* 30 x 10’ kip/in.*) P.=0381P, . (b) a.l.AT=E - Ein. =g * 1—6-111-
2F, =Ry -Re +80- 1020 = B || titting (5 in (0 gives
R.+Ry=-80 (a) (100 in.* (1.5 % 10° kip /in.%) 220381 + DB, = SOKN (6.5 % 10% in/in. F)(480 in.)40 °F)
Bsa = duc + Bt B x 10% 0233 P, =0.133 P, o P, =284KkN - o(480 in.) L
P.=0572P, _ o e e
- GRX0.2) (R, -80X0.6) (-RpX03) . |gubstitute (b)imto (a): 1.572P =P P,=0381(284kN)=108kN 4 - 30x10°Ib/in® 16
T AE AE AE P.,=0636 P oz From which we get
From (b): P, =0.572(0.636 P) = 0.364 P 10-21 T T 0=3890 psi <
x 10AE: 2R, +6R,-480-3R; =0 N = (4% 0715 in.2)23 kipfin.?) |‘
8R,-3 R, =480 @y JRaAcioihan=RE LTS In RS Wi in l tn | tn —
P =181 kips o
+G®r 1R, =-240+480 - ioin?) = The wire will become slack when the stretch due to
a,.;zmm- | P = A0 iion = (100 in (1.7 kip/in.?) = 0.636 P £, . . e i o oot e s o
orce, 1.e.,
- P =267 kips M, =Te (1) +Te (2) - 40(3) =0 e
Substitute into (a): Ry =-80-21.8=101.8kN a Po. = 181 kips - 2 ATm+2T!,=lm @ 5,,5;[‘ o
=101.8kN — .
0 10-19 Since the beam is rigid, the deflected position of the alAT= =
10-17 beam is
1000 Let the forces in the two wires be P, and P,, then .}
Py+P,= z aE
P, +P; =5kips (a) Fout
ity @ S ounis) “@zxw° 1(:0 xr::(})‘(;o:lo’ N/m)
8, = 8, +0.0003 m P,(10.000 in.) (12x m/m
P,(0.1503 m) (0.25in."X30 x 10 kip/ in.*) ) Thus =397°C
(0.0045m”Y(70x 10" kN/ m’) = 2002 8)___, oomzin. a Tel Tl T=10"+ AT =49.7°C )
B P,.(0.1500 m) s (0.25in.2X30x 10 kip/ in.)) o, 2o, AE AE
7 (0.0065m’ )& x 10° kN/ m’) ) Multiplying by 0.25(3000) we get From which T =2Tep ®) (1025
M"Iﬁplyiz%m_m byPlos“ga ' P,-P;=15 (b) Substitute (b) into (a): = 5T =120 « AT=-5°C-25°C=-30°C
Substiut (5.i;lgfg;;_:;m Ol@+®x =65 I e When the temperature drops, the rod tends to shrink,
u ng BN s P, =325k Ter =48 kN 4| since the support will not yield, it will pull the rod
(0477 Paas ; 4 back to its original length with an axial force P. This
(0.477 + 0.278)P, = 578 From(by:  Py=5-3.25=175kips = k o
B = 1000.766 - 234 kN .
- * P, _ 3.25kips "
B _3 - : < AT = 100°F - 60°F = 40°F o
%4 Gopas T = 0% 10° K = 170 MPa 4 Gk = Gt oA sslien O+ (B = B e + (B
A m o= = H.. H..
i Tl IAT! = —8- 4 —&
oy = o2 KN 360 10° KN/m? =36.0MPa € °z=%‘ = %i%ﬁﬂﬂmmm « =(30x 10 1b/in.2)(6.5 x 10% in./in."F)40 °F) Sl AT + e AE. AE,
0.0065m" ey = 7800 psi (C) . e ol
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10-25  (Cont)

0y = — XN _ 19210 kN/m? e 10-30
(19 x 104)(0.5X30) + (12 x 109X0.75X30) (0Mi3m') P 10kN ’ E
=19.2 MPa (C) 4| I°=2 " 7= = 127300 kN/m ol
) P(0.5) P(0.75) (Z)(um m)?
(0107100 x10°)  2(0.05/(210 x 10°) 0y = —2MN __ _ 577x10 N/ . TGP . _ .
(0.00065m") e o 8 _0054mm oo (2(26.3GPa)
Multiplying both sides by 10%, we get =57.7 MPa (C) < *T L % - o p—
285 + 270 = 0.6366 P + 1819 P (b) Temperature drop for zero stress in alum. post B O _ 12730 N/’ AT b (0.02m)0.005m)
P=226 kN (T) P,=50kN, P,=0 e, 0.001 088 B .
. =117 x 10° kN / m? “HOIN RN
s - 3—22-‘iN—=zs.sxxorkaz 1@)p 1 +1(8)r I =1(8)r | = 117GPa <, _o_ +100000kN/m* o oo
R L (20100 L s o *TE T0x10°kN/m’ g
_ 0. 210x10°) "X g wdn o DO L o0y
=28.8 MPa(T) <« | (0.00065)210 x 10°) (A 10HLIAT =D 10 mm 8, = g,L. = (+0.001 43)(100 mm)
=+0. (elongati 4
°"'=KP_ . .i_n_ﬁ.“"_);.-,usxm’mfmz Multiplying by 105/ L we get T X .a"%.% =038 o G e (Clongein)
« Z0.05m ., 1 - ue = . 5
4 3663 + 121 AT | =23.41 AT | e = -pe, = (0.331)(+0.00143) = -0.000 473
=115MPa(T) - AT =32.1 °C (decrease) < s — 8, = &b = (0.000 473)(20 mm)
21 + p)
10-26 10-27 " = -0.00947 mm (contraction) 4
. 117 GPa
Stresses in posts = . = = =
@ AT ;50‘1: 60°F = 90°F 31 + 0358 - S < 8 = &t = (-0.000 473)(5 mm)
2P, +Py =100kN (@) |A, = ;(l n.)? =0.785in.2 P =-0.00237 mm (contraction) b
8. =0y A= 2((1Sin) - (1in)?] =0982in2 )
4 Bk et oy
P.L B+ (B =(8)r - 1 BIp] e, 0.0014
(0.00065 m*}210 x 10" KN/ m’) o LT LT e
AnE- Ad‘Ed = E -1
= Pl (6.5 x 104 X90) e - T
(0.0013m )70 x10° kN /m) | &% * 078530 x 10°)
- & - P = Lex10 BD
Multiplying by (0.00065)(210 x 105)/L, we get (13104 )90) - Treato—1 2116 10° ksi)
- Multiplying each term by 10¢ we get
Fumity ® 585 + 0.0425P = 1170 - 0.1018P =029
- FA— P=4054 Ib
Sabutituting (B) i () pives € = -pe, = -pe, = (0.293)(+00014)
= ) = -0.000410
P, = 100kN — 0—-.-,“,;':;: = 5160 psi (T) «
P.=25kN 85 = D= (-0.000410)(0.505 in.) = -2.07 x 10+ i.
P, =1.5(25kN)=37.5kN o, = ﬁ% = 4130 psi (C) < =-2.07 x 10+ in. (contraction) <
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Test Problems for Chapter 10

The following problems may either be given
to students for them to practice their problem
solving skills or be used as test problems.
The answers are provided on the next page.

(3) The 3000-Ib uniform concrete platform
is suspended by three wires spaced as
shown. The wires are 10 ft long and of
1/2 in. diameter. The two outer wires are
steel and the middle one is copper. The
modili of elasticity are: Eq = 30 000 ksi,
E.. = 17 000 ksi. Determine the stresses

(1) For the stepped, steel bar of circular
cross sections subjected to the axial
forces shown, determine (a) the total
axial deformation between A and D, and
(b) the change of diameter in segment
AB. For steel, E = 30 000 ksi, u = 0.29.

20 4ok
T N T .Dﬂ".'."

A 2 ata
L 20in _f 15 in. ﬂ;’""‘“

R\

in the wires.
I_I (LLL L L L EI/ LLLL
L—steed  —Copper
e Gt —of—( ft
B +
L G |
¥

30000

S-‘n’.

(2) The rigid beam AB is suspended by two
steel wires AC and BD as shown. The
wires are of 10 mm diameter and have a
modulus of elasticity of E = 210 GPa.
Determine the elongations of each wire
due to the 12 kN load applied at point E
as shown.

LELLLLLL L L L LS

12.kN
A e
0-5-1 1.0m

Solutions to Test Problems
for Chapter 10

A steel bar is placed between two rigid,
unyielding supports as shown. At 20°C,
the bar has a length of 2800.0 mm and a
gap of 0.2 mm from the right support.
Given that E, =210 GPa, ay=12x 10-
6/°C. Determine the stress in the bar
when the temperature is elevated to
60°C.

|
A B
|——— 2800.0mm —.ll-o.z--

@

ANANNNNN

[0)]

@)

Py = +80 - 40 + 20 = +60 kips
Pye = 40 + 20 = -20 kips

Py =+20 kips

A = 5(2.25 in)* =3.98in2

A = =(1375in.)? = 1.48 in.2

(+60kips)(20in.)

+

O = (3,98in.;3(39 000 kipl nl) = +0.01005 in.

By = (qu(i_n.' )(k;gs(;(:)sk;: ) - -0.00676 in.

ol (1.48(::?)(?:‘ &(:,5:; Ty = +000676 in.
B,p = +0.01005 in. - 0.00676 in. + 0.00676 in.

® =+0.01005 in. (Elogation) i

o = %’5 = +151ksi

Ean = EE" - 55-0% - +0.000503

& =-peap = -0.29(+0.000503)
=-0.000146 = %
8p=-0.000146 (2.25in.) =0.000328in. «

(8 kN)(L5m)
1.65x10* kN

(4 kNXL5m) _ =
Bgp = L eSnI kN =0.000364 m=0364 mm «

b,c =0000727m=0.727 mm

2 T 2

[

124N
Em 1E

L.om

SF, =Tpe- 12kN + 4kN =0
Tec =8 kN

- E(uom m)* = 7.85 x 10 m?
AE = (785 x 105 m2)(210 x 105 kN/m?)

IM, =Tgp(1.5m) - (12kN}0.5m) =0
Tep =4 kN

=1.65x 104 kN

(&)]

Due to symmetry, the two steel bars are subjected to
the same tension. Thus

—’;“ Tu -r;+
|¢ Gt |B G # |<'.
B

?.o*ooll
IF, = 2T, + Tey-30001b =0 (a)

All three wires must have the same elongation. Thus
Tl o Tala

AE,  ASE,

Since A, =A_ L, =L, we have

E 30 000
- AT = L76T
ETRT noooT“ -

Substituting into (a) gives
2(1!161",) -l-'E. =3000
T, =6641b
Te = 1.76(664 1b) = 1169 Ib
2

x(1
awl=taY =0 a2
A 4( m.) 0.0491 in.

T

®)

4
116916 i )
- =Bw’ =ﬂ.8kﬂ E ]
« = Q0491 in. pet
664 Ib ) '
O = o = 130psi=135ksi

@
8; = alLAT = (12 x 106)(2800)(40) = 1.344 mm

8 = 1344 mm- 0.2 mm = 1.144 mm = 0.001144 m

gp_;“; . oL

AE E
i _0_£ ] (0.001144 m)(210x 10 MN/ m?)

L 28 m
=858 MPa (C) L |
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11-1

Elastic deformation is the deformation that can be
recovered fully once the load is removed. Plastic
deformation is permanent and cannot be recovered
after the load is removed.

11-8

For brittle materials, the compressive strength is
much greater than the tensile strength and hence is
more important. Therefore the compression test is
more important than the tension test for the brittle

11-2

At the yield point, a mild steel specimen continues to
elongate without any significant increase in load.

materials.

11-9

A= Edi - E(oso in.)? = 0.1963 in.2

11-3

Necking is a drastic decrease in diameter at a
localized area. Necking usually occurs a little
beyond the ultimate strength of ductile materials.

A= Edi= 5(0423 in.)? = 0.1405 in.2

114

Ultimate strength is the maximum stress that a
meterial can resist before failure. After the ultimate
strength is reached, the material will fail at any time,

15 200 1b
= =—————— =77 400 psi «
® 0.1963 i} e
2.59in. - 200 in.
ion = ———————— x 100%
(b) % elongation 2.00 in. X
=29.5% -

(c) % reduction in area
_ 0.1963 in 2 - 0.1405in.2

hence the uitimate strength is an important index of —— x 100%
the strength of the matenal. 0.1963 in.
115 =24 % -
. 11-10
For bars of the same length and subjected to the
same stress, the on: with a lower value of modulus |A = (0.050 m)(0.015m) =7.50 x 104 m?
of elasticity stretches more. Hence, the aluminum 80 kN
bar, which has a lower value of modulus of elasticity |9= 35— 7 = 107 x 10* kPa = 107 MPa
than that of copper, stretches more. 2
0.305 mm
= =0.001 53
11-6 200 mm

The yield point at 0.2% offset is determined by
drawing a line parallel to the straight-line portion of
the stress-strain diagram, starting from the point on
the abscissa with a strain value of 0.2% or 0.002.
The intersection of the line and the stress-strain

diagram is the yield point.

Since o = 107 MPa < 0, = 190 MPa, Hooke’s Law
applies.

11-7
For ductile materials, the modulus of elasticity E and

the yield strength o, obtained from the tension test
and the compression test are the same. The tension
test provides more information, such as ultimate
strength, after the material has yielded. Tensile
strength for ductile materials is utilized more than
compressive strength. The tensile test is therefore
more 1:30:&::1: than the compression test for ductile
materi

g=2 - 107MPa
“e  0.00153
=70x 10° MPa =70 GPa <
e bar i ly made of aluminum. 4
11-11 oy
-1 N
= — -
St=ih
Gem
* 7
wh
07 o0d G oF ?(:‘;.?/-'f:,)“’“ .(‘Cont'd)

11-11  (Cont) c-cf.fs)
(@) a'=3030hksi 3 L | S Ja .__;;_
= — = 0° ksi |
(b) E 0.002 15x1 j:: e v
©  (©)os =42 ksi < L -
A
@ o,=56ksi - o
© %elongation = —= x 100% W
- O 7002 004 006 0.1 0.2 43 04 0,5 0.6
= M:lm =39% <4 £(in/in)
200 A-A \High Seale | e
® % reduction in area = ry x 100% ® o=k <
n T
Z(0.502¢ - Z(0.4127 & 60 ksi
B x100% =326% 4(®) E =~ =—0—— =30x10"ksi 4
z(am)z g € . n.J/in.
11-12 (©  (Oyozs =70ksi <
A = Z(0.505in. = 02003 in? @ o= 127ksi <
4 . L-L
Gage Length L=21in. (e) % elongation = x 100%
Load Stress Elongation Strain 231 - 200
(Ib) (ksi) (in.) (infin.) et 100% = 155% 4
200 10 00000 00000 |(f) % reduction in area = 2—2- x 100%
1000 13’3 g.ocm &%5 A
2000 X .0006 x T "
4000 200 00012 0.0006 2005 - 2(0.450)
6000 300 00019  0.00095 - = x 100%
8000 399 0.0026 0.0013 E( 0.505)*
10000 499 0.0033 0.00165
12 000 %9 0.0039 0.00195 =20.6% 4
13400 669 0.045 0.00225
13600 679 0.054 0.0027 |11-13
13800 689 0.063 0.00315 & 36 ksi .
14000 699 0.090 0.0045 |Cuw=—= = —— =18ksi
14400 719 00118  0.0059 E.S. 2
15200 759 0.0167 0.00835 - 285
16000 799 00212 00106 |p__T _ _25kips _, ...,
16800  83.9 0.0263 0.0132 Ouw  18kip/in?
17600 879 0.0327 0.0164
18400 919 0.0380 0.0190 x
19200 959 0.0440 0.0220 —d? =0.7854 d2 =0.139 in.2
20 000 9.9 0.0507 0.0254 4
20800 104 0.0580 0.0290 .139 in? .
21600 108 0.0660 0.0330 d= 078 - 0.421 in.
22400 112 0.0780 0.0390 i
25400 127 specimen A v i 4
o Used= - in. (04375in.)
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11-14 Stiffness controls. 11-21 11-22
1 1
F=—in, b=4i -2(—: Si
p= L(800 kN) = 400 kN A= 242207854 d2 =0.000 714 m? ® i = 4) R r_omm s k-14
2 i 4 b 20mm
o, 0.25in.
Cp® oL o SRR ey )Py : = === - 00m P SKN
E.S. B d= %"4—“’ =0.0302 m = 30.2 mm b 3.5in. [ Kr = (L42) m
P 400 KN 784 F =26 - R
Ao~ T a1 Used=31 mm af [Tromibechen K=
. p =71x 10% kPa="71 MPa <
11-17 Owe =Ko, =K—
Z @ =0.7854 d2 = 0.001 143 m? R aa
4 - Tensile strength of the rope = 180 Ib S5
=(26) ————— r.la -
.001 143 m? T _ Tensile strength _ 180 b - 60 1b 5 (3.5in.X0.5in.) 5% " 025, K=19
d= —0——=0.0381m=38.1mm s F.S. 3
!I:n-d=32mm P 50 2(60 Ib) cos(6/2) =50 Ib = 11900 psi = 11.9 ksi L p
Eay cos(8/2) = 0417 1 1 Om = KOm =Ky
_ =l ® r=cin, b=4in.~2(-2-)=3.0in.
i Gon ] eoth B/2=654° =(L9) La = L T s 15ksi
LT h 8= 1308° < £ 20N gy k=235 FaRcm), -~ MRk
= — = —=225ksi = - —= 017, =
- 4 1i-i8 b 30 P < (15 kips/in.?X1.05 in.?) = 158 kips
o SN 40 ki - : Abrupt change in geometry of a member causes non- J
Am Ou,. -22.5kip/in. iR uniform distribution of stress. Stresses of high o _=Ko_ = xf_ Pou =158 kips <
intensities (compared to the average stress) occur at - . bt 1124
A=a?=1T8in? some localized region. This phenomenon is called '
= stress concentration. Stress concentration factor is 8000 1b .
ﬁ__T'?B - 133 the ratio of the maximum stress to the average stress =(235) (3"—'——0 L0.5m.) Circular Hole:
o i SR S S IO SOCRE P b= 100 mm - 2(15 mm) = 70 mm
Used:l%in.xl%in.secﬁm | e i =0k Yo 1som 0214, K=23
Due to the lack of yield point in brittle materials, b mm -
11-16 additional load causes continuous increase of the € r=lin, b=4in-2(lin)=2in.
maximum stress at the point of stress concentration. =K i KP
For strength: The material will start to crack when o, is reached. r_ lin _ _ O =Ko, =Ry
g " -=— =05 K=212
Therefore, stress concentration is an important b 2in
A P 75 kN =0.0005 m? design factor for brittle materials even when the @3) P
- — = __—T = U 3 2 X = — R ——
Ouow 150000 kN/m member is subjected to static load O = Koy, = Ka_ (0.070 m)©.01 m)
. 11-20
For stiffness: P
: . " = — MPa= 2
PL (75 KN)(0.500 m) When a member is subjected to cyclic stress = (112)—20—0&,— 3.04x10° m =i e
A= b_F: . = b . vnna“t:lalnl‘,_ pmg:uwe ;_mcks are likely ;o m (2.0 in.)(0.5in.)
00025 m )} (210 x 10° kN /m") rom int of maximum stress for
: Rocile tad eisiz masscials. Thooettus, 1a.thia cano , , o PE(600000KNmY) (.04 104m) =487 KkN
=0.000 714 m* stress concentration becomes an important design = 17000 psi = 17.0 ksi "
factor for both type of materials. (Cont’d)
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11-24 (Cont) The ratio P/P" is
Quarter-circular Fillet:
P_5 _i6
P 3.75
fL.2m 03, K18
b 60mm This means that the straight link is 60% stronger than
p the link with an enlarged section. «
O =Ko, =K—
bt 11-26
P T +=0.005m
= (L _— L r=0.020
(59 (5060 mxa01 m) |
P - a.lTom | b=0.080m P
P 2 —t
= — < 160 000 kN / =0.020
3.87x10% m® = - T -
P<(160 000 kNim)(387x 10+ mt) =6L9KN | £ _ 000 _
P = 48.7kN | At section m-m: Rl
11-25 From Fig.3-15, K=19
i a) P=
- 1 R @
F.S. 3 40 kN
Oy = ——r——
For the straight link, there is no change in geometry, "% (0.080 m)0.005 m)

hence there is no stress concentration. We have

P = AGyu. = bt Oy
—(2m)( in.) (12 ksi) = 6 ksi
For the link with an enlarged section, stress

distribution at section m-m is non-uniformly
distributed as shown.

B Lin.

=

P } w—_:‘}f 2in, P
Crn in.

25

From Fig. 11-11, K=1.6

P,=Aum=htol =(ilil:l.)(UZin.)(lZksi)
K K 16
=3.75ksi

=100 x 10? kPa = 100 MPa

Opax = KOy = 1.9 x 100 MPa
The stress distribution in section m-m is
190 MPa ~
40N
190 MP,, “\
70 kN
(0.080 m)0.005m)

=175x 10? kPa = 175 MPa

Oy =

Opax = k0, = 1.9x 175 MPa
=333 MPa> g, =250 MPa

(Cont’d)

11-26 (Cont)

The mild steel yields and the maximum stress
remains at o,. Thus,
Oax = O = 250 MPa <4

The stress distribution in section m-m is

250 MR - _[
70 kN —=70kN
N

=190 MPa «

11-27
(a) wa
r 0.020
- = —— =025 =19
b 0.080 =
P
=0,=k =k
s = Oy = KOy =k
From which
_1"‘:
_(0.080 m)0.005 m) 250 000 kN/ m*)
19
=52.6 kN
P, 52.6 kN
P = —te = =31. «
(P o Jeimic: Fs. L5 319%kN

(b) Allowable load based on Ultimate Strength
Design Approach

P, = A0, = (0.080 m)(0.005 m)(250 000 kN/m?)
=100 kN

S _ 100 kN
wovlmec” | oad Factor 185
=541 kN <
1128
—idh-“-(lm)?—om&' 2
AT R\ ) SRR

P = w(10 ft) = 10w (kips)

(®) Allowable load based on Elastic Design
Approach

Statics: 2P +Pyp=P=10w (a)
Deformation: 8,5 = 8
P,q(4 ft) - P, (5 ft)
AE AE
Pw=125Py (b)

21.25Pg) +Pop = 10w

Substitute into (a):
=285Tw
Pe=3571w
P, = Ao, = (0.1963 in.2)(36 ksi) = 7.067 kips
Equate P,y to P,
3.571 w = 7.067 kips

w = 1.979 kip/ft
w 1.979
= e— = —=]. i L |
(WasowJane = 7= = S = 112 kipift
(b) Allow imate
Design Approach
P, =3A0, =3(0.1963 in?)(36 kip/in?)
=212 kips
Equate P=10w to P,
10w =21.2 kips
w =2.12 kips
w _ 2.12 kips
™ e e = e Foctor ~ 188
= 1.15 kip/ft L

141

142




L

1 @ydey)

Test Problems for Chapter 11

The following problems may either be given
1o students for them to practice their problem
solving skills or be used as test problems.
The answers are provided on the next page.

(1) A standard steel specimen having a
diameter of 0.502 in. and a gage length
of 2.00 in. is used in a tension test. At
6000 1b the extensometer read 0.00212
in. The load at the yield point is 7130 Ib
and the ultimate load is 11520 Ib. The
final elongated gage length is 2.53 in.
and the final diameter at the necked
down section is 0.441 in. Calculate (a)
the yield strength, (b) the modulus of
elasticity, (c) the ultimate strength, (d)
the percent of elongation, and (e) the
percent of reduction in area.

(3) The bar shown is cut from a 6 mm thick
steel plate. Determine the maximum
normal stress in the bar due to an axial
force of P =8 kN.

3..»:-—85{:{.: ; ;E?—f

i 2

24N

(2) A steel cable with yield strength of 350
MPa is used to support a load of 1000
kN. Select the diameter of the cable to
the nearest mm using a factor of safety
of 2.5 to guard against yielding.

(4) A steel machine member of !/4 in thick
has a circular hole in the middle as
shown. The steel has a yield strength of
36 ksi. Determine the maximum
allowable load that the member can
carry based on (a) the elastic design
approach using a factor of safety of 1.6,
and (b) the ultimate strength design
approach using a load factor of 1.85.

T _l-.\_—in.
P =-—— 5in Q_——-l_zin. —P
14in.

Solutions to Test Problems |@ = —= ,
for Chapter 11 St il Gl L] o —
® | Toonm
- ) =0.006m
A = 7(0.502in) =0.198in2 At section 1-1, the circular fillet
r 10 mm ¥
® o-20l _36000psi=36ki 4|5 = pmm - 05 K=16
0.198 in.
bl R e
®) i L "7 (0.04 m)0.006m)
a_oeto::_lbz = 30300 psi =303 ksi =53 x 10° kN/m? = 53 MPa
) o section 2-2, the section with ci
00202 i r 15 mm
¢ = 2022 1 000101 insin. " ey ~ A%, K=212
2.00 in. b M
Ko -Ki (2_12)___.8_9..___._
Eo_ 303 ks oo o™ TN (0.03m)0.006m)
0.00101 in./in. =94 x 10¥kN/m? = 94 MPa
11 520 Ib . . Thus the maximum stress is
(©) o, --__O.IN =T =58200psi=582ksi o Cpe = 94 MPa |
2.5 in. - 2.00 in. @ : Iin
(d % elongation = ———————— x 100% I by
2.00 in. P-—1 sin 2in —P
=26.5% - l —t . )
- 14 in. )
© A'=2041iny=015 in.2
% reduction in area
o o
_ 0.198 in. .0.153 in. x100% |T
0.198 in. b
=2.7% L ]
2. : =Kl_;:_
2
o 350 MPa
s 40
Tam = ES. 25 - 4OMPa
4
" P 1000 kN
™ Oy  140x10° KN/m’
=0.00714 m? = §d=
- =Gi i i) =27 ki
d-JM -00954m=954mm |*-A=% (3‘“":‘7‘5““)(36"’5) "
T (p } il 1 - 27 kips =146ksi 4
allow / piastic —
Used =96 mm o Load Factor 1.85
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12-5

12-7

2 kN-m SNm 3 ; 2
[ o 1 A" -l B i 2000thin Sowolbin  18%0Min |1 10kip. fi = 120 kip ~in.
A B c E c e T—w %o Ea .
@ (\(‘ 1 ( @) ‘)) I _) (_(( J= E d4= 3—2-(4.25 in.)*=32.03 in4
2kN= ’
sooNm | 3 M, =+T, +2000- 5000 - 1500 =0 1o 020 kip-in.)(%d-.ﬁin.)
G}‘&-m=+2m‘” @:), QT = —500 N'm TA=;:500lb-m. T = T = 32.08 in"
; s _ =7.96 ksi
2 3kNem - 2 G Thy = +4500 2h-in.
- g 128
Taroanbe- g oo
- aetln 200t J= 2 4¢= Z(0.09 m)y =6.441 x 106 mt
2 2 =455 Lbin, =g T = gg e mrs %
Internal Torque Diagram: (m }C—-’ T;C o R 2 )
. 8.5 k.N-m)(-O.GQO m
Internal Torque Diagram: T A B ¢ . 1500 Lbin. N Te _ i )
+2ANem - T e :@p ] 6.441x10° m
=800 N-m =822 kN/m? =822 MPa
T A B - Internal Torque Diagram: 3
WTI 124 czsau;ﬁ:*)(m +6500 Jbvin,
=(00 2b* H
13 2 P 41500 gbin J= 2 @s-40= Z@39=T18ins
3 kip-in. i 5?‘_& 2 ;;E;,.;n. 3 Ghpem @ ((B (@ Tx B 3 D _Te (80 kip+in. )2 in.)
- Sy AR RR R
o fc @ T S 124 sl 20" e 3l ] 17.18m."
1 : EM,=+T,.+100-150=0 '@: e 7 =931 ksi
3 Kipein, Ta=+50Ibft 12-10
. { 1 2 3
oL Shhe i= % (dot-dt) = 5"5{(0.050 m)*- (0.040 m)*]
(e ((E— Sl
e =Te _ (890 Nom)0.025m)
150 b4t 5 iNem 'tk J 3.62x10" m*
y =61.4x 10 N/m? = 61.4 MPa
TR.:—I'SOR'#—C — Tﬂ.= +6 kN-=
2 y -
Internal Torque Diagram: Internal Torque Diagram: Teo= "3‘“""—%
+8 kip-in, A B & Internal Torque Diagram:
i s T +6 AN-m
- +3 kip-in. ° D —50 0b- #+ X A_ij
A -] i) 8 a D
—& kip +in. —I50 & S—
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_Te _ (80 Nem)0.025m)
()i = T = = ax107m"

=3.26 x 10 N/m? = 3.26 MPa

=44 500 kN/m? = 44.5 MPa

Tonax = (T Jex = 60 400 kN/m2 = 60.4 MPa 4

T " _ o (7.95x 10°*m*
(Tt ot c 0.150 m

=530x 102 1.

For the hollow shaft:

12-12 12-14 12-16 9% reduction of torsional strength
T = (4000 1b) 10 in.) = 40 000 Ib » in. From Prob. 12-6, the internal torque diagram is Tu ) - (Tas)
x x e J= = ¢t = Z(0.075 m)* =3.106 x 104 m* B (Tnow)
I= 2 @ -d9= 2@ 439 =T18ins \ —lL““‘\ BET R T A e .
T 530x10%t, - 425x107<
[& D - - = allow ~__— allow
T 000 beinxzin) Tuow = 60 MPa = 60 000 kN/m? 530X 1075,
=7 ° 17.181n" =he R
‘ dp=0075m  dpc=0085m  dp=0070m T = Tien= =0.198=198% 4
= 4660 psi
pet _Te _ (5kN-m)0.0375m) x . =
Cando = T~ = S iR _ (60 000 kN /m")(3.106 x 10°m*) |A,= 7 &= (0300 m)? =0.0707 m?
v = I0 _ (40 0001b-in.X15in.) 32 - 0.0375m
Ty 17.18in.* bl x
=60 400 kN/m? = 60.4 MPa =497 kNem | A= 3 (6%d)= 20300 m)* (0.200 m)]
=3490 psi <
P Te (6 kN»m)0.0425 m) =0.0393 m?
(‘u‘)—=T = —ﬁ 12-17
o LIS m) % reduction of weight:
12-13 ; :
= 49 800 kN/m? = 49.8 MPa For the solid shaft: = Vaig - Wigiew _ AL - AYL
W AL
T =-80N-m slid .
A -A, 0.0707 - 0.0393
Te (3 kN+m)0.035m) J,= = ¢4= —=(0.300 m)* =7.95 x 10+ m* =
x x (o= — = ———— 32" 32 A, 0.0707
Jg = — d*= —(0.050 m)* =6.14 x 107m* J X 0.070 m)*
32 32 32 =0444=444% 4

12-18

sectional area of the solid shaft. Thus

= 20N+ 1215
Tec=-20N+m . ) %41.— %(.Edz)
J= % ¢4= =(25in) =3.835ins J= 35 @.*-df)= -[(0300 m)*- (0200 m)‘]
Jpe = = d*= —=(0.025 m)* =3.83 x 10% m* = d =070714d
2 R =638x 104 m* '
For the solid shaft:
Te _ (20 N»m)0.0125 m) Tuow = BO0O psi T |
o ———————— = —dlew"h
(FnJoc= 7 3Bx10°m" (Tatow hotow = =552 LaXa
Ty (8000 1b/in?)(3.835in.%) 32
Tuton = - : (6.38x 10”m*)
=6.52 x 105 N/m? = 6.52 MPa ¢ 125 in. =Gt 2 T = i)y Tatow 354
=245001b+in. How ot = YR
u - =425 107 Tyew
Toex = (T Jo = 6.52 MPa < =24.5kip *in. B =0.1963 Tuow &
(Cont’d)

If one-half of the core material is removed, the inner
circular area is equal to one-half of the cross-
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e o A)n = JI = RN
Eor the hollow shaft: " T Vatn 1K) 1=-200F SO _son-n 4] .
[ 160 kpm) n 1500 J= 5 #= S @iny=251int
n n = 32
L= — (d*-d#) = —[d* - (0.7071 d)4] % (6.84 kip/ in.* X1-0.75") 12-26
32 32 9550 P 9550 (3.75)
=0.07363 d* ; T= = =298N.m 4
. a— = 1500 AL100 pm
('I'..,)...,.:E‘h—]'-:" (0.07363 d*)
< d/2 () =0.75(2.79in.) = 2.09 in. 12-27 v 800P _ 63000 (200)
=0.1473 vy & =28, i a 100
Tattow Use d =2 ™ in. (2.8125in.) B . 63000 P _ 63000 (100) — - o
% reduction of torsional strength 1, B T " = 126,000 o+ fa.= 126 kap- in,
(T ) a (T ) d =2 —in. (2.0625 ill.) -4 x x
= ~—sllow’solid ~ \~ sliow 7 hollow 16 J= — d*= —(L75in.)* = 0.921 in.* Te (126 kip»in.)(2 in.) :
(T aion Dsotia P 32 32 WA S =10.04 ksi
_ (0.19?}3l s-7'3.1‘1'7:5)“33, & e (6300 1b-in.){§l.7s in.)
. T = e— =
e @ =2 — —y 0.921in." At300 pm
=025=25% <4 AT yom(l-k) = 5990 psi <
12-19 . 16 32.5kN-m) T=63000P _ 63000 (200)
Y= (0 x10° N/ m)1-0.75) 12-28 n s
d'_ﬁl 6T _ | :gls:);b;;,m)z o 00 e T T 950P 95075 o =42000 Ib- in. = 42.0 kip- in.
T = = = i
s ImOORT A P ol o 2 B R C: 11T BT SO
=0.0535m = 53.5mm - = J= — d4= —(0035m)*=147x 107" m* Ty 251in* -
< Use d, =110 mm 1 32 32
Use d = 54 mm d =82 mm < Thus when the angular velocity is increased by three
12-20 (568 N.m)(_lg_qgs m) times, the shear stress is only one-third of the
1223 T Eebernal T‘"T") T = T_c - 2 original value, which represents a reduction of two-
T =30kip- ft = 360 kip » in. J 1.47 x 107 m* third in the shear stress.
=67.6 x 106 N/m? = 67.6 MPa 4
d_':)[x&‘r 16 (360 kip +in.) Bei2
ﬂut a n(12 k:ip!in.’) n» x ]
< 3 J= 35 @:*-d) = [(0.050 m)- (0035 m)‘]
=535in. J= &= (lin) =00982in*
s =4.66x 107 m*
Used=5§ in. (5375in.) 41224 Tu = Ty _ (8000 Ib/ in? )(0.0982 in*) - P
e : I m*)(4
Since shear stresses in two perpendicular directions ¢ 0.5in. Sl o R N KACoUID )
1221 are equal, the allowable shear stress parallel to the = 1570 Ib+ in. < N GhsTm
From Eg. 12-7, gain. which is lo:vhcr than the Olf,nﬂel perpendicular to ~932N-m
1, =0.57 0, = 0.57(36 ksi) = 20.5 ksi % goain, governs the srvagih of the sheft. Solve P from: T = .00 P
_ T, _ 20.5ksi . . n
=3 = =3 =684ki . g (40 Ibfm.‘)§(6 in.)* Py = —luee _ (1570X1000) p. = Tumn _ (932X250)
k=% 075 T 3in. a0 SEe TUoes0 - 9550
T4, =5940Ib+ in < =250y . =244kW e
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1232 1234 by 12-36
5 in
35 W (input) P 26 hp (sutpu). i i
o By an B ' ) 20 &7 (udboad) 10hp(owpe). zo/ﬁtgodpd:l _TL _ _(1200x121b+in)12in)
T 32 (0530 my- (0300 my] rﬂ"ﬁ@«"?ﬂ* 2001 7R 7 rf‘ 7 ; H—— *= % %{2&..)‘(12 x10°Ib/ in?)
=8.19x 10° m* \B N P,
9550 P 9550 (30 000 kW) dmootn  dmoor F mlan i bemand .
_ - (¢ ‘
= " 2%ma T,:m—%ﬂ’l:amlb-m 12:37
=1.146x 10°N +m Ta= —-955;(()!5)'=716N-m % TRk =000 Rrela
o D G0 s e s . 1= @o-d9=Z@ ) - 6 n)]
x (1.146110“N-m)(§0.550m) T,= B0 oo 3z 32
-y 819x10° m* 20 =17.18in*
=385x 10°N/m? =385MPa 4 Tc=%=167“4-m The angle of twist over 2 ft length is
o ) ) SEN 167 N o= TL _ __(40000ib.inX24in)
AW (Inpuf) 52 400 (putput 21GNm 955N T 3G T (17180312 x10° Ib/in.})
60 ki (owipd) ke (17.18in." )(12 x
- R4 s
@ T N = 0,004 66 rad = 0.267° e
4=0.04m dy=0.07, —
Ta= 9550_50(::—12) =2140N-m T [Toe= 20N
-76 N‘ =- o
T,= 226 19N m i _Te _ (31501b:in.)0.625in.) . g TS
1 _ osi (s e K e e Tl b= 3od'= (0050 m) =6.14x 107 m*
PR g 2 o= —=dt= (0,025 m)y* =384 x 10% m*
o . = =—t = —((. m)=
HSoNem T e 90 Nom (1_),,:3'35 - mgu::(:m;? =) =8210 psi wra  x
m
32 ey 18 - 126001b-in.Xlin.) W el N"mxligym ;
e e i % & 84
=57.0x 10¢ N/m? = 57.0 MPa 'CJ Qi) L H )
+990 N-
B : Te _ (1671 N-mX0.035m) =8020 psi - Callmn o
T r3 c (Tadoc= — = - - %c = 1g = (384 x10" m*)(84 x10° N/m?)
[—-ﬂm_u-- ] 7000w’ () = & (63001b+in.X0.875 in.)
A : 7 P = -0.00620 rad
J= —d*= —(005m)*=6.14x 10" m* =248x 105 N/m? = 24.8 MPa 32 Pe=foa =0+ Puc
32 32 3 =-0.00853 rad =-0.489" <
~ = m}w = . = ¥
Molc (1150 Nom)X0.025 m)
= —au . o=
] 614x10" m® Yo @570 000 - o =8210psi < ’____{g
=46.9 x 105 N/m = 46.9 MPa < which occurs on the surface of shaft AB. hich it il el AD:
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12-43
Duew = 17 = 001745 rad
Yia E _ (4 kNe m)(1m)
¢G  (0.01745)84 x 10° kN /m?)
=273x106m*

n
=i 0%
J 3 273 x 106 m*

4o PAZBX10°mY)

x
=0.0726 m = 72.6 mm
Used =73 mm

Puiow = 1

TL
J= —
oG

12-39 1241

From the solution to Prob 12-6, From the solution to Prob. 12-34,

Tan=-5kN-m A 9
T::-tékN- m T - B = ¢
To=+3kNem — i

$ _T[; = G M) T‘“ i = ~1e7IN-m

M6 322.((1075 m)*84 x 10° kN/m?) |Jw= 512 &= —3’-‘2-(0.640m)‘=25| x 107 me
=000 e Jpc= % dt= %(acmlnr:zaex 10% m*
b = :I_L__ - (+6 kN -m)2 m) TL (<716 N+m)(3 m)
L jG i 4 2 ‘All 22 = | ry (] 2
Z(0.085m)*(84 x 10° kN /m?) JG  (251x107 m*)84 x10° N/m?)
32 =-0.0108 rad
=+0.0279 rad - o (-1671 Nem)(2 m)
b g (+3 KNem)(2 m) 57 JG T (2.36x10° m*)84 x10° N/m”)
= —= =-0.0169 rad
© x
16 5007 m)'(84x 10° KN/ m?) o = bap + Goc = -0.0108- 0.0169
= +0.0308 rad =-0.0277 rad = 4.99° <
Pova = Pan + Poc + oo 1242
=-0.0383 + 0.0279 + 0.0303 From the solution to Prob. 12-35, we have
Tas= 13150 0b-in.
= +0.0199 rad = +1.14' ), < - — & ?
A
.

l“ Ly -‘m-n. + 75 1m,

From the solution to Prob 12-33, O = nL_ - (+31501b -in. X 18 in.)
T"=-3“am'm' T,c=;9wN-m 1G 35(L25 in.)'(12 x 10° Ib/in?)
. Lac=4m =+0.0197 rad

Jazho= & dt= Z@0Smy=6l4xt0Tme |, ML _ _C12600b:in)24in)

ki3 " .
JG =(6.14 x 107 m*)84 x 10° N/m?) G 5{2 in.)*(12 x 10° b/ in.?)
=5.16x 104N »m? - O

iy L _ (1150 N-m)(Bn:) -.00669rad | g = Lo (-6300 Ib« in.)(24 in.)

e (fégg‘h}?‘mﬁ;“;l) “ G %{l.?Sin.)‘(llxlO‘ Ib /in?)
= — = e = 40.0767 rad _

e = 75 .16 x 10* Nom’ =-0.0137 rad

Poia = $an + Pac + $o
Puc = Oan + Pac =-0.0669 + 0.0767
=+0.0197 - 0.0160 - 0.0137
=-0.010 rad = -0.573° <

= +0.0098 rad = +0.56~' I L ]

12-44

T=63(IDP _ 63 000 (100)

~ (0.01745)84 x 10° N/m?)

For stiffness:

= 0.01745 rad

(3950 Nem)(1 m)

=2.69x 104 m*

J= = §4=269 x 104 m*
32

-« d:4F7.(269)&l(.'l“tn‘)
n

=0.0724 m = 72.4 mm

> 2% =252001b- in. Used =73 mm
— 12-46
[16T [16(25 200 b+ in.) i 2OOE  BURD vt
dy =12 = —— n 250
T v 7 (80001b/ in.") k=dyd, =08
=2.52in.
. I stre|
For stiffness:
Puow = 0.24'= 0.00419 rad [ 16T [ 16(252001b-in.)
4= Ym0 ~ Y= @00 1o/ x1-0.8)
joTL __(25200WbeinX12in) o e =30lin.
$G  (0.00419X12 x 10°1b/in®) ~  |For stiffness:
= = ¢ =601 in*
Tp o anm Puow = 0.24° = 0.00419 rad
2601 ' joTL__(252001bein.X12in) _ _ oo
d==d—";'—=7—3°m- 9G  (0.00419)(12 x 10° Ib /in.”) "
x L]
Usad=2% in. (2.8125in.) < J= 2 Mi-dt]= = (1-k9ds!
i = 42601 in4
24 = 33 (1-0894,=005804,* =601 in.
9550 P _ 9550 (186) .fe.01in .
= = = = = 4f———— =3.19in.
T = 50 3950 N+ m 4= ¥3.0580 in
For strength: d =08(3.19in.) = 2.55 in.
- ;
iz 3,—1—6-1.— _ 16 (3950 Nom) Use d=3 Zm.(3.25m.)
VATu  ¥m(70x 10° N/m®) d=2Ltin @sin)
=0.0660 m = 66 mm 2
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Test Problems for Chapter 12

The following problems may either be given
to students for them to practice their problem
solving skills or be used as test problems.
The answers are provided on the next page.

(1) The circular steel shaft is subjected to
two torques shown. The segment AB is
hollow, with an outside diameter of 1
in. and an inside diameter of 1/2. The
segment BC is solid, with a diameter of
1 in. Determine (a) the maximum shear
stress in the shaft, and (b) the angle of

(3) The input and output horsepowers of the
steel shaft (G = 12 x 106 psi) are
indicated as shown. The shaft has a
uniform diameter of 2 in. (a) Plot the
internal torque diagram along the shaft.
(b) Determine the maximum shear stress
in the shaft. (¢) Determine the relative
angle of twist of the shaft between A and

D in degrees. 120 hp

c.:'L:t'E'ur) g"**;: = é%'m T o
ﬁ & ©

\&7
beatse

44 |.

Solutions to Test Problems
for Chapter 12

(41}
- %[(1 in)' - (0.5 in)'] =0.0920 in.s

Joo= 5"5(1 in.)* =0.0982in.*

Tas =-750 Ibs in.
Tae =-750 + 2000 = +1250 Ib- in.
(@)

(-750[b-in.)(i- in.)

(a)
9550 (20)
Ta= 20(() =955N-m
T._95$0(80) 3820N-m
200
9550 (60)
Te= 20(() =2865N-m
+955 N'm

(+955 Nem)1.0 m)

|
g
®) =Z365N'm

twist in degrees between A and C, using _ T _ =y . e = +0.0286 rad
G = 12 X 106 psi. - 0.0920in." e S %(&045 m)*(83 x 10°N / m?)
750 S . zaz:u-a-. .
@::Z:ID}I in. IL.». ) T . ‘*‘m""i‘“‘{; i”‘) ;| =g CBC AT D) 0326 rad
< - A s 0.09%0 m* = +6365 psi 350060 m)*(8 x 10°N /m?)
'——za 34 s o = +0.0286 - 0.0326
T =T = i L | = - °
) A solid circular shaft is used to transmit ™ =-0.0040 rad = 023 <
40 kW at 1000 rpm. If the allowable ®) ) ) @
shear stress is 41 MPa and the allowable | |4 _ Taba _ ___(70b-n)24in)
- angle of twist is 0.70°/m, determine the AT TJwG  (0.0920i0.°)12x10° b /in”) | External torques:
(2) AsB0-kW motor drives gear A on a steel required diameter of the shaft to the
line shaft rotating at 200 rpm. A power nearest mm. The shear modulus of steel = .-0.0163 rad TauTy= 63 000 (90) =5670 Ibe in.
of 20 kW is delivered to gear B and 60 is G=83 GPa. T Y (41250 Ib ok . 1000
kW is delivered to gear C. (a) Plot the PR R ) i e
internal torque diagram along the shaft. LG (00982 in.)12x10"b/in.") | g o Z0) 18900 Ibe in.
(b) Determine the angle of twist of C = HNZ o N
relative to B in de . The sh
modulus of steel is G2 83 GPa. oo = -0.0165 5 0008 To= ST 7560 1be n.
=+0.0219 rad = +1.25° L | 1000
5%Tolb in, 5670 thein. 13900 Lbein. 7560 Ao,
@ - S F s o~ o
s Te 24 I 44
L flzor, 7
© oo\ oden '(:) =-56701b~ i
Caaﬂg cgom; CGM:;) %:;:5‘765730-[561;6=-113401b-h.
[ ] Nput, o= .
" "t - * " (Cont’d)
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Solutions to Test Problems
for Chapter 12 (Cont'd)

(3) (Cont)
+75&0 Jb-in.
A B
- D
=5470 %

L —11 340 Lb+in. ‘
zn-J e | s

| 1

(b) Maximum shear stress:

T .4 s
I= E(Zm.) =1.571in.

_ (11340 Ib-in. )1 in.)

o 1571 in"
=T20psi 4
(c) Angle of twist:

JG = (L571in*¥12x10° 1b/in.?)
=1.885x10" Ib.in}

- (-5670 1b-in.)(24 in.)
AR~ 1885x 10 Ib-in.”

=-0.00722 rad

" _ (-11340 1b.in.X36 in.)
€7 L885x 10 Ib.in}

=-0.02166 rad

. _ (#7560 Ib-in.)(48in.)
@~ 1.885x 10" Ib.in.’

=+0.01925 rad

$ap = -0.00722 - 0.02166 + 0.01925

=-0,00963 rad = -0.552°

“@
_ 9550 (40) _
= 1000 =382 Nem
For strength:
1161" [[16 (382 N-m)
dy =3 = T
Tty = (41x10° N/ m?)
=0.0362 m
For stiffness:

Guow = 0.70°= 0.0122 rad (per meter)

_ (382 N mX1 m)

oI
TG (0.0122 rad)(83x10°N / m?)

=3.77x107m*

x
J=—d¢=3.77 Tmt
2 x 10~

T Ay
&= 1F———-——2(3‘77’:‘m m) 00443 m

dreq =0.0443 m = 443 mm

Use d =45 mm

131 P B
2 ity
1%-,_./_1[:’_{:?:} o

A
*—5?4& —l-im—-

Ra Ry
P, = (1 kip/ft)(9 ft) = 9 kips

P,= %(2 Kip/ft)(9 ft) = 9 kips

2 M, =-R,\ (9 ft)}+(9 kips}(4.5 ft)+(9 kips)(3 ft) = 0
R, =7.5kips { -
EM‘=R, (91t) - (9 kips)(4.5 ft) - (9 kips)(6 ft) =0
R = 10.5 kips 1 4

Check:

SF =75+105-9-9=0 (Checks)

2Mn=-R,(4m)+(5kN)(6m)+(4kN)(1 m)=0
R,=+85kN t -«

EMA=R3 (4m)+(SkNX2m)-(4kN)3 m)=0

132
(6 B ) (5 )= 304N
A e
= J _—
L 2 m A _4--0;: Bg,,. J
s Re
M, = -R,(3 m)+(30 kN)(2.5 m)+(30 kN)(1 m) = 0
R,=+ISkN 1 <4
T M, =Ry(3 m)-(30 kN)(0.5m) - (30 kN)(4 m) = 0
Ry =+45kN t <4
Check:
S F =45+15-30-30=0 (Checks)

B3 _ (2NL)(2m=4 4N
L =
! Zwm g 2m -:I‘ 2 m %

Ry =+0.5kN 1, 4
Check:
JF =85+05-5-4=0 (Checks)
13-4
1 ¥ipee) (@ )= 4L,
$dip “._C p/ex) (4 9¢) P
- 2
A[ 24 25 24t | Re
S F, =Rq-8kips -4 kips =0
Ry = +12 kips } <
EM,,:-M.+(skips)(6m%(4kipa)(2m=o
M,=+56h'p-flo -
Check:
I M, =44) +12(6) - 56 =0 (Checks)
135
l(10k.Nhn)(3m) = 15 kN
2 10 K/
M
Al Bi) b
S Im im Re
Im
I M, =-M,; +(15kNX1 m)=0
M, =+15kN-m() <
S E =Ry-1SkN=0
Ry = +15kN 1 4
Check:
SM, =-152)- 15+ 15(3)=0 (Checks)
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6 welgshs  (QappeR=i6k | My = +HOSkip)2 ) = +1 kip- & q] 1L tCom Ma=0 -
u.w:]:m\'l"" LR r’*“" M, = +(0.5 kipX2 ft) = +1 kip~ ft 4 |y, <800 «|Ms = +68x 1=+68kip- ft kS
A s M}a:'(ZkiPﬂ)(l ﬁ)='2kip'n(fMﬁﬂm) ‘ Vu=+4&)0—6m15=+l&l)lb ] Mc=+6.3x 2-8K1=+5-6kip' ft L |
9 & s’ﬁJ G ot 10 §¢ 1 Mp=+68x3-8x2=+44kip-ft <4
i — 139 = - 22 =+ (300X 3) = +450 1b (from right) Vo =+o ruesp
$'M,=-R, (2010 + (18 kips)17 f0) N TN l M=+32x1-(1x 1){0.5)
+(10 ipsX11 1) - (16 kipsX2 ) My=2auiel( = - B M, =-20 100 Ib- ft “ = +2.7 kip -t (from right) Bl
- 'pg 1 = A 5 % .
R, =+167kips } « %:M! ! Mo =0 100+{4800x5)—(6mx5)(5) vt x
A= ps lts | e |  am i 1314
M, =R, (20f) - (18 kips)(3 1) - (10 kipsX9ft) |y, = +10kN < B —316001b- ! 44, 124N
- (16 kips)(22 f1) - (5 kips)(30 ) = 0 Vyu= +10KN -3 kKN =+7 kN < Msa='(§"3°°"3)“) AP T T 11 }F
R, = +32.3 kips 1 4V, =+10KN -3 KN =47 kN < =450 b- ft (from right) « o D e i i [Et_J
Check: L) (3m Ra=s4N T R=23 44
13-12 44N (3%) 23 4N
T F =167+323-18-10-16-5=0 (Checks) |Mi1=Msz=-29 kN/m+(10 kNX1 m)=-19kN-m 4 r e i ke &
l - =
sy Wt My = <5 kKN)2 m) - (1 kN/m x 2 m)(1 m) 4 v‘ o <
1 N = A+ =
S i oo it . Vp=+5-4x1=+1kN g
ATIn Ein F-ZWIEL_-EB 13- Vi=Vy, =-6kN 4| Ve=45-4x2=3kN <
i 3 3 r2kips , V33=-6kN-10kN =-16 kN 4| Vp=+5-4x3=-TkN "
Using Eqgs. 13-1 and 13-2 starting from the left-hand 2 L Vg =+5-4x4=-11kN -
side of the beam we find A : B 11 =<6 kNX1 m) = -6kN+ m 9 V,. = +12 kN (from right) <
V., = {10 KN/m)(1 m) =-10kN B L 2] Ma3=Ms; =6kN) 2 m) =-12kN- m 4|V, = +12 kN (from right) <
V2= <10 kN/m)(2 m) = 20 kN B Ra Re 13-13 - _ Vi =0 <
Va3 = (10 kN/m)(2 m) = -20 kN |V =+14kips « '_1'3;[%_ L 3
M, = <10 kN/m x 1 m)(0.5m) =-5kN+ m 4| Via=+14-12=+2 kips - Ao E | F - <
Myo= {10kN/mx2m)X1 m)=-20kNem | Vsa=+14-12=42kips < sor] sl en lin]in] . i <
N 2.2k =5x2-(4x2)1)=+2kN-m
= - . > ) =624 RF 3.2 kips Mc
M, = {10 kN/m x 2 m)(2 m) = 40 kN- m M., =M,;=+l4x 1 = +14 kip- ft « V,-=0 B r 4| Mp;=5x3-(4x3 1.5)=3kN+-m <
138 3kips 2 Kips My;=+14x2-12x 1 =+16 kip- ft <4 Voo w GBI o | Mg =(12)(1) =-12 kN+ m (from right) L
A . e D 13-11 V- = +6.8 kips «f | Mg =0 (from right) 4
Biise|se] { 2 i -«
e 0 ae L 5 N [ Y Vp+ =68-8=-12kips 13-15
Ra=o.5kipe Re=4. 5%ips M:a-qu( TTIT ] | é Ve=Vp=Vge=-12kips 4
V,, = +05kip -’ A i JB Vg=+68-8-1x1=22kips 4| 2
V2= +0.5kip - 3 kips = -2.5 kips | —5 §t fompe3ft- V¢ =-3.2 kips (from right) «4
Va4 = +2 kips (from right) -4 (Cont’d) Ve =0 - (Cont’d)
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1315 (Cont) 13-17 13-19 2040 0 iV + 16
VA-_-OI < Using the results in the solution to Prob. 13-14 as Al lD
_—_ i =-1ki ordinates we )
Vo= z(lhp!ﬁ)&ﬂ) 1 kip L | get 128 | am | an V (k)
. _ Aiunxﬂ V, =0 prom S | |
Ve=-3 (2kip/ )4 1) =4 kips « |_ = _!F Ve =Vy. =-20kN B
: m), M in | Var = Vo =-20kN + 45 kN = +25 kN r
Vp=Vg- =-= (3 kip/ ft)(6 ft) = -9 kips e 5 K 2o Vo =-55kN MEp-1)
2 +iT Vm:ﬂ
Vyg+ = V- =-14 kips (from right) <4 + M. =0
Ve =0 (from right) < v o | M:__(M)(l)= 20kN+m —ie
\ M -(20)(3)+(45)(2) +30kN +m
| = I
214—x =0 2
M,=0 1 va - E T~ V) 4:#_’_{':\' > |12
. i =
(31 2n) 2 it T "
= -0.667 kip- ft <| MG M =3 X, At R N Y ¢
M =-(l x2 kip/ftx 43)(ﬂ) = i I 12,-4104 Re=12tN
Gl © ) 3 | im | - |
=-533 kip- ft < e 2 -1 . M (k)
1 . 6ft From similar triangles in the shear diagram, we write <
=-(— x3hplﬁx6ft)(—-) % 1 V=0
2 3 - =3 3x=1-x 0 Vi = Vy-=-18kN
=-18kip- ft < x=025m From similar triangles in the shear diagram, we write | Va+ = -18kN + 42 kN = +24 kN
61t x 2-x Ve =-12 kN« ft (from right)
Mg=.(2 thpIﬂfol)(-—-— + 2n) 128 =" =552-x%) Ve+=0
Mpar = 5(1.25) - (4% 1.25) == =3.125kN+m -
=oilipe e 2 e M’ = (18)(1) = -18 kN« m (from right)
& o B=- == «m
M, =-64 kip- ft (from right) (1318 e = +H(55K1375) - 40)(1375)@ = T N
13-16 Using the results in the solution to Prob. 13-15 as =378kNe m (f 124
ordinates we get w5 ki bip- e k. \“r ‘
Using the results in the solution to Prob. 13-13 as % 13-20 V-CMI) "'-: D
ordinates we get ;T i A c
8 3{‘1‘ I_Ii_sfd'?_ LGl_za f:u- Lza Ty Thips 2 Kip/se 16 &ips & \_“_
ki) > PP T T3] -
Af > F V (kies, , A v +
|&J_Bs;efm ECRREY ] B . R0 i RF"*‘FL&J M) |
s | 2kips i AL ANw
MC"?'#) | l " Vie=Vae=0
V (Kipe) ~0&7 05 Vy-=-2x4=-8kips
b =iz J R e W - ¥.+-—V,_—-+161ups(fmmnght) B
. il
23 444 1 22 M. —0 The shear force is zero at D:
. A=
. : ] Mg =-16x1=-16kip-ft Mp = (12 X1) - (12 x1X0.5)
M (<89 0 - Me= 0 (from right) ® 4+ 6kip-ft
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€8

o s“lr‘ 4 kips /5t A H;""‘ e
l 4m Fz- Ic_ am {0
sl 2on J lo&JI 254N 75 W FO4N
37.5kips ﬂ.:sq.
ﬂzl.s o Grod)
VN
» S SN I—C-t—w) :
V (Kigs == !
W}W 2m ! 2m |
4 K i
E’.ﬂtf. ]
. L /'_4.50\
M- /\ M=)
-50
Note: Sinee:hingeca;‘nntmnnitmomem.du
-200 moment at the hinge must always be zero.
13-35 A H.‘m._‘ 25 Mq-. 13-36 ’O”Nue N a fom”
p ) i i
4m 2m F 4 m AI dm Am BY im
L AR qoLu zJoM
Cx =
F,=C,+0=0, C,=0 b oo -
M,=C,(4)-(25x4)2)=0,  C,=50kN & 1400) (¢Hooo)
SF, =Ro+0-25x4=0,  Ry=SokNt | VO
=50 &N Caec)
—-S00
A,
4m Zm -3
EF, =A,+0=0, A, = +400
Y M, =A, (@) +(50X2) =0, A,=-25kN | \
S'M, =B, (4)-(50X6)=0, B, =+75kN t M)
Check: \/
Y F =25+75-50=0 (Checks)

=000

13-37 S 5 kips 13-40
Tvrs 2 Kip/ae P=20&N  p=204N
N | s 44N
2504 g 25t B 4t Pt
l Ak =B
14.2 kips 22, 9 hips
a=-|m im im
+b.2 ito L=3
‘ m (#6) wl
VG‘F’) (-8) ,’ .4)( V...=P+-2—
- i -5
: - e +(.u‘rwl:n)(Sm)
! T “u.s
‘| =26 kN
4.0 T
¢ Mo = Pa + 5=
M (rap-#Y ' 4
v \_{ V =(mkN)(lm)+(4kN“:x3m)
-6 =245kN-m
B» Ar= 2 AN/m ¥ e
P:le'rc
A B W=0.5 Kip/pe
{ } i 4
L=dm —] =
VL =-wL=-(2kN/mX4 m)=-8kN <
N 4 g 44t
MO o WL QKN/m@m? g L=94
man < 2 = 2 - -
13-39
=g L
Fetip W=l{.‘=6¢ E V...=§ + %]“
=y 6 ki 0.5kip / ft)B ft
A = - 2;m.'_( p/ft)(81ft)
bt :
L=GH =5kips
V‘;L: -P- wa = -8 kips - (1 kip/ft)(4 ft) M PL wL?
=-12kips o N sn kip / ft)X8 ft)?
2 . 2 (6 kips)(8ft)  (0.5kip/ ft)8 ft)
MO =L 2 - @ ipaery - LR/ MAM? | CHpIED | OI-
2 2
- SEipe o =19 kip- ft
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1% P=7004 - Test Problems for Chapter 13 [(3) Draw the shear force and the bending
= 80 Bl B =200 P =400k T‘“"“ moment diagram for the overhanging
44113 iiyiig A | B The following problems may either be given beam subjected to the loads shown.
47 > = to students for them to practice their problem 2N g g 200
A EmEN s solving skills or be used as test problems. : T T O Y l
L=9& Lis The answers are provided on the next page. ; 7{;‘5——]'
im " im
Ve =-P-wL Leitr (1) For the overhanging beam subjected to > . L.
Vo = gl..,.p: the loads shown, determine the shear
=-700 Ib - (80 Ib/ft)9 ft) 41:)0 % force and the bending moment at
=-14201b L == +2000b sections A, B, C, D, and E.
GEN 4 AW/m
. wi? =4001b t v 3 b ov §
N w2 W L A 7.
e = T Eal dwm | dm | im | im
2 T T T
=-(700Ib)(6ﬂ)~(m Ibfzﬁ)(9ft) - (mll;xsn) +(200 X1 f)
=-7449 1b- ft <4 =8001b- ft (4) The beam is on roller supports at C and
E and on a hinge support at B. The two
i oN - parts AD and DF are connected by a
Z CTIl f 7 f 1 — ooN D hinge at D. Draw the shear force and
4 j_%" bending moment diagrams for the beam
7 “-1"J— 0.9m A |1 i ‘,‘3 due to the loads shown.
r
= N, .
Q;U:U:EEEEE&D ‘ﬂ:l I-A- (2) Draw the shear force and the bending
2 1 fL B moment diagram for the overhanging
?ﬁ'::';;‘;:'f. _ : beam subjected to the loads shown.
A=0.4m T;Q /e 641"5
L=1.3m W e wh = !
V‘;:-WLi-w" =900 N +(200Nlm)(l.8m) !zg-j 3 & Tfﬂﬁ]
= (300 N/m)(13 m) + (300 N/m)(0.4 m) o =
= 210N < = 1080
Mu=Pas 25
M") —-ﬂ + -wi 8 / 2
- 2 =(9(I)N)(0.6m)+(—2am:;—m
_ (300 N/ m)13 m)? , (300N/m)0.4 m)’ =621 Nem
2 2
=-230N+m «
167
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Solutions to Test Problems (&) : RN o i/ &N 14-1 (b) From Appendix Table A-1(b), for W 250 x 0.71:
for Chapter 13 - 1 it I —= From Table 13-1 Case 1: b=0254m
= x 104 m*,
(§V) 12k 365N o M. = PL _ (B001b)I0 ft) §,=0.306x10“m3
i 4 AW, i -~ T 4 "
\ T T ] v s b_ L _389x10°m
A| 8 & D E v =20001b- ft = 24.000 lb- in. "¢ b /2 (0254m)/2
l_in MeN 1l4-&" -ulfl\ ls—bhz _ @in)6in) =0306x 10° m? <4
S +0 ANem =K N =% - & =24in. ) . -
A-=0 <4 (c) From Appendix Table A-2(a), for S 12x31.8:
Ve =-6 kN - M M 24 000 1b «in. . - ;
oy = — 2 = e = 1000 4 |d=12.00in.
Vy-=-6kN E] ° S 24in’ Pt E= g-g’_in.‘
= .
Vye =6+ 14=+8kN | 14-2 S, =36.4in
- _4f)= gl =936in.*
YemG+ 19-4(1)=4kN b il From Appendix Table A-6(a), a 4 in. x 6 in. has a |S, =3.74in.
Vp = -4 +4(1) = 0 (from right) « @ o section modulus of
N in#
Vi = 4 kN (from right) E D - S=176ins B et I s %
Vp =0 < e c d/2  (12in)/2
M 24 000 b +in.
Ma=0 - St Re=10Kip O = —8 = = [360psi A I I 936 in*
xi =5 17.6in.’ Siak g i B -374in’ 4
My =+6.8(1 )=+6 kN -m L | Sy c b, /2 (5in)/2 A
Mc = -6(2)+ (14X(1) - (4 x 1Y0.5) = 0 “ ATSa fBege Fsm P i
Mp=4(1) - (4x1X0.5) =2 kN +m ' R M From Table 13-1 Case 5: 145
Mg = +0 (from i - =PL= -
s = +0 (from right) T M_=R, (5) + (IK10X5) - 55) =0 Mu, =PL=(SkN)3 m)=15kN+m From Table 13-1 Case 3,
@ .
320 t/s G4o0n Ry = 15kips 1 ] S Ea_ o _ " M. = Pa = (20 kips)(8 ft) o
S 1=32%= 3 ©10mP =982 x 10%m? = 160 kup- ft = 1920 kip- in.
P @ 2 M,=Rc (9 +(1x10)0) - X10) =0 @ e From Appendix Table A-1(a).for W 16.x 50:
s Rc=10ki 5 k) = Yo _ - . =81.0in.?
vk d F=="3 T omxicm o —
& AT A [Com D or [Esn |F = 153 x 10° kN/m? = 153 MPa k] o,:—-s‘ = S0y =BTk 4
¥ g . '4“1' . 144 e
: +5kipe 35 (@) From Appendix Table A-1(a), for W 18 x 35:
WP Jpcon \Y ’ " |From Table 13-1 Case 3,
S +29 In'rk“ il [d,== l;ig?l:l‘l L 8m
$ = 57.6in M_:h:?(-i) =(90kN)(—3—)=2AOkN- m
M M - G )
0 . L' - lI - 510in. —576ins 4 From Appendix Table A-1(b), for W 410 x 0.73:
) ryTern —i2.5 kip-f¢ - o c d/2 (1770 in.) / 2 S, =133%10%
~12204b- P (Cont'd)
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146 (Cont) 14-10 14-12 Y ¢ 204N | 14-13 300 b /s
B A . ST N From Table 13-1, Cases 1 and 4, Zm 8 2m D] im | |
S  LBx0w i . ey oo e °
= 180 x 10° kN/m? = 180 MPa am -, | #isay | 2 i o
- e y [Cem o) . | T
16 kKN)(5 A5KkN/ m)5 m)? €50
For 50-mm steel pipe, § = 9.19 x 106 m® =4 u:x =, ¢ sm)( ! M v i
400N M = (400 NX2 m) =800 N+m =341 kN-'m. A -n|un -m“
M e
Zm _M, _ _8WON-m From Appendix Table A-6(b), for a 150 mm M
O== TS T o10x10°m x 410 mm rectangular section: S, =3.61 x 10° m? 0.026w \.gu/m
=87x 106 N/m*=87TMPa 4 M, _ 341kN.m ok fAy |Gz mazn
148 b 8 361x10° m’ KA Coa To,moonta e =217
o= y
From Table 13-1 Case 4, = 9450 kPa = 9.45 MPa < o.bism OFm T eference anis [§=G=0800n
_wil (200 1b/ RYISR)? 1un y= i i
-e LTy 20 &N/m 1 + 4, TA =6(1) + 1(4) + 2(1) = 12 in.?
. T T 1 1 1 _ (015 x 0.025)(0.0125) +(0.025 % 0.2)(0.125) |TAy = 6(5.5) + 4(3) + 2(0.5) = 46 in.?
=5625Ibe ft = 67 500 Ib« in. T 1 T o (0.15x 0.025) + (0.025x% 0.2) Ay 46
- m ¥= = = =38in
A 12
§= - @= 2 (10in) =982in’ 1SN W L=3[+AF-y7] _ &
(0.15X0.025° alk= S +AGF -y7]
" _— ki +204N =[—-—12——+(0.15x0.025)(0.0768-0.01?5)} (5)(1)= R 7 p—
.i Sy -
O = —;' = —mﬁ= psi 4 v 45.63 l.26m | @0) 12 (0.025)0.2)° (0.025x 0.2)(0.0768 - 0.125) ] [ " ) ]
- = Ty —_— x . -0
o w 12 ] + [wn(sm-o.sf = 41.7in*
i =440 x 10% m* 12
49 ! -asaN MPc (30 kN- mX0.1482 m) - Mo _ (2400x121b-in)2.17in.)
1 H o, = —EaL _ g, = —BEsl
5.3 ANem 2 4.40x 10° m* A I 47.7in.*
From Table 13-1, Cases 3 and 4, /J\ = 101 x 10° kN/m? = 101 MPa (C) = 1310 psi (T)
. M o = M, _ (30 kN-m)0.0768 m) o = Mooy _ (2400 x121b-in.}3.83 in.)
Mo N7 7T attilrennn | cmumd™
=S24x -
. (3 kip/ Y18 ft)? —i0 kN-» MOc _ (@0 KN-m)0.1482 m) o M®c (mp: [21b-in. X217 in)
=(10 kips)6 ft) + Py M_l=10kN+m Oy = l 4.40 x 107 . - —l-L 47.7in.*
=181 ipe ft = ipe i - = 3
SRy From Appendix Table A-6(b), for 100 mm ) o 6(72‘;:;:’ k)%n:;mm“mw M@ ¢ lm (l?!b-m.)(l&
From Appendix Table A-1(a), for W 18 x 50: x 300 mm section:  §,=121x10° m® G = =N 4402 ™ - % = =Pt = 5 7" =
s‘=m9|n.3 M __10kN.m =349 x 10° kN/m? =34.9 MPa (C) = 2550 psi (T)
_ ABkipin. .o . g C==T5 T L2Ix10°m ol = o, = 67.4MPa < Opa = O, = 2550 psi <
8B.9in. = 8260 kN/m* =8.26 MPa - 0 = o, = 101 MPa - o = 0, = 2310 psi -
1M 172




p1 1ndey)

L8

1414 1417 14-18 wi?
. 0.025m+) .&!'_'1 k0,026 From Table 13-1 Case 5, M, = —
From Appendix Table A-6(b), for a 50 x 100 section, o I— |} From the solution to Prob. 14-17, we have Gt 3 26_, ft
™ A 1, =590x 10° me M. =1.56x10¢1b+in. = 130 x 10%Ib-
S, =0.0502x 10° m? Ce=0.032Um & 0.15m =0.0679 =0.
nall ¢, |indudsa 07om B @, ‘G=DbN o My 2030x10°1eR)
- A & & s = . [
Mo, =08 G =6=0.0679m 0.5 | refavis Due to negative mement, the maximum tensile stress L’ (81t)
0:20m 4 e bie reck ole occurs at the top of the section. Thus
=(10x 10¢ N/m?)(0.0502 x 10° m®) Aowis i i/ Subtracting the beam weight, we get
=502N-m a7 =20 o Lo W = 4060 Ib/ft - 50 Ib/ft = 4010 I/t~ 4
A, - A, M, o <
L]
1415 - (0-”:0(;)20)(3-;3))-«2;51; o.;.*;xo.lm (590 x 10° m*)21 x10° N/ m?) W —
For W 16 x 50, NE4H) ~ABIA8) 0.1321m 2in 3'::'4
= - -
S, =81.0in? =0.0679 m =938x 10°N+.m=938KkN -m SN ¥
Mucw = 300w I = [l| + A,Cy'-y,)’] - [l, + A,(?’-y,)’] Due to negnlivou;l:o&;m, the maximum compressive Frey
_ . § stress occurs at om of the section. Thus V =19001b
=(81.0in.%) (24 kip-in.?) . {w +(0.20 x 0.20X0.0679- mo)’]
= 1944 kip- in. = 162 kip- ft B 12 M = Lo 4x6° . g
14-16 35 [@INOIN 4 15x0.15v0 0679-0125)‘] - b= = e
[ T 2 12 ’ ’ ’ _ (590 x 10° m*)(84 x 10° N/ m?) w=0 <
\—1 — =
m 375 in. 0.0679
LT gle llg [ [WRUER | #290x M " VQ (1900 Ib)(4 x 1)2.5)in*]
L4 cioszo Due to positive moment, the maximum teasile stress B BTk 7T mnoxdim)
e = A, iziadin occurs at the bottom of the section. Thus M{), =938kN.m 4 - <
From Appendix Table A-3(a), for C 10 x 30: . ol 14-19
i ML, = !‘;““ e YQ _ (1900 1b)(4 x 3HLS) in’)
= in. in. o e, M T .
(ﬂ].)'lgﬂlnw My =k o 2U0x120) o it (72 in.* X4 in.)
_ (590 x 10° m*)21 x 10° N/ m?) s = 1188 psi -
1, = 21), + 2(1,); +Aqy2?] - 0.0679 m ForW14x32, §,=123in. o
WA il Al . i
s =182x10°N.m=182kN-m _ A - e S A S Lt
=218)+2 ___12«:-; Y, az2x 0.75)(3375)‘] e " M= $.0en = (123 in.2)(33 kip  in.2) x
to positive moment, the maximum compressive _ e e 1422
=727in# stress occurs at the top of the section. Thus =4060 kip+ in. =30 P
o  lLa@ Puce = 1353 kips i
L. 727 int L M), = =—slew allow
§= = — = 126.4 in. %
¢ 37 (590 x 10° m*) B4 x 10° N/ m®) | [14-20
= 0.1321m Vi
M= SO 1w gromé\gpcndix Table A-2(a), for S 15 x 50: =0 ]
= - = - x = b in‘! A==
L1364 I )24 Kip-m.?) =TSR ICNm =TSN 1=2r* = 2005m)* = 491x10°m*
=3084 kip» in. = 253 kip» ft < “ _ . Maicw = 5, 0uew = (64.8 in.?)(24 000 Ib/in.?) 4 4 .
Ml =182kN-m < =1.56x 10¢ b+ in. (Cont'd)
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14-22 (Cont =AYV =(6x22)=24in.? 14-28
e SEAY=ExD = =312(0.1m)’=9.82110‘m’
A = IR = Zo0sm) = 393x10° m’ . - YO _ (10kips)24in?) S A s« tm o Q5P
2 2 ATk T (36in X6in) . G R e i T
" S = P_h_ _ (3in.X12in.) = 72in? 3o
Y = % - 4-___._(0:"’) = 212x10°m ek o 6 5 Ty
For point B, taking the area below the N.A. as A", For the uniformly loaded simple beam, (9.82 x 10° m*)(9 x 10° kN /m?)
— .‘Q we have - = 015m
it Q=A'¥ =21x5)(2.5) =25in. Ve = 5 =589kN
_ (5 KN)(3.93 x10° m*)2.12x 10% m)] VQ _ (0 kips)25in?) g A g W A= %(0.1 m)? =785 x10° m?
491x10° m*)0.10 m) % T @emxzin) X R ) v
> _2At,, _23in x12in.)1451b/in?) s = g V. 2
or from Eq. 14-12, we have For point C.‘ukingthemlbalowlhelevel through = 58 Ib/in. = 696 Ib/ft P= 4
4V 4 15KN Pl C o' e e .. _ 3(7.85x 10° m*)850 kN / m?)
BT =T IA T Ix005m) Q=AY =21 x2)4) = 16in "8 ) -
M wlL
= = = — =
= 2S0MN/m’ = 255MPa | _ VQ _ (10kipsXi6in?) S >R SN S
1423 IR g L e ©T R m@siaT)2ia) 8S &(72 in? Y1900 1b /in?) P 20 .
: 2 Az e big ratesy o i = 588 psi - = e o 720 — 1427
1 s 2 absss- B (120 in.)
O ;l_. o
Gin. c‘." g e 14-24 =76 Ib/in. = 912 Ib/ft 0.028 _
s L L, Moo =PL Woaen =696 Ib/ft - ¢ =0.1482m
: Na—a 17 |
M, _PL ¥ =¢,=0.0768 m
gl oA, O8N _BOD g |=""8 " F ~ Ta= 14-26 0.i5m
A - A, 6x8- 4x6 So. {%(nl m)0.15 u)Z](IOxlo’kNlm’) [ 0.5m | 015w | 0.Sm A’ =(0.025 m)0.1482 m) =3.705 x 10° m?
) P= e - 0.1482 m
L=[L+AG-y7]-[L+AG-w] L 1m = ——— = 0.0741m
=37SKN daies Q=A'y' =(3.705x 10° m?}0.0741 m)
= ﬁg? + (6:&3)(5-4)2] il i NS W
For the rectangular section, “ From the solution to Problem 14-12,
(42 | 4 xexs-37 P P s
12 \/ __tLI | 1=440x 10° m*
= 136 in+ S BB b B v et
-F - = Q
V= 10kie - A:j,,_ _©10mx 0.153)(800 KN/ m?) | +ousp | Tax = T =
: . _ (25KNY2.745x 10* m?)
Fo;ptxntuAASTﬁzLd‘:;mabovethelevdmmugh ~8kN M = @40 x10° m*)0.025m)
Puow =3.75kN - =6240kN/m? =624 MPa 4
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1428 14-30 1431 (Cont) IMc, _ 1(300 kip-in.XSin.)
- O = 070 =3 45830
Transformed section in wood: _ 0.2(0.324  0.19(0.3
OvZey L 12 - 12 =11.03 ksi (C) -4
=139%4x 104 e
Q =A‘ Yl' "’AI}-’Z =(6xl)(1-17+0-5) A; a,3m e’.‘ 0.31~0.099=0.212m M (]m KN 0.162 )
+ (X1, m(' 17) =10.70in? chl 1 LT =0 098m @ = T+ = m;,'i’éa' - o BRI o
nb=20v02=dm b i E,, 105GPa & 4im
=116 x 10° kN/m2 = Sheel:
From the solution to Problem 14-13, g=AhtAy, Hex e = HoMEe 44 *@r
1= 477 i Sy O Oy = 1Me _ 1 (00 kN-m)O.15m) NA L A
a7 _ (0.2x .3)((120’1‘;(;.13):(::301)(0.005) waom = T % 1’ m’
: ) =538 x 10° kN/m? = 5.38 MPa oq | Sl g A
T =1, = ¥ - MM =0.098m Section Transformed Section
S (47.7in. X1 in.) X = 14-325‘ — (i steel)
. =11 - I, + Ay - ) = e
=3mp8l. ‘ x [;0; Alogy)’ ,l) ] + [ 2 + z(y Y‘z) ] n=- E. = 10 000 ksi - L= 0.!2(0.22)3 _ 01]4(0_20)3
1429 . ©.2X0.3) | (a2 x 03)0.098-0.16 " = 12 12
i T Ga_| 12 =3.05x 104 m*
4 pgi .|
: = éﬂ"‘ + [—(4)(:’;)”’ +(4x 0.01)(0.098-0.(!)5)‘] Alosinan © _Me, _ _MOIlm) M
- ol =
Wl ] RF Fu" Owdae = =3 05x10°m’ 277 x 10w’
| ! I;;. o 04|  =0.001027 m* % (0w =160 10? KN/m?
] S— G _ Mc, _ (S0KN.m)0.212m) M = (160x10° KN/m?)(2.77x104 m) = 443 kN m
I = 136 in.* ©Ct)om = oo m
= I_, 0.001027 m Mg 1 M(0.10 m) M
At Section A-A, V =-1000Ib =103x10°kN/m = 103MPa(C) 4| |_ _ Ay +Ay, wahmax = = 0 | X0k 10" m® | 6 10%10 °m’
% =0 <4 M‘.:J. (50 kN+m)(0.098 m) A+ A, = (Opg)uiow = 8.5 x 10% kN/m?
. =954x 10° KN/m? =954 MPa(T) 4 = 2 . Wiy = S KN o b
=294 psi « 2x2 + (-)(6)
o= YQ _ (1000X(6x2)2)] 1431 ¢ =
=T ke E 210 GPa
§ e neph = ot - 20 Lo=[L+ AG-9]+ [+ AT -y] |anBa o 29GP _ o
=882 psi < wi 10.5GPa Gihn 1 . E,, 105GPa
_VQ _ (1000X(2 x 5X2.5)] sheal it - [-(2)(2)’ +@ x2)3-1) ] -[-
== = 0 f 2  Shsl o
It (136)(2) ( c.--.ug-_f* 1 s (2 6 2 wood | 0,2m
=919 psi - V‘fZ 043m -1%5 0.3m 0,324n + E(':T)(G) +(; X )(3-5) ] L
_VQ _ (1000)(2 x 25)(3.75)] o B e =o0.e10m _L
TR T (136)(2) st e Bl A =4533i s X o-1ze E.f';g‘;c_w- o.am| o.0m
- . Sm‘ mm = g "‘?‘ F 3 -
=689 psi < T section (O am G00kip-0)G3 in) Section Transformed Section
(in ) l. 4533 i ll!l ( wood
=0 - in ) .
(Cont’d) =19.9 ksi (T) < (Cont’d)
177 178
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14-34 (Cont) Equating the smaller one of M,,, to wL?/8, we get 14-37 (Cont) 14-39 .
WL w(20) ey, = 100 psi
2 2 M_ = — = ——— = 66.8 M(20 -
5.2 0802 Lo e s " s @ = 0D :
6 . Waew = 134 kip/t < N-A. =
M M (701:12 kip+in.¥20 in. - 7.35in.) xS
Cedem = 5 = S0 “H0in” ——trt
% (Ous)utew = 8.5 % 10° kN/m? i < “he= 10k S :
M =(8.5x10° kKN/m?)3.47x10° m?) = 29.5 kN~ m = 0.2k £ ® .
wE 1438 R, g A0 1
- - M e — - _ 18-x 2000 2
= 3. ﬂxlDJ 2 l.‘735x10‘m’ A*-.I.Slfn. w: |°!02 nt Qs - L= 2x=18-x
;(u.)... 160 x 10° KN/m? Section Tosniniconsd Section o S <
M = (160x10° kN/m?)(1.735x104 m®) = 27.8 kN» m - P
My =278kN-m -« 8’(5) » 13206 =3 diom br A= i int nAy=8(36)=253i> (O 6
14-35 2.5 < i, 4xi+ 13.2x-2112=0 Section Transformed Section 12(6)(5) = (0A XIS - 6
-13.2 + J13.2) + 442112 - =1.80in.? <
= : =580 in 4| 1io(%) = 25820 -
A4) 2
Si23). (c)
6x2 +253x - 06=0
: = ‘2‘:)’ + (10x18X18-6)" = 3460 in.*
u (o 253 +J(253)’+4(6)(506)_731 o
e e 26) Mx _ M@in) M
1207317 e = 1 3460 in’ 577 in.
. s I = ——— + 253(20-731) =5640 in.*
n'EEL - 31.(."::11?; ~ =20 Ast= 2,370 NA;=9(.37)=21.33in" 3 ¢ g . % (O )uiow = 1000 psi
g x 10° psi . .
Secticn Thmicemed Soon e, w 2K, M W M = (1000 Ib/in.2)(577 in) = 5.77 x 105 Ibe in.
0.252.5/ - 25)’ 9 I 5640 in.* TIZ in. . )
I, =218+ 2 _—11_+(0' x 25)7. 101(.2:) = 21.33(20 - x) @) i - M(d-x) _ lo[M(ls in. - 6in.)
. = = max - _— s &
=284in+ 5x2+2133x-427=0 P = - M Mol .
My M(6in.) M 2133 + (2133 + 4(5%427) 735 in. M = (1800 Ibfin.2)(772 in.) =1.39 x 10 Ib- in. =288 i’ = (Oeduon =20 000psi
(0 ™ mte m — = =3 = = - .
L, 284in' 473 in afeni L2 M(20-x) _[M(20in.-731in.)] |M =(200001bin.2}288in) = 5.7 x 108 Ib+ in.
(9;(&‘,),":;42'?3“ ”) = ===+ 2133(20-735) S 6[ 5640 in.®
Mew = in. in. J - :
=1136 kip- in. = 94.7 kip- ft =4740 in.4 'EM'TJ = (O)uw = 20 000 psi v -
lMc M(@Sin.) Mx _ (70x12kip+in.(7.35in. inJ) = i
Edom [ ] o (D B, LB i) M s (20 000 Ib/in.2X55.6 in.?) = 1.11 x 106 Ib- in. M masizi0tben)
: e,y
,(o,_).,._uu. = 130ksi (C) < Muew = 1.11 x 106 1b+ i. L (16 ft)
=(12 hlﬂm-‘)(ﬁﬁs in.?) (Cont’d) =92.5kip- ft < = 1508 Ib/ft -«
™ =802 ki p+in.= 66.8kip- ft =
179 180
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p1 1adey)

1443 (Cont) 1445 1446 (Cont) 1448
For the element at B:
element From Table 13-1 Case 4, Vo =ps 2k @
I § Vo m— 2 5
o, = My _ (0x12Kip-in)(3 in) nm = i Gin .
I 385in. ” wl? P=V - = 7 in,
=8.42 ksi (C) 4/~ 3§ =920 kN - 130 KN/ mY4 m) Iin. N.A.
0.515 From Appendix Table A-1(b), for W 410 x 0.83: ¥ 2 ‘ Tin
Q=(677x0519(7.05 - 2= d=0417m, t,=00109m, S, =151x10%m =B4IN g
+(0310x3.535)(3 + 3?‘7 i Mew _ 1"1:0.._ Py =792kN < I=8,-8,= g—:;-)l- - g%:]ﬁmin_-
=289in? S 8, 1447 I _ 1664 int
_8_5‘2,“,_ 8(1.51x 10° m*)(165 x 10° kN/ m*) §=== - 166 in® <
_VQ _ (6kipsx289in?) =TT @m) From Appendix Table A-6(a), for a3 x 10 oist, « T
®= % T G8Sin. 0310, = 1246 kN/m S R ®)  Plastic section modulus Z
_ L wt = 6.42 Ib/ft
_i.Skﬂ 4 i VIII _ wil - (124.6 kN /m)4 m) ZaZ N 8147  &117
' ok dt,  2dt,  2(0.417m)0.0109m) ® ohhke ® TS VTR
—{}T g =548x 10° kN/m?* =54.8 MPa it <
"4 = 1.45ksi < Tuw= 100 MPa (OK) M,iow =S O e =(35.7 in.?)(1450 1b/in.2) Z 211in?
= bsin. = . - — =
1444 Wosn = 124.6 - 0.83 = 124 kN/m “ e S k=3 = feem’ =17 <
From Table 13-1 Case 4, 1446 "8 1449
(4314 Ib- ft)
v o From Appendix Table A-6(b), for 2 100 mm PRy SRR ™)
e mm secti . ;
o 2 i:m.;x 10° ms v = Aty _ (B1lin’)951b/int) M, = S0, =(166 in.*)(36 kip/in.2)
M_=£ S, =0818x 103 m* - 1.5 = 5980 kip- in. = 498 kip- ft >
8 w =0.130 kN/m = 1463 Ib= i ()
From Appendix Table A-1(2), for W 18 50 ™ i N M, =Zo, = (211 in)(36 kip/in.?)
=17.99i = i = in2? AW RF - e in = e
17.99in., t,=0355in., S,=889in. Vo = Aw . (20.9 x 10° m*)(660 kN / m®) T =195 Ib/t © =7600 kip- in. = 633 kip- ft <4
i s a2 o i L5 Wi =153-642= 147108t 4 3
sl ssl = L
we 5504, _ HER9in’)24 0001b/in) From Table 13-1, Cases 3 and 4, ® M ] Rk
= = — wl? _ _ kipeft)
. Bxi2w) M., =Pa + e Allowable load per unit area = :‘Sn = -—-——-14721:;,“ i —E“J‘ - mz),_
= 1850 Iblin. = 22 200 Ib/ft Mo - M N =443 kip/t <
oy Yow WL (2000B/RYER) | P= —a——&— = i’
Toat,  2dt,  2(17.94in.)0.355in. = =
=13500|hﬁn.=t; 13.91279411)(0355'“) - m-m’-w MWL:(ASIW’)(%R) =7.5Ibft2 M, sﬁ _——
: - _ kip«
<tM§ 14.5 ksi (OK)| = im & =792 kN Allowable Live Load W= "]:;‘l' = a—(S.TﬁE)r—)
Woaow = 22200 - 50 = 22 150 It < (Cont’d) i
=735-75=661bif 4 =5.63 kip/ft -
183 184
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14-50
Elasti i julus §:
0. Zn-
LS £y
N A C
0.2% C.'*{ 1 $=0.215m
q_orem ||
g,:;. Feferemee axis
¥ Ay + A:X:
A +A,

_ (03 x0.2)01) + (0.2x 0.03X0.215

(0.03)(0.2) + (0.2)0.03)
=0.1575m

L =3[ +A7-y]

- [9:5’1‘_}2_).’. + (003 xo.z)(ums-o.x)’]

% + (0.2 xom)(ms'rs-oms)‘]

=6.013 x 10° m*

c=¥=0.1575m
= I _ 6.013x 10° m*
c 0.1575m
=382x 104 m? -

- odm 0. 2m
N.A o

_“L'l,-a.alr-

&Tﬂ-l-

0.2m G
i *
-
0.03m . .
Since A, = A, the N.A. is located at the junction of
A, and A,, as shown.

14-51
@
M, =So,

=(3.82.x 104 m?*)(250 x 10° kN/m?)
=955kN.m 4

(b)
M, =Zo,
=(6.9 x 104 m*)(250 x 10 kN/m?)
=1725kN-m <4

(c)

i =

r LZ.

8(172.5kN-m)
(12 m)*
=9.58 kN/m |

hasz (Cont)

G in.
[

Hh=0.5in,
$h=hL5n

M, =Zog,
= (12in.3)(36 kip/in.?)
wl
=432kip-in.=36kip-ﬁ=T
_8M, _ 8(36kip-f)
YETTT Ty
=2 kip/ft .
14-53 Fo2m
)
awmi
NA—E—22  o0.2n
% V- 0.3m
%
% //-J' |

202,-2,2 300 Bk

- (0.2 mY03 m)? _ (01 m)(0.2m)*

4 4
=0.0035 m? <4
M, =Zo,
= (0.0035 m?)(250 x 10° kN/m?)
=875kN-m=Pa
P= 875kN-m=l49kN <
6m

y Since 2A, = A;, the N.A. is located is located at the
Z=Ay + Ay, jm&‘A,mdA,,ushown.
=(003 x02)0.1) + (02X 0.03) (0015) | _ ik s
=69%10% m* «
; =2(1x3X1.5) + (6 x 1X0.5)
z 6.9x10* m
k== = 181 4 _2;
S 3mxi0m 12in2 (Cont'd)
185
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Test Problems for Chapter 14 | (3) A composite beam consists of steel and | | Solutions to Test Problems Mie, _ (16 x121b+in.)(5in.)
aluminum has the cross section shown. for Chapter 14 e === = 136 m*
The following problems may either be given The beam has a simple span of 8 m and
10 students for them to practice their problem is subjected to a uniform load of 60| | =7.06 ksi (C)
solving skills or be used as test problems. kN/m. Determine the maximum normal ) % g .
The answers are provided on the next page. stress in each material. The moduli of | | From Appendix Table A-1(b), for W360 x 1.08: o, = Mt , (62121b:in)3in)
elasticnty are E" =210 GPa. E‘u =70 S =184x 10 m? I 136 in.
o)) Tl(l)eé structural steel beam of W360 x|  GPa. : = 4.23 ksi(T)
1 section is subjected to the loads e M,on= SOy = (1.84 x 10-* m*)(165 x 10° kN/m®)
shown. The weight of the beam is het ..‘;f% s T 386 kN m o) =0, =106ksi <
. % y: EEARRN R =
included in the uniform load. If the A FEE3335 —— -
allowable flexural stress is 165 MPa, mimio XA SN GHN/mXEm) | g Nem — <
determine the allowable cencentrated Steel % - 8 8 O = Oc =706 ksi
loads P in kN that can be applied to the B — Mo =308.6- 13.5=290.1 KNom
beam. P E Il'ﬂollul e ’ - : t.-:tm:—vig
uating M to Pa, t
Tt il D _ Bkip2xsx25in?)
M 290.1 kN+m (136 in." X2 in.)
P=——f o ———— = 145 kN -4
= ~.L_z-_.l._1 __.| ud im = 0.735 ksi = 735 psi -
. (z) 2.]4k'f5 4“?‘
(4) The simple beam of 20-ft. span has a t it b1 ip a=lts . 210GPa
cross-section shown. Determine the E., 70GPa
maximum uniform load that the beam Q.1gm 1€
can carry (a) at yield, and (b) at full o ot T da
(2) The overhanging beam having a T- plastification. Assume that the beam is Ng T
section is subjected to the loads shown. made of elastoplastic material for which Alm [0-200w— 0.34m
Determine (a) the maximum tensile and ay = 36 ksi. l
compressive stresses in the beam, and fr—F in—rvj Steel porom [ ;
(b) the maximum shear stress in the Ui Section 'I_'ra::ﬁrmedsecﬁon
2.4kips oo 4 kips . y
U—j—l—rﬁ&f&‘ | 2 - | - 0180 mX034mP  (0.120m)0.200 m)’
=1 3 ' . g 12 12
JE;& 12 4t TutJ . - i =5.10x 104 m*
' © Lencat : - g; » S, BAxitR.n)S) T (G0N myEm)?
136 in. H AT - 136 in* M., = % - ————:l - =480kN-m
=10.6 ksi (T) (o) = Mm® _ (480 KN- mXQ170 m)
woms TR T 5.10x10* m*
o, = Mic, _(ax12 Ib-‘in‘.)(3 in.)
[ 136 in. =160 x 10° kN/m? = 160 MPa <
= 635ksi(C) i
187 188
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Solutions to Test Problems |® Plasticanalysis: 154 e v
) = U m
for Chapter 14 (Cont'd) S in. wh (4 kip/f)20 ft) . t,=00105m
Lim e [— ; Ve = = =40 kips S=177x10°
(3 (Cont) = h= 0.5 2, 2 .
422,85 in. M. - o (4 kip / / /)20 ft)* wt of beam 0.88kNlm_oms
1My _ 1[(480 kN-m)(0.100 m) ] c, = 8 8 Load 60kN/m
O = = == g =200 kip- ft = 2400 kip- i ‘
n I, 3l s10x10°m* P Yol g ExtmS L77x10° o’ - L64x10°m
A Su= 88 = —'Lruu T =100 Se L64x10° m’
=31.4x 10° kN/m? = 31.4 MPa “ ) {in o P s i
Since A, = A,, the N.A. is located at the junction of From Appendix Table A-1(a): FRkGoniementioy. Sr el
(0 A-|andA1 as shown. 18 x 60: S=108in.? v l&)k.N
: W16x8% S§=155in? g . {0.463 m)0.0105 m)
T . gy W14x68 S=103in’ w, SAB=KaNES)
Elastic analysis: 2 A =37.0x 10° kPa =37.0 MPa < Ty, = 100 MPa
oy —— B RS+ 09 77 42 1824in The section is satisfactory for shear.
A =15in3 - do e Use W 460 x 0.88 <
. _ 153
- T ;t'llm- M, =So, wt of beam S0 _ _oots
A tt!‘i - = (15 in.)(36 kip/in.?) Load 40 000 Ib V_=_l§ - lg_gfﬁ = 5kips
rag. axis
in. = 540 kip- in. = 45 kip- ft Extm S  108in’ - 100 in’ PL _ (10 kipsK15ft)
= =0. 0.0 = — T ————
g At AY, XD v AN . _ 5. ey 0850015  [Mu= -
A +A, 5+5 w = SM; _ 8(45kip-ft) =37.5 kip» ft = 450 kip- in.
L4 2 (20 ft)’ The section is satisfactory for bending. S = M-, = _“m_th'“" =1875in.?
L=3[i+AG-y] =0.9 kip/ft = 900 [b/ft -« - ™ Oum  24Kkip/in.
R -
S eas] o[22 gass s oA
= |== + 54-2. = 4-5 _ ; _ 2 x22: = in.
[ 12 ] [ T 5)] =528 ksi < Tuen = 145 ksi W10x22: S$=232in)
. - in?d
s, R or shear. W 8x24: S=209in.
Use W 18 x 60 o |TryWi12x22
L B3t g e d=1231in.
S==4 = - =833 in.2 152 t, =0.260 in.
c 4in. §=254in.2
M, =So, = (833 in.?X136 kip/in.?) v_=% - L‘P-—k—N—';#'-')-@L).—.la)kN _wl _ @2b/axasny
8 8
=300 kip in. =25 kip « ft M_zﬁ o EORN/m)6m? =619 Ib- ft =7.43 kip- in.
8 825 kip- ft) M 20 tNem Yo o IBER g
W,:#—-——%— Seq= = = ey = 164 x 10 m? M, 450 kip«in.
C (20 ft) Ouew 165000 kN/m ExtraS _ 254in’ - 1875in’
From Appendix Table A-1(b): 3 = B75m° =035>0.017
= 0.5 kit = 500 Ib/t < W 460 x 0.88: $=177x10° w =~ D
W 410 x 130: §=254x 10° @ o i
W 360 x 0.99: $=169x 10° m® The section is satisfactory for bending. (Cont'd)

189
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ST andey)

15-3 (Cont 15-5 Rk
ies) 2.0 kigfe |1
v 5k I A
==&, T (12310002601, _ =% = 4
= 156 ksi < T, = 14.5ksi i 26 ks
) Zik.‘p §
The section is satisfactory for shear. G o | 14)
Use W 12x22 -4 v — ——r—
154 -TGHFI .
r ks
P _ 45KN b
it = Iﬂ ‘ﬂ.
Vo= S =R5kN Skpge
M_=E4: - @‘E'*_):xg_;m.m
M 56.25 kN+m
§. = —m& _ =0341 x 107
™ Gue 165000 kN/m’ i
From Appendix Table A-1(b): M
300 x 032: §=0416x 10° m?
W 250 x 0.32: §=0380x 10° m? V_=26kipa
W 200x035: $=0343x10° m? M, = 121 kip-ft = 1452k_1p-m
Try W 300 x 032: g o o HEERE
d=0313m it 24 kip / in.
t, = 0.0066 m
$=0416x 10° m* From Appendix Table A-1(a):
wxgxg: g:g&gm.a
L* (032 kN/m)5m) W16x50: S=810in?
M= = OR 100N m Widx43: S=627in°
M LOOkN+m g
—-— = L0018 Try W 14 x 43:
M, 56.25kN.m d=163jg§ip.
3 = *m L= n.
ExtraS _ 0.416x10° m’ - 0.341x10 e
- 0.341x 10° m’
=0.22>0.018 M= M _ (431b/ /)20 fr)’
T i -8 - 8
The section is satisfactory for bending. =21501b- ft = 25.8 kip~ in.
v 22.5kN M 25.8 kip in.
oy — L -t a R L 00i8=18%
=&, T (0313 m)0.0066m) M, 1452 kip-in.
=109 x 10° kPa = 10.9 MPa < 7, = 100 MPa
ExraS _ 62.7in’ - 60.5in’
The section is satisfactory for shear. 5, = 60.5in.°
=0.036 =3.6% > 1.8%
Use W 300 x 032 | The section is satisfactory for bending. —
(Cont’

155 (Cont)

Vom ” 26 ki
dt, (13.66 in. X0.305 in.)
=6.24 ksi < Ty, = 14.5ksi
The section is satisfactory for shear.
Use W 14x43 <4

Ty =

156
10 kips 10 ks

|_ 1 kip,
' iiT }l_l)

6
B

-1 kire - 162)

6 i o

=30 ~240 ki ¢
M_ 210 p-ft=2520kip-in.

Sue Mam , ZBEpoin 450,

O penr 24 kip/ in,

From Appendix Table A-1(a):
W21x62: 8=127in.
Wi18x60: S=108in3
Wi16x89: S§=155in2
Wi4x74 S=112in3
All the above sections have S values greater than

S They are satisfactory for bending.
Try W 18 x 60:

d=18.24in.

t, =0415in.

$=108in.?

Ty = —28 = — -
d, (1824m.X0.415m.)

=3.96 ksi < Ty, = 14.5ks

<

The section is satisfactory for Shear.
Use W 18 x 60 <

157 P=70kN

70 N

A{x L] mfumi L] lB

#¥ Q= 2m

V_=P+%=7om+

2m

=160 kN

wLz

Meuw=Pa+ —
=(70kN}X2 m) +

Zmﬂ,r

(30 kN /mX6 m)

2

(30 KN/ mX6 m)*

el e
Ouew 165000 kN/m

From A Table A-1(b):

530 x 0.90:
W 460 x 0.88:
W 410 x 1.30:
W 360 x 0.99:
Try W 460 x 0.88:
d=0463 m
t.=0.0105m

S

=208x 10°

§=177x10°

S

m?
m?
=254x10° ¥
m?

§=169x10°

S=1L77x10° m?

v
- ~mm _
s

160 kN

.  (0.463 m)0.0105 m)
=32.9x 103 kPa = 32.9 MPa <ty = 100 MPa

The section is satisfactory for shear.
Use W 460 x 0.88 (W 18 x 60) <

158

44 £l

g
IJlJU'

I Y

i8>

SN
N

M

4.8m

1+101.6 &Nem

T2m|C
I87.5 &N

—116.T&N

Vo = 116.7kN
Mpe = 101.6kN-m

—53. 0hN"m

(Cont’d)
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15-8 (Cont) =Y o 21 ki 1510 (Cont'd) 15-11
T dt,  (12.31in.)(0.260in.) . .
101.6 kN.m » ()  Design of Girder
S""a = 165000 kN/m® 061X 107 | = 6.56 ksi < Tuew = 14.5 ksi Veus %‘ = (mlb’i—mﬂm—) = 6400 Ib
o ) The section is satisfactory for shear. Beam Reaction L2 200 Ib/ )16 ft)?
o A dlox 038 s =029 10 me ekt « (760 Ib/ft + 461b/ R)(24 1) i i (__8)(_)
W 360 x 0.44: $=0688x10°m |15 10 = 3 =25600 Ib- ft =307 200 b+ in.
W 300 x 0.44: $=0.633x 10° m* =21700 Ib = 21.7 kips
Try W:IO 326398. @ Design of Beam : For an Eastern Hemlock beam:
= m The concentrated force on the girder is Ougow = 1350 psi, Ty, =80 psi
t, = 0.00635 m Dead Load = (1501uf:s)(in)(sn)= 600 Ib/ft - .
§=0629x 10° m? 12 P=2R =43.4 kips M 307 200 Ib-i
o=V o 1167 kN LiveLoad = (145IMAY8) = 1160 Ib/ft Spp= — = —B—So-ﬁzmin.a
= = " Udh- n.
4‘;‘-103 ::;39:::&%5”) — = 1760 1b/ft Vo =£- = -——-E‘B";‘“ =217 kips
=46 x = < Tyjjow = 1 = 1.76 kip/ft A L5V 1.5(6400 1b)
The section is satisfactory for shear. Vo= & (L.76 kip / ft)(24 ft) =21.1 kips M =E: - (43.4 kipsX(16 ft) Ag= t‘-- = as)(lbfmi =1201in
Use W 410 x 038 (W 16 x 26) 4| ™ 2 2 o 4 .S
o> oM _ a6 kiElﬁ)(uﬂ)’ = 174 kip+ ft = 2080 kip- in. From Appendix Table A-6(a):
10%ips 54 = g 8x18 A=I131in2, S=38in°, wt=36.5Ib/t
P 3kin/e 21T Wl &-,hp,ﬁ 15,9,‘,‘,.,,. Som B, D0Ep o 10x 14 A=128in?, S=289in>, wt=356Ib/ft
{ I i | —LD 1520 kipe in. Dtiow 24 kip/in.’
S Sa= 4; =63.4in? Try the lightest section, 10 x 14:
°-uu- . 24kip/ in." From A ix Table A-1(a):
From A&)cndleabIeA I(a): 21x50: S=9%45in3 wt of beam 3561b/ ft
18x46: S=788in? WIBx50: S$=889in> Toed - somb/p - 045=45%
xigxsg g:g.g;u; W16x57: S$=922in? S _29in’ - 28in
X H = O 10 '
Try W 21 x 50: S 228in’
Try W 18 x 46: d =20.83 in. I 26.8%
d=18.06n. t. = 0380 in. =0268= > 4%
g:m& $=94.5in. The section is satisfactory for bending.
0.046 kips)(24 ft . : : "
Mo =S PXARY _ 331 kipe e M, = (oosolnpm)(m R o 16kipet Ex:lA _ mml.;o-' 120in.*
My o I30Ep-R L ace L. —--—»-”--—"6"l 2 00092 N 008=63% >45%
. M., 1267kip.R M, [174kip-ft The section is satisfactory for shear.
: Extra S 788in.? - 63.4in? Extra § 94.5in’ - 86.7i i
Ve =21k = =0.243 > 0.026 - in® _ Use 10 x 14 rectangular section <4
Mo = 44 kip- S Gam’ z S 8.7’ a=an —
M 44 x 12 kip~in. is sati ing.
Sy = —0 _x__Lim_ =22in? The beam is satisfactory for bending The girder is satisfactory for bending.
Dtiow 24 kip/in. v 2L1ki wl (12 kN/m)X5m)
From Appendix Table A-1(a): Ty =~ = . - v 21.7 ki Vou= — = AT _30kN
. .l i 3 dt (18.06 in.X0.360 in.) Ty = = = - - max 2
Wiox 2 gz?ﬁia =3.25 ksi < T = 14.5ksi T s wil (12 m/zm)(sm’
— o T = =274 ks < Ty = 145 ksi Mg MIST L an
X2 is sati :
? d=1231in. mbu:m\:‘;:wzr?w.wm | [Tty ok s, zﬂmﬁmbﬁz‘www
t =026 W 15 245 o lnkeiot Cont'd) Use W 21 x 50 for the interior Girders 4 B
= . (Cont’d)
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1512 (Cont)
M 375 kN-m

Suq=—2 = —————— =403x10° w®

= Cue  BIOKN/m *
L5V 1.5(30 kN)

Ag=—D08 = —— — — -g818x10°m?

™ ew 550 KN/m *

From Appendix Table A-6(b):

200% 460 200 x 510:
A=845x10° m? A=9%42x 107 m?
§=628x10° m* $§=779x10° m®
wt =0.533 kN/m wt =0.592 kN/m

250 x 360: 250 x 410:
A=826x10° m? A=948x 10° m?
$=474x10° o¥ $=623x10°m?
wt =0.519 kN/m wt = 0.597 kN/m

Try 250 x 360:

wt of beam 0.519 kN/m

- =0.043=43%
Load 12kN/m

ExtaS 474x10°m’ - 408x10° m’

B 403 x10° m’
=0.18 = 18% > 4%

The section is satisfactory for bending.
Extm A 82.6x10° m® - 81.8x10° m*
Ry 818x10° m*
=001=1% <43 %
The section is got satisfactory for shear.

Try 200 x 460:

wt of beam - 0533 kN/ m =0.044 = 4.4%
Load 12kN/m

ExtaS _6.28x10°m’ - 403x10° m’
Seq - 4.03x10° m’

=0.56 = 56% > 4.4%

The section is satisfactory for bending.

Extra A - 84.5x10° m? - 81.8 x10° m?
A 81.8x10° m’

=0033=33% <44%
The section is pot satisfactory for shear.

Try 200 x 510:
wt of beam - 0592 kN/m —0.049 = 4.9%
Load 12kN/m
Exta § _7.79x10° m® - 4.03x 10° m’
- 4.03x10° m’
=0.93 = 93% > 4.9%

The section is satisfactory for bending.
Exta A 94.2x10°m” - 81.8x10° m*
An 81.8x 10" m’
=0.15=15% >4.9%
The section is satisfactory for shear.
Use 200 x 510 rectangular section «

- “T=n5m

_PL _ (45kNX4m)
T4 4

M. =45kN-m

M 45 KN-m
S = —D28 - —_——!.:3_“ 10° m?
= G 13000 kN/m *

L5V 1.522.5 kN)
= — =3

A T _—W N/ m 3.8x 10° m?

From Appendix Table A-6(b):

150 x 410: 200 x 360:
A=550x10° m? A=652x10° m?
§$=361x10°m® $=374x 10° m*
wt = 0346 kN/m wt = 0.410 kN/m

250 x 360:

A=826x 10° m?,
$§=474x10° m°,
wt =0.519 kN/m

Try 150 x 410:
My = (0.346 kMSINX4 m)?

M, _ 0.692 kN-m

—
M 45 kN+m

=0.692kN-m

=0.015=15%

Exta S 361x10°m’ - 3.46x10° m’
S - 3.46x10° m’
=0.043 =43% > 1.5%
The section is satisfactory for bending.
ExtraA _ 550x10° m? - 338x10° m’
Boe 33.8x10° m’
=0.63=63% > 1.5%
The section is satisfactory for shear.
Use 150 x 410 rectangular section 4

195

15-14 600 % /o 1515
& I T W T T 4 ¢ | Vo= WL = (300 1bft)8 ) = 240016
12§ Brza wi? (300 1b/ ft)8 ft)?
Mpu= — = S ot
=9600 Ib- ft = 115 200 Ib- in.
For Douglas Fir:
Cuton = 1450 psi, T =95 psi
M 115 200 Ib+ in.
Sg=—"8 = — =794 in?
= O | 14501/ "
L5V 1.5 (2400 Ib) .
Ag=—mm = 22N D) _379im
- T 951b/ in. .
Ve =37001b —l2000% P& Secﬁonlﬂ(in.’) | S (in.?) l w (Ib/ft)
Mo = 10200 b~ ft =122 x 105 Ibe in. ' a5 T 57 L
_— 6x12 | 633 121 17.6
For a California Redwood beam: 8x10 | 713 113 , 198
Gt = 1350 P51, T = 100 psi
5 1b e Try the lightest section 6 x 10:
s_:Mm _ L2x10°1 i _ o0 7ins
O iom 1350 1b/ in. wt of beam 1451b/ft 0.048 = 4.5%
Ay e 22an o LOJNOD) o siai Load 300 /&
ek 100 1b/ in. Exta S 82.7in? - 79.4in?
From Appendix Table A-6(a): S 7.4 in’

6x12: A=633in? S=121in3 wt=176Ib/Mt
Bx10: A=713in2, S=113in? wt=198Ibft
10x10: A=903in2, S=143in3, wt=251Ib/ft

Try 6x12:

wtofbeam _ 17.6Ib/ft
= =0.029=2.9%
Load 600 Ib/ ft
Extm§ _121in’ - 90.7in’
See  90.7in]

=0334=33.4% >29%
The section is unsatisfactory for bending.
ExtraA _63.3in? - 555in?
A s5.5in.
=0.141 = 14.1% >2.9%

The section is unsatisfactory for shear.
Use 6 x 12 rectangular section

=0.042=42% < 48%

The section is unsatisfactory for bending.
Try the heavier section 6 x 12:

wtofbeam _ 17.61b/ft

= =0.059=59%
Load 3001b /ft
Extra § 121in? - 79.6 in’
Sy 79.6in.

=052 =52% >4.8%
The section is satisfactory for bending.
ExtmA _633in? - 37.9in’

An 37.9in}
=0.67=67% >48%

The section is satisfactory for bending.

L | Use 6 x 12 rectangular section
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15-16

3o0te/p 4900 %
y | IR c{ [} 8
asloun t® ke

2
(425 ¢o0 Ll |
\'

~2600. ~25 600)
M

V e = 4400 Ib
My =25 600 Ib « ft = 307 200 b+ in.

From Table 15-2, for Southern Pine:
Ouow = 1600 psi, Tyew =90 psi

M. _ 307 200 Ib+in. _

Su = 192 in.?
™ Gue _ 160016/ in. n
L5V 1.5.(4400 1b) .
R e, - SZSION) gt
™ 90 1b /in. o
From Appendix Table A-6(a):
Section | AGin?) | SGn?) | wbm)
6x16 | 853 | 220 BT
6x18 | 963 | 281 267
8x 14 | 101 28 281

Try the lightest section 6 x 16:

_ (B.71b/RY16 1)

M

—tle 3 c——
M_. 25600 Ib-1t

=T7581b.ft

758 Ib« fi 0.8 =3%

Extra S 220 in’ - 192in.}

S

req

192 in.’
=0.146 = 14.6% > 3%

The section is satisfactory for bending.
ExtnA _853in? - 73.3in?

A 733 in}
=0.164 = 16.4%
The section is satisfactory for shear.

Use 6 x 16 rectangular section

15-17 10 AN/m
A 3m fB-l.S'n
11.25 N 33. 754N
12854 e
V m’\ |1.B75m m\
IR N s)
I
I
AdhNm 18,75 N
B \i/
'- -
Vo= I875KN AN

Mo =11.25kN.m

From Table 15-2, for California Redwood:
Ouiow = 9310 kPa, Tuiow =690 kPa
M., _ 1L25kN-m

S = = ==
"M Opw  BIOKN/m

A _ L5V, _ L5(1875kN)
™" t..  690KkN/m’

Section |A(x 10° m?) | S (x 10° m?) Iw(kN!m)

7 =121x10° W

=408x 10° m?

2.74
1.85
234

200 x 250 46.0

150 x 360 479
250 x 250 583

Try the lightest section 200 x 250:

wtofbeam _ 0289 kN/m

Load 10 kN/ m
Exta S _L85x10°m’ - 121x 10° m®

Sea 121x10° m’
=0.53 =53% >2.9%
The section is satisfactory for bending.

ExtaA _ 46.0x10° m? - 40.8x 10° m?

A 408 x10” m’
=0.127=127% >2.9%
The section is satisfactory for shear.

Use 200 x 250 rectangular section

0301
0.289
0366

=0.029=29%

15-18

—il 200 th-4¢

=il 2o Lb-f¥

V e = 3600 Ib
M = 11200 Ib« ft = 134 400 b~ in.
From Table 15-2, for Southern Pine:

Oyiow = 1600 psi, Ty =90 psi
MI. _ 134 400 Ib+ in.

S = = ————— =84in.

™ Gue 1600 1b/in. -

T LV _ L5(360t_n::)= -
T 901b/ in.

From Appendix Table A-6(a):

Section 'A(in.z) | S (in.?) | w (Ib/ft)

6x12 | 633 121 176

8x10 | 713 13 198

10x10 | 903 143 25.1

The weight of the beam is already included in the
uniform load. All the above sections would satisfy
the requirements on strength. However, the section
6 x 12 1s the lightest.

From Table 15-2, for Southern Pine:
Ciow = 1600 psi, Ty =90 psi

M _ 123 900 Ib« in.

- P SOV e
Sm= G = 1600/’ =
L5V 1.5(22951b) .
A= —88 - =383 in.2
o AT 90 Ib/ in.. =
From Appendix Table A-6(a):

Try the lightest section 4 x 14:

wiofbeam _ 1291b/ft

= =0.051=5.1%
Load 2551b / ft

Extra$ 102in’ - 77.4in/
Sug T4 in’

=0318=318% > 5.1%
The section is satisfactory for bending.
ExiraA _ 46.4in’ - 383in.
A. 383in.
=0211=21.1% >5.1%

The section is satisfactory for shear.
Use 4 x 14 Southern Pine section 4

Use 6 x 12 rectangular section -«

15-19

Dead Load = (25 Ib/ft2)(1.5ft) = 37.51b/ft
Live Load = -+ 2 =217.
Total Design Load =255 Ib/ft
V_.=12'L'- - (?.SSIbfzﬂXlsﬂ)=m51b
WL _ @sSih/mysRy

e 8

=103301b- ft = 123 900 Ib- in.

15-20
4! 0025w

iR
iy

t
0.025m

NA—+—+

O.lom

0, IEm
_ (0.15m)0.2 m)’ _ (0.1 m)0.15 m)’
12

12
=7.19x 10° m*
Q=AY =(0.15mx0.025m)(0.lm =
=328x10* m?

0.0225rn)

(Cont’d)
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1520 (Cont) 15-22
¥4 F=1
- Q=(4500N)(12321(:"m’) =20 500 N/m B /{ /’ e
I 7.19x10%m c-"l g G NI ™ R
2(F 800 N MA _‘I'i__—L 0.05m
— Duigw _ A ) N
q 20 500N/ m :lr 6.05m
]
=0.0779m="77.9mm
Use a 75 mm pitch ] 2o
bh’®  (0.10m)©0.15m)’
15-21 T =2 _ Cm)}015m) _
I-—S i‘:,‘—-l I T 2 281 x 104 m*
7 % ¥
. - |.Sm» 4
w A R NP1
55w
i I Q=A'}" =(0.05m x 0.10 m)0.05 m)
. , =2.50x 10+ m?
1= _ GSin)EO0m) ..,
T 12 Sk For bolt in single shear:
I 7875in!
S== = ——m— = in?
c TAE " o (Fuionw = AT = %(o.msm)z(looanw.nz)

Q=A'§ =(35inx 1.5in.)0.75in.) =3.94 in.?
Faw =Atun = 2(0.192 in.)%(12 000 Ib/in.2)
=347 Ib/nail

_— AFyew _ 23471b)

- X =278 Ib/in.

_ (7.875in*)2781b /in.)
3.9%4 in”’

=551b=

2V 2(556 Ib)
=ty - =
w T an 278 Ib/ft
For Southern Pine:
O = 1600 psi
Muow =S Oy =(5.25in.3)(1600 Ibfin.?)
=8400 b« in. = 700 b ft

2
2

_8M _ B(7001b/ft) _
wa e - S =350 1R
Woaow = 278 Ib/ft

=196 kN
(F,) 1.96 kN
= tidliew - _—_____ 218
Quw = =0 0.090m i
3 4
thl_q.u - (2.81x10° m )(21.8,ka m)
Q 250 x10% m
P
-2.45kN—-2-
P=2(245kN)=49kN
For Douglas Fir planks:
O = 10000 kPa

Muow =S Ouen =(3.75 x 104 m*)(10 000 kN/m?)
=375kN.m= :::'

AM, N 4(3.75 kN+m) _
L 3m
<4 P =4.9kN 4

P= 5.0kN

1523 A
L m— F
10in F=itin
N. A- --.\_Lmhe.h‘n.
g in.
4 in.
e @in)24iny (8in.)20in.)
- 12 12
=5035in.4

For W21x62, [=1330in.+

1=1330+2 [(——12)(;;75)3

=3458 in.*

+ (12x 0.75)(]0.87)’]

Q=A'Y' =(12in. x ®75in.)(10.87 in.)
=978in.?

_VQ _ (120 kips)978int) . .
q=3= = —’”—-3458 = =3.40 kip/in.
The allowable shear force per rivet is
Fae = At = E(Msm)zus kip/in.?)

Q=A'Y" =(2in. x8in.)11in.) =6.63 kips
= 176in s e , ACBkige) _;0in
q 3.40 kip / in.
Allowable shear force per nail is
: 1, .
(Faiow = ATon = “Z(% m.) (8000 Ib/in.2) Ule35 in. pitch «
=9821b rr gy
zm’i‘s&mﬂewwlmamﬂm load E—_———Mﬂ» 3I — e
o.u".'o'ﬁr‘
v_:%"- _ (lZOOIbIzﬁ)(Ith)=mlb .
s L—W‘
v (7200 b 176 in. ) =
q=TQ = mzh.‘m ) =252 Iwin. A\ 4inston.
P=mﬁ: - M:O.ﬁin F'=6.257.
q 252 Ib/ in.
N.A: — + —
Use:—in.pin:h
15-24 A': Finxi2in.
r'i' e ForC12x30, I=162in.*
W2l w6z i':m.i"h‘-— 1=21]162 + % + (10 x 0.5)(6.25)°
et =715in4
Q=A'Y" =(10in. x 0.5in.X6.25in.)
=3125in3

(Cont’d)
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101

1525 (Cont) 1527 1528 (Cont) z.- M, 1285 kN*m
'l'henllowublelo.dforan%in.dimbdlia w, = 1.2(DL) + 1.6 (LL) M, 207 kN-m 0.90G,  050(250 000 kN/m")
. )= =i§(1hpm)+nﬁ(znpm) 2= 5900, - 090 (250000 KN/ m?) =0.57x 10° m?
(e = AT = (3 in) (15kiphin) =092 109 m From Appendix Table A-1(b):
=0. ppen: able A-1(b):
_,_95,“?,4 2 v,k o SAERINOR) W 410 x 038: Z,=0724x10° w
20 2 2 From Avmx Table A-1(b): W 360 x 0.44: Z, =0.775x 103 m°
= YaQ (0KpIOL2S i) o ory i M= Wl _ (44lip/ X200y Z, =109x10° m W 300 x 0.44: Z, =706 x 10
I 715 in 3 3410::0.53 %:={.(5x10‘m’ W 410% 038
2AF 2,95 kips =220 kip+ ft = 2640 kip- in. 360 x 0.55: =101 x 10° m? Try the lightest section W 410 x k
P = q) ff(S?Shpfn: Mhp 2640 cip-in Try thelightestsection W 460 0.51: o ooeas
AB = - = =81.5in? section = 0.0063
=675in. 2= G900, = 090 (G6kip/in)) = Lt vy x b B
Use 6 in. pitch for AB part L . i % =000792m V,=060a,A,
promigen xﬁ:ﬂ’"‘z‘ggﬁ -y o i = 0.60(250 000 kN/m?)(0.399 m x 0.00625 m)
0 __L_"“‘“ 3125 _, WI6x50: Z =920ins g OER K Ay p =374 kN
: i = 1.75 kip/in. Wiix®s Zoeriie :%zﬁmowm 0450 mx 0.00792m) |4, =0.90(374 kN) =337 kN > V, =992 kN
Try the lightest section W 18 x 46: The section is satisfactory for Shear.
e 2inla , LD ikt oy Sy .V, = 0.90(534.6 kN) = 481 kN > V, = 105 kN <
Qs 1.75kip/ in. t = 0360 in. Use W410x 038
=338in. The section is satisfactory for Shear. 1530
Use 3 in. pitch for BC part 4|V, =060 0, A, =0.60(36 ksi)(18.06 in. x 0360 in.)
= = = 140.4 kips Use W 460 x 0.51 4|w =12{ L) + 1. 16(
26 pady - ipe) = i =44 ki "=12(1ki )+ 3 kip/ft)
2.083¢ Linje &V, =0.90(140.4 kips) = 126.4 kips > V, = 44 kips i - Wﬂﬂ
sa— 0 . - -
1 Thesecnonlss:lnsf;aoryforShear « - 21’_22((011)_‘}.2(15]‘”@_‘8““ U= 6.0 Kip/se
1 . se W 18 x 46 P, = 1.2(DL) + 1.6 (LL) T I I I T I T 11}
Vau=R= ‘2-(504-0.(3391 16) = 25.7 kips =1.2 (20 kN) + 1.6(40 kN) 20 7 o R
15-28 =88 kN Re=88 N s J.-
e A'—996in2 o= RANG ] 45 Rips 135 Kips
=9, =12(%};;UL§(LL2§(0) ! I_LLI Pty P11 +Hedkips
- . =1.2( m) + 1 I.5m +45 kips
NA— ¥ =592-0787=5.13 in. = \
= 69.8 4N %92 40 v j2.5  |(+309
Q=A ?"=(9.96 in.2)(5.13 in.) P,=12(DL) + 1.6 (LL) = (—464)
=51.1in3 = 12(15kN) + 1.6(30 kN) L
=66 kN ~15 kips
VQ  (25.7kips)(5L1in?) ¢ o v
w S, @RTHRBLLE ) sk,
9= 1250 in” plin v=2l B _@AN/m6m) 66N
1351:N z 2 2
= -72.2
(F.)._-zm__;-z[ﬂ]usmr in.2) R X1 M
. :
=23.6 kips M, = ﬁ;‘-‘- 2;&
X 2 ~300 kip+ft
_ Flyg _ _23.6 kips =D Sin. _ (A KN/mX6m) % (66 kKN)(6 m) M s
q LOSkip/in. 8 4 V, =75 kips o
=207kNem V,=99.2kN M, =300 kip « ft = 3600 kip- in.
Use 20 in. pitch L | Cont’d) M, =1285kN-m (Cont’d)
pi (
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15-30  (Cont) V,=060 A, ; Test Problems for Chapter 15 stresses of Guow = 1600 psi and Tuow =
Zy= 0 ;'; = 09?)6?306?.? 7= 111in? _glﬁo(mWWm O3 mx000cEm The following problems may either be given e
. A' X T, able A-1(a): plin. %-m%;’giilm) 279{"";;- =104kN to students for them to practice their problem
20x62  Z, = l4din? ARy Jor . solving skills or be used as test problems.
WI8x60: Z =123 in? Use W300x 032 4| |The answers are provided on the next page.
WI6x89:  Z=175in e
Try !hﬂ:%“ﬁmw 18 x 60: . ‘ (1) A simply supported girder has a span
A Po1200 - Loy T e twe concentraied 1o of § Kip each ot | (@) An overbanging boam 1s sabjeciad 0 3
V-;fgjﬁ;--“““ ksi)(1824in. x 0415in.) | " = 1.2.(2 kips) + 1.6(8 kips) = 152 kips the third points along the spﬁi, anda| concentrated load shown. The beam is
4V, = 0.90(163.5 kips) = 1472 kips > V, = 75 kips Ramis. zk-p | uniform load of 1 kip/ft which includes made up of four full sized boards, two
The section is satisfactory for shear. 'FT'; the weight of the girder. The girder is 100 mm X 200 mm and two 50 mm X
Use W 18 x 60 < TS YT TR braced laterally throughout its length. 400 mm, nail together to form a box
PR ,‘1* Select the lightest W shape to carry the section as shown. Each nail is capable of
15-31 loads for A36 steel which has allowable resisting 500 N of shear force.
. A AT kips . J stresses of Oyiw = 24 ksi and Tyow = Dr:ten-nine the maximum pitch of the
"= 1.2.(20 kKN/m) + 1.6(0) = 24 kKN/m 105 sy, 14.5 ksi. nails along the beam. 00wt
R, Rt T RS
- - +32.4
ey ﬁrmm Ea.4n :T:Lr u_,,,,;»#nw AL »
e - o R l (2) The overhanging beam is subjected to L—z"' —tz- il
viowi Lo the loads shown. The beam is braced ~ ——
3P M <y 7 laterally throughout its length. Select the
A @41 v s lightest W shape to carry the loads for
' X :\% M', = 146.9 kip~ ft = 1763 kip~ in. A36 steel which has allowable stresses |(5) The beam subjected to the service loads
i po-- M, __17Skipein. .., of Oiow = 165 MPa, Tyow = 100 MPa. shown. The weight of the beam is
£36 Nem i 2= 0.900, 090 (36kip/in’) e 50KN included in the dead load. Assume that
M 5 18 ""/- I the compression flange is fully braces
\ Fomiy 18 ; 3'15;.“’[e ‘z:'l(;)s:  Sin? L 3. ‘l | and that localized buckling will not
V, = 104kN =92 &N-m W 16236 b et occur. Select the hghtesi w shape using
M,=92kN+m W 14 x 36: é:ﬁgﬁs J A36 steel and the LRFD method
" 92 kNem Try the lightest section W 18 x 35 ’-‘" In PO Lo,
L= = T d=17.70in. L = 9 kips
0.90 o, 0.90 (250 000 kN /m") t, =0.300 in. DL=1.0 kKip/p
=0.409 x 10° m? (3) The joist supporting the floor in an ] T
From A 300 x‘(r}..'g.c A-l(b):zl A0 2 104 o V,=0.60 g, A, = 0.60(36 ksi)(17.70 in. x 0300 in.) office .bmldmg have a span of 20 ft and -
W 250 x 032 Z =0.426 x 10° m? =115kips a spacing of 1.5 ft on centers, as shown. ] “J
W 200 x 0.41: Z.=0446x 10°m® | 4,V, =0.90(115 kips) = 103 kips > V, = 33 kips The floor supports a live load of 50 psf 0 — 20 ¢ 0
and a dead load of the floor system of 20
ey WA The section is satisfactory for shear. psf. Select the lightest section of
,'; O.G)Gglm Use W 18 x 35 « southern pine, which has allowable
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Solutions to Test Problems
for Chapter 15 (Cont'd)

Solutions to Test Problems | Ve-=85N_
for Chapter 15 ™M 138 kN-m
u) S G 165000 KN/ SR
allow
. From Appendix Table A-1(b):
v =_‘llriﬂ,:(llnplft)(z‘!fl)4,51‘i =17 kips W 460 x 0.51: § =094 x 10° m?
=T - 2 p =17Hp W 460 x 0.53¢ $=0926x 10° m®
M wl? PL n w4\;)36%30.55. 5=0895x 10° m?
E— — Ty x 0.51:
8 3 d=0.450m
_ (Lkip/ft)(24 ft)* (5 kip}24 ft) ty =0.00762 m
= 3 * §=0944x 10% m’
"ll2hp- = 1344 kip+ in. Checlcéhwsm &5 N
- - 344h2-m. T, = —B& =
S cr.,,, 24 kip/ in. =36 in2 *T dt,  (0.450 m)0.00762 m)
From A ix Table A-1(a): =24.8x 103 kPa = 24.8 MPa < 5y, = 100 MPa
18x35: S=576in2
W16x36: S=56.5in.? The section is satisfactory for shear.
Wl4x43: 8§=627in3
Try W 18x 35: Use W 460 x 0.51 (W 18 x 35) E
d=177in.
t, = 0300 in 3
5$=576in.2
Beldl.md- (20 Ib/At2)(1.5 ft) = 301b/ft
Check th shear stress: ve Load = (50 Ib/ft? =
v Total Design Load w =105 b/t
Ty = o = T =
e (17.7 in.)(0300 in.) v =M. _ (051b/f)Y20ft) = 1050 1b
=3.20 ksi < Ty, = 14.5ksi -2 - 2 -
The section is satisfactory for shear. M _w_L’_ _ (1051b/ft)(20 fr)*
Use W 18 x 35 4™ g “:n 63008011:‘
= Szﬂl - = « 1N
@ PR L The allowable stresses for Southern pine are
S O S O = 1600 s, T =50
bein.
2m m 3im S = —028 =394in2?
.}?.;nw o = Cu  16001b/in. 1
L5V "
(ru) 4 Aoy e * %ﬂﬂ,ﬁv
+ allow .
v =) From Appendix Table A-6(a):
-9
+1B8eN =73kN
6x10
8x 10 19.8
M ﬁ:’gﬁiou!y spaced joists, the aspect ratio of 4 is
—~7 b
—3C4N Use 3 x 12 Southern pine section <

@ 304N

[ +304n

=304V

A, 0./m20,2m

W
% - ‘l“:';'_l-

N..‘n + 02w 0.

G

lozn |

0:.3m

(03 mX0.4m) _(0.2mx02 m)?

o 12

12
=147x10° m*

Q=A"¥ =(0.1 mx 0.2 m)0.15m)
=0.003 m*

q= YQ _ (0 KkN)X0.003 m’)

I L47x10°m*

_ AF)yn _ 20500 kN)
q 6L2kN/m

=61.2 kN/m

=0.0163 m = 163 mm

Use 16 mm pitch

®
= 1.2(DL) = 1.2 (1.0 kip/ft) = 1.2 kip/ft

1.2(DL) + 1.6 (LL)

1.2 (5 kips) + 1.6(9 kips) = 20.4 kips
{Ro=20.4k0s o\, Kib/se

K T Y T Y

Zo #t 1 io#

J o £
29 ks 8 ki
o Gk,_'L 388 kips
’\' -6 kips
@z3¢)
V %'w
+236 kip-f&

=24.8 kips

II N

+:Lr,‘.

M

. =60 Eip-f#
V., =296 kips
M, =236 kip- ft = 2832 kip+ in.
M

o I

_ 2832 kip -in.
2= 0.90 o,

= 090 (36 kip/in})

=87.4in?

From A, ix Table A-1(a):
18x46: Z, =90.7in.?

W16x50: Z =92.0in.?

Wi4x6l: Z =102 in?

Try the lightest section W 18 x 46
d = 18.06 in.
t,=036in.

V.=0.60 o, A, =0.60(36 ksi)(18.06 in. x 036 in.)

=140 kip!
&V, =0.90(140 kips) = 126 kips > V, = 29.6 kips
The section is satisfactory for shear.
Use W 18 x 46

<
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16-11

From Appendix Table A-6(b), for 150 x 360 section,
=469 x 104 m*

16-1 167
From Appendix Table A-1(a), for W 16 x 36:
" (30x10’ksi)(%in. Fpeme ks e A-1(a), for X
Op = — = , =3125ksi
P 5x12in EI = (30 x 10° kip/in.?)(448 in.*)
=134x 107 kip+in.2 =933 x 104 kip- f
16-2 From Table 16-1 case 5
. PL? (12 kipsX30ft)®
From A Table A-7(a), for copper: Bpes = = -
E=120 GPa = 120 x 10° MPa 48E  489.33x 10° kip-ft”)
=0.0723 ft = 0.868 in. L |
- Ec _ (120 x 10° MPa)(0.0015m)
N P - L5m 168
=120 MPa 4 | From the Solution to Prob 16-7,
El =933 x 104 kip-ft2
163 From Table 16-1 case 7
B (30000 ki) in.) b= L _S0.4kip/RX30 )
PR YRR | A PO 384 El  384(9.33 x 10" kip+ft*)
P L5x12in = 0.0452 ft = 0.543 in. <
164 169
P A ix Table A-7(b), for ; F-::;n “:ppmdm Table A-6(b), for 250 x 360 timber
E= 120 GPa = 120 x 10> MPa " 1=811x 104 me o
B a20x10 m‘n)(omlm)_zm B memcndm'l‘ublu\-?(b).forcmformn
i 60 MPa - - E=90GPa
El = (9.0 x 105 KN/m?)(811 x 106 m*) = 7299 kN » m?
165 From Table 16-1 case 7
1.
B _Gom ka)(;z- in. o= L _ SN/ mYSm)!
7T 384El 3847299 kN-m’)
=0.00446 m = 4.46 mm <4
=39.1in. =326t 2 ] e
166 From the solution to Prob. 16-9, El= 7299 kN« m?
4
= (210xla'me’)[ﬂ‘-2—:’#"—’-l From Table 16-1 case 5
p=—= PL? (20 kKNX5 m)®
M 20N-m = =
Ty 48(7299 kN+m’)
=5.15m <4 =0.00714 m = 7.14 mm «

EI = (30 x 10° kip/in.2)(984 in.*)

Muow =S50 = (108 in3)15 kip/in.2)
= 1620 kip+ in. = 135 kip- ft

=2.95x 107 kip~ in.? =2.05 x 10° kip» ft?

From Appendix Table A-7(b), for Southern Pine, 2
=12GPa M= _
e g
El = (12 x 105 KN/m2)(469 x 10 m¥) = . s
(12x 'm2)(469 x ) = 5628 kN~ m# w=ﬂ!n=8(135hgzﬁ)=l.73ﬁpm
From Table 16-1 case 3 L (258)
o_ WL‘ (lS kN/ III)(3 m)“ = L= -2-5—-@- =0.0694 ft
8El  8(5628 kNem’) 35:(:_. 0
=0.0270 m = 27.0 mm € B = 3 =
: 384 8, _El
wL» (15 kN/ m)(3 m)’ = r;
O = — 5L
6E asezam-m’) 384(00694&)(105:10‘ kip *ft*)
=0.0120 rad = 0.688" - 525 1)°
= 2.80 kip/ft
1612
From Appendix Table A-6(a), for 4 x 10 section, S
a), ford x i
1=231in4 v_:%: L i ;ﬂ) B 2uskip
From Appendix Table A-7(a), for Southern Pine,  |¢ Vou 21.6ki
=18x 10° ksi dt, (18.24in.X0.415in.)
Bl = (181 10 kX231 in) = 416 x 10° kip+ . i
= 2890 kip- ft? Waow = 1.73 kip/ft 4
From Table 16-1 case 3 1614
T8H  828%0kip-ft’) [=315x106m* S=151x10°m®
=0.1298 ft = 1.56 in. - d=talim -
El = (210 x 105 kN/m?)(315 x 10 m*)
Wl _ (0.3kip/R)(10fy =662x 104kN - m¥
O = SH = 6290 Kip-17) Mo = S0 = (1.51 x 109 m?)(165 000 kN/m?)
=249kN+ m
=0.0173 rad = 0.991° B .
L
= "M
16-13
_hg!h_ 8 (249 kN+m)
From Appendix Table A-1(a), for W 18 x 60 W= ~@omy
section,
1=984 in+ $=108in.
d=1824in. t,=0415in. =19.92 kN/m

(Cont'd)
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16-14 (Cont) 16-16 W= }Pzzo N
44 ] &
_L _1om_ l, az2m |0 b=im
Bam = 360 = 360 - 0BT L=3m
From Appendix Table A-1(a), for W410 x 1.30
Swlt section,
=3eH - [=541x105m*
A El = (210 x 10° kN/m2)(541 x 104 m*)
_Tm. —1 14x 105kN « m?
' foy wP o w ow
] + |8 + b6
384{662x10‘kN°m’)(002‘78m) = [bm E“ i t O
5(10 m)* = + b—
=14.13 kN/m 3 " EE  eH .
_ (20)37 (8)4)* ) (8)(2)
Check Shear: 114x10%) §(1.14x10°) = 6(114x10°)
v_=%aw~mﬁm = +0.00181 m = 1.81 mm <
e Yo TOGSKN 1617 ar= 300,
dt, (0.417 m)X0.0109 m) , 141
= 15 540 kPa = 15.5 MPa < Ty, = 100 MPa B | 1d
=14.13 kN/m -5 3~ | Sl
16-15 LouP=l00 8 4 'a 300t
A= 2.0 Syp, L= dm R
AEREERENE/ % l:ﬁmﬂ (&L
budje | a= ¢4 BY L—aa-z A - i@l
Lagf
meAppendu Table A-6(a), for 3 x 6 section, w300 &].r- (%l
1=347in*
From Appendix Table A-7(a), for Southern Pine 9 =687 ;l' fgi°£4'6(b)' Pt B 20 dectho,
=18x10° ksi From A 'G';am A-7(b), for White Oak,
=12
El = (1.8 x 10° kip/in.2)(34.7 in.%) Al = 2 -
2625 % 104 p- in & 434 105 1b 5 g i el
ow' ow"
2 o o & =[]0 - [, [0
d, [ + |0 o
wL* p, - &[x’ .
o + & (3L -a) 24E1

(201b / ft)(8 ft)*

~ %434x10 beft’)

(100 1b)(4 ft)*

R I B o 4R

=0.0359 ft = 0.431 in. }

__Go0X2P ..
-m@) 44)2) +6(4) ]
_ _(Boox2y*

8824 x 10°)

«| =+000340m=340mm | <
(Cont’d)

16-17 (Cont) From Appendix Table A-6(b), for 100 x 360 section,
=282 105 m*
8 = [8c 2" [“sl: - o, [ From Appeadix Tabie A-7(b), for Douglas Fir,
_ whk w"a* w"a’ E=13GPa
T 8E 8"  6H _
_ (300 N/m)4m) (300 N/m)2m)* B O AN s 107 mY
T 8824 x10° Nem?’) 8824 x10° Nom’)
@) (300 N/m)2 m)’ 6..=1[6m],. (6]
.
6824 x 10° N-m?) Pb x P SwL*
~2{ (L - x -b]}+
=0.00995 m = 9.95 mm |} E 6EIL 384H
(5X2X3) 2 2 2
1618 oSk =2{ 6 -3 - ]}
gias B 63670X6)
, H0.188x6)*
384(3670)
nfraiosi | i =+00113m=113mm } E
78 L 74t 78
T : 16-20
L=214# 4T~ p=400N
meAppmdu TabIeA 1(a), for W 16 x 36, A e ’;,”B
1=448 Ip):'I_ | m Jfln Im
a=3 hslz
EI = (30 x 10° kip/in.?)(448 in.*) T
=1.344x 107P£p-'m= =933 x 104 kip+ fi2 i
w =36 ib/ft = 0,036 kip/ft Ll
El=21x10*N. m?
=z[ou,], + [0, 5. = {8 05"
- SwL* Pbx 2 2
_z{ 'b]}+38451 =2[——{6mL-x-b)]
(400)1X2) .2 .2 2
R _(4? - 2 . |
-2 (15)(7X(10.5) @ _(105):_(7):]} &Z1x 10‘)(4)( )I
6933 x 10°(21) »
. 50.036)(21)* =0.0349m =349 mm |}
9.33 x 10*
SR 16-21
=+0.0538 ft = 0.646 in. } < P= 10 kifs
W= 2 Kips/ )
1619 Pasil  Pasl RS VLT T
¥ i o T a7
A O O .
o e |
}H&— 2m
& xz:..a-—-L/ El=26x 104 kip- ft?
& (Cont’d)
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1621 (Cont) 8e=[8.], +[ua ) 16-26 (Cont) M=«;~‘ P=2000
” . Pb Swit
bc = [G-Es' + [G_E: = -G—ﬁi_x-(l} - Xz - bz) + A — \ &)M iadazﬂ’lp Q)P
3 4 3BIE
Ay OXNHE) o 2 o L SDID) T L i il _ P’ (20002 _
48F] 384FI = —— (12" - 6" - 37) + ——— r T Bp)p = =— = vy =0.00712 ft
(10)(10y° 52)10)* 62.7x10°X12) 384(2.7x10%) ML L 3E T X76x100)
T @26x10) 38426 x 100 =00155ft =0.186 in. | 4] |G =0, =azm = | Bp = (Bph HBp)p = 0.0281 ft = 0337 in. | 4
=0.01803 ft = 0216 in. } PP ; 3]:@ 1628 w= soo Nk
=100 = go s, B s (. A
16-22 E=2008 B =400 s i - I'v—a—r' &)‘E 2m 2m 2m | P
. e 4 Wil ialC 2n T By = — | 2 | M=googm
A5 8 - 8El |
asgost| 2o | 20 boin] a=ga A )
a=G& | p=2p Y VO e = (B, + (Bl + Bc)y o, f] Iyt 1S3
. EI=34x10N-me w? wiL  wat El=22x10°N. m?
El=19x 10°Ib- fi2 wP 1 gl I e— . e— . — mz)
. ® d.=|b 3 e 24H 8EI - l'i—"ﬁ-a}- ) = 4* -2*
o = [o. Lot + [oc 5" ¢ [;’E" * 3l "'"]:"l _— . ’ ﬂ: : &= st ) = gazmionm® "2
3 2 e =
LBy | - e don (S -5E-5-9 R )
=008 (400X2X4) B L. T I 00 (P O P |Gow=os =a"L=2-F%D) _000070m
= 2819105 sLomion® C ¢ D) 63.4x 10° ):;,) ) = z(zsoxw‘)(ﬁ T T) M Tan0) .
4 1 4
=0.0267 t=03201n. | < . (__%) = +0.006 m = 3.6 mm 1 < ? -
16-23 x - - 4| |1627 P= 2002 Atie
= 50 <N, 0.00662 m = 6.62 mm | y o, - ‘_"ﬁ (4002 , ol
A c 8 - =G0 i/ AT ﬁﬁ- by o = BE T m22x100) 00
mml_;ﬁ_,z | £ a2 I iA Pt} ’;'B ! !C “ | t=gooss-s B = (B + (Bp). = 0.00970 + 0.00364
s .[ o s AJE%%%% =0.0133m=133 mm | <4
6‘: - 5[6_E7 L- Im a=jm. L=gGft I —
a= .
1(5wit\ _  S(50)(4)° From Appendix Table A-1(b), for W 300 x 0.51 El=76x 10Ib- fi2 g . 5“”?
-3 (B - s | 0T,
1=119x 104 m* _ 1 a3y 400(3) 3 a2 c
ommcnessmm i d|mz g s e o e TS Y
o s 5 =00118ft = 0.142 in. } “« | e sty b
e S L | a—-l ke = 8% = by X=52C
b amgpfpdy ' oif  wall _ (2)400X6) L=10 a=af
“‘"""‘“T’l By, =28y =a—— = — T X7.6x10% .
=2 24El 24E =0.0211 ft El=23x lo‘hp' ftz

El = 2.7 x 10* kip- ft2

(Cont'd)

(Cont’d)
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1634 16-36 16-37 (Cont) 1
rzli..'p tac = Ehncin
' From Appendix Table A-6(b), for 250 x 360 timber B =t = a5 1
Af 5% C 15 Pt B ucllon.l i i 'cl El] BC %8 = —-—slm [(lx—40)(05)] =-0.00392 m
G 4ips 90 Kip- 6 kips RF::: :oipmdix Table A-7(b), for California = ﬁ[( E) (2.5)(25)](1.667) B = Ityd = 0.00392 m =3.92 mm 1 |
M L TTTI"mJB E=90GPa =0.00714 m = 7.14 mm - 3o = kocl - kud
=iaft El = (9.0 x 10° kN/m?)(811 x 104 m*) 16-38
=7299kN+ m? 400N anil =0.0144 - 0.0039
5 B R S PR } 5 =0.0105m =10.5mm } -
- A B im im |C im I Im
g reference "l\lﬂ’ﬂd“ ] 2.5 m 9 2.5m 4&4!\‘ 4400 N+m +40pu-m 400N . :
: 10k | 10N | L= 2 diple ¥
From Appendix Table A-1(a), for W 16 x 36, 12).5 kNews | s |
F2 448 in. A d i A ~ 7
El = (30 x 10° kip/in.2)}(448 in.*) M ﬁ[m LSm L=
=134x 107 kip+ in.? =933 x 104 kip - f©2 A q q A |
1 z;:%(ﬂ-ﬂ' =|.563m T M TTT 1
Boa =ty = EA'C Xy 4 max e T
S (lxgoxls)(]o) A . B - frrias fonget Lot = Loxi09 =100 kip- 1
933 x10° |\2 ] A\I&:——w_dﬁc e = e = FhucTs O
=0.0723 ft = 0.868 in. -  © reference fangent 1 1 16-41 r= 20 AN/m P goxN
=ty = —A, K = (l+4001.5+—l+4000.67] ?“r‘rrrﬂ—ﬁ i
16-35 0.4 kip/pt e g il || o n 5 ¢
30 4 16-39 40 4ol L=bm
G Kips G hips =0.00446 m = 4.46 mm <
44Lkip-# 1637 28 kN & im im im im p M I ' I
A 1 8 L w N P
M - B / la Pb=
- = % M Pb=(402)
A Ii’g"ﬂ‘)""’?‘* o 22 2.2 ‘ ~ I =-80kN+ m
'—-1‘5"—-—- g l 5w
4 g e '
-S\q_“ zfn A c B & & It
( 2 reference 4!-:,«0* --i{z.sn 1667 m . v
From the solution to Prob. 16-34, - .
El =933 x 10° kip - ft? El.-SIO(I)kN m?
BI-:tsc:‘;—Auczu A T B toe = E'Acnxo
1 1 2
e 2 c Teferance tangent = -—--{(1)(-40)(L5) + =()(~0) = ]
9.33x10* [(3)“5)(45)](9'375) From the solution to Prob. 16-36, i . (3)
=0.0452 ft = 0.543 in. < el S (Cont'd) =-00144m atoditn
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601

20 &N

16-43

i B

16-49

N e
i o) =755 |2
P,

Iﬂh‘f-h
& —riference fangeht

El =9.2 x 10* kip - ft2 ¢

1 -
tep = "E"I"A.\cxc

1 n
= o [5(10)(-100)}7.5 +2)

=-0.0688 ft = -0.826 in.

16-51 4 e

Zm B" am c

T E- uo'?
+600 N-m ﬁ}wrr—l——i’

M. AW‘B ._ﬁc-
M'rl
s N'm L——-‘-({-n):-il!-—-

4
.
(<2
El=16x 10°N+. m?
1
tea = EAM:iC

1
9.61!0’

[icz}(amxl.s+z)+-;-(4u—ma]

Bpax = Itcal =0.826in. | < 00N s -8 mn
B = Ity | =8.54 mm |
16-56
4 M= 8 KN PTzom 16-52
4
164 100 8h /é4 2‘4 2m I_a im
I, l
ieeCase [Fage 4 |
2004 | | 2002 M |
L ] 2m
[ +6p0 th-gr =60 hN-m |
(.* M'r...[. T |.5m im
.4 ce et
6-45 \ '.t“
1 El=12x 10°kN+m? =
El=27x10%1b.f2 x "
20 2/ ty = -!-A h | - A V=
}54111&[[18 A = gp am Ra tu—ﬁmic g b
4 : .l.g(m)[?- g] -1-4 (4 2 4 1 1 : _E[E(
_m 3¢ 378] +Z(H(-400) 44 3% ] =m[~2—(3)(-&)x2)+ ;(2)(—]6)([.5-!—1)] -,
= -0.0577ft = -0.692 in. =-00172m=-172 mm
O = Itypl =0.6921in. | Bpe =ty | = 17.2 mm |} ‘
217 218




011

91 sdey)

16-52 (Cont)

1
tac: EA'C X,

1]

= BEE

3

1 -
tye = EASC Xp

1 1
o [5(2)(4»80)@33) + 5{1)(-20)(1.75)]
+0.010m = +10.0 mm

n

i Opex = tpe = 10,0 mm |} <
I(L [ wL) 3 ] Swl?
+ = =)-=|(cL)]| = -= 1688
2(2) 8 (8 ) 384El B=200m P, =400tk
5WL
o0 = It,c I = 3845 ) < A r
16-53 2 ki, 9508
| RN | )
A e R
15 Kips +75 55)s ‘*;ﬂ
M -8
2% 5 #)35H|

A@%E’M

E:Mllo‘ﬁp'ﬁ’

tyge = EAni.

TlW [%( 5(+75)(3.33)

+ 5oX-25%375)
= +0.01803ft = +0.

Bpux = tye = 0.216 in.

216 in.
.

El=19x 10°Ib« ft?

toa = ElAu b
75219 (3¢ 1600(3) + 364X-800(3)
ymcnofd)

]

B

A
\‘-ﬁw

R |
=0.0758 1t
8 1
or tea = EAM: X
e 1 n 4
T 19x10° [?(4X+m)(3)]
8
Hokoml 00112t

8. = %tu “te, = %(0-0758) - 0.0112

=+0.0267 ft =0320in. } <4

16-56 El =27 x 10 kip~ ft?
50 kN/m (
m—f—' 1
B bga = _Auil
AT < =
r 2m 2am 5N _{12)(90)(__ L (IZX-‘Q)(E)
. - +100 kN-m 27x 10‘ 2
M -MEB
p 5 1 3
’ ’ I—-roo KkNm + 5(3X-18)(§)]
(8 =0.:14‘7th
q‘ lea = EAM: —xc
EI =8900 kN » m? Fangent P T 4+ Leas &
1 ' = 27x10° [2(6)(“45)(3) +316X 18)(4) ]
taa = —A“I.
=0.008 ft
= o3 100(3) + 3@(-100(2 ]
o = %ln “tey = S(0.0470) - 0.008
=0.0262 m 2
_ 11 2 =4+0.0155 ft = +0.186 in. } -
o= AR = g [7X(3)] e -
= 004N -
=0.00375m arm 80 kN
A B
1 1 im im 2m
Oc = "tu - !CA = —(0.(&62) - 0.00375 g’]l,;m 1 5N
: 2 h ‘m—l+mm‘
=0.00935m =935 +
16-57 1": P-c“;-m : M »
w=] &iplpe [ M .
RN i ﬂi_ ) ""T"_'qm 200 kN-m
A Ic B —igo AN m
it [Case ] 3a ] |
E‘.-.su,, ml.si..;u A T
Ho kip 9t
o | gt e
—
Mo P =t JiL“ EI=34x 10N~ m?
g =72 Kipft _ 1
M toa = EA.\. X
4 T e 4 3
. | ——1 — [—(4X+4m)( * (3}(-300)(
tﬂ + 5(2)(-160)(2 ]
reference fangont =0.0213m

(Cont'd)
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Test Problems for Chapter 16

The following problems may either be given
to students for them to practice their problem
solving skills or be used as test problems.
The answers are provided on the next page.

(1) The 10-ft span cantilever beam of 3 x 10
southern pine section is subjected to the
loads shown. Compute the deflections at
the free-end C by using the deflection
formulas. The modulus of elasticity of
southern pine is E = 1800 ksi.

169 o

Il— 2 # —LBM—IQ

i

(3) Rework Prob. (1) by using the moment-
area method.

Solutions to Test Problems
for Chapter 16

(2) The overhanging beam of W410 x 1.30
section is subjected to the loads shown.
Compute the deflection at the free-end C
by using the deflection formulas. The
modulus of elasticity of steel is E =210

GPa.
&0 AN/m oM
i 3 TI1 3 i FES
b m — o gn

(4) Rework Prob. (2) by using the moment-
area me!

()]

From Appendix Table A-6(a), for 3 x 10 section,
1=165in4

EI = (1800 kip/in.2)(165 in.*) = 2.97 x 10° kip« in.?
=2.06x 10¢ Ib- ft2

| a=iz ft

™~ T 1

(Bc)w = (B)t B(By)= % + b‘%

(30 Ib/ ft)(12 ft)’

_ (301b/ f)a2 fr)*

+(4 ft)

T 8(2.06x10°1b- ft%) 6(2.06x10° Ib - ft*)

=0.0545 ft
Due to the concentrated load:
P=lcoth

@),

L= 164 J&

gA
o
_PU (160 Ib)16 ft)
T3E  3(2.06x10°Ibs ft?)
Total deflection:
dc= (Bc)y+ (Be)p = 0.0545 ft + 0.1060 fit
=0.1605ft=193in.

(Bo)p =0.1060 ft

2
From Appendix Table A-1(b), for W 540 x 1.30
section,

[=541 x 104 m*

El = (210 x 10° kN/m?)(540 x 104 m)
=114x 10*kN . m?

W= GO AN/m C
(¢ be
I-——l =% »——-l-—zah—¢|

. wl?
@), =a (8,), = a“fﬁ

P (60 kN / m)8m)’
T 24(114 % 10° kN-m®)

Due to the couple moment M at B:

=0.0449m ¢

M= Pa=i20kN.m

b}
A o
(&)—“h%
I L= gm— a=4

ML
Bl =a(8y)y =az

. (120 kN-m)8 m)

=(4 B 18 x10° BN =00112m }
Due to P on overhang:
P=3oni
B
&
i

P’ (0KkNY4m)
@k = 3H =314 10° Nomh) 000%™}

Total Deflection:
b= (Be)y + @y + (Bc)p

=0.0449 - 0.0112 - 0.0056 = 0.028]1 m
=28.1 mm |} <
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Solutions to Test Problems
for Chapter 16 (Cont’d)

3
| ar= 300/ P=l6ou
R

A 8 -

12 ¢ 4 4t

NN

1c$ B e

IT]
4 =)

El=206x 10¢1b - fi2
1
o=ty = EAlln_':xc

g [-( 16)(~ ?560)(-—:]6

= 2.06x10°
+;(12X-2160)(zx12+ 4)]

=0.1606 ft = 1.93 in.

4

@ Awr=36 h.r/.. P= 304N
T I T T iT11
A 3 " B' 4m 0
Ra=2254N k=285 AN
+2280 kN
MfJ 2 N s o
i le
~920 kN*m [ =
A . ]
B [
El=1.14x 105kN » m?
tpa = ElAu’-‘:l
14:1 [ (a)(m)(— =
+ (8)(-120)(4) +5(8X-240)(-§~ )
+ %(8)(-1920)(% X 8)]
= 0.0786 m
tea = "'-]"Amxc
1.14116’[ { )(zzso)( "8+4)
+ —(IZX—SGO)(— x12

+ ;(8[-]920)(% x 8+4)]
= 0.146 m

Be= tey - %au = 0.146m - -:-(a.o'rssm)

=0.0281 m =281 mm «

17-1

Bu(+ )= By, - (Bs)e

5 ips 51:;,,
Propped 4 | A <
ot [ iﬂzr “aar
Beam 3t 3Rt | 3 4 - 3:‘: { X =2227133) - 2
| R=5%kis 75 kips 1
= — [2667R, - 56] =0
Carlever: l 1 Laol H ’
Beam 4A B} Ry =21kN ¢ <
Q= F\. 12 AN
a =G4t F.BD, (M‘ ‘
L=44t J A 2Zm fB im ©
Ke 21 kN
Sa(+ 1) = (l:.[):z. - (%)p. - Bg)e, EM “M,+212)- 12(3) =0
=38 7%'(31' ) ‘ﬁ'm‘ “2) M,=6kN-m O -
RO 5GP Lo _5<6)= . I M, =Re @-6- 12(1)=0
= 1351 ol (3x9-3) o (3x9-6) By =91 | &
= — [243 R, - 180-630] =0
g% ‘l&'l-l-630 SF, =9+21-12=0 (Check)
= ———— =338k -«
Ry 240 ps t 3
Ma sT-,- Skips d 7 _'_iLN[E_; Iim
FBD. L ilever A% =8
. IA J L B Bm A 2m - L,..J
35 3¢ 34 4 gi.,—s-ta p=isal
Ra e T 28k QCantilaver 2
I M, =M, +33809)-53) - X6) =0 Beam  ZA amzmaw [B |C §=0
M, = 14.63 kip - ft{) = } Le=aw
T M, =R, (9) + 1463 + 56) + 53) = 0 B+ = B, - By). - B
R,=6.63 kip t « :Eﬁ_—“;-&:—(3[_,-x)
38 8H 6H
ok R @ AN
Y F, =663+338-5-5=0 (Checks) 3H =6 o
1(8
= —[=R, - 16 - 70) =0
17-2 12,0 (3R’ )
,fm 3, Ry =3225kN t «
BQ“" 4A 2Zm ,TBLH M.
-t 1 8 KN/m ;s*-m
= ¥ 1 1
CA.oklaur-;L |P=ni ( R
Beam A, omon g =|C &=° Ry e
. bxin (Cont’d)
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17-3  (Cont) 17-5 p 17-6 2l 177 1.6 kipfee
Poped 4 | Prosped % " N
=M.« . - \ , _F : o
M, =M, - (8x2)(1)-(15)3) +(32.25)2)=0 Conblowr T3 L C L #B o e TR Cantlons A 4% B2m
M, =35kN.-m 3 « Basm i Beam P= 260t - T
= 2160 5
M, =-R,(2)-3.5+(8x2)1)-(15)1) = 0 Cantilever 2 =
2 s (2) +(Bx2)(1)- (15)(1) %Mﬂfw"‘gﬁT % 8 &zo CMWO—"’ A E Beam a A= x=dit [“hm2s c&-o
Ra=-1.25kN } o £ am a:.& % l Beam Lsmc a=dn FE } L=&#
czheeh B+ 1) = Byle, - By), d=o M B+ = By)y, - @),
F, =-125-8(2)+3225-15= 0 (Checks) L\’ ' R wx? L
_R,C "3) [31, (L)] Ba+1)= 8,), - @, 3\ aE- * -
= ol £ R, (4 4
= 3 2 BE PG, =Bl GO 4, (67 -a6 )
poped LT 22[51 I RGO iever o = La1mRr,-15n=0
Canblever Jr———t= =3 H| 3 4 3H b = ‘ &
Beam —ibfe = left | Rl:EP? “ =i[72R.—806401=0 R.=6-m|ﬂpslf‘ Kip/R
4 w= oo .E H Fe.D, ”!( .,
Canklever =1L ic B §e=o . M'(. R,=11201b ¢ < ¢
Beam 1 q..-:mﬁ-_!_ b=ig bt 8. I',q_ T T B8 : 2604 Ry 48 ‘..':Z_:’
L=326 Fs R, 1 nj D 4 )Ma SE =R, + 680 - L6(6) = 0
8+ D= By)e, - @c). - bEC), TF, =R,-P+ 2P=0 % Ko E RNy .
RL  wa' v’ i 16 11208 3 M, = M, + (680)4) - (L6x6)3) = 0
38 8  eH Ry= =Pt 4| | TM, = -M, - (1206) + (2160)4) = 0 M, = 160 kip~ft ) <
R,(32  (800)16)* (800)(16) s M. =+1920 b ft OO < I 6 Kip/#
= - = - (16) =M, - | . 2= +19201b+ft e
13E' 6El M, =M, 3P(U2)+16P(L) ' SF, =R, + 1120 - 2160 = 0 Loadg diag. "CA .
= E(Iomn. -6.55x10° -874x10°) =0 M= l_ﬁ.p[_() : -« Ry =+10401b } < z.l'-J—L-I-—H "r”""
Ry =14001b ¢ 4 i’ | +2,30 kips +3. 20kis
o L 1 21604
800 £b, LonJ-v; Jp.’, ( £ n ' L sudia )lm»t A
Fan = B =P 0 "3 dag. T i . Db\ zas#
R 165 [T tea fz2al aa | “ TS [\ (408)
) N 140026 ﬁL ‘ 1208 .l 1040 % '
i H
M, = M, -(800xI6X8) +(1400(32) = 0 Shourdng, LOEM | tren Lo a0k
M, =576001b.ft O < 5 Shear diag. i Bk
T M, =-R.(32) + 57 600 + (800 x 16X8 + 16) =0 ‘J”_ l Www=2 Moment diny- l/
R, =114001b - /\
! Momerd diag. l//\ Memnu.‘ng. =] . Gonp- bt
Y F, =11400-800 x 16 + 1400 =0 (Checks) P —~1420 th- —3.20kph
228

227
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17-8 1o KN/ 204N 17-9 17-10 (Cont) 17-12 4 P|=l G kips Fﬁ- Ghips
¢ 4 :
P"’f‘!’_J S T T T - From Example 17-1, From Appendix Table A-1(b): MA(; = =% M
Cartilever 37 3m B im C 5 5 ) W 410 x 0.53 (S =0.742 x 10° m*) - o _|‘z
Beam Pazon| Vam = gWL= (2.5 kip/ft)(20 ft) = 31.25 kips W 360 x 0.50 (S = 0.797 x 10° mP) : =
e =0 i L  (2.5kip/ £ty W 300 x 0.51 (S = 0.747 x 10° m®) a=3# | by=4n
Canilerer 2 A I , R 2 RSP TREIO B, Try W 360 x 0.50 (d =0355m, t,=0.00724 m) Lw=i2pt
Beam 7 A=x=2, |Ob=im 8 | P B Voo 113.7 kN
i B =Mlz-'5 kip- ?s-a)l?hp' in. Ty = —ld! = (0,355 m)0.00724 m) From Example 17-5, the end moments are
=4m 8 — = pein. " . w " . P bz P 2 4 2 4
= o 2400 kp/in? - oom = 44200 kPa = 44.2 MPa < Tum = 100MPa |Ma= —- + J%’Eqﬁ(l;m = 6(?( -
B+ = (5;):. - (?.). - (8p)p - vF;omsAppensdix%t-gleA-l(a): The section is satisfactory for shear. 631~ i
R.a® wx 18 x 46 (S = 8.8 in.%) Use W 360% 0.50 <« - :
= b 2 Iy = i
=<5 _(MEI x -4lx +6L )-GEIBL—x] wiﬁ:ggfgg::;% X From symmetry, M, =M, =16 kip- ft #
Re@P AOBY 52 4iva)eyay |TY W 14343 (d=13.66in., t,=0305in) R, =R, =P=6kips <
3EI 24FE1 i v 31.25 kips From Example 17-5, the end moments are " GRips Gk
2 = A T R AmE G 2 kip* ‘oo
- %[3(4) - 3] dt (13.66 in. X(0.305in.) M, = P:_l: - 9(23)51)2 =2kip-ft ‘ 16( _{ ! “k‘)r #
=730 ksi < Tuow = 14.5ksi G| et it
=l(9R9-214-270)=0 The section is satisfactory for shear. M, = P';’b = mmtu oft g 6K "
= 8= 7 3 P P* 16 kips G Kips
Use W 14x 43 « : IS grpent I'—L‘
Ry SBI 2cm‘ 17-10 35 AN/ (“ it 4 v o
10 _kN/m 5 oL B . I ! —24)
N M'.( T T T 11 71 A{ IR 19'?, il e a'yz, =Gkt
FB' ( A‘A 3m TB c ‘b:lnfﬂ a=i=Gm cy EMB='RA(3)+2‘4+(9)(1)=0 +3 kip§t
A 55 84l e - R, =2.33 kips -« M : -
F, =R, - (10)4) - 8 = B+ = By, - By). As pe
2F - Aat Xr) oemeay D=0, - @) S M, R +2-4- XD =0
A=62kN ==E— . —(x* - 4Lx + 61)) _ . . .
T M, = M, - (10x4)2) - 20(4) + 3.83) = 0 38 26H C,mhk‘ “ESTNm 1 - 16 kip:¢ ~iskpl
_Ry(6) 356 3
M,=-14%N.m O - T YT [6" -4(8)X6)-(6)8)’] EF,=233+6.6T-9=0 qips (Checks) |17-13
204N 2 kip-ft o
P — Tml“/in — = .é.mp.,-um):u 3 From Examples 17-3 and 17-5:
LMJ". 2 # ip
d.‘;;? 3m = Ry = 1663 kN < 2334 G.Lz-}s R
GLiW 53,84N +96.3 kN +132.4) | +2.33 ki 2 2
i 430 kN L - V Zm . 3.25m V Iﬁ-";._ﬂfL l _ (2 kN / m}6 m) & 10 kN
2.75m =
+"-D‘Z- sl (+25) sl S E =137 k¢ 6-671) | 2 ¢
Shear dig. % o |~z TR 1N "
: M 12,67 kip-fr 5
‘H[‘:-'! - —23.94N i\_\-‘m/,u.., \] l M=M= % + %
j : IV | = 113.7KN —122.4xHem
Momert di. = ] Mo | = 122.4kN +m e m [/ _@kN/mX6m)’  (10kNX6m)
S =M = M:.‘n——o74legams 12 8
= Gun 165000 kKN/m’ ~Zkip-ft =135kN-m <
=25 KN-m (Cont’d) Kip-#¢ (Cont’d)
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LT 3adey)

1713 (Cont) —_— 16 R-l :?:It f:g-| IShips 17-17 arr.
Zri/m | ; 4 Condinasus 5
i Sk A B M E )My - e ————l
B.suh( = L :" ! :.1 = )ﬂ o e A( Raméo] p=lim B') Beam seBra | i0s
N A= 2 h=g# | Gk
o S B T
! _ Pab?  Pab’ T - T
. r\r;w v My 1=1My 1= = & YT Bﬁ&:o uxxcnzs. IJ-;S&
o _ (a8 | 156)12)° | 15012)6) & | ine
—11kN 12 18* L=20#
~22. bl =87 kip- ft C e o
+18.5 kN+m :lI-'r/Ml / “1‘1 : 1 "I e Bp(+1) = (B5)g, - (By)e
g7 : _Rgbx Px (312
M // M '(“‘ eft | ER T G B) 'em,(""‘z"”"nza[T"z)
e 24 hips Ry(15K5) 6(5) (3x20°
= et (202. 5% . AN [ IKET o
—I3, 5 kNm —]3.5kN-m \ a4k Hil’.v" ﬁ(ZO)( 5: 152) le( 4 s)
17-14 ~26.9 kN-m - v | 3kp = -é-‘(gsgsg,-m,g):o
From Examples 17-3 and 17-5, the fixed end i ' i
moments are | Viead= 24 £ E 4t Rs =733 kips ¢ L |
wL?  Pab? GX7P  (20)(4)3) 17-15 [ :]. —24Kp G ips
OB | b A
12 L +3qkip 3 ¥ ot
265N 3 T o From Bxampe 17-5 /"\*”‘*”' Lg,.'ra s 107t I
_ P _ 45KN _ M N
. _wl R O QOX4YO) Vou = e e 2.5kN Emcz-k,(zo)-vsauspaw):o
T2 T T T2 - Ml 87 k-2t R, =-2.50 kips | <
=318kN.m M= T = = 45kN-m T M, =Rc(20) + 733(5) - 6(10) = 0
T e s sioey . a5 N —Q7 ki " —87kip-f Rc =+1.17 kips <
2.9 T L e *m =0
a Lt | = B) ™ e TS0 NI O X100 W [Check: :
T m EL =y = g S F,=-250+733+117-6=0 (Checks)
From Appendix Table A-1(b):
Ra Re WZﬂ)ngZ(g:oS&Jxl(Pm’) slmmGApsge&dix;rsgleA-ua): 17-18 - z?m
M,=R 269-318 =0| W 200 x 031 (S =0.298 x 10° m*) 16 X 36 (S = 56.5 in.?)
IM, =R+ +(3x7)3.5) +203) W 14 x 34 (S = 48.6in.) Contimous oL T T 1 T ¥ T
R, = 184kN | Try W 200 x 0.31 (d =0.210 m, t, = 0.00635 m) W 12 x 35 (S =45.6 in.?) B A"C 7. B | .. C
EM“z-R.(‘I)-t-ES-Sl.S-(3x7)(3.5)-20(4)=0 t“=!_ _ 22.5kN TryW14x34(d=13.g:ik:;.. t,=0.285in.) I =10 kN Em20M
dt,  (0.210 mX0.00635m) S A —r P Simple Beam 4
Ry =226 kN e = . - 4 e
" = 16 900 kPa = 16.9 MPa < T, = 100 MPa d,  (13.98in.)0.285in.) i t=2m  [Pin | g
Check: = 6.02 ksi < Ty = 14.5ksi 8=0 a=3m Ry [baim
The section is satisfactory for shear. The section is satisfactory for shear. I
S F=184+226-3x7-20=0 (Checks) Use W 200x 031 < Use W 14x34 < (Cont’d)
31 32
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17-18 (Cont)
o (+1) = (bn)n. - (By), - By)y

= R'L3 ) SwL*

2 2 2
48E1  384El X
- Ry@P S500XH° 20XD2) 42 52 3
48El  384El  6HI(H)
Ell—(l.333k, 51.67)=0
Ry =388kN t "
10 KN/ il
|20 I I
FED. A
1n Pia] e |
R, 388 N Re
T Mc =R, (4) + (10x4X2) - BR8)(D) +(20(1) = 0
RA=+5-6kNT ‘

T M, =R(4)-(10x4)2) + (38.8)(2)- (20)(3)= 0
Rc=+I56kN 1 <

Check:
EFY=5.6+38.8+15.6-1(X4)»20=0 (Checks)
17-19
S kN/m
Contimans [T T T T T 1,
Beam B
4m 4m 4 m
w= 5 AN/
Simple - - 3
&L Ak t a»:DJ;,o
Q= iz fm | b=gm J:::o
a=8m J_b'=4ll
Lar;.[n

8y (+1) = Bplg, + Bylg, - By,

=%ﬁﬂ;—x(ﬁ—x’-b’)— GE?:

. %—’-(13 +x° - 2LxY)
- 02" - (4

—6;%)%)- [(12)* - (4

- D12y + a4y

I

-XI _bﬁ)

- (8]

- (@]

- 212)4@)*]

= E(ZSMR, +2489R.-1173)=0

Due to Symmetry, Ry=Rc¢
Rg=R.=220kN
5 ki/m

! S T T

1

F.BD.

an PBan IS4,

T
R,, 22«N  22kN

Kp

SF, =R, +R, + 22 + 22 - 512) = 0

Due to Symmetry:
R,=Rp=8BkN }
5 K/
. | I T
Losdug drg. 1= Tar Par [n D
sw 22N 22k BAN
HR\
Sluu J"l-a 3 IZ n - t.dn- e
I 1
E E ot | T3

17-20

aur
Coondinuous bean i S T |
Ts #C.
S""I’" rlliéill
K/ L
dg=0 e
bn (+t) = (on)n, = (65)-
- R.(:L)’ ) Sw(2L)*
48El 384H
L
=;§-§(8R,-me)=0
Swl
Ry = % t
ar
T § ¥ 8 ¥ 7 3
F8D. L |5 L e
Ry sl Re

EF, =R, +Rc+ % -2wL=0

From Symmetry: R, =R

LO‘J:‘», h“’ ! -

A= =

17-21
From the results in Prob 17-20:

Vew= "’"—8-[‘ = SZILp/RNIZ ) é RA2D) _ 1875 kips
2 -7 2
B s w;.. (2.5kip/ :){12 fty
= 45 kip- ft = 540 kip+ in.
g uitm, o TOEP o) gie
(. J 24kip /in.

From Appendix Table A-1(a):
W12x22(8=254in%)
W10x22(S=23.2in%)
W 8x28(S=243in%)

TryW12x22(d=1231in., t,=0.260in.)

v 18.75 kips
= DS -
R

= 5.86 ksi < Ty, = 14.5ksi
The section is satisfactory for shear.
UseW12x22

(12.31'in.)(0.268in.)

17-22

U= 30 ki/m

O T T

t

e

L:h&‘c

7D

/= ™

8a (+1) = Bply, + By)s, - By,
= Rabryz oy B
6EIL

. i(l.’ +x° - 2LxY)

(]

e L =2 —— ]

=3m |

b'x % _xz_b.z)

—'L’)@ (12} - GF - OF]

GEI(12)

+ —ﬁm 2y - @7 - 3%

6EI(12)
(30)(3)

[(12)’ + (37 - 202)3)']

= -H-(m.ZSR, + 15.75RC-5771)=0
Due to Symmetry, Ry =R.=1603 kN

(Cont’d)
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17-22  (Cont) 1723 R=brm k=2 kie/ 17-24  (Cont) 20M, - 200 = 625
— T My=o___| Mc=0 | |The three moment equation for spans 2 and 3 is M= 2LISEH-m "
ERp, A Ara=sx 10 KN/m 728 10 KN/m 2060
e w8 o Jewd *—"IL__,M Lm0l M3(30) + 2Me(30 + 20) + 0 = LITT]) (il
160.3 & 160.3kN K st Dy (2X30)°  (25X10)(20%- 107) Sm sm  CJ am
Ra .3 &N . “D The three moment equation for the two spans is "yl 20 Rymzoasad  2gased ugsed g dagosad
3F =Ry +Ro 4 20603) - 3002) = 0 |5, 0g 10, 104 0= KDL - F) _ 210 30 My + 100 M =-17250 ®) Ry o5
10 4
Due to Symmetry, R,=Rp=19.7kN 40M, =-725 (a)03 - (b): 3033 M, +0=-41083 M ‘?H: z?m
M, =-18.13 kip- ft < M, = -135.5 kip- ft « A T Bt zm Y
| ! 4 S Gkips g uatirk  2Kps/e h“mM(')i[ 17 500 - 100(-135.5)30 20.15%0 ) rjnw ﬁxm
A D . ol m\ ( it + 1 c-b s 2 +29.7004 | 20m4
3m |B Gm Ciam TR ]1 i =-131.7 kip- ft « %\ f: b
19.7kN 160.3kN 160.31N 19.7N Ra= L19xi 400 11.¥xp Re=t.19%p 2 kip/ge PESKipw gripe  IBLIRPR 25 kg v 2.90m 2.87m
: ¢ ) (__J_ T ) 1046} 106 "'"l A 2N
G kip R‘”".“zt»‘u 0% § D c.| € 204t ! i
A . v Rym;28p 23k ikip 299k 1.1k Rasary T o e e
R R B ReZ7e.9%p R 1.0k 7N ke
vt Kips Zxip/m 25 kips m \/—L
+LigK; 05 s fi 20w o Cliok oF d . /. \
¥ Cosg)|2e) | 9P Nﬂ 3a1Ky 5.9k «[» 5.91%p ;9
-
"9 | ; T
' — 819 ks i 1726 M, B=izkinx M el iy 7
+16; 7 Kip 4] . "...i ‘ fﬁr—'l:ufﬁ T
Ve =90KN | T /\ V g ] P o &P
M:T:?S.SkNvm M ! w TEip Ly=o =2 =204 |5
i ‘_“ o The three moment equations are
M 758 kN+ . ! .  Thip 29,98 2 _
Spg= —8 = o =0459x 10° m? —19,1 kipft 43 TEpe e A “," 7 Mo(0)+2M, (0420)+ M (20) - w
Owe. 165000 kN/m’ | 20
1724 M - 40M, + 20 M, =-1800
From Appendix Table A-1(b): My=o My M, .o 2M, +M, =-90 (a)
W 410 x 038 (S = 0.629 x 10° m%) JR— R=25%p Vi
W 360 x 0.44 (S = 0.688 x 10° m®) i_LLJ{' 5 'I"I ! A =SSP MA(20) + 2M, (20+20) + (-30)(20) =
W300x0.44 (8§ =0.633 x 10° m‘} A,‘l._ “B = ilbD p (lleuxmz_ loz) i (1.5)(20)’
Try W 410 x 038 (d = 0399 m, t, = 0.00635 m) "y 1725 o — o 4
v 90 kN Lmton|  Ly=son | Ly= o 2o Ninio Y M, +4M, =310 ®)
= =il = L -t =4
™ a7 039 m)0.0085m) s it SpebensToutegean L e D Po)-@: TMy=2210)-(50)=-330
L, =5m Ly=5m _]_2!1 <
=35 500 kPa = 35.5 MPa < 1, = 100 MPa @X207  (2X30)° ' + * M, = -47.1 kip- ft -
Tae inaon i " 0+2Ms (20 +30) + Mc(30) = —— - ——— The three moment equation for the two spans is From (b):
N e 100M; +30 M = -17 500 (a) O e M,=-210-447.)=216kip-k 4
Use W 410x 038 “ Contd) | |0+ 2M(5+3)+(40XS) =-=Z= - =4 " (Cout'd
35 26




L1 Idey)

611

2.6 kip- 5t

17-26  (Cont)
2. GKp#  12kips 4715 | s kip/es bt
10 #
2 08 B 201t Cjsm D
Ry 4.73 kips 7a7kps  15-3kys Re=zo.14xips
g.,. 23.13 kips

. ﬂ.‘ Gk-rt
(ILAM‘ 04t 5 20 # ;%s-«l

+ ‘Hu’#

4.73 kips 3 3] "'l" 26. |4I=.f|
) +ik, bk
‘lﬂf
VELY
V (#47.3) M 9.43 3¢ [+30)

4

M1/

2b) - (a):
From (b):

9 M, =-3000
M =-3333 kNem

A =-2000 - 5(-333.3) =-3333kNem

4.0 kN/m,
333.3KkNm /_}g,;k_ll- { 33,3 kibm 3523 M-
(;A ln-a)( lo-c‘}( u:,o- )
AN ueky 200 3T
Rl st S
g;;_;lnf"" 3333 kNem

- 40 AN/m
FRENENENE 5
Alom B 10m om
Zoo0IN tlﬁdo 200eN

+| kN t200kN uLow
, 1&;.@,.%

Sm

-2
j?n\“

—F3 AN =333 —TRIkNn Nﬂ““'

M

A
L.=0JD L= iom

D
Ly=tom| L= go._l

=2.6 kip-§r _aak'-r.*
—47 kip- Pt
17-27 Ve =200kN
M. _M‘ < m = =£404w/-. M: Pihia ] e D005 KR
it 3 M 3333 kN-m
2 So=—mm - T 2 02x10°m?
™ Oy 165000 kN /m*

Do dyweniey, My =M z:a;:g;; W410x 130 (S = 2.54x 10° m?)
Mq(0) + 2M, (0 + 10) + M; (10) = - ———— W360x 1.20 (S =2.02 x 10° m®)
20M, + 10 M =-10000 Try W 530x0.90(d=0.533 m, t,=0.0102m)
2M, + My =-1000 (a)
-!n _ 200 kN
MA(10) + 2Mg (10+10) + M(10) = Tog = & m
40)(10 40X 10 ) :
{ )( y ( i y =36 800 kPa =36.8 MPa < 1, = 100 MPa
10M, +40 M; + 10 —~20(XX) N—— .
MA+5M5='m (b) Use W 530 x 0.90 «

From Appendix Table A-1(b):
W 530x0.90 (S =2.08x 10° m%)

17-28
M= ~(225)(5) = —25kip

=2 h‘ﬁg‘»

El
-

R= /5 kips
!

w=rs® | betsn O |

La=30  |b7
Spon | Span 2 span3
The three moment equation for spans 1 and 2 is
(-25X20) + 2M. (20 + 30) + M(30)

_ (2x20y ) (15)15)30° - 15%)
30

4
100 M¢ + 30 M, = -8560 (a)
The three moment equation for spans 2 and 3 is
2.
M(30) + 2Mo(30+0p+My(0) = -L2ADG0- 15)

30
30 M + 60 M, = -5060 (b)

IV e | = 223 kips
Mo, | = 71.0 kip - ft = 852 kip +in.

S = Mu - m =355in’
[ 24 kip/in

From Appendix Table A-1(a):
W 16 x 26 (S =38.4 in??)
W 14x30(S =42.0in.2)
W12x30(S =386in.%)

Try W 16 x 26 (d =15.69 in., t, =0.250in.)

. 223 kips
LT (15.69 in. 0.250 in.)

= 5.60 KSi < Tuew = 14.5ksi

The section is satisfactory for shear.
Use W 16x 26

2(a) - (b): 170 M, =-12060
M = -70.9 kip- ft
From (a):

Mp, = [-8560 - 100(-70.9)]/30 = -49.0 kip» ft

2 kig/ee 09I ISkips 490
) { £+ r 5
Y 20/ C o 5
Ra=27.7Kips 22,3k 8.2Kips Ro=6.8xp
Re =305 Kips .
2 ki 15 kips ‘ﬂ.ok,r
Aculs 204t 15 ft 15 PF
11.7&.‘” P 30.51:?: 6.3 kips
|
H?.?b'r;
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Test Problems for Chapter 17 |(3) The two-span continuous beam is| |Solutions to Test Problems |@
- subjected to a uniform load shown. Find | |for Chapter 17 From Examples 17-3 and 17-5:
The following problems may either be given the reactions at the supports. ) wl?  Pab® _ (10)5F  (S0X3)(2)¥
to students for them to practice their problem o kies /o P= Gk M T T T T
solving skills or be used as test problems. ERERE 4 ; EEEEREEN 4
The answers are provided on the next page. A E ,;,,. —=.C - e e T S I O R «
I_ EIscas: A8 A4 a=s5+ =58 N reo M= 2 P (0P (50X3Y2)
(1) The propped cantilever beam is f 10 # ’I” G # _'l l L=tof E. ST B
subjected to the loads shown. Find the . ) H =-568kN-m <
reactions at the supports and plot the i (:':_:' (b:)' ;:z’)P 4.1 kii-n 10 kN/m ;? “ SE3 st
shear force and bending moment . —(3L - a) | I I I
diagrams for the beam. 3ﬂ - (‘ 3m 2 P)
) Ry(10Y  (IX10)*  (6X5 2 )
bk = - - L R
L L% i = =H 61 o 1240 - 51 "
% T o . 1(3333{{ T M, =-R,(5/+44.8 - 568 + (10x5)(2.5) + 50(2) =0
A EL=dout 7B = » - 1250 - €25)=0 R.=426kN 1 -
5 ™ __l Ry = 5,625 kips 1 €| 3 M, =-Ry(5)+448 - 56.8 - (10x5)2.5) - 50(3) = 0
. Ry =574kN t L
M, 1 G Check:
"'in. S T T Y N G 8 Y F,=42.6+57.4-10(5) - 50=0 (Checks)
(4) The continuous beam is subjected to the f&. TH " 5 625k - 10 kN/im s;ml S62kN-m
loads shown. Use. the three—n?oment Ep, =R, - 6-(1)10)+ 5625=0 : 1 | 44.8 ( TLIT T L L )
theorem to determine the reactions at . A im Zm B
the supports and plot the shear force and Ry 10575 kips | " 42.66N 574 kN
(2) The fixed beam is subjected to the loads bending moment diagraas for the bean. 2 B i |
shown. The uniform load includes the '°‘i‘w 20 K4, M, =275 kip-ft - b <~
weight of the beam. Select the lightest — I ¢ 23.5kips Lkphe  GEK T\ﬁ. -GeN
W-shape for the beam. Assume that the A5 1. WY Rrmoee J D T v ]
allowable flexural stress is 165 MPa and [ i ] Lde ] A s# s B 9.9
the allowable shear stress is 100 MPa. 107375 Kip 5625k Fe
sor +10.375 Kips R
A 10 MI'/,,, 1 3 e 4‘.]1("5" —57.45N
4 3 1 1 T ¥ vy 1171 F (t34.39) +38 AN-m
ﬂtﬂ | 2 v Y — /\
} Im ' 3m .__.l /m'w."\-s,Iuﬂp M
M —44. % N'm . S
Voo | =574kN
Mo, | = 568kN-m
=23.75 Kipr e (Cop'th)
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g1 andey) L1 1dey)

ji4 |

Solutions to Test Problems | Check:
for Chapter 17 (Cont'd) S F, =162 + 4213 + 567 - (4)16) = 0
(Checks)
2) (Cont)
@ B ==1|oaml =26 KN/
M 368 kN-m l_l_‘lil_ﬂ‘ﬂ_l
= S - = r -
S = e = 165000 KN/’ ~0SMx 100w Ak B Fe D
A4=Gm |h=dm
From Appendix Table A-1(b): =0 Lyziom |4m
W 300 x 032 (S = 0.416 x 10° o) ks =ion .
W 250 x 032 (S = 0380 x 102 m?) The moment at the external support C is
W 200 x 0.41 (S = 0398 x 10° m*) Mc=-(20x4)2)=-160kN+m
Try W 300x 032 (d =0313 m, t, =0.00660 m) The three moment equation for the two span is
Vo 57.4kN 0 +2M, (10 + 10) + (-160)(10)
=&, T (0.313 m)(0.00660 m) __ 20110 _ (100X6X1C - 67)
= 27 800 kPa = 27.8 MPa < Ty, = 100 MPa 4 10
The section is satisfactory for shear. 40 M, - 1600 = -8840
Use W 300x 032 - M; =-181 kN« m L |
(&) wr= 4 't-p/# 100 &N g aiom 20
rrnuﬂnx measl .‘—L"—,)( A
A 1om B 1Om CJ4m
Jﬂ' a’ 10 $¢ b= &4 {=0 ' 1 -
L= f6 R=2.9xN n’;:umu:z;:w Re= 172.9eN
= B, - . o e
R bx 2 2 WX 3 3 2
I?-x?-b%)-—— -21x =
= F gD X ) et T S D
= Eﬁ‘é?—:—g;f)(ui’ -10* - 6’) 21960 120.26N 177.9 KM
(4)(10)
- -Z-ZE—(IG’ +10° -2x16x10°)
= Ell-(‘fsn, -3160)=0 ikt +20kN
Ry =42.13 kips 1 4 v :&i‘“{i 26, 4.90m &\
4 x;!/“ Em) Siim .I e“.)
Allllil{HTIFTHc !
B 1773 ~7%l | -
b 10 4+ “1: ke Re ,: 79x8
1
E M. = -R,(16) - (42.13)(6) + (4x16)®) = 0 iyl i
Rgz lﬁ-zﬁpa L] M ;2&
3 M, = Rc(6) + (4213X10) - (4x 16)X8)= 0 / Nz
R. = 5.67 kips « 81 A= 160 KN-m

241

181 P M
Appendix T a1y 5887
From ix Table A-1(a), for W16 x 50: - . e
=147in2, S,=81.0in? NELTREAPR. GBS kPa
= 5.89 MPa (C) <
Loading:
Axial tensile force: P = 10 kips 18-3 4
Bending moment : M
wl? _ (2kip/RY207) p —(Hla 8075 F —x
=-8— = P N[ 0.075m '
= 100 kip- ft = 1200 kip- in. |B 3.3kl
} abm -
= P M 10kips 1200 kip+in.
- - g =-P -F=0, P=-F
R sk e e vyl L e
F, =V-22=0, V=22kN
= 0,680 ksi + 14.82 ksi = 15.5 ksi 4| L Mc =M-2206)=0, M=132kN.m
r——¥
P M
9D o o . N.A: 0.45 m
0- +
A S }
x “en L« §n
= 0.680 ksi - 14.82 ksi = -14.14 ksi a|A= (0075(0.15 = 001125 m?
18-2 i B (4kN)Cosit=3.04ki | g = (__——0'075)(0'[5)2 =281x10%m?
71 1 : ¢
P )
B 0.8m z
v =0 T
9. 695K A S 001125m* 281x10"m
S E, =P+394=0, P=+3.94kN(T) =88.9F +47000=0
YF, =V-0695=0, V =0.695kN F=528kN <
> M, =M-0.69508) =0, M=0556kN+m -
)
% P M 528kN 132 kN-m
MA.—-—% L oom %= "A’S T oonzsm’ 281x100m’
;// = 9390 kN/m? = -9.39 MPa (C) -
7 e
0.05m 184 L] "o
A = (0.05)0.10) = 0.005 m? A » e —Re.
D
_ (0.05)/0.107 _ i
§= == =833x104w ey en_ Fy
L P M _ 39N  056kNem 3
o, = + S 005w BB D EM'C = -;Fm(8)+(6)(ll)=0.
=+788 kPa + 6675 kPa = +7463 kPa Fap = +13.75 kips (T)
=7.46 MPa (T) < (Cont’d)
242
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81 1aydey)

184 (Cont) s i(mkip-in)
4 . S = o = =8in?
Y F, =Ra+ (1375 =0, Ro. = 11 kips 15kip/ in.)
g TryClel.S(A 338in2, S=814in.7)
Y F, =Rq+ 3(1375)-6=0,  Ro=225kips Ly
oyl _
ik ) bl =
Aﬂ‘l.!';"u =)
P A il -(smhpc) —(whp-m)
Bending momest =) 3.38m 8.14in.
M - =158ksi> 0 =15ksi (N.G.)
R TryCOx13.4 (A= 394111.2.8-10.6in.’)
FortwoC9x15: A =(2)(441)=882in.? 1 . 1 "
. e - 5(6.98kips)  —(240kip-in.)
WO =l = ot 1060
The critical section is to the right of B: =122 ksi < o, = 15ksi (0K)
U‘_n -0 . & - __i . (18112) Use two C9x°13.4 L |
- =% T Tt 3 882 2.6 18-6 T T,,,-..
=-1.25 ksi +9.56 ksi =831 ksi « Pt
3
o‘i:all:-z-.h_‘._-]_?j_gx | ; II—I‘!‘AJ”‘J i I I [
A S _1 2 m J'_ Sm |
=1081 ksi - e
i coxILS ﬁgo,?\ IF, —'-l‘szﬂmkN-(lAﬁkNlleSm) =0
A : Axial force between AB:
i %,.,:3 ﬁ P=T cos 30° = 263 cos 30° = 228 kN (C)
| L=lo 4 s 2l Bending of the member is shown in the following
Ay figure: 1315 xN 13,06 kN
S5m A Em 5m
T M, =Fap sin30°(10 1) - (8 kips)X5 ft) =0 i
Fap =8 kips (T) . XL,
S F, =A, - 8 kips)cos30" =0
A, =6.93 kips v 0.7 am |H8,
Axial force: P =6.93 kips (C) 8.25) dm [~
Mnx.bendmgmmn_: ! o PR
Mo ML _ (Bkip0f) e TR
i . 4 M -‘IFH‘--
=20 kip- ft = 240 kip- in. ~
For a tentative selection of the channels, consider the it
bending moment only. —18. 25 kN-m —I%.28

(Cont’d)

186 (Cont)
From Appendix Table A-1(b), for W250 x 1.46:
=19.0x 10° m?
S=1.84x10°m
M 1825 kN+m
(T) e~ = DL —
Oam =% = =57 = B0
= +9920 kPa = +9.92 MPa «
a© = -.?. - _M_-
max. B A S
2.8kN _ 18.25kN.m
19.0x10°m® ~ 184x10°m’
=-11 120 kPa = -11.12 MPa <
187

w —
o *

i
b

L
g

For 1 ft length of dam,
W =(3 x 6 x 1)(150) = 2700 1b

F= (%,..) xbxl= %(m)hz =31.2h2 (1b)

z‘ﬁgﬁd

t

P=W=27001b
M,:Fl-;' =(312 h’)% =104 h3

oo P .M _ 200
T A s, 3xl

=-900+6.93 h*=0

h= "E =5.06 ft «
6.93

10.4 h*
" OeY

6

p=2 Kips
For 10 ft simple span, the maximum moments at the
mid-span about x and y axes are, respectively

TR fJ.E ” (L6 kips)(10 ft)
* 4 4
=4kip-ft=48ki?-in.
M = PL - (1.2 kips)(10 ft)

2 4 4
=3 kip-ft =36 kip -in.
2
g0 2 L O e
6 6
hb?
S
M, M, 48kip-in. 36kip-in

sx S, 64in’  48in’

=-0.75 ksi - 0.75 ksi= -1.50 ksi (C) Rl
i Iy

s, 'S

Y
=-075ksi + 0.75ksi =0 <4

m Mo My

5, &

+0.75 ksi + 0.75 ksi = +1.50 ksi (T) <4

e Mo My
S, 5

=+0.75ksi - 0.75ksi =0 <

2]
]

Oy =

189

(Cont'd)




81 1xndey)

A |

189 (Cont i =
(Cont) °A=+L{‘._Ll’_=+7m0'lb:m_5!60‘lb, in.
P, =(Z70N)sin20° =923 N & & 18in. 9in.
P, =(Z70N) cos 20° =254 N = 4400 psi - 640 psi = -240 psi (C) <
For a 2 m cantilever span, the maximum moments at
the fixed end about x and y axes are, respectively, a.=+_Ns.’.1+sﬁ.
M, =P,L = (254 N)2 m) = S08 N+ m H o ) )
M, =P,L=(923 N)2m) = 1846 No m = +400 psi + 640 psi = +1040 psi (T) -
2 2 M
PR CL.-1) (ALL) PRSI PR (.
6 6 L&
2
8, = P%_ - (_0_.1m)(6_0_.05. m-)z-=4.l7310"m3 = -400 psi + 640 psi = +240 psi (T) <
M
M, M 508 N+-m 184.6 N+m °o=""“‘-£’*
(D o By L= S, §
O oax * T 3t 3 x Y
S, S, 833x107°m’ 417x10°m .
= 400 psi - 640 psi = -1040 psi (C) <
=6.10 x 106 N/m? + 4.43 x 106 N/m? XTI B,= oo
=10.53 MPa < 8 |
1 -
o.M M, P
Oz =~ - A 2 | t
S, Sy 5 T T 3
17| le____ il &
= -6.10 x 106 N/ms - 443 x 106 N/m? é,,’ Bl
=-10.53 MPa |
o L—-%ar.ﬁ-—l— -i‘-;.:-—l
! 3008k M, =P,(L/2) = (1000 N)(1.5 m) = 1500 N +m
'IL‘WL M, =P,L = (600 N)3 m) = 1800 N- m
1 e b= 30,
Yt /rl,-n LW war
e o v 6 6 3
1 /-.________|.ﬁ’f_"“_.. 4. g - M0 _ @axe) _ @
1.1 1 120'¢h | *" 6 6 3
Lgm ! 24 { oD = ﬂ|=%+%'
= b = oft= of ¥
M, = (300 Ib)(2 ft) = 600 Ib -ft = 7200 Ib =in. _ 1500N.m 1800 Nem
M, = (120 Ib)(4 ft) = 480 Ib + ft = 5760 Ib +in. 2a°/3 al/3
2 H H .
sl=%-=g.“_’.‘¥;_)i=18in.’ =l‘-a—:3N—m-=o-_=lﬂxIO‘N!m’
7650 N=m
2 in. . =3 —————————— 1% 0.0915
sr=%_=(_6£l:.l.ﬁ=ghg . JlﬁxlO‘Nlm =
2y =91.5mm 4

P=1.5kips 743
i

P—,‘fzsaJp—!pu—,j

From Appendix Table A-2(a), for S6x 17.3:
w = 17.3 Ib/ft = 0.0173 kip/ft
S, =877in3, §,=130in2

P, =P sin 20" = (1.5 kip) sin 20" = 0.513 kip
P, = P cos 20" = (1.5 kip) cos 20" = 1.41 kip

/
x

SGxi7.3

_PL wD'_ (L4132 (00173)12)

(M, ),

2 3
(M) <DL, wE _ (5906  (0.022)16)
=243 kip~ ft = 292 kip- in.
PL _ (L04)16)
(M,)_ -
=4.16 kip+ ft = 49.9 kip- in.
a, = -(-h—i-l—‘ + -(—M—!-)-‘ - 292 + 49.9
- § S B2 39

=12.6 + 12:6 = 25.2 ksi > Oy =20 ksi (N.G.)
Try W12x30 (8, =38.6in3, S,=6.24in.3)

? 2 1 . 2
454 kip ft = 54.5 Kip- i 8 (M‘)-“:&"w: =(592(16)+(0m2)“6)
- Sk = 24,6 kip~ ft = 295 kip+ in.
(m,) = B - @30 o - Ml (M), 205 a09
- 159 kips ft = 18.5kipein S, 5 386 & 624
=7.64 + 8.00 = 15.6 ksi < Guon =20 ksi (0.K.)
o 3O = M) M) Use W 12x30 -
max max S‘ S‘. 18-14 e=0.lm~ 600 kN
545 kipsin. _ 185kip-in. |
- «_ 3 « 3 o.2m
&7 in. 1.30in. i
=621 ksi + 14.2 ksi = 20.4 ksi !
204 ksi < Al o 1
= X M
= N
P= Grips P o For circular section of 0.2 m diameter:
A=202mp=00314m:
‘ 4
[ potndfesnd S= 5’-'2—(0.2m)==7ssx 10-4 m?

For a preliminary selection, assume 8 = 0", i.e. P is
vertical. Then

. = B . SEse)

4
=24 kip~ ft =288 kip~ in.
5§ = Mu - M = 14.4in°
™ O 20 kip/ in.
Try W10x 22 (S, =232in2, §,=3.97in.3)
For 8 = 10°, the components of P are:

P, = Psin 10° = (6 kips) sin 10" = 1.04 kip
P, =P cos 10° = (6 kips) cos 10" = 5.91 kip

P=600kN (C)
M = (600 kN)(0.1 m) =60 kN m

P M 600 kN 60 kN.m
ol T+ - g |
A S 0.0314m"° 785x10" m
=-19 110 kN/m2 + 76 430 kN/m?

=57 300 kN/m2 = 573 MPa (T) <

P M

e
=-19 110 kN/m? - 76 430 kN/m?

= -95 500 kN/m2 = -95.5 MPa (C) 4|

g, =
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18-15 18-17
. 5 kips &m
: 3in.
' 1 2ia. C —-pP
¢ 4 I ! L e
AlllB S F, =P-5kips=0, P = 5 kips(T)
|_| M, =M+(Skips)3in) =0, M=-15kip-in
~ h—emiin. _.,,(2)1 —
1800 b p=igoosb N f . B
P = 1800 Ib (T) ' 28 n(z)’
= (P)e) = (1800 Ib)(1 in.) = 1800 Ib » in. = S$=5-=075h
in,
[ | A=(2)3)=6in.2 P M -
_ _ P M_ ShE 15 kip-+ in.
%"‘ s=@-(62i=2m.’ =AY S 314 T07S i
Sﬁ;"‘m e T = +1.59 ksi + 19.11 ksi
=In.
=4= . —= - = .7 ksi «
a, +A B + et 20 +20.7 ksi (T)
=+800 psi - 900 psi P M
=-600 psi (C) < O ®EL S
L ey =+1.9 -19.11
"TUA S =-17.5ksi (C) «
= +300 psi + 900 psi -
= +1200 psi (T) -« =
18-16 e__P-tp gero sfress
B ' n.s'n.'c:?
- m 4x90 18-18 a=|2in, wktfi
| i 1% 1
G P !
M=Pe,, | W14 x34
F A
From Axpendil Table A-1(a), for W14 x 90: =
=265in.2, S=143in.? 3
- From Appendix Table A-1(a), for W 14 x 34,
For the maximum eccentricity, the normal stress at A =13.98in.
is zero. A=100in.2
$=486in.3
P M P Pe
0, = ~= + =— = -——j—BR - P
a A S 26.5 143 (P)(e) (50 kips)(12 in.) = 600 kip +in.
e = 5.40 in. « (Cont'd)

18.18 (Cont) 18-20 P
P M 50 600 M
W e e 1GookN P
A= R*'S T oot B®e 4-1c B
=-50+ 1235 “—‘l L"-c,,-o.l“n
=+735ksi (T) -« EC,=o.51m
P M P= 1600 kN('I')
Oy = o i ) e=09+0.51 l 41 m
M = Pe = (1600 kﬂ)(l4lm) 2256 kN +m
=-50- 5
12:_* P Me 1600 __(2256X0.511)
=-1735ksi (O) 4| o,= = T
Wit b R 994 x10°  2.90x10
; yoro shress +55800 kN/m? = 55.8 MPa (T) <
A B
- JP Me, 1600 “(72.56)(0.&_?)
) A 1 994x10° " 290x10
.35 k(O = -53 100 kN/m? = -53,IMPa (C) ]
18-19
a 1821 3
$p .._i__i
S T, P
& B' s
C.-s.ﬁ;._—-
=100kN(T) Ca=i.9n]
M (P)e) = (100 kN)X0.1 m) = 10kN +m
A-—-—(o.nm)umhmamz el it
HA-@-'M!
s.-.—-(mm): 982 x 104 P Mc, _P(b) P(Ib)9.9in.)(L9in.)
O, =+—+ =+ -+ —
A I 10 in. 27.2 in.
P M_ 100 10
ATTATS TN Esx 107 9mx10° =0.792 P (psi) < 0, = 4000 psi
= r ¥ 2
+12 740 kN/m? - 101 800 kN/m P <5050 Ib
= -89 100 kPa = 89.1 MPa (C) L
- . P(lb) _P(Ib)9.9in. X.’Hm)
o BLM PTA T 10in.? 272 in*
W P
A S =-1.028 P (psi) < 'S, =-12 000 psi
=+12 740 kN/m? + 101 800 kN/m? ‘ T |
=+ 114 500 kPa = 114.5 MPa (T) Pow= 5050 b o

247
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ST1

18-22 . EprosN A =(03 m)0.2 m) = 0.06 m? 18-24 (Cont) oA:Es:(lelO‘pai)(‘I.leO‘;);mpli
2 2 A =(0.15m)0.1 m) = 0.015 m? =P My, MX
I/_I s,:;":‘;_=£‘ﬂ“%‘ﬁ.;'.')_=o_mms WXL &
bh?  (0.15m)0.1m) P 2P)1) (3PX3)
2 e D A ——— S -
S = LU (0.2 m)0.3)* =0.003 m? 8, = . = . =25x 104 m? e * . i
6 6 Bb* (01 m)0.15¢ oW Féxey
; o _-2—- !1+EL 8, = _6""="——. =375x10* m? =0.1458 P
R 6
A s __BOKN sh-m  mitvem Gl P MM =20 _pa0tb=d94kips 4
~A8 0.06 m*  0.002 m'  0.003 m’ Y S TN ety
P _ 30kN _ 0.75kN-m L6 kN. cm 18-26 ¥
= -1330 kPa - 4000 kPa + 4000 kPa - ] ~R possm
meAgpeod:xTableA 1(b), for W410 x 0.53, 1330 Kb 133 MP (O i S T P ”7&3.«-_7 F s DL
A=684x 10° m?, _ A
S=0.9%64::Il!0"m’ ao P MM = -2000 kPa + 3000 kPa + 4270 kPa . LT —
e=0730m + ——2 =0032m A S5 8 el i i
- = & 3.075m/ g.07€m,
M = Pe = (70 KNX0.932 m) = 65.2 kN +m = JIO0 kDS - 4000 ks <4000 K P M M
= -9330 kPa = -9.33 MPa (C) « TATE T,
PM_ 0N 652 kN-m
g . M, = (250 kKN)(0.050 m) = 12.5kN +m
A= AT TemxI0m  0926x10°m oc—-— % % %_ = -2000 kPa + 3000 kPa - 4270 kPa M,:%zsowomsggﬂmsm.m
=-10 230 kPa + 70 410 kPa ST — e s | A= ©0.15m)0.100 m) = 0.015m?
= + 60 180 kPa = 60.18 MPa (T) - _ _
=-1330kPa=-133 MPa (C) < u¢=-£ M, M (0.15m)0.100 m)®
P M A R 8 L= e = 125 % 104 o
PR °°“'_' * h_s'lr’ h—‘x = -2000 kPa - 3000 kPa - 4270 kPa
x - y - (0.100 mX0.15 m)® _ ;
=-10230 kPa - 70 410 kPa l330kh+mm+4mﬂkh =-9270 kPa = -9.27 MPa (C) o 1,:—-—-—-———12 =281x 10 m*
= - 80 640 kPa = - 80.64 MPa (C) « = +6670 kPa = +6.67 MPa (T) < " M
s ¥ gzt 24 rrom o xR T S
W
A= 4 kN =0, - -
' B , Y A0 k0~ N s AT KR __20KN  (12.5kN-m)}0.025m)
Lmoad |ious <4 " 0015m’ 125x10° m*
I
1825 (18.75 kN - m) 0.075 m)
B
L 281x10° m*
P";-“‘L =-16 700 kPa + 25 000 kPa + 50 000 kPa
‘5950—* = +58300 kPa = +583 MPa
/oMy
P=80 kN (C) - - . =Sk o SEOSMEN, oot @
M, = (80 kN)(0.1 m) =8 kN -m M;=5°L=‘?2,’(‘3£$i’1_5°£},;‘ - M, = “=E = 70000 MPa *
M, =(B0KNX0.15m)=12kN-m (Cont’d) M, =
249 250
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18-27
s 1-P_ 18-29 50 MPa, L o . 838 o .
N o, = +50 MPa o, =4 ksi _— o, =+10ksi
- =+6 ksi g =-10 ksi
-— sompe Oy =-30MPa . g
. ] somu . }fu- . =-5ki -_{ oxi 5 =+4ksi
A ) 1 0=45 s 8=-30" fuer
‘*;‘L_M.Pﬂm 26 = -90° 20 = -60° 20 = 40°
0,40, O, -0 ot Gy O, S0 g,+0, O,-0 .
PN Og=2r e O Ds g 204 ¢.0in 20 2 3 cos 20 +t,sin 20 =——2—’-+-——’-oo|29+t,nn20
2 x
At the maxi eccentricity, th & afs -4+5 4-6 10+(-10) 10-(-10
mduneuln;:;mﬂul city, the normal stress at A =ill+2(.‘)0)+50 ;SO)J(_N.)*_O y +-2—oo:(-60')+(5)mn(-60‘) = ; )+ ; )508(4)')+4lin(-40‘)
o= B M_ P ey o =0 - iy 5 B )
ATATS Bp oo o % =-—'T1-3in26+'¢,oo320 1.=-9’—;’-"-ain28+1:,cm28
4 32 Ty =-——Lsin 26+ 7,cos 28 4-6 10-(-10)
i soz( = = -5 sin (-60') +(-5cox&0") = -——— gin (-40") + 4c0s(-40")
From which, e, = — =- )M(W)‘PO 2
8 2 =-6.83 ksi To=6.834s - =+949ksi = m |
Diameter of ke = 2e,,,, = d -« =+ 50 MPa « q-“’i:i’ 5018
4 %= '5 / K L 83ksi
o @/ 2,834
50 MPa.
o, =+10ksi 53 - a MPa.
g,=0 y 40 MPa, 0, =-70 MPa
10ksi =% ok g " 0, = +20 MPa oM g, =-70MPa
0=445 Py 0,=440Mpﬂ —{ 70 MPa, T, = +30 MPa
20 50° T, = +30 MPa 8=-50"
8=-60" 20 =-100"
o, ¥0, 20 =-120° o, +0, 0O,-0
_2_.!. ._z_l.ng“;mze o, +0 o.=-'-‘-§—-7-+'—’-00323+t,sin 20
o= e 2o 20 v 20 704 (70) | 70-70)
1040 10-0 ) ‘ 20+40 20- 40 = 2 + 2 cos (-100°) + 30sin (-100%)
== +—-2---coa 90°+0 = +5ksi 2 3 ———cos (-120") +30sin(-120°)
o, -0, =+9.02 MPa L | =-99.5 MPa k]
=-—~—2in 20 - oo/ ot
' 7 un20+v.c0e20 Ty =—G‘—20’-sin20+1:.eou28 Ty =-—"5—sin 26+ 7,cos 26
20-40 _-70-(-70
<190 0 - sk P =240 i (120°) + 30c08(-120) =- 2T i (-1007) + (30)c0s-1007)
N, Jaeren =BIMPE ¢org.02mp, - =-521 MPa "L <
7= -5k = —23,7MPa s
s - " s2iMp L
Sksi m
i 23.7MPa
4.02 Mfa -supa i
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18-37

G ksi

18-39
10 ksi o, =+10ksi
’4-&; o, =-10ksi, © =+4ksi
- {_.w&_;_&_o
”
5 (0,0

1841

P=2008
L
- ¥2 Luflen
A d g B i,
joo 6b Py 1908
V,,=+1001b

M,.s = +{(100 Ib)(4 ft) = +400 Ib= ft = +4800 Ib+in.
= 1—15(2 in)(4in.) = 10.67 in*

(a) State of stress at point C:

o My _ (48001b.in.X1in.) _ 4
>te R TR T Y P 430psi
somN s W )
” . ™ s 3
d > VQ _ (1001b)2xIxL5 in?) .
2w EAL 4.5k T, =——= - - =14.1psi 4
“;Q‘ Sl wsi Tk (067in"2 i)
. ()  Stresses along the inclined plane m-m:
40 Mpa O, = +20 MPa 1840
o & = +40 MPs » ' ) 8=4+60", 28=+120"
" T, =+30 MPa e (6 MPaX 0.5 m) 3
_‘L 1—_20”!& AL TR 18-38 75 wmp, o MPs g, =0, = ‘%[""_'__2(0_02 = =75MPa 4 o, = %—-g-\'- —'-i—‘-'r-mze + Tsin 20
D 2 —te Sompe Ox =" -
C(+30,0) 0, = 70 MPa, T, = +30 MPa 0, =0, = B =20~ 150 MPa 4 A0 A0 e (120 +(- M1 sin(120)
V (420, +30) so-".—?am o, + O, . .
T(MR) - =-70 MPa % =0 < = +1003 psi <
48
CEM0 Stresses along the inclined plane m-m:
Vi(*20, +30) V (-70, +30) » T, = a—l'-n' 2 4in 20 + T,cos 20
oy | |0=-60" 20=-120° A
Veh,i%) ____ Oy = L ; 2 —’-2 cos 28 + Tsin 20 =g e}l
»l . : =-1878 psi -
(-19,9) sogl 2 1842
p—y E TR -u-u-yea =+1313 MPa(T) <
P! | T = -&-—af-sinze + t,cos 20 : o= 48Rl
2 . 0,=0ksi
75 - 150 S :
= ————sin(-120") + 0 % =-3 ksi
oo Mpa 2 3 ksi C(4,0)
=-325MPa % V&-3)
(Cont'd)
253 254
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1842 (Cont)
T(xs

18-44

(Cont)

T (i)

Yes4a i WS,

\W
= i T (MPa)
Ti=+3ni =23,
g, - O
b 2 - = =10 MPa
) Touan = 13 Mpe
= + = 4 3y =5ksi . _ Twinm =13 Mpa
N +(3) = b-d‘ o, (s) adkei
Principal Plahes:
Jbi - 'l! 44! + 3‘,It =5ksi
a:mn["b]zms{-"_'_‘l] 91=m,[r'b]=m.. [?__ =40 +1,’ = J6’+s’—1om =-5MPa
T -3 T, &
x % e,..m-[ 10 - (45)
[ =t [-2] =184 = V5 + 12 =13MPa
= tag! l-;]=-1u‘ L] L13l] & pibTaia
6, =6, + 90" =-18.4" + 90" = +71.6" -« - - (-5
6,=6, +90" =-184" +90" =71.6" < e,=e,+go-=43_4-+9o-=+25_6- ’ [U = ]
= tamt E}=+563‘ -
4 8, = - tamr! L = - tan*! - b
6, = - tamr! =-tan! | — r+ T, 5+ (3) 6, = - tamr! =- tan! 6,=6,-90"=+563-90"=-33.7 L |
T+ 5+ . T4, (10 + (8
=- tamr [2] = -3.4° -t =04 « o i G T « |Ptanes for the maximum and minimum shear
N i 6 =8,+90"=-634"+90°=+266" 4 e stresses:
=0,+90"=- B4 +90°=4266 4 s s 6, =- tam! 7 U
1843 s 1845 - [”'x]—_m [13+12
LE " SWI "l""""‘Mp'I 5—Mﬁ,
o, =+3 ksi _ o, =-15MPa
=-Sksi el N i2 Mpa =-5MPa =- tamr [-l]=+113' <
i Wi 4Mp T =-8MPa % 5
3431 =-3 ksi . C(Z'O) —i 15 MPa t.:-&leP.
y C(-1,0) M V (4, C(-10,0) ' ‘ o B
Shsi V§3.-3) 4.-8) (Cont’d) =T V (-15, +12) 0,=6,-90"=+113"-90"=-78.7" <
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o, = +4 ksi

Asi a, = +16 ksi
4 ksi T, =+8 ksi
C(+10,0)
V (+4, +8)

B fadl | PO
2
r=Jb’ + 7, = 6 + 8 =10ksi
o [£2] - e [0
= tan [2] = +63.4"

8 = 6,-90" = +184" - 90" =-71.6'

g, -0
b= = L =
2

18-47
40 M =-20 MPa
o, = +40 MPa
20Mfa. =-30 MPa
30MPa. C(+10,0)
V (-20, -30)

= +52.4MPa

6, = - tamr! 2| =-tam
r+ T,

= - tan! -—l-i- =+67.5‘
12.4

8/ =8,-90" = +67.5 - 90" =

r= b’ + 7, = J30° + 30° =424 MPa
P |1 mlf““'('”)]
- T [
[382],
wn [- ls]_ms

25

«

<

o

4

r;Jb’2+ T, = J600° + 800° = 1000 psi
[ ] m,[mm 600
w F]oxe

8,=8, +90° =-26.6" + 90" = +63.4°

18-49

-— o, =+18ksi
_.f .l_..ruu- o, =0
; T, =-12ksi
12 &si ¢e,0
V(18,-12)
T(hsi) -l

T = 244

+ 12° =15ksi

= JF vt =
g 228 15 9
Al
= tan! [.-];] =-26.6"
3 =

=0 +90"=-266"+90" = +63.4"

=-tan! (3] =706

=0,+90"=-7T1.6" + 90" = +184"

=-tanr' [3] =-71.6"

6,=0,+90"=-71.6"+90" = +184"
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18-50 At point B: 18-51
: o, + -18.99 + 0
500 b/t ) e =S - IS > * 0 - 950MPa
1_1 l T =0 (atthe NA.) at T ¥V 3 1 7 l | R} o, -0 -1899 - 0
% b 3 X
sl— 2w ™ Aa__LO-1&m - = =-9.50 MPa
> iin Hishadwis S aid -0l 515 F—ien= z 2
” e - ma a1y | psi e , l r= b’ + 1.2 = J9.50° + 2327 =978 MPa
: e gl O, =a+r=-950+978
5004 1500 b o o, =0, c,:()
T B T, =-313psi V..=+WL=:{6kNIm)(3m)=+lBlr.N =+0.28 MPa (T) <
V. = 1500 - 500(2) = +500 Ib 33ps C(0,0) M_‘I - ML = (6kN/m)3 m)® =27 kN-m o, =a-r=-950-978
2t P s 8 V(0,-313) 2 3 =-:19.28 MPa (C) -
M. = H(1500 D)2 1) - (500 x 21b) == pure shear "
_ . y G=3/.3psi i i %
=+2000 b+ ft =24 000 Ib- in. Tlpsh) ' S Mﬁ::ﬁ;:n;”_ I =8.9 x 104 m* e
For full-size 4 in. x 6 in. section: ¥ NA I = Mc, _ (27kNm)0.160 m)
- = = W -3
I= é(4in.)(6in.)3=?2in.4 °‘1" Ol _Tnct" el . i -
{ | = 50 600 kN/m2 = 50.6 MPa (C)
Atpoint A _ oot ©=0
At point A: =0
=My _, @24 0001beinx2in) _ e <
l e psi o< Me _ | (27kN-mX0.080 m) 0, = 50.6 MPa -
VQ (500 Ib)4 in. I 83x10
W= SODX LS n) _ o 1852
(2 in.*X4in.) = 25300 kN/m? = 253 MPa (T)
= O, =-667 psi o, =+313 psi tin l
G‘TP‘F'% A *—“7.«.‘ g,=0 t=0 T 1A |
e m=-174psi 0, =-313 psi m::hl o p
A= 0, =+253MPa 4 L .
g+ 0 -
LA «6672+ 0 _ 33,5 psi 9, =45 . 0 =0 - X -
a0y _ST-0_ . At point C: R S
S 2 - My _ (2000 x121b-inX3 ol = Mt o EEmO000m) P
r=Jb* + v’ = Y3335 + 17.4° =334.0ksi 9= O = -I_y » 7211:.“ =) . EBx10"m" M. = 2 1 20800
_ = 18 990 kN/m? = 18.99 MPa (C) 2in A6 .
0, =a+r=-3335+3340=4+05psi 4 = 1000 psi ‘ s E e
t=0 h=YQ _ (BKNX(0.040 x 0.100 m*)X0.110m)] | 6+ -J@,
Gi=a-r=333.5-3340=668psi 4 0, = +1000 psi It (853 x 10°m*)(0.040 m) th Q=AT =@2x2)2)=8in
= C [=iwoops; % =0 =2320 kN/m2 = 2.32 MPa M (8PX1)
8, = tan" |—— ml[334—(-333.5) K=o bl = _l! BT
-17.4 =3 o o, =-18.99 MPa
= tan’! [_T:’T - 885 < o, = +1000 psi, 6,=0 ._", B 1599 M Oy =0 vQ _ (.g. ®
: =% 2,32 Mpa T =-232MPa H=— = 0.0556P (psi)
8,=6, +90° = 885" + 90" = +1.5° < 0, =0 t - TGom o
(Cont'd)
259 260
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1852 (Cont) C(+129,0), V (+2585,4.15) Test Problems for Chapter 18 |(3) For the clement subjected to the given
— o, =-0.222 P (psi) TMP) p T, state of plane stresses shown, determine
4 4 1,_0 anp  G,=0 The following problems may either be given (a) the principal stresses, the orientation
e lesep T =-0.0SS6P (pei) to students for them to practice their problem of the principal planes, and (b) the
T(mbs) solving skills or be used as test problems. maximum and the minimum shear
s—— V(15.85, —4.15) The answers are provided on the next page. stresses and the associated normal
T = (-‘—2—-‘) + 1.} u; stresses and the planes where these
4 ‘_{7-‘5\ (1) For the light fixture subjected to the stresses occurs.
< T o loads shown, determine the normal 1 e
- P oo Ok prwbgpuicu o1 |
2 o s 0 ;!-'585 (‘) 0:45 ky
L _ F3
=0.124P a=b= 2 - 2 =12.93 MPa P o+ —= 5 ksi
Equating the above cxpression to the given r= o + 1, = 1295 + 415 =13.8MPa 850 mn j2oon] 7= 44
masimum shea s of 00 i, we find o =arr=1293+ 1358=+265MPa 4 '
P = 26k “ Oy =a-r=1293-13.58=065MPa 4 AL B
= = 50 -
g Toex = +r = +13.58 MPa - - Ema :Itl'o .
) ) Tio = -1 =-13.58 MPa - ﬂ—L—“—
;h:mzrnalio;matthi%ﬂtmughAm: o' =a=12.93 MPa L | e
;Zm;g’iﬂsﬂ ?%?Nu.qm 18-54 (2) An aluminum alloy block is subjected to
o =g, = P _ (6MPa)0.250m) _ 50 MPa (T) an eccentric axial load P shown. The
For the 20 mm x 100 mm section: S 2(0.015m) linear strain at A (measured by an|(4) A clevis transmits a load of 15 kN to the
lectrical strain gage) is 500 x 106 in./in. bracket shown. Determine (a) the state
A =(0.020 m)(0.100 m) = 0. =0, =l 220,21 - : 858 ™ FIRER ) U9 4
((0 m‘ﬂgxmogl; ),°°°2 m Ty s w2 MR (T due to the applied load P. If the modulus of stress of the element at point A, (5)
I= ——l-z—-—-—- = 1.67x10°m* fo=rit+t =f:-250+ 0.015 =0~255‘m of elasticity of aluminum is E = 10 x 106 the principal stresses and the orientation
- m(roz-rl ) _®(0.265'-0.250) _ 0.00161 m* FSL c}:):tcnnine the magnitude of the of the principal planes of the element.
Theﬁl:mommtofaruA’lboutthﬂ N.A.is T Tr. (T)0.265) orce F. . 55 mm 0
Q=AY =(0020x0.02000.040) = 1.6x 105w | o |=—=—2="2 Gin. ) P
P My J 1 0.00161 ['—‘
0= — 4 =2 =164.6 T kN/m2 =0.1646 T MPa =
A I 7 4in. o b lA._ln--
_ _SKN_ (L30 kN-m)0.03 m) - (2__"1) P =T ] 50mm
~ 0.002 m’ 167x10° m* = - ) 7 zs
=2500 kN/m? + 23 400 kN/m? 0 - 1007 ! :
=25 900 kN/m? = 25.9 MPa = J( z ) + (0.1646T)* 12in %
15 kN
W= VQ _ (866 kN)(1.66 x 10° m*) = J625 + 0.0271T° = 100 MPa p-tin.
It (1.67x10°m*}0.020m) I — s
=4150 kN/m? =4.15 MPa 625+ 0.0271 T? = 10000
— o, = +25.85 MPa Fo_ooo—- 625
..; A 15854k 0,=0 L 00271 TH-
“ISMP ¢ = 4.15MPa Tow = SB8KN+m “
261 262
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Solutions to Test Problems

for Chapter 18
m h e.05w
& _GiSm Al]
olAL HE e <
P i 0, = Ee, = (10 x 108 psi)(500 x 10%) = 5000 psi
LT - an 2 oMY MX
L 0.2am | AR L L
A =0.150 m x 0.050 m + 0.050 m x 0.150 m _.P o, @P2)  (BPX2)
=0.075 m? + 0.075 m? = 0.015 m? =22 " @y * @xer
5 - (0.0075m*)(0.075m) + (0.0075m*)(0.175m) 12 12
_orzs 0.0075m’ +0.0075 m’ =0.1667 P = 5000 psi
=0u. m
- 5000 "
I, = I + AT - y] P= = =300001b=30 kips <
h ;
.[&mnﬁ’__ﬂ+(QMm=)(alum-ums)*] & =
(0. 050 m)0. 150 m)* ~ . G=5ksi
+[——h——+[o.w15m’lmzsm-o.m) } -| '—.S’h- o =-1kd
—r—-—‘“.n' €, = 4 ksi
=531x109m*
0. 45 &N
"' 12.251#
15
0.25m ¥ #
: R
AT ;
Gt A TR o, =a-r=2-5=3ksi <
P=225kN(C) 6, = tan! [.l:.-_.ll] = tan” 5._.-_:2.]
M, = (0.45 kN)(0.85 m) + (2.25 kNX0375 m) T, 4
=1.226 kN+ m it [ 2 Y 0 ¢
” .3+Mf, 225kN (LZZ&kN-mXJEZSm) 2
- i 3 54
A1y 00I5m S31x107 m 0,= 0, + 90" = -26.6" + 90" = +63.4° <
=-150 kN/m2 + 2890 kN/m2
= 2740 kN/m?2 = 2.74 MPa (T) L]
. g-_chzzwzzst (L 226 kN»m)0.075m) Toxr =1 =5ksi <
A Iy aoism® 531x10° m* Yo =-r=-5ksi El
=-150 kN/m: - 1730 kN/m2 o' =a =2ksi -
=-1880 kN/m? = - 1.88 MPa (C) < (Cont'd)

Solutions to Test Problems
for Chapter 18 (Cont'd)

(3 (Cont)

i 3
et [r-o-l:,‘]—-m‘t [5 + (4)

=-tan! [3] =-716 B

6, =8,+90" =-71.6" + 90" = +184" <4
Using Mohr’s circle to check the answers, we obtain:

T(ks)

The internal forces at the section through A are:

P= 7.5kN(T)
V=13.0kN
M = (13 kN)0.055 m) = 0.715 kN +m

For the 10 mm x 50 mm section:

A =(0.010 m)0.050 m) = 5.0 x 104 m»
| = Q010 mi(:oso m)’ = L042x 10" m*

The first moment of area A’ about the N.A. is
Q=AY =(0.010 x 0.012)(0.019) = 2.28 x 104 m?

___15kN (0.715 kN-m)0.013 m)
50x10*m* 1.042x 10" m*

= 104 200 kN/m2 = 104.2 MPa

k I_lrg_ (13.0 kN)2.28 x 10° m?)
Tt T (L042 x 10" m*)(0.010 m)
= 28 400 kN/m? = 28.4 MPa

O, =+104.2 MPa

Oy =a+r=521+53=+111.4 MPa <4

o =a-r=521-53=-72MPa <4
 ad .!..i = tan- [M]
6, = tan [t, ] tan - 284
=-142" <
6,=0; +90"=-142" + 90" = +758" <
= ~72MPy
= 111.4MPe
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£el

197

P, = A0, =(25.6 in.2 )(30.0 kip/in.?) = 768 kips

191 19-5
For the full-sized 2 in. x 4 in. section, the least radius
of gyration is = w =833x10°m*
o =0.28%2in.) =0.578 in 12
Forplnnedﬂldl.k=k]L LOBx 12in) For pinned ends, k=1
Slenderness ratio = — = ————") _ 166 o ,
0.578 in. For square section, r=0.28%(0.1 m) =0.0289 m
192 _kk = c:(2.5 nfl) = 86.5
From Appendix Table A-5(b), for 200 mm standard f : L
M - - o, =B _ 2023 10N/ m)
For fixed-free ends, k=2 « (&)z (86.5)°
r
. kK 20m)
slenderness ratio = — = = =or— =803 < = 1.58 x 107 N/m?
P,=A0, = (0.1 x 0.1 m*)(1.58 x 107 N/m?)
19-3
=158x 10° N= 158 kN <
For square séction: a?=A, a=JA 196
r=0289%=0289JA For circular section,
For circular section: —d” = A, cl=zJE %, Y s
4 £ A= -4- = --(O(Bm) =503x10"m
r="—=lF=o.zszJi' d _ 0.08m
4 2¥=x === ——=002m
4 4
For the same cross-sectional area, a square columm is _
better than a circular column, because the radius of For fixed ends, k=05
gyration of a square section is greater than that of a
circular section. kL - 0.5(4 m) = 100
r 0.02 m
194
#E _ 2(70x 10° kN/m?)
0, =33 ksi e = (l:l,)l - (100)°
r
el o o, . 20210
e 000113 =69.1x 10°kN/m* < 0, =230MPa (0K
x’(292x IU kS!) P,:AU,
J 33 ksi
=(5.03 x 10® m2)69.1 x 10° kN/m?)
-%s5 4 =348 kN <

1 .
Forl4x4x 2 A=375in2 Py = L% - 768 kips =384 kips ™
F.S. 2.0
fo =T, =0.782 in. 19-10
For fixed-pinned ends, k=07 For W300 x 0.58 section.
K _ 0708x12in) _ o A=761x10°m? rm=r, =0.0490m
r  078in For fixed ends, 'k =0.5
o = FE_ _ =29 x10 ksi)
e E__)z 193y K _ 0515m) _ o
= r 0.0490 m
=7.68ksi < s =34 ksi (O.K.) “25 f(m x 10° m)
P, =A0, = (3.75in2)(7.68 kips/in.?) B =y = sy
=28.8 kips - (T)
o8 =84.3 MPa < 0, = 200 MPa (OK)
P, =A0, = (7.61 x 10% m*}(84.3 MN/m?)
For 2-in. standard steel pi
A=107in2 r= 078‘71:1. =642 x 102 MN = 642 kN
For fixed-free condition, k = 2 P 642 kN
o 2@x2in) Pam= % = =20 4
r  0.0787in.
5 - ®E__ ®(9x10 ki -1
* (k};)’ 122y P = (FS.) Puw = 220 kN) = 40 kN
r
=192 ksi < 0 =34 ksi (0.K.) |For pinned ends, k=1 X
P.= A0, =(1.07in2X19.2 kips/in.?) From the Euler equation P, = ('T)f we get
=20.5ﬁp! «
159 ]=P,(u.)’ _ (0N x12m)?
='E (200 x 10° kN/ m?)
For W12 x 87 section,
A=256in2, ry=r, =3.07in. =2918x 10% m*
For pinned wndmon,k 1
For a square section of dimension b,
K 105x12in) oo
T 307 _b®’ bt
12 12
o o XE__ x(29x10 ksi)
- (LL_)’ T X7 b= V2T = {122918x 10° m")
N =0.0243 m =243 mm <
=30.0 ksi < & =34 ksi (OK)
266
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1912
P.=(FS.) P yen = 2(5 kips) = 10 kips
For fixed ends, k = 0.5

2E
o =TT weget

e)

o TE _ 31(2911(1‘&')_690
o, 600.6 psi

From o

T

5™ J
155 g
Woa

~’H ZJ--hus3 Skips
From the Euler equation P, = T weset From the force triangle, = 5"5"7"
The height when buckling occurs is 5 kips "
= = B66ki From i
;- PoGLY _ (10 kipsk0.5x 20 x12in.)? 0  (690)0.334in.) T 3 " o W
*E %(29x 10 kip/in.") g m S P.=(FS.) P =3 (8.66 kips) = 26.0 kips Vo _ 155KN
=0.503 in.* For pinned ends, k=1 el
=115in. =961 ft 4 x"El (15.5 kN)sin 15°
" Fom P = we get w_ = - = =567TkN <
For a circular section, [= M‘Slmeaflzlwrgfufcty is not used, it is not 2 (kl..ii - sin 135
recommended to climb to this height. Once bucklin : :
occurs, the pole may suddenly deflect and snap ang I= P'g;)’ = (’;6 . Xl: lm Tn‘;): 1517
d"‘F ’64(0 int) _ aouoouldbeqmledmgemua %' (29 x10° kip/in.") W:l% tons =3 kips
19-14 =131in*
B-13 standard .p—l-—.:n - -
r=0.28%0.060 m) = 0.0173 m Use2 Lin. steel pipe < - s %
For fixed-free ends, k=2 Reolassdis, Bl 2 A P e
3 . ) (It provides a moment of inertia of 1.53 in.* and is | _F ¢ Fup 3 kips
For = in. standard weight steel pipe, % _ 6%%?:%; = I3 adequate for member AB.) sin80°  sin80°  sin 20°
- : ' 19-16 Foc =Fig =864 kips =P,
= = 2 -
r=0334in, A=0333in. . - XE _ 2(200 x 10° KN/ m) o . ac =Fan ps dh- '
Ko 200x12in) _ o : -(ﬁ)z a7y PR E S BRI S
r 0.334in. = r r=0289 (Om m) =0.01445m x’[".l
From P, =——
o = XE__F@Ox1Fb/int) .., = 65950 kN/m? For pinned ends, k=1 « “@y ™
e TS = in.
(T) (7197 P = Ao, = (0.060 m?)(65 950 kN/m?) o _em .o, (- PaOLY _ (59kipeXi x35x 2in.)
. r  0.01445m x%(29 x 10’ kip/ in.})
P, = A0, =(0333 in2)(554 Ib/in.2) . —_—" . ﬁz’ = (12 x 10° kN/ m?) =160 in.4
=1841b Paw = S = === = BIN “ (& (1384)
Hence the 200 Ib worker cannot get to the top of the T = 6183 kN/m? From [ = =d o weget
le before it buckles. s T
pole before it buckles < A ]2#,“ A?ﬂ“ P.=A0,=(0.05x 0.10 m*}6183 kN/m?)
P 200 Ib & d= # ol
= =& = = X i =
% " A " e = 0e . m":’-u 2 7aul 09KN
rom orce diagram, P 30.9kN i
W = (T9kN) /2 =39.5kN o me=-l;-_:';—= 2 = 185kN d_=1.34m. 4
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19-18 For pinned-ends, k=1 1921 1923
Forfullsizelinle in. section:
o= %:&;22‘;9‘“;=35,5<c==m6 = PRE_ PERICD 50 o . PPE_ pRQI0xICMP) _ .,
2} Yo, ¥V  S0ksi Yo, ¥ 345MPa
. < J.B. Johnson formula applies. For 5-in. standard weight steel pipe, For W360 x 131,
kL 1(60) A=430in.?, r=1.88in. A=171x100m?, ru=r,=0.0%0m
b 92 For column with fixed-pinned ends, k=0.7
I, 0289 x 225 KL/ 1) (86.9)? For fixed-free ends, k=2 KL 0.700 m)
o, =|1- o, = |1-=——— (250 MPa) — = ——— =745< C, = 107.0
KL 1(30) ¢ 17 | 02 i 2(6x12in.) : r  000m
kL, 104 — = === = 76.6 <C? = 1070
T, 0289 x 1 =191 MPa r 188 in . 1.B. Johnson formula applies.
kL. sz Aa, =(0.1 x 0.2 m?)(191 MN/m? .. J.B. Johnson formula applies. 2 2
=1 controls ( X ) o, = U0 1__115-_-‘»)_2 345 MPa)
. =3.82MN « ¢ |7 2(107.0)
kL:’r)z
! (30 000 ksi) =L o) 50 ksi =261 MPa
~om -» 19-20 [ 2(10’7 0) )
P.=Ao,=(17.1 x 10° m2)(261 x 10? kN/m?)
RaE  [22%(200 x 10° MPa) ;
s.mc—t 92 < 99, Euler eq. applies C.=‘ o, "V 20Mm =126 =372 ksi = 4470 kN
P, = A0, =(430in2)(37.2 kips/in.?) p. = Ba _ MOKN _ 5N @
< o f d _01m . e RS 2.0
. & Ez - XG0 000ks) ., r= 3= = =005m =160 kips < :
o (&) (104)2 19-24
r For fixed-pinned ends, k=0.7 19-22
. _ RXE _ #*(29x10° ksi) _
P.=A0, =(1 x 2.25)(27.4) = 61.6 kips % - 067;:’;55:) - B<C =12 From Prob. 1822, Ce=107.0 C, = ¥e T o = 107.0
P,  6L6ki . ) 74, A=218in2, roe=248in
Pum = 75 =3 £ = 30.8kips . J.B. Johnson formula applies. rorWix7h A72180A - fe=2480n ForWi2x 63, . .
) For column with fixed ends, k =0.5 A=19.1in2, re=r,=3.02in.
The equilibrium of the beam requires: : =
. = (L /o) (s8)’ B OMMxRin) g ooggrg | edends K205
F (36 +6) =P yen (6) o, =(1- o, = |1 - ——= (250 MPa) r 2.48 in. B R i
o & [ 2 ] ¥ 2(125)‘] o E(%SO-EM =49.7 < C, = 107.0
m WhIC ” . r .
. 6 ‘08— . . 1.B. Johnson formula applies. ~ JB.J Sk soallie:
= -5 (308) =44 kips = 174.4 MPa 2 ( : :
o, = ("L”) 1 - 258 iop ki =[‘ -5 )] [ s }(50"’“
19-19 . = " 20126) 2¢° 2107.0)°
b1
P.=A0,= —(0.1m?)(174.4 MN/m?) . _ ;
c - PFE_ prowxio M) _ 4 =295 ksi =44.6 ksi
‘ ‘ 250 MPa = 137 MN < P.=A0, =(21.8in2)(29.5 kips/in.2) P.=Ao,=(19.1in2)44.6 kipfi_n.’) =852 kips
. _ P, _ 8S2kips _ v ol
r=0.289 (0.10 m) = 0.0289 m =644 kips « Puw = 55 = —35 = R6kips
269 270
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19-25 . J.B. Johnson formula applies. .28 1%
= pr ’23’(29:[03k.m)_1m.0 _[; (kLIr)’ (zsom) %=%§E=174>C‘=]26.1 %_gu;‘si%ﬂzﬂ_ll_f,,qq_.]m
Yo, 50 ksi e 2(126)
Foc rectangular section <200 %Ps .. Euler formula applies. .. Euler formula applies.
r=0.28%1 in.) = 0.289 in. B
] , P.=Ao0.= E(o_lm)z(mwml) = 1570 kN x’E/ (kL / r}? - x*(29 000 ksi) / (174)* =’E/(kL/ _ (29 000 ksi) / (115)*
For pinned ends, k=1 p C i 570 . 192 192 192 B 1.92
Py = =% = = 524 kN _ =11.27 ksi
£L_ 1(2 x12 in.) c. o~ pg =492 ksi
T - Tomdm - B0<C =100 A From Table 19-3, for ki/r = 115
M& L }_ From Table 19'-2, forkL/r=174 O = 11.29ksi (checks)
2. 1.B. Johnson formula applies. B anani O =4.93 ksi (checks) Puow = AGun =(11.7in.3)(11.27 kips/in.2)
(Lgﬁ (8.0 2F, =524 -2Tx 7; -0 Puim = A uw = (2.23 in2)(4.92 kips/in.?) = 132 kips -
'[ - ]“’ - [l 2126 Imk") T =586 kN = 11.0 kips <153
- . F, = Fo -2(35; }:o 19-29 For W250 x 1.63,
350ksi X B o B0 i L A=212x 10w, r,=00681m
i . - b = in. ith fi ends, k=
P.=Ao,= % x: i in.2)(35.0 kips/in.?) Foou = 1048 kN 4| | Forcotinmn with boh andefiass, . k=085 g 08
= kL _ (08X9m)
_ 5 . KL (065K20 x 12in.) = = o=t = 1057 < C, = 1261
P 70 ki . . _ e T = 65 < C = 107 r 0.0681m
Puew = =% = ——E° = 28 kips For 3 in. standard steel pipe: r 2.04 in. » -, 1.B. Johnson formula applies.
FS 25 A=22in2 r=116in. /e
o M =109 < C. = 126.1 .. 1.B. Johnson formula applies. ——H"“ = _l05.7 = 0.838
8 ro 116 in. - .= C, 126.1
. 4 3
A o 2 1.B. Johnson formula applies. FS = 5, X/n (kL/r) 5 A/ (kL/rY
k 3 sC, 8C. FS = = + § oy
’ ) Fs = 3, Xd/n (dL/r) 3 8C, e
ZM‘ = -W,, (Bft) + (2Bkips)4ft) = 0 =3t 8C, . _ 5, xS (76.5¢ 189 = 3, X088 (0.838° = 191
W = 14 kips - 5 3(109)  (109)° T3 7 K101 K107 3 8 8
= = = = 191 KL/ (0.838)"]
s 5 3 81260) 8(126.10 T [l == ]o, [1- 5 |(250 MPs)
4 5 1- = ] y [ Fﬂ)k’i) Oiow = 3 =
E<E (200 x 10° MPa) D], [ (e ksi) g e 2(107)’ B somm ™
C, = ‘ Wit | 2% MPa = 126 —_— 2C; |7 | 2a26.0) - ES.
' o = ES. - 1.91 : From Table 19-3, By interpolation for
=19.7 kips klL/r=105.7 we
d _ 0lm = 11.81 ksi s Ay
I'='4'= 2 = 0.025m = ) ) Ouow = 12.25 ksi = 12.25 x 6.895
The end condition of member AB is considered | From Table 19-2, for kiL/r = 109, From Table 19-3, By interpolation for kiL/r = 76.5, s ( )
pinned on both sides, hence k = 1 Ouw = 11.81 ksi (checks) Cuiow = 19.70 ksi (checks) P = AC s
B o™, 00640 =« 135 Puon = AG.uce =(2.23 in.2X(11.81 kips/in.?) Puow = A e =(11.7in.2X(19.7 kipsfin.?) =213 10° w49 x 107 kN/av")
r005m =263 kips “ =230 kips E =50 4
m m
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LET

1932

i _ (0802m)

p 0.0681 m = 141 > C, = 1261

.. Euler formula applies.
_ ®*E/(KL/ 1)
- .92
_ x*(200 x 100 MN /m*)/ (141)*
N 192

= 51.7 MPa
From Table 19-2, for kL/r = 141

Ouow = 751 ksi = 7.51 ksi x 6.895
=51.8 MPa

Puw = AC g

(checks)

=(21.2x 10° m2)(51.7 x 10° kN/m?)
= 1100 kN L |

From Table 19-3, for kL/r = 78 we get,

Ouiow = 19.41 ksi = 19.41 x 6.895
=133.8 MPa

Pun= Aoy,

(checks)

=(3.06 x 10? m*)(133.9 x 10° kN/m?)
=410 kN «

19-35 (Cont)

From Table 19-2, for klL/r =82, Oy, =15.13 ksi
Puce = AGuw = (2 X 5.88in.3)(15.13 kips/in.?)
=178 kips <

19-33

ForL127x 127x 12.7.

A=306x10°m?, r=r,=0025m
For fixed ends, k=0.65
KL (0653m) _ _
= = Siosm = <C. =10%0
. 1.B. Johnson formula applies.
kL/r 78
C,  107.0 i
5 XkL/r) (kL/r)
FS = = - —_—
37 T 8C
_ é 30.729) (0729 _
s + s - s = 1892
kL / r)’ . 729)"
[1-(—203 ]o, Lo 7229) ](345 MPa)
i T S 1892

19-34

K _ (065)(4.5m)
r  0.025m
.*. Euler formula applies.
_ ®E/(KL/ o
- 192
7*(200 x 10° MPa)/ (117

=117 > C, = 107.0

=75.1 MPa

From Table 19-3, for kiL/r = 117 we get

o = 10.91 ksi = 1091 x 6.895
=752 MPa

Ph = AC 0w

(checks)

=(3.06 x 10? m2)(75.1 x 10° kN/m?)
=230 kN <

19-38

O, =36ksi, pinnedends, k=1

‘5"@:—5‘: ml:n.
ol g

I,=2x789=158in.+
I, =2 [2.81 + (5.88)(4.394)7] = 233 in.*

leastr=r, = J— % 3.67in.

k_L_ (10[151121:1)
r 3.67in.

(Cont’d)

—

o, =345 MPa
—* For pinned ends, k=1
t>— C300 x0.43¢

—

(@)
A=2(569x10° m?) = 1138 x 102 m?
I, =267.4x 105 m*) = 134.8 x 105 m*

2
I =2[2.14x10‘m‘ +(5.69x10"m=(§+n0171 m) ] &

=[,=1348x 105 m*
from which

b=0.180 m = 180 mm «

. J— " x10°m® _ 1088 m
1138K10 l‘l!l

kL (L.OX12m)
r  0.1088m =1
From Table 19-3, for kL/r= 110
Ouow = 1234 ksi = 12.34 x 6.895
=85.1 MPa
Poow = A0 yom
=(1138 x 10° m?)(85.1 x 102 kN/m?)

=968 kN -«

(checks)

Section

A (in.2)

ry (in.)

Wi4x 90
Wi2x 87
W10x 100

Try W12 x 87

26.5
256
294

K _ (.0X20x12in)

r 3.07in.

From Table 19-2, 0. = 15.58 ksi

Pucw = A0y =(25.6 in.2)(15.58 kips/in.?)
=399 kips = 400 kips
Use W12 x 87 4

=78

3.70
3.07
2.65

(0.K)

19-37

g, =36 ksi

For pinned ends, k= 1.0
Assume r=3 in.

kL _ (LOX20x12in.)

3 =9
r
From Table 19-2,
Ouen = 1536 ksi
P 400 ki 2
A = —= = 26.0 in.
= = Own _ 1536 kips/in. i

19-38
=36 ksi
Assumer=3 in.

K _ (0.8)(35x 12in.)

r 3

From Table 19-2, o, = 11.40 ksi
P 150kips
~ 1140 kips / in.?

A_=
= odu-

Section l A (in.?) |

For fixed-pinned ends, k=

= 112

0.8

=132 in

1, (in.)

Wi2zx 53 156
W10 x 60 176

Try Wi2x 3

Widxs3 | 156 l

K _ (0B)G5x12in)

r 2.48 in.

From Table 19-2, 0. =8.19 ksi
= AO g =(15.6in.2)(8.19 kips/in.?)
= 127 kips < 150 kips

Try W10 x 60

kL _ (08)35x 12in.)

r 2.57in.

From Table 19-2, 04, =870 ksi
Paow = AT = (15.6 in.2)(8.70 kips/in.2)
= 153 kips > 150 kips

Use W10 x 60 -

= 135

= 131

1.92
248
2.57

(N.G.)

(OK)
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19-39 Try W3.27x 127 19-42 From Table 19-2,
Ouiom = 14.67 ksi
q, =250 MPa K @e2m) _ oo o, = 50 ksi X 6.895=101.1 MPa
For pinned cods, k = 1 r  0.070m For fixed ends, k =0.65 Pe =As
Assume r=0.070 m Assume r=3.0 in. e Y
=3 = (7.68x 10° m?)(101.1.0 x 10° kN/m?)
o From Table 19-3, =776 kN > 700 kN (0K)
A _Oi0m) _.n» O = 1471 ksi K _ (065@0x12in) _ o
r  0.070m x 6895 = 101.4 MPa r 3.0in. - : .
- Use 250 mm diameter standard steel pipe 4
From Table 19-2, From Table 19-3, 0. = 13.77 ksi
. Puow = A0, =(16.5 x 102 m?)(101.4 x 10° kN/m?) P 500 ki 4 19-44
Ousow = 730 ks = 1670 kN > 1500 kN ©OK)| |Am=— = ——F— =363in.
X 6.895 = 503 MPa ‘ Ouwe  13.77kips/in.
Use W300 x 1.27 < o, =50 ksi
P 600 kN Section | A (in.?) r, (in.) For pinned ends, k=1
A o = O T OO e [A | = Assimer=20%.
iow : W24x 131 | 385 2.97 )
: 4 0, = 50 ksi Widx 132 | 388 3.76 kL o (1X20 x 12 in.) =
Secion | Alx 104 a | & For fixed ends, k=0.65 W14x109 | 320 3.7 r 20in. =
W360 x 0.99 12.9 0.0625 Assume r=2.5in.
W300 x 0.95 123 0.0767 . RS From Table 193, 04, = 1037 ksi
W250 x 1.12 14.6 0.0660 K _(065)30x12in) _ o, KL (Q65X40 x 12in.)
) r 2.5in. -—= - = = 84 P 70 ki .
Since W300 x 0.95 has an area greater than A, = i r 7 in. A= o = poly = 675
11.9x 102 m’and_am'diuspfgymﬁongrutenhnr From Table 19-3, 0., = 16.06 ksi From Table 19-3, 0., = 1841 ksi O giow . ps/m.
=0.070 m, the section is satisfactory. Posow = AG e = (32.0 in.2)(18.41 kips/in.?) Try 6 in. standard weight steel pipe.
Use W300 x 0.95 4, _ P ___20kp _ o = 589 kips > 500 kips (0K.) A=558in2, r=225in
™ " Gy  16.06 kips/in.} ’
- ps Use W14 x 109 L @@xzin)
»-® Section lA(in.z) | r, (in.) 1943 r  225in.
g, =345 MPa Wi2xs53 | 156 248 o = .
For fixed ends, k =0.65 W10 x 49 14.4 254 g,or-r?jom - From Table 19-3, 0, = 13.04 ksi
Assume r =0.070m Wi0ox45 | 133 201 e o
Assumer=0.07m Prscw = AC g = (5.58 in.?)(13.04 kips/in.?)
Ko @eim) Try WI0x 45 n_o8i0m .., =72.8 kips > 70 kips (0K)
ro 000m M _ (06530x12in) _ .0 r 0.070 m
) 201i - Use 6 in. standard weight steel pi -
From Table 19-3, o il From Table 19-2, se weight steel pipe
- Ouew = 11.10 ksi e
Oupow = 12.12 ks gt e Gasow = 1.
X 6.895 = 83.6 MPa Puiow = AG e =(13.3 in.?)(11.10 kips/in.) X 6.895 = 76.7 MPa
= 148 kips < 200 kips (N.G.) P P T00kN =9.13 x 10%
Ag= ;f___ - a%:rmnmmz Try W10 x 49 Ouow  70.7x10°kN/ m
L0 X i
- B o w =9 Try 250 mm diameter standard steel pipe:
r 2.54in. A=768x10° m?, r=0.0932m
From Table 19-3, 04, = 16.50 ksi
Puion = AGuion = (14.4in.2)(16.50 kips/in. ?) n 080w _ .
= 238 kips > 200 kips (0K) r 0.092m
Use W10 x 49 -«

275 276




61 1dey)

6t1

Test Problems for Chapter 19

The following problems may either be given
to students for them to practice their problem
solving skills or be used as test problems.
The answers are provided on the next page.

(1) A 10 m long steel column with a W300
X 1.27 section is made of Ad441 steel
with E =200 GPa and o, = 345 MPa.
Determine the critical buckling load of
the column if it has (a) pinned ends, and
(b) fixed ends.

(3) Select the lightest standard weight steel
pipe section (in SI designation) to
support an axial compressive load of
230 kN. The column has pinned ends
and an unbraced length of 3.5 m. Use
AISC specification and A441 steel with
g, = 345 MPa.

Solutions to Test Problems
for Chapter 19

(2) A compression machine member with
pinned ends has a length of 2 ft and a
cross-section of 1 in. X 2 in. The
member is made of A36 steel with E =
29 x 103 ksi and o = 36 ksi. Determine
the maximum allowable axial
compressive load tha can be supported
by the member based on a factor of safety|
of 2.5.

(4) Select the lightest W-shape for a 30-ft
column with fixed ends to support an
axial compressive load of 350 kips. Use
AISC specification and A242 steel with

o, = 50 ksi.

(0}]

For W300 x 1.27 section,
A=165x10° m?
T =Ty =0.078 m

RXE _ [22°(200x10° MPa) 107.0
Yo, ¥V 35w =
(a) Forpinned ends, k=1.0
B o DO o O T
r 0.075m
Euler formula applies.
o #E __ x*(200x10°MN/ m?)
« = Ll 1282y’

= 120.1 MPa = 120.1 x 10° kN/m?
P.=Ao.

=(16.5x 107 m?)(120.1 x 10% kN/m?)
= 1980 kN

(b) Forfixedends, k=0.5

kL 0.510m)"
A =107.0
: 0. 64.1 < C,=107.

1.B. Johnson formula applies.

<p 5]

(64.17
2(107.0)*

=283 MPa = 283 x 10° kN/m?

P.=Ao,

=(16.5x 10° m?)(283 x 10° kKN/m2)
=4670 kN

«

2
For 1 in x 2 in. section
A=2in2
T = 0.289%(1 in.) = 0.289 in.
For pinned ends, k= 1.0
)
For A36 steel, C.=126.1

K LO(2x12in)

r 0.289 in

= 83<C,=126.1

J.B. Johnson formula applies.

oo S

=282 ksi

(83.0°

12617 (36ksi)

P.=A0, =(2in2)282 kip/in.?) =56.4 kips

Poe = 25 = 23KP _ 26 kips 4

>~ FS. 25

@

a, =345 MPa

For pinned ends, k= 1.0
Assume r=0.04 m

E_._ - L.0(3.5m) - 88
r 0.04 m

From Table 19-3,

O = 1737 ksi
X 6.895 = 119.8 MPa

230 kN

P
119.8x10°kN / m*

A= =
my O

=192 x10? m?

Note that 90 mm norminal diameter obviously will

not work. Hence we try 100 mm diameter standard

steel pipe:
A=205x10°m?, r=0.0384m

(Cont’d)
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Solutions to Test Problems
for Chapter 19 (Cont’d)

(3) (Cont)

KL (LOX3Sm) _
r  0.0384m
From Table 19-3,

Oiow = 16.72 ksi
x6.895=1153 MPa

91

| ACI..,.

Pucn = AOuew = (19.1 in2)(19.41 kips/in.?)
=371 kips > 350 kips

Use W12 x 65

(OK)

=(2.05 x 102 m2)(1153 x 10° kN/m?)
=236 kN > 230 kN (OK.)
Use 100 mm standard steel pipe <4
@
o, =50 ksi

For fixed ends, k =0.65
Assume r=3.0in.

kL (06530 x 12 in.) -

78
r 3.0
From Table 19-3,
Oow = 19.41 ksi
A = _l:_ = _zﬂ)_hL = 18.03 in.?

™ " Ouew  19.41 kips/in?

Section IArm.:) | r, (in))

20-1
o 3w g
Six : in. diam. A 502-1 rivets

x(3.\? oy
A = z(‘—;m) = 0.442 in.

20-3
T s 2
Eight Y in. diam. A 502-2 rivets

x(7 .1\?
= =i =~ in.] =0. in.2
A, 4( m) 0.601 in

8
P, = DA, Ty = 6(0.442 ]::].2)3'(]5 kips/in.) = 39.8 kips P, = n(2A, JTue = 8(2 l{D.ﬂ)l in2X(20 kips/in.?)
Py = n(tdX(Oh)uew =6 (Ex Zin.") (135 x 36 kips/in.?) E
= 109.4 kips P, = ()03 )uon = 8 (E‘a’ in) (13536 kips/n.2
b-=b—n(d+c)=6-2(%+ é)=4.25in. =213HP; X
i h_:h-n(d+e)=12-4(- + 3) =8in
P, = bou (0 iow = (4.25 in.)(;in.) (0.6 x 36 kips/in.?) 53 8
=459 kips Py = b (0w = (8 in-)(-s-in.) (0.6 x 36 kips/in.?)
Joint Strength: P =P, =39.8 kips < = 108 kips
Joist Bfficlensy = —uweglhofloist ... Joint Strength: P = P, = 108 kips -
Strength of Solid Plate _ : -
39.8 kips Joint Efficiency = x 100%
gl ey %l bt
(Gm.xim.)(O.Gx%hpslm.) _ - 108 kips <100%
== T
ik i (12 m.xEm)(O.ﬁmhpai in?)
20-2 =66.7% -«
Six2l’)‘mmdhm.ASBz-lrivets 204
M Tmp S 0w Eight 22 mm diam. A 502-2 rivets

P, = nA, 1., = 6(3.14 x 10+ m?)(103 x 10° kN/m?)
=194 kN
Py = n(td X0, ) siow
=6 (0.013 m x 0.020 m)(1.35 x 250 x 10° kN/m?)
=527kN i
by =b-n(d +c) = 150 mm - 2( 20 mm + 3 mm)
=104 mm =0.104 m

Py = b0 o

Aw %(o.uzz m)? =3.80 x 104 m?

P, = nA, Ty = 8(2 x 3.80x10+ m?)(138x10° kN/m?)
=839 kN

Py = n(td ) Oy )siow
=8(0.016 m x 0.022 m)(1.35 x 250 x 10° kN/m?)
=950 kN

Wi4x9 | 265 3.70 =(0.104 m)0.013 m)(0.6 x 250 x 10° kN/m?) -
Wi12x65 | 19.1 3.02 =208 kN
Wiox77 | 226 260 Joint Strength: P =P, = 194 kN | t’-="'““'+°)==3£%’;':‘n1?,(22§0“;“*3m)

. : Strength of Joint N
Try Wi12x 65 Joint Efficiency = - x 100%

Strength of Solid Plate P, = b (0 st

kL (065)(30x12in.) _ = (0.200 m)0.016 m)0.6 x 250 x 10° kN/m?)
" 3.02 in. ok = 1% XN x 100% =480kN

(0.150 mx0.013m ){0.6x250x10°kN/ m’) Joint Strength: P =P, = 480 kN <
From Table 19-3, 0y, = 19.41 ksi =663% < (Cont'd)
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204 (Cont) P, =4(2 A, )T =42 x 0.785 in.2)(15 kips/in.2)
=94.2 kips
, . < ‘
Jant ificieacy i *100% Since twice of the thickness of the angle is greater
480 kN than the thickness of ﬂ‘:;] gu_;:el plate, bearing on
= 1 usset plate is more critical. Thus
(0.016mx0300m)0.6x250x10°kN/ m7) ~ 0% | & e
=66.7% 4| P, = 4(t,d) ) o = 4 (%xl in.’) (135 x 36 kips/in.?)
20-5 = 122 kips
7. . Joint Strength: P =P, =94.2 kips 4
g in. diam. A 502-2 rivets. Joint Eﬂ'wiency = — x 100%
3 2A (T ) sion
The angleisL5x3 x § 2942 kips x 100%
iR 3(-, S = 2(286n){0.6 x 36 kips/ in.)
= - = -] = e
Acpu-td+c e - =762% <
Allowable Tensile Strength =P, = A_, (O).0w 200
=(2.49in?)(0.6 x 36 kips/in?) = 53 8 kips
Four 25 mm diam. A 502-1 rivets:
20-6 n
A.= 7 (0.025m) =491 x 10+ m?
2
= X[ - in?
A, = 4(9 = DA LIZIXT6XDS,  Amy=185X10°m2

P, per rivet = A, Tue = (0.601 in.2)20 kips/in.?)
= 12.02 kips
Py, per rivet = (tdX(0,)uow
= (% x % in?)(135 x 36 kips! in?) =213 kips
L 53.8 kips
- = 447
" = P.perrivet  12.02 kips

Use 5 rivets «

207
Four 1 in. diam. A 502-1 rivets
A.= E(lin.)’:O.?SSin.i
2L5x3x %: A =286in.2
A = 2[A g -t(d + )]
3 1
= zss-—( -} = 4.88in.?
2{ 1+ 8)} in.

P, = A (X)uow = (4.88 in.2X0.6 x 36 kips/in.?)
= 105 kips

A = 2[Apge - t(d + ©)]
=2[1.85x102 m? - (0.0095 m)(0.025 m+0.003 m)]
=3.168 x 10° m?
Py= A (0 uiow
=(3.168 x 10° m2)0.6 x 250 x 10% kN/m?)
=475kN
P, =42 A, Joynom
=8(4.91 x 10+ m2)(103 x 10? kN/m?)
kN

Bearing on the gusset plate:

Py = 4t;dX Ob)uiow
=4(0.016 m x 0.025 m)(1.35 x 250 x 10°* kN/m?)
=540 kN

Joint Strength: P =P, = 405 kN “
Joint Efficiency = =——————— x100%
2A (O
405 kN
- 100%
2(185x10° m’J06 x 250 x IOKN/m")
=T73.0% -

209

% in. diam. A 502-1 rivets:

x(7. 4’ ;
A, = I(E |n.) = 0.601 in.*

P, =42 A, YCuon
=4(2 x 0.601 in.2)(15 kips/in.?)
=721 k.ip!

Bearing of 4 rivets on the web of W18 x 60 beam
(t,=0.415in.):
P, = 4(t,d)(0) o
= 4(0.415 in x % in.)(135 36 kips /in-)
=70.6 kips
Since twice the thickness of the angle and the
thickness of the flange of W12 x 87 column (t =
0.810 in.) are both greater than the thickness of the

web of the beam, the bearings on the angles and on
the column are not critical.

Joint Strength: P =P, =70.6 kips <4

281

20-10

For a 22 mm diam. A502-1 rivets:
A,= “:(0.022 m)? =3.80 x 104 m?

P,=42ZA V00w
=4(2x3.80 x 10 m?)(103 x 10° kN/m?)
=313 kN

Bearing of 4 rivets on the web of W460 x 0.88 beam
(t, =0.0105 m):

Py = 4(t.d)( O )usow
=4(0.0105 m x 0.022 m)(1.35 x 250 x 10° kN/m?)
=312kN

Since twice the thickness of the clipped angle L102 x
102 x 19.1(2 x 19.1 = 38.2 mm) and thickness of the
flange of W300 x 1.27 column (t; = 20.6 mm) are
both greater than the thickness of the web of the
beam, the bearings on the angles and on the column
are not critical.

Joint Strength: P =P, =312kN o

20-11

in. diam. AS02-1 rivets:
x/3. "

= 3G=) -

P,=4(2 A, Jlucm
=4(2 x 0.442 in.2)(15 kips/in.2)
=53.0 kips

LR L

0.442in.?

Bearing of 4 rivets on the web of W18 x 60 beam
(t,=0355in.):

Py = 4(t,d)( O ) atow

4(0335;-'

=51.8kips

(135x 36 kips/in.?)

Since twice the thickness: 2(-1% in.) of the clipped
angle and flange thickness of W12 x 65 column (t, =
0.605 in.) are both greater than the thickness of the
web of the beam (t, = 0.355 in.), the bearings on the
clipped angles and on the column are not critical.

Joint Strength: P =P, = 51.8 kips

From R=12L-=Pwaﬁna
w=3E o 20L8Lp0) _oq ki

TL T 12t
2
For a simple beam: M,,, = w;.
M wl?
= el = — =
Cmax S 83 Ctow

For W18 x 50 beam, S =88.9in.?
For A36 steel, 04, =0.66(36 ksi)

_850,, _ 8(8R%in 2%23.8 ksi)
r (12 x12 in.)*
= 0.816 kip/in. = 9.79 kip/ft
Waow = 8.63 kip/ft <4
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20-12
20 mm diam. A502-1 rivets:
;- 4"4— (0.020 m)? =3.14 x 104 m?

P, =42 A, Vo
=4(2x3.14x 104 m?)(103 x 10° kN/m?)
=259kN

Bearing of 4 rivets on the web of W460 x 0.73 beam
(t, =0.00902 m):

Py, = 4(t,d)O) siow
=4(0.00902 m x 0.020 m)(1.35x250x10° kN/m?)
=244 kN

Since twice the thickness of the clipped angle L102 x
89 x 79 (2t =2 x 7.9 = 15.8 mm) and flange
thickness of W300 x 0.95 column (t; = 15.4 mm) are
both greater than the web thickness of the beam, the
bearings on the clipped angles and on the column are
not critical.

Joint Strength: P =P, =244kN
..
2

Solving w from R = =P we get:

= 134 kN/m

2
For a simple beam: M, = %

2
0=_M_ﬂ. = &.:oﬁ

S 8S
For W460 x 0.73 beam, S = 1.46 x 10° m?

For A36 steel, 0, =0.66(250 x 10? kN/m?)
=165 x 10° kN/m?

_ 8(1.46x 10° m*)(165 x 10° kN/ m?)
L (3.65m)*

= 145 kN/m

2013

3
Six =
2

P,

in. diam. A235 bearing-type bolts.
2

%(% iu.) = 0.442in.}

Tatiow

nA,
6(0.442 in.2)(22 kips/in.?)
583 kips

From the solution to Prob. 20-1,
P, =109.4 kips
P,=459 kips

Joint Strength: P =P, =459 kips

Joint Efficiency =

x 100%
P it pioe

459 kips

- _(sin. x % in.)(0.6x 36 kips /in.?)

=708 %

x 100%

20-15

Eight g in. diam. A490 bearing-type bolts:

2

20-17

% in. diam. A490 bearing-type bolts.

Waiow = 134 kN/m L |

20-14

Six 20 mm A325 bearing-type bolts:
A,= E(o.ozo m)® =3.14 x 104 m?
P,=nA,

Taiow
=6(3.14 x 10* m?)(152 x 10° kN/m?)
=286 kN

From the solution to Prob. 20-2,
P, =527kN
P,=203 kN

Joint Strength: P =P, =203 kN

Joint Efficiency =

P
P iia pime

203 kN

~ (0150 m)(0.013m)[0.6x 250x10° kN /m")
=0.694=69.4%

o

"
A, = 5(- in.) = 0.601 in From Prob.20-5,
418 P,= 538 kips
P, =0(2A, \ouom )
=8(2 x 0.601 in.2)(32 kips/in.?) P, perrivet = A, Ty = (0.601 in.2)(32 kips/in.?)
=308 lnps =193 kips
From the solution to Prob. 20-3 P, per rivet = (td)( 0y )uow
P, = 213kips .
P,= 108 kips = (5 x 2 in?)(L35 x 36 kips/ in") =213 kips
Joint Strength: P =P, = 108 kips 2] & E
n= ———-L-—-—- = — = 2.80
Joint Efficiency = x 100% Popordvet 1923
" Use 3 bolts <
= 5 = x 100% 20-18
(12 inx 2in)(0.6 % 36 kips /in.*)
8 Four 1 in. diam. A490 friction-type bolts.
=667% -
P A, = 20 i) = 078sia’
Eight 22 mm diam. A490 bearing-type bolts:
T ’ P, = 0(2A, Yo
.= =(0.022 m)* =3.80 x 104 m? =4(2 x 0.785 in.2)( 20 kips/in.?)
4 =126 kips
Py =0(2 A, Vouen _
=8(2 x 3.80 x 10% m?)(221 x 10° kN/m?) From the solution to Prob. 20-7,
= 1340kN P,= 105 kips

From the solution to Prob. 204,

Since slip is not supposed to occur in the friction-

P, =950 kN type bolt connection, bearing strength needs not be
P,=480 kN considered.
Joint Strength = P = P, = 480 kN « Joint Strength: P =P, = 105 kips «
P

1 i = Joint Effici = x 100%
Joint Efficiency - y AT

- 480 kN _ 105 kips x 100%

~ (0.300 m x 0.016 m){0.6 x 250 x ICkN /m’) 2(2.86 in.” ){0.6 x 36 kips/ in.")

=0.667=66.7 % 4 =850% f
284
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20-19

Four 25 mm A490 friction-type bolts:
A= %{0.025 m)? =491 x 104 m?

P, =02 A, Joun
=4(2x4.91 x 104 m?)(138 x 10° kN/m?)
=542 kN

From the solution to Prob. 20-8,
A= 1.85% 10° m?
P=475kN

For friction-type bolt connection, bearing strength

need not be considered.
Joint Strength: P =P, =475kN

Joint Effici = — x 100%
oi ciency 2A (O x

475 kN

“2(185x 10° m’)0.6 x250 x ICKN/m’)
=856%

«

x100%

4

For friction-type bolts, bearing strength need not be
considered.

Joint Strength: P =P, =420 kN L

20-20
% in. diam. A325 bearing-type bolts.

_=x(7. & _ 2

A = Z(E in) = 0.601n:

P,=0(2 A Y0 -
=4(2 x 0.601 in.?)20 kips/in.)
=106kips

From the solution to Prob. 20-9,
P, = 70.6 kips

Joint Strength: P =P, =70.6 kips

<

in. diam. A490 bearing-type bolts:

> bW

/(3 e 2
= =|=in.] = 0.442in.
» 4(4“’) "

P, =n(2 A, )tucw
= 4(2x 0.442in.)f20 kip/ in.?)
=70.7 kips

For friction-type bolts, bearing strength need not be
considered. Thus the strength of the joint is

P=P, =70.7 kips
R="Z =P
2P 2(70.7 kips) ;
= — = ————]]
=1 Zf 118 kip/ft

From the solution to Prob 20-11, to keep the flexural
stress within the allowable limit, the load should be
within:

w =9.79 kips/ft
Hence

Waow = 9.79 kips/ft <4

22.23 (Cont)
_2P _ 26471 _
w—-L ks~ = 190 kN/m

From the solution to Prob 20-12, to keep the flexural
stress within the allowable limit, the load should be

20-21

Four 22 mm A490 friction-type bolts.
A= E(mm m)* =380 x 104 m?

P, =n(2 A, Yt

=4(2x3.80 x 10+ m?)(138 x 10° kN/m?)
=420kN

20-23

Four 20 mm A490 friction-type bolts:
A= %(0.020 m) =3.14x 104 m?

P, =0(2 A, Yuon
=4(2x3.14x 10+ m?)(138 x 10° kN/m?)
=347 kN

For fricﬁon-t%r-ge bolts, bearing strength need not be
considered. Thus the strength of the joint is

P=P, =34TkN 4

R= . P
(Cont’d)

within:
w = 145 kN/m
Hence
Wuew = 145 kN/m «
20-24

3in, 3in 3in, 3

C

*—a—

p-Fz\e";"

Ex’ =2(3 in.)? + 2 (6in.)? =90 in.2

Pe P(3 in.) P
= = —_ = —
K E:x’ 90in.’ = 30in.
Pe(g 9,,0"5'2
" i) P
m.
Vam =KX= S0 - 5
Due to direct shear force:
P F= L
L1 ‘%"Ii ’
F F
e i jvet :
P P
F_—-§+-5-—-0.4P
For & ia fivet A=—(- in.) =0.601 in.?
8
The allowable shear load per rivet is

Aty - (0.601 in.2)(15 kip/in.?) = 9.02 kips

Equating the maximum shear load to the allowable
shear load we get

Pl i G =

0.4

20-285

Pe _ P(0.075m)

= ————2=133P/m
Ex! 0.05625m

K=

V ex = KX =(1.33 P/ m)(0.150 m) = 02 P

The allowable shear load per rivet is
iy

0.2P on the left rivet, we get

_324kN

E 0.4

=80.9kN

2 x> =2(0.075 m)? + 2 (0.150 m)? = 0.05625 m?

The direct shear force on each rivet is !S: =02P.

Atu. = E(o.oz m)*(103 x 10° kN/m?) = 32.4 kN

Equating this load to the total shear load of 0.2P +

| e=Gin
rl

C

]p= Q‘.."s

&
12

3y =2(4in) =32in2

Pe (9 kips)6in.)
DS

Pt

le{-—-——‘*m.

# | 4in

K=

=
H = Ky = (1.689 kip/in.)(4 in.) = 6.75 kips

= 1.689 kip/in.

(Cont’d)
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20-26 (Cont)
Py
12
C?-;'
P 95?';
3= 3 =3k

The maximum load is

F= (3 kips)’ + (6.75kips)’ =739 kips

F 7.39 kips g
A= —— = ———— =0370in.2 = 0.7854 d2
Ty 20 kip/in.? @ h "

F.S‘TO in?

= S = 0,686 in.

d 0. 686 in,
3

Lin.

G
¥ T2 b %
Due to direct shear force: The shear force in each
bolt is =025P
Mmmn%
Hely* en
V=Kx= 2

533 in.

N -]

(2in.)=0375P

(2in.)=0375P

2
s (V + 2)
4
= J0.375P)* + (Q375P + 0.25P)° =0.729P
3
For — i .
3 in. bolts

Foux =

®(3 . \? ;
= - = 2
A—‘44m.),0.442m.

The allowable load per bolt is
Fuow = ATuow = (0.442 in.2)(20 kip/in.2)
=884 kips =0.729 P

Equating the maximum load to the allowable load,
we get

884 kiE .
= o ‘
P e 12.1 kips

20-28 (Cont)

For 20 mm bolts,
- %(o.m m)? =3.14 x 104 m?

For A490 friction type bolt, Ty = 138 MPa

H = Ky = (0.826 kips/in.)(1.5 in.) = 1.24 kips
V = Kx = (0.826 kips/in.)(4 in.) = 3.30 kips

The maximum load on the rivet is

Fau = y(H + ? + (V + 1.33)°
= J(L24 + 1) 4 (330 + 133)" =5.14 kips

20-28

€ =0.I5m

: 1
v el

F—0.0F0m

35+ Ty =4(0.05 m) +4(0.050 my
=0.02 m?

E e _ P(Q.150 m)

H =Ky =(7.5 P/m)0.050 m) = 0375 P
V =Kx = (7.5 P/m)(0.050 m) = 0375 P

Due to direct shear force, shear force per bolt is:
%:o.zsp
The maximum load is

Foa = Jﬁ’ +(V +025p)°

= J(0.375P)* +(Q375P +025 P’ =0.729P

_(Cont'd)

The allowable load per bolt is
Fuow = ATugow = (3.14 x 104 m2X(138 x 10° m?) For > in. sveisc
=433kN=0.729P 4
Equating the allowable load to the maximum load, _E(g S
i A= 4) =0.442in?
F 514 kips .
= S =
L PRTET « et SatLY AW, 4
0.729
e=|
2029 i =
4 in, 4 in. 4 in. lP

f ® @ Q.sg Pe= Gkips
in ]
3.*_.@ ; d"-

oo
3, Opl O
I 8L i omt

L i | WiLx 65
e=g ‘g'fh" Prioxte 3in 3in |' ™
2 _ 4 . ;
Tr + Ty s4@iaps6Qmp=Trsin: | 2F * DY =8Gmy+4(Siny+a@Siny
=162in2
P(0) + Pe  (8kips)Bin.)
K= - " +
EED X TI5in. K= Pe = MBis) _ o oe00 prn.
x4+ )y 162in
=0.826 kips/in. e
T :"l'*-‘r e p'=‘,+. o ?_H
OTp e T g - ov
(o] o]
A SR A s
4 <= 133kpe TR = (0.0802 Pfin.X4.5in.) = 03609 P
£ ? V = Kx = (0.0802 Pfin.)(3 in.) = 0.241 P
} 9= g epe Due to direct shear load:
)2
L \Pﬁ P —oazsp
H OwH H o l Q{_ 8
X J ot 6
sl sl . A o o° (Cont'd)
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20-30 (Cont)
The maximum load:

Foum = 1+{V+%)

= J(0.3609 P} + (0.241P + 0.125P)°

=0.514 kips

2
For ~inbolte A= E(Z in.) =0.601 in2
8 4\8
For A 325 bearing-type bolts: Togow = 22 ksi

(F)uow = ATuow = (0.601 in.2)(22 kip/in.?)
=1322 hp’

Equating the maximum load to the allowable shear
force, we get

0514 P = 13.22 kips
P=25.7 kips

Allowable bearing stress (for bearing-type bolts) on
A36 steel:

(Op)utow = 135 x 36 ksi = 48.5 ksi
For W12 x 65 column, t,=0.605in.

Thus the thickness of the gusset plate t = %— in. is
more critical for bearing stress.

(Fouiow = (00 )aiow
- (% m)(% in.) (48.6 ksi) = 21.3 kips

Equating the maximum load to the allowable bearing
force, we get

0.514 P =213 kips
P =41.4 kips

Pucw =25.7 kips 4

20-31

Allowable load of an E =70, % in. fillet weld:
q=0212 o, (size)
=0212(70 kipﬁn_tp(-;- in.) =7.42 kip/in.
Length of weld: L=2(8in.) = 16in.
Strength of the weld:
P =qL =(7.42 kips/in.X16 in.)
=119 kips : L |
Joint Efficiency = st x 100%
Price
119 kips
=7 3. s
(Bm. X Y m.)(O.G x 36 kips / in. )

=918% <

Length of weld:
L=2(10in.) =20 in.

Strength of the weld:
P =gqL =(7.42 kips/in.)(20 in.)
= 148 kips «
Joint Efficiency = R x 100%
Plll“
1 :
= S x 100%

) (10 in. x % in.)(0.6 x 36 kips/ in-)

=914 % «

q=0.212 o, (size)
=0212(70 ﬁpﬂn.z)(-l% in.) = 4.64 kip/in.

To develop the full strength of the plate, we must
have

P 86.4 ki
L=s== =18.6i
q  464kips/im. -
UseL=19in. -4
; 1.
L, = 5(191[:. - 8in.) = SEm. <

20-32
Strength of plate:
P = (Sin. b % m.) (0.6 x 36 kips/in.?) = 130 kips

To develop full strength of the plate, the strength of
the weld must be no less than the strength of the

plate. Thus
P=qL=Fye
02120, (size)L. = Py,

I g _ 130 kips
02120l  0.212 (70kip/ in’X16 in.)
=0.548 in.

Use % in. (= 0.5625 in.) fillet weld k]

20-34
Strength of Plate:

P = (10 in.x%in.) (0.6 x 36 kips/in.?) = 162 kips

To develop full strength of the plate, the strength of
the weld must be no less than the strength of the
plate. Thus

P=qL=Py,

02120, (size)L = Py,

20-33
Allowable load of an E70, % in. fillet weld:
q=0212 o, (size)
=0212 (70 lcipfm’)(% in.) =7.42 kips/in.
(Cont'd)

P Pome  _ 162 kips
0.2120,L  0.212 (70 kip/ in." }20 in.)
=0.546 in.
Use % in. (0.5625 in.) fillet weld «
20-35
Strength of plate:

Pow = {Sin. x-;-in)(0.6x36kipsﬁm=)=86.4kips

Allowable load of an E70, I_r;_ in. fillet weld:

Strength of L6 x4 x % angle:

P=A(06 )

= (6.94in.2)0.6 x 36 kip/in.?) = 149.9 kips
q=0212 o, (size)

=0212(%0 kiprm.z)(-;- in.) =9.54 kip/in.
Total length required:

_P _ 1499kips _ .
L= 4 = 9.54 kip / i, =15.7in.
UseL=16in. «
Consider moment of weld about L.,, we have
L, (6) + 6(3) + L, (0) = L (2.08) = 16(2.08)

_ 16(2.08) -&(3)
6

UloL,:Z-;-in. 4

L =255in.

1,=16-6-25=75in.
Uu]_,,:?%in. <4
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Tensile strength of L6 x 4 x % angle:
P=A(06

=(3.61 in.2) (0.6 x 36 kip/in.2) = 78.0 kips
Allowable load of an E80, % in. fillet weld:
q=0212 o, (size)

=0212(80 kiplin_’)(% in) =53 kipfin.

The total reqdired length of weld is:

P _ _7ROkips

L== =
q 53 kips/ in.

=147 in.
UseL=15in. <4
The centroid C of the L6 x 4 x % angle is 1.94 in.

from the short leg. To have the centroid of the fillet
weld to be located at the same distance, total
moment of weld ségments about L, must be equal to
the moment of total length L (through C) about the
same line. Thus

L,(6) + 1(5.5) + 1(0.5) = 15(1.94)
from which we get
L, =385in.
UseL,=3 -Bl in. <4

7 1
14=1573§ -2= 9§ in.

UsaL,=9§ in. 4

Test Problems for Chapter 20

The following problems may either be given
Io students for them to practice their problem
solving skills or be used as test problems.
The answers are provided on the next page.

(1) Determine the strength and efficiency of
the butt joint shown. The bearing type,
22-mm-diameter bolts are made of A325
steel. The plates are made of A36 steel
with o, = 250 MPa.

1Gmm 30mm
P = ] O o P
lomm
®0ie0
P SOle @ 220m P
1l
Al

(3) A steel plate is attached to a machine
with five 19-mm-diameter bolts as
shown. Determine the maximum shear
stress in the bolts.

P=askN

291

(2) The tension member B shown consists
of two L4 X 3 X 3/g angle riveted back
to back to a ¥s-in. gusset plate.
Determine the required number of 7/s-
in. diameter rivets of A502 grade 2 steel
so that the tensile strength of the net
section of the angle can be develoed.
The angles and the gusset plate are of
A36 steel.

t ODOODOO% l

P Léxaxz | p _§

(4) The structural joint shown is fillet-
welded with E-90 electrode and has a
strength equal to that of steel angle with
a, = 36 ksi. Determine the proper length
L, and L, if the load is applied through
the centroid C of the angle.

-

aiia E

|-—l., 3 n flef wetd
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Solutions to Test Problems

for Chapter 20
M
a.416m 0.030m
== S
0.0i1m

Six 22 mm diam. A 490 bolts.
Tuiow = 152 MPa

A= -:-:-(o.azz m)? =380 x 104 m?

P, = nA, Ty, = 6(2 x 3.80x10% m?*)(152x10° kN/m?)
=693 kN

P, = n(td}( O )uiow
=6(0.030 m x 0.022 m)(1.35 x 250 x 10° kN/m?)
=1337kN

by = b - n(d™+ ¢) = 220 mm - 3( 22 mm + 3 mm)
=145mm =0.145m

% in. diam. A 502-2 revets.

x{7T. 2 .
= —|=in.] = 0.60lin.
A, 4(8 ) in

P, per rivet = 2A | Ty, = 2(0.601 in.2)}(20 kips/in.2)
. =24.04 kips

P, per rivet = (t,dX Gy )uon
- (g in. x % in.)(135 %36 kips in)

=26.6 kips

The number of rivets required is
B _ 90.9kips
P,perrivet  24.04 kips
Use 4 rivets -

=378

Solutions to Test Problems
for Chapter 20 (Cont'd)

P, = b0 asion

= (0.145 m)(0.030 m)(0.6 x 250 x 10° kN/m?)

=623 kN

Joint Strength: P =P, =623 kN <
Joint Efficiency =

P

_ 623 kN

” (0.220mx0.030m ){0.6x250x10°kN/ m*)

=0.63 =63% 4
@

Thernemberiamadeoftwol_4x3x%mgles.

A = 2A g - 21(d + ©)
=z(2.4s)-z(%)(g-+-;~) =421in2

P, = A (D)uow
= (4.21 in.2)(0.6 x 36 kips/in.?) = 90.9 kips

(E)]
The load is equivalent to:
P= :g kN
M = (45 kN)0.075m)=3375kN -m

DuetoP:

F=t = 28 _on

5

w|v

Dueto M:
3 ¥ =2(0.15m)? +2(0.075 m)* = 0.05635 m?
H =Ky = (60 kN/m)(0.15m) = 9 kN
The largest shear load on the upper bolt is
F+H=9kN+9kN=18kN
The maximum shear stress is
n—— 18 kN
z(':1019 m)?

=63 500 kN/m? = 63.5 MPa <

@

The tensile strength of L6 x 4 x % angle:
P, = Auypl0.6 )
=(4.751n.2) (0.6 x 36 kip/in.?) = 102.6 kips

Allowable load of an ES0, % in. fillet weld:
q=0212 o, (size)
=0212(90 kipfm.’)(% in.) =7.16 kip/in.

The total required length of weld is:

P = 102.5 & =143 in.

L=-—
q 7.16 kips/ in.

UseL=15in. <4
The centroid C of the L6 x 4 x % angle is 1.99 in.
from the short leg as shown.
LI

Bin.

Il?’mp

To have the centroid of the fillet weld to be located

at the same position, the total moment of weld

segments about L, must be equal to the moment of

'!Ih; total length L (through C) about the same line.
jus

Li(6) + Ly(0) = 15(1.99)

from which we get
L, =498 in.

UseL, =5in: -
L,=15-5= 10in.

UseL, =10 in. <
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Solution to Computer Program Assignment C1-1

* COl1-1 * Solution to two linear equations with two unknowns

Clear screen
CLS

Display the introductory remarks
PRINT "Want to see the introductory remarks?"
INPUT "-- Y / N "; RMKS
IF RMKS = "Y" OR RMKS = "y" GOTO 100 ELSE GOTO 190

100 PRINT "REMARKS: (1) This program can be used to solve two equations®
PRINT * with two unknowns."
PRINT * (2) The input data are the coefficients of x and y"
PRINT " and the right hand constant of each equation.”
PRINT " (3) The input data are printed on the line printer”
PRINT " immediately after data are entered."
< PRINT * Make sure your printer is omn."
' Imput problem I.D. and print problem I.D.
180 PRINT "Enter problem designation:"®
INPUT ®"-- Prob. I.D. "; ID$
LPRINT "TWO LINEAR EQUATIONS WITH TWO UNKNOWNS" : LPRINT
LPRINT "Solution to "; ID$
. [.I;RIN'I' s LPRINT "The given equations are:": LPRINT
' Enter coefficients of x and y and right hand constants, print equation
PRINT "Enter coefficients of x and y and right hand constant--"
FOR I = 1 TO 2
PRINT * For Equation #"; I; ": "; : INPUT A(I), B(I), K(I)
LPRINT TAB(6); A(I); "x";
IF B(I) >= 0 THEN LPRINT " + *;
IF B(I) < 0 THEN LPRINT " - *;
LPRINT ABS(B(I)): "y = *"; K(I)
I
" Compute the second order determinate and the solution
D = A(1) * B(2) - A(2) * B(1)
DX = K(1) * B(2) - K(2) * B(1)
DY = A(1l) * K(2) - A(2) * K(1)
IF D = 0 GOTO 410
X =DX / D: Y=DY /D
' Print results
410 LPRINT : LPRINT "The determinants are:":
LPRINT TAB(7); "D = "; : LPRINT USING "##F#¥
LPRINT TAB(7): "Dx = *; : LPRINT USING "H#NANN.
LPRINT TAB(7); "Dy = "; : LPRINT USING "WWENKH.AEN
IF D = 0 GOTO 490
LPRINT : LPRINT "The solution to the equations is:": LPRINT
LPRINT TAB(T): "x = "; : LPRINT USING "WWNUNEN.KEN": X
LPRINT TAB(7); "y = "; : LPRINT USING “"FERSNNN.HNE"; Y
GOTO 510
490 LPRINT
IF DX = 0 AND DY = 0 GOTO 500
LPRINT "The equations are inconsistent, there is no solution"
GOTO 510
500 LPRINT "The equations are dependent, there is no unique solution”
510 END

C1-1 (@) TWO LINEAR EQUATIONS WITH TWO UNKNOWNS
Solution to EXAMPLE 1-16
The given equations are:

.9397 x - .766 y = 0
.342 x + .6428 y = 100

The determinants are:

D = 0.866
Dx = 76.600
Dy = 93.970

The solution to the equations is:

- B8.452
= 108.509

x

4

c1_1 (b, TWO LINEAR EQUATIONS WITH TWO UNKNOWNS
Solution to Problem 1-51
The given equations are:

3.45x - 2.65y = 2.77
1.86 x + 3.76 y = 9.85

The determinants are:

D = 17.901
Dx = 36.518
Dy = 28.830

The solution to the equations is:

2.040
1.611

x =
y =
C1-1 (c) TWO LINEAR EQUATIONS WITH TWO UNKNOWNS
Solution to Problem 1-52
The given equations are:

L1736 x - .6428 y = 0O
.9848 x - .786 y = 200

The determinants are:

D = 0.500
-Dx = 128.560
Dy = 34.720
The solution to the equations is:
x = 257.093
¥y = 69.433

295

296
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* C01-2 * Solution to three linear equations with three unknowns

100

190

510

* Print results
LPRI

Solution to Computer Program Assignment C1-2

Clear screen
CLS

Display the introductory remarks
PRINT "Want to see the introductory remarks?"
INPUT *-- ¥ / N "; RMKS
IF RMKS = "Y" OR RMK$ = "y" GOTO 100 ELSE GOTO 190
PRINT "REMARKS: (1) This program can be used to solve three equations”

PRINT * with three unknowns."

PRINT * (2) The input data are the coefficiehts of x and y*
PRINT " and the right hand constant of each equation.”
PRINT " (3) The input data are printed on the line printer”
PRINT " immediately after data are entered.”

PRINT " Make sure your printer is on."

Input problem I.D. and print problem I.D.
PRINT "Enter problem designation:”
INPUT "-- Prob. I.D. "; IDS
LPRINT "THREE LINEAR EQUATIONS WITH THREE UNKNOWNS™: LPRINT
LPRINT *"Solution to ": ID$
LPRINT : LPRINT "The given equations are:": LPRINT

Enter coefficients of x and y and right hand constants, print equaticn
PRINT "Enter coefficients of x and y and right hand constant:”
FOR I = 1 TO 3
PRINT "--For Equatiom #%"; I; ": "; : INPUT A(I), B(I), C(I). K(I)
LPRINT TAB(6): A(I): "x":
IF B(I) >= 0 THEN LPRINT " + ";
IF B(I) < 0 THEN LPRINT " - *;
LPRINT ABS(B(I)): "¥":
IF C(I) >= 0 THEN LPRINT " + ";
IF C(I) < 0 THEN LPRINT " - *;
LPRINT ABS(C(I)); "z = "; K(I)
I

Compute the third order determinate and the solution

D = A(1) * B(2) * C(3) + A(3) * B(1) * C(2) + A(2) * B(3) * C(1)

D =D - A(3) * B(2) * C(1) - A(1) * B(3) * C(2) - A(2) * B(1) * C(3)
= K(1) * B(2) * C(3) + K(3) * B(1) * C(2) + K(2) * B(3) * C(1)
= DX - K(3) * B(2) * C(1) - K(1) * B(3) * C(2) - K(2) * B(1) * C(3)
= A(1) * K(2) * C(3) + A(3) * K(1) * C(2) » A(2) * K(3) * C(1)
= DY - A(3) * K(2Z) * C(1) - A(1) * K(3) * C(2) - A(2) * K(1) * C(3)
= A(1) * B(2) * K(3) + A(3) * B(1) * K(2) » A(2) * B(3) * K(1)
= DZ - A(3) * B(2) * K(1) - A(1) * B(3) * K(2) - A(2) * B(1) * K(3)
D GOTO 510

X =DX / D: Y = DY / D: Z=DZ /D

: LPRINT "The determinants are:":

LPRINT
LPRINT TAB(7); "D = *; : LPRINT USING "###&#N.4#NE": D
LPRINT TAB(T); "Dx = "; : LPRINT USING "WN###F.H#N#": DX
LPRINT TAB(7); "Dy = ": : LPRINT USING DY
LPRINT TAB(7);: "Dz = "; : LPRINT USING DZ
F D = 0 GOTO 610
II.PRI.N'I' H LPRINT "The solution to the equations is:" LPRINT

LPRINT USING "HENNNEN.REH": X
LPRINT USING “W#NNRNR.HNN": Y
LPRINT USING "WN##ENN.HAHN": T

LPRINT TAB(7): "x
LPRINT TAB(7): "¥
LPRINT TAB(T): "z

GOTO 660
610 LPRINT
IF DX = 0 AND DY = 0 AND DZ = 0 GOTO 650
I.mlN';s"x'be equations are incomsistent, there is no solution®
GOTO 660
ggg — LPRINT "The equations are dependent, there is no unique solution”

C1-2 (a)

C1-2 (b)

c1-2 (c)

THREE LINEAR EQUATIONS WITH THREE UNKNOWNS
Solution to EXAMPLE 1-20

The given equations are:

3x+ 0ys+ 1z= 0

2x=- ly+ 4z= 8

4x- 3y+ 1lza=-17
The determinants are:

D = 31.000

Dx = =31.000

Dy = 62.000

Dz = 93.000

The solution to the equations is:

X = =1.000
¥y= 2.000
z = 3.000

THREE LINEAR EQUATIONS WITH THREE UNKNOWNS

Solution to Problem 1-53

The given equations are:
~.429 x + .231 y + 0z = 1920
-.857T x - .923 y - .923 z = 2880
.286 x - .308 y - .385 z = 2160

The determinants are:

D = -0.168
Dx = =-67.951
Dy = -1519.946
Dz = 2106.260

The solution to the equations is:
405,228

& w
¥y =  9064.255
z = -12560.7686

THREE LINEAR EQUATIONS WITH THREE UNKNOWNS
Solution to Problem 1-54
The given equations are:

-.444 x - .B5T y + .B67 z =

444 x + 429 y + .B6T7 z =

17
.78 x - .286 y - .,333z = 0

The determinants are:

D = -0.900
Dx = -8.094
Dy = -6.308
Dz = ~13.483

The solution to the equations is:

X = 8.994
¥y = 7.009
z= 14.992

297

298
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100

200

Solution to Computer Program Assignment C2-1

' * C02-1 * Resultant of a concurrent coplanar force system

.

Clear screen, compute pi and the conversion factors
: PI = 4 * ATN(1): DR = PI / 180: RD = 180 / PI

Display the introductory remarks
PRINT "Want to see the introductory remarks?"
INPUT "-- Y / N "; RMKS
IF RMKS = "Y" OR RHKS = "y" GOTO 100 ELSE GOTO 200
PRINT 'RBMRKS (1) This program can be used to compute the resultant”
PRINT of a concurrent coplanar force system."

PRINT " (2) You need to input the magnitude and the direction”
PRINT " angle of each force. The direction angles must be”
PRINT " in the standard positiom.”

PRINT * (3) The input data and the computed results are"
PRINT " printed on the printer immediately after"

gig : data are entered. Make sure your printer is"

on before entering data."

Input problem I.D.
PRINT 'Enler problem designation:"
INPUT "-- Prob. I.D. "; ID$

Select system of units
PRINT "Select the system of units:"
PRINT " 1 -- SI Units"
PRINT * 2 -- US customary units”
INPUT "-=- 1 / 2"; U
IF U = 1 THEN UF$ = "N"
IF U = 2 THEN UF$ = "lb"

Print problem I.D. and heading
LPRINT "RESULTANT OF A CONCURRENT COPLANAR PORCE SYSTEM"
LPRINT : LPRINT “"Solution to "; IDS: LPRINT
LPRINT " .
LPRINT
LPRINT "Force Magnitude Direction Angle X-comp y-compt”™
LPRINT TAB(12); UF$; TAB(23):; "Degrees”; TAB(42); UFS TAB(55); UFS
LPRINT "
LPRINT

.

Enter the number of given forces
PRINT 'Enter the number of given forces:
INPUT "-- No. of Force"; NF

Initialize sum
RX = 0: RY = 0

Enter the data of the given forces and compute their components
PRINT "Input the magnitude and the direction angle ";
PRINT "(in standard postion) of each force:"

FOR I = 1 TO NF
PRINT "-- Mag.(": UF$; ") & Angle® of Force No."; :
INPUT F, AD

PRINT I;

Compute the force components

A = AD * DR: FX = F * COS(A): FY = F * SIN(A)

Print the given forces
LPRINT "F"; USING "#": I:

Solution to Computer Program Assignment C2-1 Continued

LPRINT TAB(4); USING "H¥¥NENNE.HN"; F;
LPRINT TAB(21): USING "W#WN.¥§": AD;
LPRINT TAB(34); USING "WA#NNAH#E.NN"; FX;
LPRINT TAB(47); USING "WHAHANEN.HN": FY

Compute the sum of force components
RX = RX + FX: RY = RY + FY

NEXT I

Find the magnitude of the resultant
R = SQR(RX * RX + RY * RY)

Find the acute angle alpha
IF ABS(RX / R) < .00001 THEN RX = 0
IF ABS(RY / R) < .00001 THEN RY = 0
IF ABS(RX) > 0 THEN A = ATN(RY / RX)

= A * RD
0 THEN ALPHA = 90

IF RX = 0 AND RY >
IF RX = 0 AND RY < 0 THEN ALPHA = -90

:

Find the direction angle of the resultant in the standard position
IF RX >= 0 THEN THETA = ALPHA
IF RX < 0 THEN THETA = 180 + ALPHA
IF* THETA > 180 THEN THETA = THETA - 360

LPRINT *

LPRINT

LPRINT "R"; TAB(4): USING "W###NING.HE": R;
LPRINT TAB(21); USING "####.##": THETA:
LPRINT TAB(34); USING “"HNNSNENN.HH": IIX.
LPRINT TAB(47); USING "HUNN#NHEN.#H"; RY
LPRINT "

299
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CONCURRENT
C2-1 (u) BESULTANT OF A SERAARASToER ST Solution to Computer Program Assignment C2-2
Solution to EXAMPLE 2-9
. * C02-2 * Resultant of a parallel coplanar force system
' Clear screen
Force Magnitude Direction Angle x-compt y-compt CLS
N Degrees N N .
' Display the introductory remarks
PRINT "Want to see the introductory remarks?"
F1 4000.00 0.00 4000.00 0.00 INPUT "=- Y / N "; RMK$
F2 9000.00 60.00 4500.00 7794.23 IP RMKS = "Y" OR RMKS = "y" GOTO 100 ELSE GOTO 200
F3 8000.00 105.00 -2070.55 7727.41 100 PRINT "REMARKS: (1) This program can be used to compute the resultant®
F4 25000.00 150.00 -21650.63 12500.00 PRINT " of a parallel coplanar force system."
F5 3000.00 200.00 -2819.08 -1026.06 PRINT " (2) The forces are assumed to act in the vertical”
PRINT " position. Downward forces are positive and"
PRINT " upward as negative.”
R 32468.64 123.75 -18040.27 26995.58 PRINT * (3) You must input the magnitude and location of each”
PRINT * force,"
PRINT * (4) The input data and the computed results are"
PRINT * printed on the printer immediately after”
PRINT * data are entered. Make sure your printer is on"
PRINT " before entering data."
C2-1 (b) RESULTANT OF A CONCURRENT COPLANAR FORCE SYSTEM '
' Input problem I.D.
Solution to Problem 2-25 200 PRINT "Enter problem designation:”
i INPUT "-- Prob. I.D. "; IDS
* Select system of units
Porce Magnitude Direction Angle x-compt y-compt PRINT "Select the system of units:"
1b Degrees 1b 1b PRINT * 1 == SI Units"
PRINT * 2 -- US customary units"”
INPUT *"-- 1 / 2%; U
F1 16.00 255.00 -4.14 -15.45 IF U = 2 GOTO 300
F2 20.00 -30.00 17.32 =-10.00 UFS = "N": UL$ = "m”": UMS$ = "N-M"
F3 15.00 36.87 12.00 9.00 GOTO 400
F4 10.00 90.00 -0.00 10.00 300 UFS = "1b": ULS = "ft": UM$ = "lb-ft"
' Print problem I.D. and heading
R 25.99 -14.38 25.18 -6.45 400 LPRINT "RESULTANT OF A PARALLEL COPLANAR FORCE SYSTEM*®
LPRINT : LPRINT “"Solution to "; IDS: LPRINT
LPRINT * d
LPRINT : LPRINT "Force Magnitude Dist. from A Moment about A"
&:ﬁ TAB(12); UFS; TAB(25); ULS: TAB(40); UMS .
C2-1 (C) RESULTANT OF A CONCURRENT COPLANAR FORCE SYSTEM LPRINT
Solution to Problem 2-26 * Enter the number of given forces
PRINT "Enter the number of given forces:"
INPUT "-- No. of Forces"; N
Force Magnitude Direction Angle x-compt y-compt * Initialize sum
N Degrees N N R = 0: M=0
' Enter the data of the given forces and compute their components
F1 10000.00 -25.00 9063.08 -4226.18 PRINT "Input the magnitude and position of each force”
F2 8000.00 35.00 6553.22 4588.61 ’ -
F3 7000.00 130.00 -4499.51 5362.31 FOR I = 1 TON
F4 12000.00 180.00 -12000.00 -0.00 PRINT "-- Mag.("; UF$: ", downward as +) & Dist. from A (": UL$;: ")":
INPUT F, D
R 5792.47 98.77 -883.22 5724.74 ' Compute the moments about A
MF = F * D
301
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Solution to Computer Program Assignment C3-1 Continued

Compute the force components

A = AD * DR: FX = F * COS(A): FY = F * SIN(A)

Print the given forces
LPRINT "F"; USING "#"; I;
LPRINT TAB(4); USING “"WHNNANNN.RN": F;
LPRINT TAB(21): USING "H##H.HH"; AD;
LPRINT TAB(34);: USING "#NNNWHNN.NN"; FX;
LPRINT TAB(47); USING "##W#ANEN.HE"; FY

Compute the sum of force components
RX = RX + FX: RY = RY + FY

NEXT I

Find the magnitude of the resultant
R = SQR(RX * RX + RY * RY)

Find the acute angle alpha
IF ABS(RX / R) < .00001 THEN RX = 0
IF ABS(RY / R) < .00001 THEN RY = 0

IF ABS(RX) > 0 THEN A = ATN(RY / RX)
ALPHA = A * RD
IF RX = 0 AND RY > 0 THEN ALPHA = 90
IF RX = 0 AND RY < 0 THEN ALPHA = -90
' Find the direction angle of the resultant in the standard position
IF RX >= 0 THEN THETA = ALPHA
IF RX < 0 THEN THETA = 180 + ALPHA

IF THETA > 180 THEN THETA = THETA - 360

LPRINT "===nnn Smm——maeeee e —————— ———

LPRINT "The resultant of the given forces are:"
LPRINT "R": TAB(4); USING "W#NHRNEN.HH";: R;
LPRINT TAB(21); USING "WWNH.#H"; THETA;

LPRINT TAB(34): USING “"HANNNNHA.BN": HI:
LPRINT TABH'J’). USING “"WHHHNANE . HN":

LPRINT * ———— e

* Compute the unknown forces P & Q
APR = AP * DR: SAP = SIN(APR): CAP = COS(APR)
AQR = AQ * DR: SAQ = SIN(AQR): CAQ = COS(AQR)
D = CAP * SAQ - SAP * CAQ
DP = RY * CAQ -~ RX'SAQ.DQ-BX'SAP—RY'W
P = DP / D: Q=DQ / PX = P * CAP: PY = P * SAP
QX = Q * CAQ: QY-Q'SAQ

LPRINT "The two unknown forces are:"
LPRINT "P"; TAB(4): USING "NHSHRHEN.HE": P;
LPRINT TAB(21): USING “"H#WH.H#H"; AP;
LPRINT TAB(34); USING “HH#WSNENE.HA"; PX;
LPRINT TAB(47); USING “HHW#HNAN.HE": PY
LPRINT "Q"; TAB(4): USING “#NNNNNNN.HN": Q:
LPRINT TAB(21); USING "H#HH#.HK": AQ;
LPRINT TAB(34); USING "WHNN#NNN.NH": QX;
LPRINT TAB(47); USING "WAHHWAHE.HE";: QY

C3-1 (a)

C3-1 (b)

C3-1 (c)

EQUILIBRIUM OF A CONCURRENT COPLANAR FORCE SYSTEM
Solution to EXAMPLE 3-4

Force Magnitude Direction Angle x-compt y-compt
N Degrees N N

The given forces are:

F1 491.00 =90.00 -0.00 -491.00
The resultant of the given forces are:

R 491.00 =90.00 0.00 -491.00

The two unknown forces are:
P 254.16 135.00 -179.72 179.72
Q 359.44 60.00 179.72 311.28

EQUILIBRIUM OF A CONCURRENT COPLANAR PORCE SYSTEM
Solution to Problem 3-17

Force Hunltude Directinn Angle x-compt y-compt
Degrees N N

The given rorces are:

F1 5000.0 -15.00 4829. 53 -1294.10
The resultant of the given forces are:

R 5000 00 -15.00 4829.63 -1294.10
The two unknwn fnrcen are:

P 4111.41 125.00 -2358.21 3367.87
Q 3226.21 220.00 -2471.42 -2073.77

EQUILIBRIUM OF A CONCURRENT COPLANAR FORCE SYSTEM
Solution to Problem 3-30

Force Hngnltude Direction Angle x-compt y-compt
Degrees N N

The given forces are:
F1 20000.00 0.00 20000.00 0.00
F2 6000.00 180.00 -6000.00 -0.00

The resultant of the given forces are:
R 14000 00 0.00 14000.00 0.00

The two unknmm forces are:

LPRINT * P 17998.05 230.00 -11568.92 -13787.31
END Q 14000.00 100.00 -2431.08 13787.31
305 306
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Solution to Computer Program Assignment C3-2

* C03-2 * Reactions on an overhanging beam or a cantilever beam

* Clear screen
CLS

' Display the introductory remarks

PRINT "Want to see the introductory remarks?"

INPUT "-- Y / N "; RMKS

IF RMK§S = "Y" OR RMK$ = "y" GOTO 100 ELSE GOTO 200

PRINT "REMARKS: (1) This program can be used to compute the reactions”
PRINT * for an overhanging beam or' a cantilever beam."

PRINT * (2) The loads on the beam include a concentrated”
PRINT * load, a uniform load, and a couple.”

PRINT " (3) The input data and the computed results are”
PRINT * printed on the printer immediately after”
PRINT " data are entered. Make sure your printer is on"
PRINT * before entering data."”

Input problem I.D.

PRINT "Enter problem designation:"
INPUT *-- Prob. I.D. "; ID$

Specify the type of beam

PRINT "Specify the type of beam:" .
PRINT " 1 -- Overhanging beam"
PRINT " 2 -- Cantilever beam"
INPUT "-- Type of beam -- 1 / 2"; TB

' Select system of units

»

PRINT "Select the system of units:"

PRINT * 1 -- SI Units"

PRINT " 2 -- US customary units"

INPUT "-- 1 / 2"; U

IF U = 2 GOTO 300

UFS = "N": UL$ = "m": UM$ = "N-m": UWS$ = "N/m" 3
GOTO 400

UF$ = "1b": UL$ = "ft": UM$ = "lb-ft": UWS = "lb/ft"

Print problem I.D. and heading

IF TB = 1 THEN LPRINT "REACTIONS ON AN OVERHANGING BEAM"
IF TB = 2 THEN LPRINT "REACTIONS ON A CANTILEVER BEAM"

LPRINT : LPRINT "Solution to "; ID$
LPRINT " Y
LPRINT : LPRINT "The input data are:”

Enter the given data

PRINT "-- Span length: -- L("; UL$; ")"; : INPUT L

IF TB = 1 THEN PRINT "-- Length of overhang: -- a ("; UL$: ")";
IF TB = 1 THEN INPUT A

PRINT *"-- Mag. & l.ocntion of conc. load: -- P (": UFS; ").,":
PRINT *"b ("; ULS; ")": : INPUT B

PRINT "-- Inten. & l.ncat.lon of unif. load: == w ("; Uw$; ").";
PRINT "cl ("; ULS: "), c2 ("; ULS$; ")";

INPUT W, cl, €2

PRINT *-- Couple: -- M ("; UM$; ")"; : INPUT M

' Compute the reactions
RB

Solution to Computer Program Assignment C3-2 Continued

* Print the input data
LPRINT "Span Length L ="; USING "###H.HN#"; L;: : LPRINT " "; ULS
IF TB = 1 THEN LPRINT "Length of Overhang a ="; USING "####. lll'- A
IF TB = 1 THEN LPRINT " *; UL$
LPRINT 'Concentrated Load P ="; USING "HHNAH.#4"; :P;
LPRINT " ";
LPRINT TAB(14); "Located at b ="; USING "WHHH.HHE": B;
LPRINT * "; ULS$
LPRINT *Uniform Load w ="; USING "#####.#8": W: : LPRINT * *; UWs
LPRINT TAB(14); "From cl ="; USING "#¥#.###": cl;
LPRINT * "; ULS;
LPRINT " to c2 ="; USING "W##§.¥4#"; c2: : LPRINT " "; ULS
LPRINT [Couple M =" USING "########.#4"; M: : LFRINT * *; s

INT * "

.

' Print the computed reactions
LPRINT : LPRINT "The computed reactions are:"
IF TB = 2 GOTO 500
LPRINT "RA ="; USING "H##H#H#.HH": RA; : LPRINT " *; E

LPRINT " RB ="; USING "W#NHNN. 'l"' RB; : LHIINT " "; UFs
GOTO 600 2,
500 LPRINT "VA ="; USING "#####H.#8"; VA: : LPRINT " "; UFS:
LPRINT " MA ="; USING "HH#HEN.HE"; MA; : LPRINT " "; UMS
600 LPRINT " "

C3-2 (a) REACTIONS ON AN OVERHANGING BEAM
Solution to Problem 3-44

The input data are:
Span Length L = 3.000 m
Length of Overhang a = 1.000 m
Concentrated Load P = 0.00 N
Located at b = 0.000 m
Uniform Load w = 6000.00 N/m
! Fromcl = 1.000m to c2 = 4.000 m
Couple M = 0.00 N-m

The computed reactions are:
RA = 3000.00 N RB = 15000.00 N

C3-2 (b) REACTIONS ON A CANTILEVER BEAM
Solution to Problem 3-48

The input data are:
Span Length L = 6.000 m
Concentrated Load P =10000.00 N
Located at b = 6.000 m
Uniform Load w = 2000.00 N/m
From cl = 0.000 m to c2 = 6.000 m
Couple M = 4000.00 N-m

= *B+W* (c2-cl)* (c2+cl 2+M /L
RA = ;Po w '.(c2 -(:l] - B.% ¢ ) The computed reactions are:
VA =P+ W?* (c2 -cl) VA = 22000.00 N MA =100000.00 N-m
MA=P*B+W®* (c2-cl) *(c2e¢cl)/2+M
307 308
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Solution to Computer Program Assignment C4-1

: * C04-1 * Analysis of a simple truss subjected to a specific load

Clear screen, compute pi and the conversion factors
: PI = 4 * ATN(1): DR = PI / 180: RD = 180 / PI

Display the introductory remarks
PRINT "Want to see the introductory remarks?®
INPUT *"-- Y / N ": RMKS
IF RMKS = "Y" OR RMK$ = "y" GOTO 100 ELSE GOTO 200
PRINT "REMARKS: (1) This program analyze a simple truss for a*

PRINT * specified load. You need to input the magnitude"
PRINT * and direction of the load."

PRINT " (2) The input data and the computed results are”
PRINT * printed on the printer immediately after*

g}g : data are entered. Hlke sure your printer is on"

before entering data.

* Input problem I.D.

PRINT "Enter problem d:alsn:tion
INPUT "-- Prob. I.D. "; ID§

Select system of units
PRINT "Select the system of units:"
PRINT " 1 -- SI Units”
PRINT " 2 -- US Customary Units"
INPUT "-- 1/ 2";: U
IF U = 1 THEN UF$ = "N"
IF U = 2 THEN UF$ = "1b"

Input the magnitude and direction of the load
PRINT "Enter the magnitude and direction of the load:"
PRINT "-- F ("; UF$; "), angle (degree)"; : INPUT F, AD

" Print problem 1.D. and heading

LPRINT "FORCES IN THE

FORCES IN THE MEMBERS OF A SIMPLE TRUSS
C4-1 (a) i 1o A seecrrIC LoaD

Solution to Problem C4-1(a)
The load is: F = 1000 lb, Angle = 50 Degrees

Member Horiz. Compt. Vert. Compt. Member Force
1b 1b Ib

AB 5635.33 4226.50 T044.16(T)
AC -4869.28 -4869.28 -6886.21(C)
BC 0.00 4869.28 4869.28(T)

C4-1 (b) FORCES IN THE MEMBERS OF A SIMPLE TRUSS
DUE TO A SPECIFIC LOAD

Solution to Problem C4-1(b)
The load is: F = 5000 N, Angle = 60 Degrees

Member Horiz. Compt. Vert. Compt. Member Force
N N N

Sl

MEMBERS OF A SIMPLE TRUSS" AB 27320.51 20490.38 34150.63(T)

LPRINT "DUE TO A SPECIFIC LOAD" AC -22990.38 -22990.38 -32513.31(C)
&:N‘l’ : LPRINT *"Solution to "; IDS BC 0.00 22990.38 22990.38(T)

NT
LPRINT, "The load is: F ="; F; UF$: ", Angle ="; AD: "Degrees"
LPRINT " "
LPRINT
LPRINT "Member Horiz. Compt. Vert. Compt. Member Force”
LPRINT TAB(14); UFS$; TAB(28); UPS; TAB(43): UF$
LPRINT * »
LPRINT
AR = AD * DR: S = SIN{AR}' C = COS(AR)
HAB = 4 * F* S+ 4 *F*C: VABa= 3/ 4 * HAB: FAB-.?S'I!AB
EAC--Z!'P‘S-"P'C.VAB HAC: FAC = SQR(2) * HAC
HBC = 0: VBC = 3 * F*5S5S+4°*F+*(C; FBC = VBC
IF HAB > 0 THEN AB$ = "(T)"
IF HAB < 0 THEN AB$ = "(C)"
IF HAC > 0 THEN AC$ = "(T)"
IF HAC < 0 THEN AC$ = "(C)"
IF FBC > 0 THEN BC$ = "(T)"
IF FBC < 0 THEN BC$ = "(C)"
LPRINT * AB": USING "WH#NARANANN.HN";: HAB: VAB: FAB: : LPRINT ABS
LPRINT " AC";: USING "WHAW#NAHEHR.HA"; HAC; VAC; PAC; : LPRINT ACS
LPRINT " BC"; USING "W¥NNENSHHNN.NA": HBC: VBC; FBC; : LPRINT BCS
LPRINT * -

END
309 310
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- Solution to Computer Program Assignment C4-2

»

. * C04-2 » Analysis of a simple truss

Clear screen, compute pi and the conversion factors
CLs : PI = 4 * ATN(1): DR = PI / 180: RD = 180 / PI

Display the introductory remarks
PRINT "Want to see the introductory remarks?"
INPUT "-- Y / N ":; RMKS
IF RMKS = "Y" OR RMKS$ = "y" GOTO 100 ELSE GOTO 200
PRINT "REMARKS: (1) This program analyze a simple truss for a load at"

PRINT * different inclination. You need to input the"
PRINT " magnitude of the load."

PRINT " (2) The input data and the computed results are”
PRINT * printed on the printer immediately after”
PRINT " data are entered. Make sure your printer is on"
PRINT * before entering data.”

Input problem I.D.
PRINT "Enter problem designation:"
INPUT *-- Prob. I.D. "; ID$

Select system of units
PRINT "Select the system of units:"
PRINT " 1 -- SI Units"
PRINT * 2 -- US Customary Units”
INPUT "-- 1 / 2"; U
IF U = 1 THEN UP$ = "N"
IF U = 2 THEN UF$ = "1b"

Input the magnitude of the force
PRINT "Enter the magnitude of the force:"
PRINT "-= F ("; UF$; *)*: : INPUT F

Print problem I.D. and heading
LPRINT "FORCES IN THE MEMBERS OF A SIMPLE TRUSS"
LPRINT "FOR A GIVEN LOAD AT DIFFERENT INCLINATIONS"
LPRINT : LPRINT "Solution to *; ID$
LPRINT : LPRINT "The load is F ="; F; " "; UF$
LPRINT " »

C4-2 (a)

C4-2 (b)

FORCES IN THE MEMBERS Ol SIMPLE TRUSS
FOR A GIVEN LOAD AT mrmmrr INCLINATIONS

Solution to Problem C4-2 (a)
The load is F = 1000 1b

Angle Member AB Member AC Member BC
Degree 1b 1b 1b

0 5000.00(T) -5656.85(C) 4000.00(T)

5 5416.75(T) -6005.10(C) 4246.25(T)
10 §792.28(T) -6307.84(C) 4460.18(T)
15 6123.72(T) -6562.18(C) 4640.16(T)
20 6408.56(T) -6766.77(C) 4784.83(T)
25 6644.63(T) -6919.87(C) 4893.09(T)
30 6830.13(T) -7020.30(C) 4964.10(T)
35 6963.684(T) =-7067.30(C) 4997.34(T)
40 7044.16(T) =-7060.52(C) 4992.54(T)
45 7071.07(T) =7000.00(C) 4949.75(T)
50 7044.16(T) -6886.21(C) 4869.28(T)
55 6963.684(T) -6720.01(C) 4751.76(T)
60 6830.13(T) -6502.66(C) 4598.08(T)
65 6644.63(T) -6235.83(C) 4409.40(T)
70 6408.56(T) -5921.54(C) 4187.18(T)
75 6123.72(T) -5562.18(C) 3933.05(T)
80 §792.28(T) -5160.49(C) 3649.02(T)
85 5416.75(T) -4719.52(C) 3337.21(T)
a0 5000.00(T) -4242.84(C) 3000.00(T)

FORCES IN THE

MEMBERS OF A SIMPLE TRUSS
FOR A GIVEN LOAD AT DIFFERENT INCLINATIONS
Solution to Problem C4-2 (b)
The load is F = 5000 N

LPRINT, : LPRINT " Angle Member AB Member AC He-her‘m':"
LPRINT "Degree®; TAB(15); UF$; TAB(29); UF$; TAB(44); UF$ Angle Member AB Member AC Member BC
LPRINT * Degree N N N
LPRINT
FOR I = 1 TO 19 g :gggg-g:(;) -zazsa.z;{g; :gggg ggg;
A-!-l's:m-A-m; - AD) : - AD .76(T) -30025.4
s S0 e b e 3 AR AR e 3y s HAB: AB o125 HAB 1S 30618.63(T) -33810.80(C)  23200.80(T)
HAC = -3 * F*#S5S - 4e*Fo» 7 : PAC = 2) * 8. - .
FBC = 3 *F oS+ 459 FF cc AC = HAC SQR(2) * HAC 20 32042.82(T) -33833.86(C) 23924.15(T)
IF HAB > 0 THEN AB$ = "(T)" 25 33223.15(T)  -34599.34(C) 24465.43(T)
IF HAB < 0 THEN ABS = "(C)" 30 34150.683(T) -35101.50(C) 24820.51(T)
IF HAC > 0 THEN AC$ = *(T)" 35 34818.21(T) -35338.51(C) 24986.69(T)
IF HAC < 0 THEN ACS$ = "(C)" 40 35220.80(T) -35302.59(C) 24962.70(T)
IF FBC > 0 THEN BC$ = *(T)" 45 35355.34(T)  -35000.00(C) 24748.74(T)
IF FBC < 0 THEN BC$ = "(C)" gg ;i:g.:gg; -:;331.0;(3! ;;3;:.:5 };
LPRINT USING * i AR " L : A -33600.03(C) 758.
s E‘ HRER": A LPRINT USING "#####HHHN.HE": FAB ~ g;};gﬁg} _gzﬂg.u:gg ;;:92',:’: ;;
LPRINT USING "H#WNNWENE.AN": FAC; : LPRINT ACS; 65 . -31179.14 46.
LPRINT USING * N TN ;e 70 32042.82(T) -29607.68(C) 20935.79(T)
. USING "WANES#ENN.#H"; FBC LPRINT BC$ i e a g g
NEXT I 80 28961.40(T) -25802.44(C) 18245.08(T)
LPRINT * . 85 27083.76(T) -23597.62(C) 16686.04(T)
90 25000.00(T) -21213.20(C) 15000.00(T)
311 312
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Solution to Computer Program Assignment C5-1

Analysis of square-threaded screws

* C05-1 *

Clear screen. compute pli and the conversion factors
CLS

PI = 4 * ATN(1):

DR = PI / 180: RD = 180 / PI

" Display the introductory remarks
PRINT "Want to see the introductory remarks?"

INPUT

==Y /N

RMK$

IF RMKS = "Y" OR RMK$ = "y" GOTO 100 ELSE GOTO 200

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT

"REMARKS: (1)

(2)

(3)

Input problem I.D.
PRINT "Enter problem designation:"

INPUT "-- Prob. I.D.

Selec
PR

PRINT
PRINT
INPUT

system of units

This program can be used to compute the torques”®
required to raise and to lower a square-threaded”
screw under load."

The input data include the mean radius. the"
number of thread,
the load and the arm length."

The input data and the computed results are"
printed on the printer immediately after"

data are entered. Make sure your printer is on"
before entering data.

"; IDS

"Select the system of units:"
1 -- SI Units”
2 -- US customary units"”

Ve 1 J2°; U

IF U = 2 GOTO 300

UF$ = "N":

GOTO 400

UF$ = "1b":

UL1$ = "m": UL2$ = "mm": UM§ = "N-a"
UL1S = "ft": UL2$S = "in.":

UMS = "1b-ft"

Print problem I.D. and heading

LPRINT "ANALYSIS OF SQUARE-THREADED SCREWS"
: LPRINT "Solution to "; ID$
LPRINT *

LPRINT

Enter the data of the screw
PRINT "Input the data of the screw

PRINT "-- r ("; UL2S;
PRINT “-- mu, W ("; UFS$; ")";

IF U = 2 GOTO 500
Rl = R / 1000: P1L = P / 1000: Al = A / 1000

GOTO

Print the

LPRINT :

LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT

600
Rl =R / 12: P1 = P / 12:

input data

LPRINT "The input data:":

it ne
2 s

UL2s; "
.

H INPUT R, N, P
UL2S: :

INPUT MU, W, A

Al = A / 12

LPRINT

"The mean radius:"; TAB(35); "r ="; USING "§##.¥#": R:
$

- ..
B

"The number of thread:"; TAB(35); "n ="; USING "##": N
"The pitch of the thread:"; TAB(35): "p =";

USING "##.#N"; P; :

LPRINT " "; UL2S$

"The static rrictinn coefficient:"; TAB(34); "mu =";

USING "W¥.HK"

"The load to be lifted:"
USING "HESEHEN.HE"; W; :
"The arm length of the handle:"; TAB(ES).

TAB(35); "W =";
LPRINT " "; UF$

USING "§##.48"; A;
LPRINT * *; UL2S$

the static friction coefficient,”

313
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Solution to Computer Program Assignment C5-1 Continued

Compute the lead angle
LAR = ATN(N * P1 / 2 / PI / R1):

Compute the static friction angle
PHIR = ATN(MU): PHID = PHIR * RD

Compute the loading torque and the corresponding force
M = W * Rl * TAN(PHIR + LAR): F=M/Al

LAD = LAR * RD

" Compute the releasing torque and the correspnud&n( foree

= W * Rl * TAN(PHIR - LAR): FP =
IFMP > 0 THEN SL = 1
IF MP < 0 THEN SL = 2
Compute the mechanical advantage
MA =W/ F

MP / Al

LPRINT *

LPRINT : LPRINT "The computed results:": LPRINT

LPRINT "The lead angle:"; TAB(31); "theta ="; USING "##.##";

LPRINT " Degree"
LPRINT 'The static friction lngla-': TAB(33). "phi =";
LPRINT USING "#¥#.##"; PHID; LPRINT " Degree”
"The loading torque: TAB(35); "M =";
LPRINT USING "#HN#HH.HE": M: : LPRINT " "; UMS
LPRINT * The corresponding forces:"; TAB(35): "F =";
LPRINT USING "WHHHUN.HE": F; : LPRINT * "; UFS
LPRINT "The mechanical advantage:"; TAB(34); "MA =";
INT USING "HH#H#.HH"; MA
SL = 2 GOTO 700

LPRINT "The releasing torque:"; TAB(34): "M' ="; USING "HHNHNH.HH":

LPRINT " *; UMS
LPRINT * The corresponding forces:

; TAB(34);
LPRINT USING '#lllll #4"; FP;

L T

LPRINT "The screw is not self locking. the load will be"
LPRINT " released once the loading torque is released.”
LPRINT *

C5-1 (a)

ANALYSIS OF SQUARE-THREADED SCREWS
‘Solution to EXAMPLE 5-7

The input data:

The mean radius: r=1.00 in.

The number of thread: ns=2

The pitch of the thread: p = 0.20 in.

The static friction coefficient: mu = 0.10

The load to be lifted: W = 2000.00 1b

The arm length of the handle: a = 12.00 in.

The computed results:

The lead angle: theta = 3.64 Degree

The static friction angle: phi = 5.71 Degree

The loading torque: M= 27.45 lb-rt
The corresponding forces: F = 27.45 1b

The mechanical advantage: MA = 72.88

The releasing torque: M’ = 6.02 1b-ft
The corresponding forces: F*' = 6.02 1b

LAD:

MP:
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C5-1 (b) ANALYSIS OF SQUARE-THREADED SCREWS
Solution to Problem 5-28

The input data:

The mean radius: r =25.00 mm

The number of thread: n=1

The pitch of the thread: p =10.00 mm

The static friction coefficient: mu = 0.10

The load to be lifted: W = 19620.00 N

The arm length of the handle: a =800.00 mm

The computed results:

The lead angle: theta = 3.84 Degree

The static friction angle: phi = 5.71 Degree

The loading torque: M= 80.79 N-m
The corresponding forces: F = 100.99 N

The mechanical advantage: MA = 194.28

The releasing torque: M = 17.71 N-m
The corresponding forces: F' = 22.14 N

C5-1 (c) ANALYSIS OF SQUARE-THREADED SCREWS

Solution to Problem 5-30

The input data:

The mean radius: r = 0.50 in.

The number of thread: n=1

The pitch of the thread: p=0.25 in.

The static friction coefficient: mu = 0.14

The load to be lifted: W = 20000.00 1b

The arm length of the handle: a= 4.00 in.

The computed results:

The lead angle: theta = 4.55 Degree

The static friction angle: phi = 8.00 Degree

The loading torque: M= 185.47 lb-ft
The corresponding forces: F = 556.41 1b

The mechanical advantage: MA = 35.94

The releasing torque: M' = 50.21 lb-rt
_The corresponding forces: F' = 150.62 1b

315
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200

Solution to Computer Program Assignment C5-2

: * C05-2 »* Problems involving belt friction

Clear screen, compute pi and the conversion factors
CLS : PI = 4 * ATN(1): DR = PI / 180: RD = 180 / PI

Display the introductory remarks
PRINT "Want to see the introductory remarks?"
INPUT "-- Y / N "; RMKS
IF RMKS = "Y" OR RMKS = "y" GOTO 100 ELSE GOTO 200
PRINT "REMARKS: (1) This program can be used to compute the maximum"

PRINT * and minimum weight that can be held by a given"

PRINT * force applied to a cable wraping around a post.”

PRINT " (2) The input data include the static friction®

g}g : tr:oefnclent and the magnitude of the applied”
orce."

PRINT * (3) The input data and the computed results are”

PRINT * printed on the printer immediately after*

PRINT * data are entered. Make sure your printer is on"

PRINT * before entering data."

Input problem I.D.
PRINT “"Enter problem designation:"
INPUT "-- Prob. I.D. "; ID$

Seledt system of units
PRINT "Select the system of units:"
PRINT * 1 -- SI Units"
PRINT * 2 -- US customary units”
INPUT *"-- 1/ 2"; U
IF U= 1 THEN UF$ = "N"
IF U= 2 THEN UFS = "1b"

Print problem I.D. and heading
LPRINT "BELT FRICTION PROBLEM"

LPRINT : LPRINT "Solution to "; IDS: LPRINT
Enter data
PRINT, "Input data:"
PRINT "Static friction coefficient -- mu®; : INPUT MU
PRINT "The pulling force -- P"; : INPUT P

Print the input data
LPRINT "The static friction coefficient: mu ="; USING "##.¥#"; MU
LPRINT "The pulling force P ="; USING "N##NK.#": P;
LPRINT * *; UF$

Print heading

LPRINT * "
LPRINT

LPRINT "No. of Contact Contact Maximum Minimum"
LPRINT " Wrap angle angle weight weight”

LPRINT TAB(11); "radian"; TAB(21); "degree";
LPRINT TAB(33); UF$: TAB(43); UFs$

LPRINT *

LPRINT

Compute and print max. & min. W

NW = 1
FOR I = 1 TO 9
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651

Solution to Computer Program Assignment C5-2 Continued

BETAR = NW * 2 * PI: BETAD = BETAR * RD

K = EXP(MU * BETAR): WMIN = P / K: WMAX = P * K
LPRINT USING "##.#§": Nw:

LPRINT USING "¥######.44": BETAR;

LPRINT USING "####4#H#H#"; BETAD;

LPRINT USING "H#AHHHNAN.H"; WMAX;

LPRINT USING "WA#EEHN.AR"; WMIN

C5-2 (a) BELT FRICTION PROBLEM
Solution to Problem C5-2 (a)

The static friction coefficient: mu = 0.20
The pulling force P = 25.0 lb

No. of Contact Contact Maximum Minimum

Wrap angle angle weight weight
radian degree 1b 1b

1.00 6.28 360 87.8 T.12
1.25 7.85 450 120.3 5.20
1.50 9.42 540 164.7 3.80
1.78 11.00 630 225.4 2.77
2.00 12.57 720 308.86 2.03
2.28 14,14 810 422.6 1.48
2.50 15.71 900 578.5 1.08
2.75 17.28 990 792.1 0.79
3.00 18.85 1080 1084.4 0.58

C5-2 (b) BELT FRICTION PROBLEM
Solution to Problem C5-2 (b)

The static friction coefficient: mu = 0,30
The pulling force P = 180.0 N

No. of Contact Contact Maximum Minimum

Wrap angle angle weight welight
radian degree N N

1.00 6.28 360 1185.5 27.33
1.25 7T.85 450 1899.1 17.08
1.50 9.42 540 3042.4 10.85
1.75 11.00 630 4873.8 8.65
2.00 12.57 720 7807.7 4.15
2.25 14.14 810 12507.8 2.59
2.50 15.71 900 20037.2 1.82
2.75 17.28 990 32099.2 1.01
3.00 18.85 1080 §1422.1 0.63

100

200

.

Solution to Computer Program Assignment C6-1

* Co6-1 * Components of a spatial force passing through two points

Clear screen, compute pi and the conversion factors
CLS : PI = 4 * ATN(1): DR = PI / 180: RD = 180 / PI

Display the introductory remarks
PRINT 'Hmt to see the introductory remarks?"
INPUT "=~ ¥ / N "; RMKS
IF RMKS = "Y" OR RMK$ = "y" GOTO 100 ELSE GOTO 200
PRINT "REMARKS: (1) This program can be used to compute the"
PRINT rectangular components of a spatial force”

PRINT " passing through two known points."

PRINT * (2) You need to input the magnitude of the force and"
PRINT * the coordinates of two points A and B. The force”
PRINT " acts from A to B."

PRINT " (3) The input data and the computed results are”
PRINT " printed on the line printer immediately after”
PRINT " data are entered. Make sure your printer is on"
PRINT * before entering data.”

Input problem I.D.
PRINT "Enter problem deslmltion.
INPUT "=~ Prob. I.D. *; IDS

Select system of units
PRINT "S.J.ect the system of units:"
PRINT " 1 == SI Units"

PRINT * 2 -- US customary units”
INPUT "-- 1 / 2";

IF U = 1 THEN UF$ = "N"

IFU = 1 THEN ULS = "m"

IF U= 2 THEN UF$ = "1b"

IFU = 2 THEN ULS = "ft"

Input the magnitude of the force
PRINT "Enter the magnitude of the force:"
PRINT "-- F(": UFS$; ")"; : INPUT F

Input the coordinates of point A
PRINT "Enter the coordinates of point A:"
PRINT "-- XA("; ULS: "), YA(": ULS: "), ZA(": ULS: ")":
INPUT XA, YA, ZA

Input the coordinates of point B
PRINT "Enter the coordinates of point B:"
PRINT "-- XB("; ULS; "), YB("; ULS$: "), ZB(": ULS: ")":
INPUT XB, YB, ZB

Print problem 1.D.
LPRINT ™ OF A SPATIAL FORCE ACTING ALONG TWO GIVEN POINTS"
LPRINT : LPRINT "Solution to "; ID§: LPRINT
Print the magnitude of the force
LPRINT "Magnitude of the force :
LPRINT * *:; UFS
LPRINT TAB(13); "The force acts in the direction from A to B"
LPRINT

P =": USING "WHHHHE.H": F;

Print the coordinates of the initial point A
LPRINT "Coordinates of point A:": LPRINT TA.B(lJi. it
LPRINT USING "###.#HE": XA; : LPRINT " ": ULS;

LPRINT USING "W##.H###"; YA: : LPRINT " ": ULS; ".
LPRINT USING "#¥#.##N"; ZA; : LPRINT " *; ULS; "

| LPRINT
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Solution to Computer Program Assignment C6-1 Continued

' Print the coordinates of the end point B

LPRINT "Coordinates of polnt B:":
LPRINT USING "WH#.HEN"; XB;
LPRINT USING "W##.4HE";: YB;
LPRINT USING “"W##.###": ZB:

5;
3
g

LPRINT " "; ULS;

Co-g:te the force co-poantu

XB - XA: Y =« YB - YA: DZ = ZB - ZA

D-Sﬂi(DX'DI-DY'D\'oDZ'DZ)

FX =

F/D®*DX: FY =F /D*DY: FZ=F /D * DZ

' Print the components of the force
LPR

INT "The rectangular components of the force are:"
LPRINT TAB(13);: "(":

LPRINT USING "WH#RRE.H": PX:
LPRINT USING "HA###E#.4";: FY;
LPRINT USING "WHAHNHE.H": FZ;

END

Cé-1 (a)

C6-1 (b)

C6-1 (c)

LPRINT " "; UFs; *
LPRINT * *; UFS$; "
LPRINT * *; UFs; *

.
.

COMPONENTS OF A SPATIAL FORCE ACTING ALONG TWO GIVEN POINTS
Solution to EXAMPLE 6-3

Magnitude of the force : P = 210.0 1b
force acts in the direction from A to B

Coordinates of point A:
0.000 rt,

Coordinates of point B:
( 2.000 rt,

6.000 ft, -5.000 ft )

0.000 ft. -2.000 ft )

The rectangular components of the force are:
( 60.0 1b, -180.0 lb, 90.0 1b )

COMPONENTS OF A SPATIAL FORCE ACTING ALONG TWO GIVEN POINTS
Solution to Problem 6-11

Magnitude of the force : P = 300.0 1b
The force acts in the direction from A to B

Coordinates of point A:

4.000 rt, 0.000 ft, 8.000 ft )
Coordinates of point B:
( 0.000 rt, S.000 ft, 2.000 ft )

The rectangular components of the force are:
( ~-136.8 1b, 170.9 1b, -205.1 1b )

COMPONENTS OF A SPATIAL FORCE ACTING ALONG TWO GIVEN POINTS
Solution to Problem 6-12

Magnitude of the force : P = 5000.0 N
force acts in the direction from A to B

Coordinates of point A:

(" 4.000m, 0.000 m, 0.000 m )
Coordinates of point B:
0.000 m, 5.000m, 5.000 m )

The rectangular components of the force are:
( =2461.8 N, 3077.3 N, 3077.3 N )

100

.

Solution to Computer Program Assignment C6-2

* C06-2 * Resultant of a concurrent spatial force system
Clear screen, compute pi and the conversion factors
: PI = 4 * ATN(1): DR = PI / 180: RD = 180 / PI

Display the i(ntroductory remarks
PRI "Want to see the introductory remarks?"
INPUT "-- Y / N "; RMKS
IF RMKS = "Y" OR RMKS = "y" GOTO 100 ELSE GOTO 200

PRINT "REMARKS: (1) This program can be used to compute the resultant®
"

PRINT " of a concurrent spatial force system.

PRINT * (2) You need to input the coordinates of the"

PRINT " concurrent point, the magnitude of each force and"
PRINT the coordinates of a point on the line of action”
PRINT * of each force.”

PRINT " (3) The input data and the computed results are”
PRINT * printed on the printer immediately after”

PRINT " data are entered. Make sure your printer is on"
PRINT * before entering data."

Input problem I1.D.
PRINT "Enter problem designation:"
INPUT "=~- Prob. I.D. *; ID$

Select system of units
INT "Select the system of units:"

INT * 1 -- SI Units"
PRINT * 2 -- US customary units"”
INPUT "-- 1/ 2";: U
IF U = 1 THEN UFS = "N"
IF U= 1 THEN ULS = "m"
IF U = 2 THEN UF$ = "lb"
IFU = 2 THEN ULS = "ft"

Input the coordinates of the concurrent point A
PRINT "Enter the coordinates of the concurrent point A:"
PRINT "-- XA("; ULS$; "), YA(":; ULS$: "), ZA("; ULS; ")";
INPUT XA, YA, ZA

Print problem 1.D. and heading
LPRINT "RESULTANT OF A CONCURRENT SPATIAL FORCE SYSTEM"
LPRINT : LPRINT "Solution to *; IDS: LPRINT
LPRINT "Coordinates of the concurrent point A:"

LPRINT TAB(13): "(":

LPRINT USING "W#WNH.FEN"; XA;
LPRINT USING “#NN.FRE": YA:
LPRINT lBING “ENNLHRRT G ZA:

LPRINT * *: ULS: " )"
LPRINT
LPRINT : LPRINT "Force Mag("; UFS: ")": TAB(15): "xB(";
LPRINT TAB(22); "yB("; ULS: ")": TAB(29); "zB("; ULS: :):
LPRINT TAB(37): "Fx(": UF$: :;:. TAB(45): "Fy(": UFs; ")

LPRINT TAB(53); "Fz(": UF$;

LPRINT

Enter the number of given forces
PRINT 'Bnter the number of given forces:"
INPUT "-- No. of Forces"; N

Initialize sum

RX = 0: RY = 0: RZ = 0

' Enter the data of the given forces and compute their components
PRINT "Input the magnitude and the coordinates of point B of each";

PRINT " force:"
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Solution to Computer Program Assignment C6-2 Continued

Print the given forces
LPR.

Compute the sum of force

Print the magnitude and the components of the resultant
LPRINT *

POR I = 1 TON
PRINT "-- P"; USING "#"; I; : PRINT "("; UF$; "),"
PRINT * XB("; ULS$; "), YB(": ULS: *), ZB(": ULS: *
INPUT F, XB, YB, ZB

joi

Compute the force components

DX = XB - XA: DY = YB - YA: DZ = ZB - ZA
D = SQR(DX * DX + DY * DY +« DZ * DZ)
FX = F/D*DX: FY =F /D*DY: FL=F /D *DZ

NT * FI; m[m I'.
LPRINT USING "H##H.¥8H
LPRINT USING "WHH#HNE.

RX = RX + PFX: RY = RY +
NEXT I

Find the magnitude of the resultant

R = SQR(RX * RX + RY * RY + RZ * RZ)

-

INT
INT * R"; TAB(7); "Mag(":; UF$;: ")": TAB(37): "Rx"; "("; UPF$: ")":

LPRINT TAB(45): "Ry": "(": UP$; ")":
LPRINT TAB(S53); "Rz": "(": UPs; ")"
LPRINT TAB(S5); USING "#¥W###N.4"; R:
LPRINT TAB(34): USING "W#NH#NN.4"; RX: RY: RZ

Find the direction angles

THETAX = ATN(SQR(1 - (RX / R) " 2) / ABS(RX / R)) *
THETAY = ATN(SQR(1 - (RY / R) * 2) / ABS(RY / R)) *
THETAZ = ATN(SQR(1 - (RZ / R) - 2) / ABS(RZ / R)) *

IF RY < 0 THEN THETAY = 180 - THETAY
IF RZ < 0 THEN THETAZ = 180 - THETAZ

Print the direction angles of the resultant

LPRINT : LPRINT TAB(39): "Direction angles”
LPRINT TAB(36): "x(Deg.) y(Deg.) z(Deg.)"
LPRINT TAB(34); USING "WAWN#.H#K"; THETAX:; THETAY; THETAZ

C6-2 () RESULTANT OF A CONCURRENT SPATIAL FORCE SYSTEM
Solution to EXAMPLE 6-4

Coordinates of the concurrent point A:
0.000 m, 0.400 m, 0.400 m )

Force Mag(N) xB(m) yB(m) =zB(m) Fx(N) Fy(N) Bz (N)

F1  6000.0 0.800 1.200 0.000 4000.0 4000.0 -2000.0
F2  7000.0 1.200 0.000 1.000 6000.0 -2000.0 3000.0

Mag(N) Rx(N) Ry(N) Rz(N)
10247.0 10000.0 2000.0 1000.0

Direction angles
x(Deg.) y(Deg.) z(Deg.)
12.60 T8.7T4 84.40

C6-2 (b)

RESULTANT OF A CONCURRENT SPATIAL FORCE SYSTEM
Solution to Problem 6-16

Coordinates of the concurrent point A:
0.000 ft, 4.000 ft, 3.000 ft )

Force Mag(lb) xB(ft) yB(ft) =B(ft) Fx(lb) Fy(lb) Fz(lb)

F1 600.0 4.000 0.000 1.000 400.0 -400.0 -200.0
F2 450.0 4.000 0.000 10.000 200.0 =-200.0 350.0

R Mag(lb) Rx(lb) Ry(lb) Rz(lb)
861.T 600.0 -600.0 150.0

Direction angles
x(Deg.) y(Deg.) z(Deg.)
45.87 134.13 79.98

C6-2 (C)  RESULTANT OF A CONCURRENT SPATIAL FORCE SYSTEM

INT " 3
END - Solution to Problem 6-18
Coordinates of the concurrent point A:
( 1.200m, 0.500 m, 0.000 m )
Force Mag(N) =xB(m) yB(m) =zB(m) Px(N) PFy(N) Pz(N)
F1 20000.0 1.600 0.800 0.000 16000.0 12000.0 0.0
F2 14000.0 0.000 0.900 0.600-12000.0 4000.0 6000.0
F3 13000.0 0.000 0.800 -0.400-12000.0 3000.0 -4000.0
R Mag(N) Rx(N) Ry(N) Rez(N)
20712.3 =-8000.0 19000.0 2000.0
Direction angles
x(Deg.) y(Deg.) z(Deg.)
112.72 23.468 B4.48
321
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Solution to Computer Program Assignment C7-1

* COT-1 ¢ Location of the centroid of a composite area

Clear screen, compute pi and the conversion factors
CLS : PI = 4 * ATN(1): DR = PI / 180: RD = 180 / PI

Display the introductory remarks
PRINT "Want to see the introductory remarks?”
INFUT "-- Y / N "; RMKS
IF RMKS = "Y" OR RMKS = "y" GOTO 100 ELSE GOTO 200
PRINT

.
PRINT * of a composite area.”

PRINT * (2) You need to input each component area and the"
PRINT " coordinates of its centroid."

PRINT " (3) The input data and the computed results are”
PRINT " printed on the printer immediately after”
PRINT " data are entered. Make sure your printer is on"
PRINT * before entering data."

Input problem I.D.
PRINT 'hter problem designation:”
INPUT *-- Prob. I.D. "; ID$

Select system of units
PRINT 'Seiect the system of units:"
PRINT " 1 -- SI Units*
PRINT * 2 -- US customary units”
INPUT "-=- 1 / 2°: U
IFU = 1 THEN UL$ = "m"
IFU = 2 THEN UL$ = "in"

Print problem I.D. and heading
LPRINT *CENTROID OF A COMPOSITE AREA"
LPRINT : LPRINT "Solution to "; ID$
LPRINT * .
LPRINT : LPRINT "Area®”; TAB(10); "A(": UL$: *"-2)";
LPRINT TAB(21): "x("; UL$: *)"; TAB(31); "y(": ULS; ")';
LPRINT TAB(40): "Ax(": UL$; ""3)"; TAB(51); "Ay(": ULS; ""3)"
LPRINT *
LPRINT

",

Enter the number of given forces
PRINT 'Bnter the total number of component areas:"
INPUT "~-- No. of area”; N

Initialize sum
= 0: SAX = 0: SAY = 0

Enter area and coordinates of centroid
PRINT "Input value of area and the coordinates of its centroid:"

FOR I = 1 TON
PRINT *-- A*; USING "§"; I;
PRINT "(*; *°2),%: " x"; USING "§"; I;
PRINT *(: ULS: *)."5 * y*: USING "#": I:
PRINT *("; UL$; ").": : INPUT A, X, ¥

Compute th& first moment of each area and find the sums of the areas
and the moments

AX = A * X: AY = A * Y

SA = SA + A: SAX = SAX + AX: SAY = SAY + AY

REMARKS: (1) This program can be used to colmpute the centroid"

Solution to Computer Program Assignment C7-1 Continued

" Print the area and distance
LPRINT * A"; USING "#"; I; :
LPRINT USING "WHW#H.HENE": X: Y
LPRINT USING “WRRNNE.HNNN"; SAX;

NEXT I

LPRINT USING *WERNNHE.4HHE": A:
; SAY

' Find the location of the centroid
X = SAX / SA: Y = SAY / SA

' Print the location of the centroid
LPRINT *

LPRINT

LPRINT "Sum®: USING "WANNNN#E.HANA";: SA;

LPRINT TAB(36); USING "WWNN#HN.NANN";: SAX;

LPRINT TAB(47);: USING "WWNNHN.H##0E": SAY

LPRINT " o
LPRINT : LPRINT "Location of the centroid:"

LPRINT "X = Sum(Ax) / Sum(A) ="; USING "WHWN.W#NNE": SAX;

LPRINT * /*;:

LPRINT USING "####.###4"; SA; : LPRINT " ="; USING "NANN.0H#": X;
LPRINT * *; ULS

LPRINT *Y = Sum(Ay) / Sum(A) ="; USING "WANF.WHH#"; SAY;

LPRINT " /*;

LPRINT USING "HW¥NN.HRNA"; SA; : LPRINT " ="; USING "NW#N.HHN"; Y;
LPRINT " *; ULS
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C7-1 (a)

C7-1 (b)

C7-1 (c)

CENTROID OF A COMPOSITE AREA
Solution to EXAMPLE 7-4

Area A(in"2) x(in) y(in) Ax(in"3) Ay(in“3)
Al 18.0000 4.0000 2.0000 72.0000 .’i's.ooou
A2 36.0000 9.0000 3.0000 396.0000 144.0000
A3 -6.3000 9.0000 0.8490 339.3000 138.6513
Sum 47.7000 339.3000 138.6513
Location of the centroid:

X = Sum(Ax) / Sum(A) = 339.3000 / 47.7000 = 7.113 in
Y = Sum(Ay) / Sum(A) = 138.8513 / 47.7000 = 2.907 in

CENTROID OF A COMPOSITE AREA

Solution to Problem 7-16

Area A(m~2) x(m) y(m) Ax(m*3) Ay(m~3)
Al 0.6500 0.5000 0.3250 0.3250 0.2112
A2 0.3318 1.2760 0.2760 0.7484 0.3028
A3 -0.0707 0.5000 0.3250 0.7130 0.2798
Sum 0.9111 0.7130 0.2798
Location of the centroid:

X = Sum(Ax) / Sum(A) = 0.7130 / 0.9111 = 0.783 m

Y = Sum(Ay) / Sum(A) = 0.2798 / 0.9111 = 0.307 m
CENTROID OF A COMPOSITE AREA

Solution to Problem 7-19

Area A(in"2) x(in) y(in) Ax(in*3) Ay(in-3)
Al 72.0000 0.0000 3.0000 0.0000 216.0000
A2 18.0000 0.0000 7.5000 0.0000 351.0000
A3 7.0700 -4.2700 7.2700 -30.1889 402.3989
Ad 7.0700 4.2700 7.2700 0.0000 453.7978
AS -14.1400 0.0000 1.2700 0.0000 435.8400
Sum 90.0000 0.0000 435.8400
Location of the centroid:

X = Sum{Ax) / Sum(A) = 0.0000 / 90.0000 = 0.000 in
Y = Sum(Ay) / Sum(A) = 435.8400 / 90.0000 = 4.843 in

100

200

300

400

' Print the input data
LPRI

Solution to Computer Program Assignment C7-2

* C07-2 * Analysis of parabolic cables
Clear screen, compute pi and the conversion factors
CLS : PI = 4 * ATN(1): DR = PI / 180: RD = 180 / PI

Display the introductory remarks
PRINT "Want to see the introductory remarks?”
INPUT "-- Y / N "; RMKS
IF RMK$ = "Y" OR RMK$ = "y" GOTO 100 ELSE GOTO 200
PRINT "REMARKS: (1) This program can be used to analyze a parabolic"

PRINT " cable subjected to a load uniformly distributed"
PRINT " along its horizontal length."

PRINT " (2) The input data include the horizontal span”
PRINT " length, the uniform load., and the sags of the"
PRINT " supports.”

PRINT * (3) The input data and the computed results are”
PRINT " printed on the printer immediately after”

PRINT * data are entered. Make sure your printer is on"
PRINT " before entering data.”

Input problem I.D.
PRINT "Enter problem designation:"
INPUT "-- Prob. I.D. "; ID$

Select system of units

PRINT 'Selec: the system of units:"

PRINT * 1 -- SI Units"

PRINT " 2 -- US customary units”

INPBUT %=~ 1 / 3"; U

IF U = 2 GOTO 300

UF$ = "N": UL$ = "m": UWS = "N/m"
ULS = "ft": UwWS = "lb/ft"
Print problem I.D. and heading

LPRINT "ANALYSIS OF PARABOLIC CABLES"

LPRINT : LPRINT "Solution to "; ID$
LPRINT " »

Enter the data of the screw
PRINT "Input the data of the cable:"
PRINT "-- L ("; ULS; "), q(": Uws; ")":
PRINT "-- yA(": ULS: ")": " yB("; ULS:

NT : LPRINT "The input data:" LPRINT
LPRINT "The horizontal !pm 1en(t.h"': TAB(39); "L =";
LPRINT USING "#HWHEN.F¥"; 1; LPRINT " "; ULS
LPRINT "The uniform lnud | ‘I‘AB(39) "q ="; USING "##NNA.NE"; Q:
LPRINT " "; UwWS
LPRINT "The sag of the left support A:"; TAB(3B): "yA =";
LPRINT USING "WWWNN.RE"; YA: : LPRINT " "; ULS
LPRINT "The sag of the right support B:"; TAB(SBI "yB a";
LPRINT USING "HWHHN.NE": YB; : LPRINT " "; ULS

Compute the minimum tension
TO =Q* 1* 1/ 2/ (SQR(YA) + SQR(YB)) - 2
Compute the maximum tension
XA = SQR(2 * TO * YA / Q)
XB = SQR(2 * TO * YB / Q)
IF YA > YBOR YA = YB THEN TM = SQR(TO ~ 2 +« (Q * XA) "~ 2)

IF YA < YB THEN TM = SQR(TO -~ 2 +» (Q * XB) - 2)
IF YA > YB OR YA = YB THEN THEN THETA = ATN(Q * XA / T0) * RD
IF YA < YB THEN THETA = ATN(Q * XB / TO) * RD
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Solution to Computer Program Assignment C7-2 Continued

* Compute the cable length C7-2 (b)  ANALYSIS OF PARABOLIC CABLES
= YA XA: YXB XB
S1 = XA -/“ + 2 \V;_AY? 4 /3 - .4°YXA " Q) Solution to Problem 7-34
S2 =-XB* (1+2*YXB"~2/3-.4*YXB " 4)
§ = S1 + 52
. The input data:
LPRINT * ”.
LPRINT : LPRINT "The computed results:": LPRINT The horizontal span length: L = 200.00 m
LPRINT "The horiz. length of left support:®; TAB(38); "xA =*; The uniform load: q = 1000.00 N/m
LPRINT USING "WH#SHEH. 48" : XA: : LPRINT " *: UL$ The sag of the left support A: YA = 40.00 m
LPRINT "The horiz. length of right support:": TAB(38): "xB ="; The sag of the right support B: yB = 40.00 m
LPRINT USING "WR#HHHH.HH"; XB; LPRINT " *; UL$S
LPRINT "The minimum tension:"; TAB(38): *T0 =*:
LPRINT USING "FH#N###.#4"; TO; :  LPRINT " *; UF$ The computed results:
LPRINT "The maximum tml.on:': TAB(SO) "Tmax =";
LPRINT USING "F#HNENN.HE"; T™: LPRINT " *; [m The horiz. length of left support: XA = 100.00 m
LPRINT "The direction of maximum tension:"; TAB(SS]' "Theta ="; m :z;i:“.l;:ml; of right support: g =- l“;gg.gg ;
LPRINT USING "W##F##F.¥H"; THETA: : LPRINT on: - .
LPRINT "The cable length:"; TAB(39): "s ="; USING "¥NNNNNE.NE": S: The maximum tension: Tmax = 160078.11 N
LPRINT * *; UL$ The direction of maximum tension: Theta = 38.66 Deg
LPRINT * " The cable length: 8 = 219.29 m
END
C7-2 (a) ANALYSIS OF PARABOLIC CABLES
Solution to EXAMPLE 7-8 07_2 (c) ANALYSIS OF PARABOLIC CABLES
i i ki Solution to Problem 7-39
e inpu :
The horizontal span length: L = 400.00 ft input data:
The uniform load: a - 10000 Lb/re The inpu
The sag of the left support A: yA = 110.00 ft The horizontal s length: L 100.00
The sag of the right support B: yB = 65.00 rt The uniform load g q - 4000.00 :.r-
The sag of the lnrt support A: YA = 2.00m
£ inhemkiail’ bz The sag of the right support B: yB = 6.00 m
The horiz. length of left support: XA = 226.15 ft omputed results:
The horiz. length of right support: xB = 173.85 ft The i
;:: :::hu- :::i: TO = ;giggf"; i: The arlz. }enlt: of left support: xA = 36.60 m
The direction of -n:.l.-n- tension: Theta = 44.21 Deg g: ni;llllm: ::::imolf s ',l": :1339722:33 3-1
The cable length: 8. 445.45 1t The maximum tension: Tmax =1363534.75 N
The direction of maximum tension: Theta = 10.72 Deg
The cable length: 8= 100.45 m
327 328
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* CoB-1 *

Solutlon to Computer Program Assignment C8-1

Moment of inmertia of a composite area about a given axis

* CIeu&;creen. compute pi and the conversion factors

H PI = 4 * ATN(1): DR = PI / 180: RD = 180 / PI
Display the introductory remarks
PRINT "Want to see the introductory remarks?"
INPUT "-- Y / N "; RMKS
IF RMK$ = "Y" OR RMK$ = "y*" GOTO 100 ELSE GOTO 200

PRINT "REMARKS: (1) This program can be used to compute the moment of"

PRINT " inertia of a composite area about a given axis."”
PRINT * (2) For each component area, you need to input the®
PRINT * area, the distance from its centroid to the”
PRINT " reference axis, and its moment of inertia about"”
PRINT * its own centroidal axis."

PRINT * (3) The input data and the computed results are"
PRINT * printed on the printer immediately after”

PRINT " data are entered. Make sure your printer is on"
PRINT * before entering data.”

Input problem I.D.
PRINT "Enter problem designation:"
INPUT "-- Prob. I.D. *; ID$

* Select system of units
PRINT "Select the system of units:"
PRINT * 1 -- SI Units*"
PRINT * 2 -- US customary units”
INPUT "-- 1/ 2"; U
IF U = 1 THEN UL$ = "m"
IF U= 2 THEN ULS = "in"

* Print problem 1.D. and heading
LPRINT "MOMENT OF INERTIA OF A COMPOSITE AREA ABOUT A GIVEN AXIS"
LPRINT : LPRINT "Solution to "; ID$
LPRINT " .
LPRINT
IF U$ = "SI® OR U$ = "si” GOTO 400
LPRINT "Area®; TAB(9); "A("; ULS; "~2)"; TAB(21); "y(":
LPRINT TAB(31); "I("; ULS$; ""4)";
LPRINT TAB(41); "Ay"2("; ULS: "-4)"
GOTO 420
LPRINT "Area”; TAB(12Z); "A"; TAB(23); "y"; TAB(33); "I";
LPRINT TAB(44); "Ay~2"
LPRINT TAB(8); "/1000 -'z-- TAB(23); "m": TAB(29); "/1000 m"4";
LPRINT TAB(41): */1000 m
LPRINT .
LPRINT

ULs; ")":

* Enter the total number of component areas
PRINT "Enter the total number of component areas:"
INPUT "-- No. of areas, N"; N

* Initialize sum
SA

= 0: SI = 0: SAYZ = 0
‘Input data
PRINT "Input value of area and the coordinates of its centroid:"
FOR K = 1 TO

N
PRINT "-- A":; USING "#": K: : PRINT *("; ULS$; ""2),"; " y":

690

810

840

890
900

Solution to Computer Program Assignment C8-1 Continued

PRINT USING "#"; K:
PRINT *(": ULS: "),": " I"; USING "¥": K;
PRINT "("; UL$: ""4),"; : INPUT A, Y, I
' Compute the first and second moments of each area and.find the summations
Z2sATYeeY: SA = SA + A: SI = SI » I: SAY2 = SAYZ + AY2
' Print the input data and the second moments
IF U§ = "SI" OR US = "si" GOTO 660
LPRINT " A"; USING "#"; K;:
LPRINT USING "WANRNNNN.HHE": A; Y; I; AY2
GOTO 690
AP = A * 1000: IP = I * 1000: AY2P = AY2 * 1000
LPRINT " A"; USING "
LPRINT USING "WWNHANH .

NEXT K

i K
HHH": AP; Y: IP: AY2P

0

Find the the centroid, the moments of inertia, and the radii of gyration
IX = SI + SAY2: RX = SQR(IX / SA)

Print the computed results
LPRINT *

LPRINT
F U$ = "SI” OR US = "si" GOTO 810
INT "Sum"; USING “#NWNNUN.H8H": SA;
LPRINT TAB(26): USING "WHWHNNN.WEN": S1: SAY2
GOTO 840
SAP = SA * 1000: SIP = SI * 1000: SAYZP = SAY2 * 1000
LPRINT "Sum";: USING "WNWANNN.NHH": SAP;
LPRINT TAB(26); USING "WHWNHHHH.44H"; SIP; SAYZP
LPRINT * 8
LPRINT "Moment of ipnertia about the x-axis:"
IF IX < 1 GOTO 890
LPRINT TAB(19): "Ix ="; USING “W#N##N.RHE": 1X:
LPRINT " *; ULS$;: ""4°
GOTO 900
LPRINT TAB(19); "Ix ="; USING "NN.4NHRA": IX:
LPRINT " "; UL$: ""4"
LPRINT 'B.ld.l.ul of gyration about the x-axis:"
LPRINT TAB(19): "rx ="; USING "HWHH.W#N"; RX;
LPRINT * "; ULS
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C8-1 (a)

C8-1 (b)

C8-1 (c)

MOMENT OF INERTIA OF A COMPOSITE AREA ABOUT A GIVEN AXIS
Solution to EXAMPLE 8-4

Area A(m"2) y(m) I(m"4) Ay 2(m™4)
Al 0.700 0.350 0.029 0.086
A2 -0.060 0.600 -0.000 -0.022
A3 -0.063 0.085 ~-0.000 -0.000

Sum 0.577 0.028 0.064

Moment of inmertia about the x-axis:
Ix = 0.09180 m™4

Radius of gyration about the x-axis:
rx = 0.399 m

MOMENT OF INERTIA OF A COMPOSITE AREA ABOUT A GIVEN AXIS
Solution to Problem 8-18

Area A(m~2) y(m) I(m"4) Ay 2(m~4)
Al 72.000 6.000 864.000 2592.000
A2 -14.140 6.000 -10.600 -509.040

Sum 57.860 853.400 2082.960

Moment of inertia about the x-axis:
Ix = 2936.360 m~4

Radius of gyration about the x-axis:
rx = T.124 m

MOMENT OF INERTIA OF A COMPOSITE AREA ABOUT A GIVEN AXIS
Solution to Problem 8-22

Area A(in"2) y(in) I(in"4) Ay"2(in*4)
Al 72.000 6.000 864.000 2592.000
A2 =-12.570 6.000 -12.560 -452.520
Sum 59.430 851.440 2139.480

Moment of inertia about the x-axis:
Ix = 2990.920 in"4

Radius of gyration about the x-axis:
rx = 7.094 in

100

200

420

440

Solution to Computer Program Assignment C8-2

* C08-2 * Centroidal moment of inertia of a composite area

" Clear lcreen. compute pi and the conversion factors
CcLS P

I = 4 * ATN(1): DR = PI / 180: RD = 1B0 /4 PI

* Display the introductory remarks
PRI

NT 'Hl.nt to see the introductory remarks?"
INPUT "=- Y / N "; RMKS$
IF RMKS = "Y" OR RMKS$ = "y" GOTO 100 ELSE GOTO 200

PRINT "REMARKS: (1) This program can be used to compute the moment of"

PRINT * inertia of a composite area about the centroidal”
PRINT " axis."”

PRINT " (2) For each component area, you need to input the"
PRINT " area, the distance from its centroid to the”
PRINT " reference axis, and its moment of inertial about”
PRINT * its own centroidal axis."”

PRINT " (3) The input data and the computed results are”
PRINT * printed on the printer immediately after”

PRINT " data are entered. Make sure your printer is on"
PRINT * before entering data."

* Input problem I.D.
PRINT "Enter problem designation:"
INPUT "-- Prob. I.D. "; IDS$

' Select system of units
PRINT "Select the system of units:"
PRINT " 1 -- SI Units"
PRINT * 2 -- US customary units"
INPUT "-- 1 / 2"; U
IF U= 1 THEN UL§ = "m"
IF U= 2 THEN UL§ = "in"

' Print problem I.D. and heading
LPRINT "MOMENT OF INERTIA OF A COMPOSITE AREA"
LPRINT "ABOUT THE HORIZONTAL CENTROIDAL AXIS"
LPRINT : LPRINT "Solution to "; ID$
LPRINT "

LPRINT
IF U$ = "SI™ OR Us = "si" GOTO 42

0
LPRINT “Area”; TAB(9): "A("; UL$: ""2)": TAB(21): "y(": ULS: ")";

LPRINT TAB(31): "I(": 8' "4)";
LPRINT TAB(41); "Ay(": ULS: "-3)"; TAB(51): "Ay~2(": ULS: ""4)"
GOTO 440

LPRINT "Area”; TAB(12): "A": TAB(23
LPRINT TAB(44);: "Ay"; TAB(54): "Ay"
LPRINT TAB(8); "/1000 m"2"; TAB(23)
LPRINT TAB(41): "/1000 m*3*; TAB(52
LPRINT *

"y": TAB(34): "I";

"m"; TAB(30);: "/1000 m"4";
: "/1000 m" 4"

LPRINT

Enter the total number of component areas
PRINT "Enter the total number of component areas:"
INPUT "-- No. of areas, N": N

* Initialize sum
SA = 0: SI = 0: SAY = 0: SAYZ = 0

*Input data
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720

850

880

950
960

1020
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Solution to Computer Program Assignment C8-2 Continued

FRINT "Input value of area and the coordinates of its centroid:"

FOR K = 1 TON
PRINT *"-- A";
PRINT "("; ULS;
PRINT "(": ULS
PRINT "(": UL$S

HL S

" y":; USING "#"; K:
I*; USING "N"; K;:

2 INPUT A, Y, I

Compute the first and second moments of each nrea and find the summations

AY = A * Y¥:

AY2 = AY * Y: SA = SA +
SI = SI + I:

SAY = SAY + AY: SAY2 = SAYZ + AY2

Print the input data and the first and second moments
IF U$ = *"SI" OR U$ = "si" GOTO 690
LPRINT " A": USING "#": K:
LPRINT USING "#W¥ESNH.NHH"; A:; Y: I; AY; AY2
GOTO 720
AP = A * 1000: IP =1 * 1000: AYP = AY * 1000: AY2P = AY2Z * 1000
LPRINT "™ A"; USING "¥": K:
LPRINT USING “#§#####l. 484" ; AP; Y; IP: AYP: AYZP

Find the the centroid, the moments of inertia, and the radu of gyration
Ye*yY

Y = SAY / SA: IX = SI + SAY2: IXB = IX - SA *
RX = SQR(IX / SA):

Print the computed results
LPRINT "

RXB = SQR(IXB / SA)

LPRINT

IF U = 2 GOTO 8

LPRINT "Sum"; USING "FWNNEAN.REH";

LPRINT TAB(26); USING "FH#HHHAN. ll": SI. SAY; SAY2
GOTO 880

SAP = SA * 1000: SIP = SI * 1000

SAYP = SAY * 1000: SAY2P = SAYZ * 1000

LPRINT "Sum"; USING “#¥HENKN.NEE";

Lﬁiﬁ 'EAB(ZG}- USING “HHHHHNN . HHN" S!P‘ SAYP; SAY2ZP

LPRINT : LPRINT "Location of the centroidal axis (from the ";
LPRINT “reference axis):"
LPRINT TAB(20); "Y ="; USING "WH¥###.#H#H"; Y; : LPRINT " "; UL$

LPRINT "Moment of inertia about the x-axis:"

IF IX < 1 GOTO 950

LPRINT TAB(19); "Ix ="; USING "#####.#H8": 1X;

LPRINT * ": UL§:; ""4"

GOTO 960

LPRINT TAB(19); "Ix ="; USING "##.#S##N#s"; IX:

LPRINT " *; UL$; ""4"

LPRINT "Radius of gyration about the x-axis:"

LPRINT TAB(19); "rx ="; USING "##N#N.WEN": RX; : LPRINT " *; ULS
LPRINT "Moment of inertia about the centroidal x bar axis:"
IF IX < 1 GOTO 1020

LPRINT TAB(18); "Ixb ="; USING "¥N#NN.H¥R";: IXB;

LPRINT * *; UL§; ""4"

GOTO 1030

LPRINT TAB(18);: "Ixb ="; USING "##.¥¥FNN¥A": IXB:

LPRINT * "; ULS$; "~4"

LPRINT "Radius of gyration about the centroidal x bar axis:*"
LPRINT TAB(18); "rxb ="; USING “####4#.444": RXB;

LPRINT * "; ULS

C8-2 (a)

C8-2 (b)

MOMENT OF INERTIA OF A COMPOSITE AREA
ABOUT THE HORIZONTAL CENTROIDAL AXIS

Solution to EXAMPLE 8-3

Area A(m~2) ¥(m) I(m~4) Ay(m~3) ' Ay 2(m"4)
Al 3.000 0.500 0.250 1.500 0.750
A2 6.000 4.000 18.000 24.000 96.000
A3 6.000 7.500 0.500 45.000 337.500

Sum 15.000 18.750 70.500 434.250

Location of the centroidal axis (from the reference axis):
Y= 4.700 =
Moment of inertia about the x-axis:
Ix = 453.000 m~4
Radius of gyration about the x-axis:
rx = 5.495 m
Moment of inertia about the centrnl.dal x bar axis:
Ixb = 121.650 m™4
Radius of gyration about the centroidal x bar axis:
rxb = 2.848 =

MOMENT OF INERTIA OF A COMPOSITE AREA
ABOUT THE HORIZONTAL CENTROIDAL AXIS

Solution to EXAMPLE 8-7

Area A(in~2) y(in) I(in~4) Ay(in“3) Ay~2(in-4)
T
Al 9.960 0.787 8.130 7.839 6.169
A2 14.700 9.385 800.000 138.107 1297.511

Sum 24660.000 808130.000 145945.0161303679.750

Location of the centroidal axis (from the reference axis):
Y = 5.918 in
Moment of inertia about the x-axis:
Ix = 2111.810 in"4
Radius of gyration lbout the x-axis:
= 9.254 in
Moment of inmertia lbout the centroidal x bar axis:
Ixb = 1248.065 in"4
Radius of gyration about the centroidal x bar axis:
rxb = 7.114 in

333

334




891

6 pue g sidey) ‘syudmnuBissy saynduio))

C8-2 (c)

MOMENT OF INERTIA OF A COMPOSITE AREA
ABOUT THE HORIZONTAL CENTROIDAL AXIS

Solution to Problem 8-31

Area A(in~2) y(in) I(in"4) Ay(in*3) 'Ay-2(1n"4)
Al 16.100 9.000 B804.000 144.900 1304.100
A2 16.100 9.000 804.000 144.500 1304.100
A3 22.500 18.630 2.930 419.175 7809.229

Sum 54700.000 1610930.000 708975.000%10417430.000

Location of the centroidal axis (from the reference axis):
= 12.961 in
Moment of inertia about the x-axis:
Ix =12028.359 in“4
Radius of gyration about the x-axis:
rx = 14.829 in
Moment of inertia about the centroidal x bar axis:
Ixb = 2839.228 in-4
Radius of gyration about the centroidal x bar axis:
rxb = 7.205 in
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200
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440

480

Solution to Computer Program Assignment C9-1

* C09-1 * Normal stresses in an axially loaded member

Clear lcreen. compute pi and the conversion factors
CLS T = 4 * ATN(1): DR = PI / 180: RD = 180 / PI

' Display the introductory remarks

PRINT "Want to see the introductory remarks?"

INPUT "-- Y / N "; RMKS$

IF RMKS = "Y" OR RMK$ = "y" GOTO 100 ELSE GOTO 200

PRINT "REMARKS: (1) This program can be used to compute the normal"
PRINT stresses of a stepped circular member subjected”
PRINT to axial forces."

PRINT (2) Por each segment of the ber, you need to input"
PRINT the diameter and the external load applied to the”
PRINT right side of each segment."

PRINT (3) The input data and the computed results are”
PRINT printed on the printer immediately after"

PRINT data are entered. Make sure your printer is on"
PRINT before entering data.”

Input problem I.D.
PRINT "Enter problem designation:"
INPUT "-- Prob. I.D. "; IDS$

' Seleét system of units
PRINT "Select the system of units:"
PRINT * 1 -- SI Units"
PRINT " 2 -- US customary units”
INPUT "-- 1 / 2": U
IF U = 2 GOTO 300
UL$ = "m": UF§ = "N": US§ = "MPa"

Print problem I.D. and hudiu
LPRINT "NORMAL STRESSES IN AN AXIALLY LOADED MEMBER"
LPRINT : LPRINT "Solution to "; ID$S s
LPRINT "
LPRINT
IF U = 2 GOTO 440 N
LPRINT "Segment Diam. Ext. Load Area Int. Porce Normal Stress
LPRINT TAB(10): "d(": ULS; ")"; TAB(20); "P(": UFS$; ")";
LPRINT TAB(28); "A(": ULS; "“2)";
LPRINT TAB(39); "F(": UFS; ")"; TAB(50); "Sigma("; USS$; ")"
GOTO 480 .
LPRINT *"Segment Diam. Ext. Load Area Int. Force Normal Stress
LPRINT TAB(29); "/1000"
LPRINT TAB(10); "d("; ULS; ")"; TAB(20): "P(": UF$: ")";
LPRINT TAB(29): *A(": ULS$: "°2)"; .
LPRINT TAB(39): "F(": UFS; ")": TAB(50): "Sigma(": USS$: ")"
LPRINT =

LPRINT

* Input data
PRINT "Enter the total nulbm: orr‘ segments:"
INPUT "-- No. of segments, N";
PRINT "Input the diameter and the axial load applied to the right ";
PRINT "end of each segment”

' Initialize the sum
F=0
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Solution to Computer Program Assignment C9-1 Continued

FORI = 1 TON

PRINT "-- d"; USING "#"; I; : PRINT "(";
PRINT USING "¥": I: : PRINT "("; UFS: ")":
INPUT D, P

Compute the cross-sectional area, the internal force, and the average

stress in each segment

A=PIL*D*D/4: F=sF+P:
IF S > 0 THEN S§ = *(T)"
IF S < 0 THEN S$ = "(C)"

S=F /A

* Print the input data and the computed results
GOTO 750

750

IFU =1

LPRINT USING "###E": I; : LPRINT USING "“###4H##.4RHN": D;

LPRINT USING "HA##HHHERE.4": P : LPRINT USING "##8#.H#H": A;
LPRINT USING "#H#RNNENE.4"; F; : LPRINT USING "WH#ANKNEN.A": S;
LPRINT " "; S$

GOTO 810

AP = A * 1000: SP = S / 10000004

LPRINT USING “####": I; : LPRINT USING “H##AHN.HH4"; D;
LPRINT USING "HH#HAHANN .4"; P, : LPRINT USING “WHKEHR.HHH": AP;
ﬂiﬁ l'.'TSENGs;lllﬂllﬂﬂ# -H": F; LPRINT USING "WHHNNEN.HHN™> SP;

810 NEXT I

C9-1 (a)

LPRINT * -

NORMAL STRESSES IN AN AXIALLY LOADED MEMBER
Solution to Problem 9-3

Segment Diam. Ext. Load Area Int. Force Normal Stress

d(in.) P(1lb) A(in."2) F(1lb) Sigma(psi)
1 2.000 -20000.0 3.142 -20000.0 -68366.2 (C)
2 2.000 30000.0 3.142 10000.0 3183.1 (T)
3 2.000 40000.0 3.142 50000.0 15915.5 (T)

C9-1 (b) NORMAL STRESSES IN AN AXTALLY LOADED MEMBER

Solution to Problem 9-5

Segment Diam. Ext. Load Area Int. Force Normal Stress

d(m) P(N) A(m~2) F(N) Sigma(MPa)
1 0.020 20000.0 0.314 20000.0 63.662 (T)
2 0.040 40000.0 1.257 60000.0 47.746 (T)
3 0.060 -200000.0 2.827 -140000.0 -49.515 (C)

100

200
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400

560

Solution to Computer Program Assignment C9-2

* C09-2 *

Analysis of thin-walled pressure vessels

Clear screen
CLS

Display the introductory remarks

PRINT "Want to see the introductory remarks?"

INPUT "=-=- Y / N "; RMKS

IF RMKS = 'Y'ORHHKS = "y" GOTO 100 ELSE GOTO 200

PRINT "REMARKS: (1) This program can be used to compute the normal”

PRINT " stresses or the allowable internal pressure in a”
PRINT " thin-walled cylindrical or spherical pressure”
PRINT " vessel."

PRINT * (2) The input data include the inside radius, the”
PRINT " wall thickness, the internal pressure or the”
PRINT " allowable normal stress.”

PRINT " (3) The input data and the computed results are”
PRINT " printed on the printer immediately after”

PRINT * data are entered. Make sure your printer is on"
PRINT * before entering data."”

Input problem I.D.
PRINT "Enter problem designation:”
INPUT "-- Prob. I.D. *; ID§

Specify the type of vessel
PRINT "Type of vessel:"
PRINT " 1 -- Cylindrical vessel”
PRINT " 2 -- Spherical vessel"
INPUT "-- Type of vessel -- 1 / 2*; TV

Specify the type of problem
PRINT "Specify the type of problem:"
PRINT * 1 -- to find the normal stresses”
PRINT " 2 =- to find the allowable internal pressure®
INPUT "-- Type of problem -- 1 / 2"; TP

Select system of units
PRINT "Select the system of units:"
PRINT * 1 -- SI Units"
PRINT " 2 -- US customary units”
INPUT *-- 1/ 2"; U
IF U = 2 GOTO 300
UL$ = "m": US§ = "MPa": UP$ = "MPa"
GOTO 400
ULS = "in.": US$ = "psi®: UP$ = "psi”

Print problem I.D. and heading
IF TV = 1 THEN LPRINT ANM.YSIS OF THIN-WALLED CYLINDRICAL PRESSURE"
IF TV = 1 THEN LPRINT *
IF TV = 2 THEN LPRINT 'ANALYSIS OF THIN-WALLED SPHERICAL PRESSURE";
IF TV = 2 THEN LPRINT " VESSEL"
LPRINT : LPRINT "Solution to "; ID$

LPRINT "The input data are:*”

Enter and print data
PRINT "-- Inside radius and thickness: -- ri(": ULS$; "), t(";
PRINT UL$; ")"; : INPUTRI, T
LPRINT " Inside radius”; TAB(31);: "ri =";
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690

730

800

860

Solution to Computer Program Assignment C9-2 Continued

LPRINT USING "WHWHUNN.WNN"; RI; : LPRINT * *; ULS

LPRINT " Wall thickness”; TAB(31):; " t =*;

LPRINT USING ‘l'lll‘ll AHE"; T; : LPRINT * "; ULS

IF TP = 1 GOTO 6

IF TP = 2 GOTO 690

PRINT "-- Internal pressure -- p("; UP$; ")"; : INPUT P

LPRINT " Internal pressure”; TAB(31); " p =";

I..PﬁlN'l‘ USING “HRHRUNE . GHE"; P : LPRINT * " urs

PRINT "-- Alowable normal stress -- sallow("; US$; ")";

INPUT SALLOW

LPRINT " Allowable normal stress"; TAB(z'H' "Sallow =";

LPRINT USING "#WHHWHH.HHE": SALLOW: : LPRINT " *; USS
Compute and print stresses

LPRINT : LPRINT "The computed results are:"

IF TP = 2 GOTO 830

IF TV = 2 GOTO 800

SC =P *RI /T: SL = SC / 2

LPRINT " The circumferential ntresl'; TAB(31); "Sc =";

LPRINT USING "§W#HHHN.NHH"; SC; : LPRINT " "; USS
LPRINT " The longitudinal ltreu'- TAB(SI)' '51 e
LPRINT USING “HNERUHN . BHH";: SL; : LPRINT * "; USS
GOTO 8

5= P ' Bl / 2/ 7T

LPRINT " The normal stress"; TAB('.’S): 'slpn ="

LPRINT USING "¥####EN.000": S; : = *. USS

GOTO 860

IFTV =1THEN P = T * SALLOW / RI

IFTV = 2 THEN P = 2 * T * SALLOW / RI

LPRINT * Allowable internal pressure®; TAB(31): " p =";

LPRINT USING "W#HHNNN.##H": P; : LPRINT " *; UPS
LPRINT *
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C9-2 (a)

C3-2 (b)

C9-2 (c)

ANALYSIS OF THIN-WALLED CYLINDRICAL PRESSURE VESSEL
Solution to EXAMPLE 9-11

The input data are:

Inside radius ri = 10.000 in.
wWall thickness t = 0.500 in.
Internal pressure p = 3Q0.000 psi

The computed results are:
The circumferential stress Sc = 6000.000 psi
The longitudinal stress Sl = 3000.000 psi

ANALYSIS OF THIN-WALLED CYLINDRICAL PRESSURE VESSEL
Solution to Problem 9-36

The input data are:
Inside radius ri = 8.000 inm.
Wall thickness t = 0.125 in.
Allowable normal stress Sallow = 8000.000 psi

The computed results are:
Allowable internal pressure p = 125.000 pai

ANALYSIS OF THIN-WALLED SPHERICAL PRESSURE VESSEL
Solution to Problem 9-38

The input data are:
Inside radius ri = 4.000 in.
Wall thickness t
Allowable normal stress Sallow = 6000.000 psi

E

The computed results are:
Allowable internal pressure p = 750.000 psi
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Solution to Computer Program Assignment C10-1

* C10-1 * Stresses and Deformatiom in an axially loaded member

Clear screen

Display the introductory remarks
PRINT "want to see the introductory remarks?"
INPUT "-- Y / N "; RMKS
IF RMKS = "Y" OR RMKS = "y" GOTO 100 ELSE GOTO 200
PRINT "REMARKS: (1) This program can be used to compute the normal”

PRINT " stresses and the axial deformations of a stepped”
PRINT " circular member subjected to axial forces.”
PRINT " (2) You need to input the modulus of elasticity, the"
PRINT * cross-sectional area, the length, and the”

PRINT " external load applied to the right side of each"
PRINT " segment.”

PRINT " (3) The input data and the computed results are”
PRINT * printed on the printer immediately after”

PRINT " data are entered. Make sure your printer is on"
PRINT * before entering data.”

' Input problem I.D.
PRINT "Enter problem designation:"
INPUT "-- Prob. I.D. "; ID$
a i
* Select system of units
PRINT "Select the system of units:"
PRINT * 1 -- SI Units"
PRINT * 2 -- US customary units”
INPUT *-- 1 7 2": U
IF U = 2 GOTO 300
UL§ = "m": UF$ = "N": US1$ = "MPa": US2§$ = "GPa"
GOTO 400
ULS = "in.": UP$ = "lb": US1$ = "psi”: US2$ = "ksi"
' Print problem I.D. and heading
LPRINT "STRESSES AND DEFORMATIOMS IN AN AXIALLY LOADED MEMBER"

LPRINT : LPRINT "Solution to "; ID$
LPRINT "

LPRINT " v

LPRINT

IF U = 1 GOTO 500

LPRINT "Segment Area

LPRINT "Axial Deform."

LPRINT TAB(9); "A(": ULS; "’2)": TAB(18); "L("; ULS: ")":
it e

Urs;
"Sigma("; US1$; ")":

Length Ext. Load Int. Force N. Stress

H UF$; ")"; TAB(50);
LPRINT TAB(63): "Dcltu(': uLs; ")
GOTO 540

LPRINT "Segment Area Length

LPRINT "Axial Deform."

LPRINT TAB(10); "/1000"

LPRINT TAB(9); "A(": UL$: ""2)": TAB(18);
LPRINT TAB(29); "P(": UFS$: ")";

LPRINT TAB(40);: "F(":; UPFS$: ")": TAB(S50):
LPRINT TAB(63); "Delta("; ULS$: ")"
LPRINT "

Ext. Load Int. Force N. Stress

"L(": ULS: ")";
"Sigma("; US1$; ")";:

LPRINT " y
LPRINT

' Input data

341

Solution to Computer Program Assignment C10-1 Continued

PRINT "Enter the modulus of elasticity of the material:”
PRINT *-- E("; US2%$; *")*; : INPUT E
IF U =1 THEN EP = E * 1E+09

IF U = 2 THEN EP = E * 1000

PRINT "Enter the total number of segments:"

INPUT "-- No. of segments, N"; N

PRINT "Input area, length, and load:"

Initialize the sum

F=0: TDFM = 0

FOR I = 1 TO N
PRINT "-- A"; USING "#"; I; : PRINT "("; ULS: ""2),": " L";
PRINT USING "#°; I;
PRINT “("; ULS; "),"; " P"; USING "§"; I:
PRINT "("; UFS$; ")";
INPUT A, L, P

Compute the internal force. the normal stress, and the axial deformation
in each segment

F=F+ P: S=F /A: DPfM =S * L / EP:
IFS >0 THEN S§$ = "(T)"
IF S < 0 THEN S§ = "(C)"

TDFM = TDFM + DFM

* Prin%ythc input data and the computed results

860

910

U = 1 GOTO 860
LPRINT USING "####": 1: : LPRINT USING "ANNNNN.ANE": A
LPRINT USING "WW##N.#H": L: : LPRINT USING "SHNNREANN.4": P;
LPRINT USING "WWNENNUNNE. l' L$ LPRINI‘ USING "W#Ns##NNNY . 4": S:
LPRINT " *; S§; USING "SN¥¥NN.4#HNN";: DM
GOTO 910
LPRINT USING “"####"; I; : LPRINT USING "##N¥¥##.###": A * 1000;
LPRINT USING “###.#8##"; L; : LPRINT USING "FH#NNNAREN.A"; P;
LPRINT USING "#WFENNANN.4"; F;
LPRINT USING "#WH####E.HHA": S / 1000000!;
LPRINT " "; S$; USING “"W##HN.WNHHN": DPM

NEXT I
LPRINT * .
LPRINT * L
LPRINT : LPRINT "Modulus of elasticity ="; USING "W#HNNHNNE"; E:

LPRINT " ~; US2s

IF TDFM > 0 THEN EC$ = “"(elongation)”

IF TDPM < 0 THEN EC$ = "(contraction)"”

LPRINT "Total axial deformation ="; USING "##.44#N#";: TDPM;
LPRINT " ~; ULS; " "; ECS

C10-1 (@) STRESSES AND DEFORMATIOMS IN AN AXIALLY LOADED MEMBER

Solution to EXAMPLE 10-2

Segment Area Length Ext. Load Int. Force N. Stress Axial Deform.
A(in."2) L(in.) P(1b) F(1lb) Sigma(psi) Delta(in.)
1 0.500 36.00 8000.0 8000.0 16000.0 (T) 0.01920
2 0.500 60.00 -6000.0 2000.0 4000.0 (T) 0.00800
3 0.500 48.00 -7000.0 -5000.0 -10000.0 (C) -0.01600

Modulus of elasticity = 30000 ksi
Total axial deformation = 0.01120 in. (elongation)
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Solution to Computer Program Assignment C10-2

C10-1 (b) sSTRESSES AND DEFORMATIOMS IN AN AXIALLY LOADED MEMBER
Solution to Problem 10-8
: * Cl0-2 * Reactions on an axially loaded member with fixed ends
Segment Area Length Ext. Load Int. Force N. Stress Axial Deform. ' Clear screen
/1000 CLS
A(m~2) L(m) P(N) F(N) Sigiha(MPa) Delta(m) .
' Display the introductory remarks
PRINT 'Ua.nt to see the introduct remarks?"
1 0.707 1.5000 20000.0 20000.0 28.289 (T) 0.00061 INPUT "== Y / N "; RMKS N
2 0.707 2.0000 10000.0 30000.0 42.433 (T) 0.00121 IF RMKS = "Y" OR RMK$ = "y" GOTO 100 ELSE GOTO 200
100 PRINT "REMARKS: (1) This program can be used to compute the fixed-end"
Modul: f elasticit 70 GPa g}g . (2) ‘l(.e-ctindnstml.:: :‘jt:;:lr e ::.bei. . the"
ulus of e city = * ou need to u cross-sectional area,
Total axial deformation = 0.00182 m (elongation) PRINT * length, and the external load applied to the”
PRINT " right side of each segment."®
PRINT " (3) The input data and the computed results are”
PRINT " printed on the printer immediately after"
PRINT * data are entered. Make sure your printer is on*
PRINT * before entering data.”
' Input problem I.D.
c1o_1 (c) STRESSES AND DEFORMATIOMS IN AN AXIALLY LOADED MEMBER 200 llﬂ"ﬂ' :En!;:ngrﬂllﬂ;l gell.tl:ltlon"
lem 10-9 .
Solution to Problem " Select system of units
PRINT "Select the system of units:"
Segment Area Length Ext. Load Int. Force N. Stress Axial Deforms. PRINT " 1 -- SI Units®
in."2) L(in. P(1lb F(lb Sigma(psi) Delta(in.) PRINT * 2 -- US customary units”
A(in."2) L( ) (1b) (1b) }',f"},”';'”g;,;"
= 2 GOTO
1 2.000 48.00 20000.0 20000.0 10000.0 (T) 0.02824 ULS = "m": UF1$ = "N": UF2$ = "kN": US1$ = "MPa": US2$ = "GPa"
2 2.000 24.00 -30000.0 -10000.0 =-5000.0 (C) -0.00706 GOTO 400
3 2.000 36.00 40000.0 30000.0 15000.0 (T) 0.03176 300 s ULS = "in.": UF1$ = "1b": UP2$ = "kips": US1$ = "psi®: US2$ = "ksi”
* Print problem I.D. and heading
Modulus of elasticity = 17000 ksi 400 LPRINT "REACTIONS ON AN AXIALLY-LOADED MEMBER WITH FIXED ENDS®
Total axial deformation = 0.05294 in. (elongation) %}g ¢ LPRINT "Solution to "; IDS$ R
LPRINT
IF U = 1 GOTO 510
LPRINT "Segment Area Length Ext. Load Int. Force N. Stress"
LPRINT TAB(9): "A(": ULS$; ""2)"; TAB(18); "L(": ULS: ")";
LPRINT TAB(28); "P("; UPF1§; ")*";
LPRINT TAB(40); "F(": UF1$: ")"; TAB(50); "Sigma(": US1s; ")"
GOTO 550
C10-1 (d) STRESSES AND DEFORMATIOMS IN AN AXIALLY LOADED MEMBER 510 LPRINT "Segment Area Length Ext. Load Int. Force N. Stress"
LPRINT TAB(10): "/l1000"
Solution to Problem 10-11 LPRINT TABES); 'Af': TAB(18); “L(": ULS$: ")";
ﬁ;g '}:g}i:;: ::}: Ul'll' ")*": TAB(50);: "Sigma("; US1s$; ")"
Segment Area Length Ext. Load Int. Force N. Stress Axial Deform. 550 LPRINT * ! ' ) ’ i i ’ .
/1000 LPRINT
A(m"2) L(m) P(N) F(N) Sigma(MPa) Delta(m) .
* Input data
PRINT "Enter the total number of segments:"
1 0.491 1.7000 50000.0 50000.0 101.833 (T) 0.00082 INPUT "-- No. of segments, N"; N
2 1.260 1.8000 -175000.0 -125000.0 -99.206 (C) -0.00085 PRINT "Input area, length, and load:"
3 0.707 1.2000 225000.0 100000.0 141.443 (T) 0.00081 .
o Initili.ize the sum i ST = 0
P 0: F = 0: SB = 0: =
Modulus of elasticity - 210 GPa 1 -
Total axial deformation = 0.00078 m (elongation)
343 34
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Solution to Computer Program Assignment C10-2 Continued

FOR 1 = 1 TO N
PRINT "-- A"; USING "#"; I; : PRINT "("; UL$: *°2),%; " L":
PRINT USING "§"; I; : PRINT "(*; UL$: ")": T
IF I = 1 GOTO 710

PRINT ", P"; USING "#"; I; : PRINT "("; UF1§; ")";
INPUT A(I), L(I), P(I): GOTO 720
710 INPUT A(1), L(I)
720 F-ll’*l'(l): SB = SB + L(I) / A(I): ST = ST 4 F * L(I) / A(I)

Compute the fixed end reactions
RB = -ST / SB:' RA = -F - RB

* Initialize the sum
P(1) = RB: F=0

: Compute the internal force, the normal stress, and the axial deformation

FOR I = 1TON

F=F+P(I): Sa=F /AU
IF S >0 THEN S§ = "(T)"

IF S < 0 THEN S§ = *(C)"

' Print the input data and the computed results
IF U = 1 GOTO 950

LPRINT USING "####™: I: : LPRINT USING "WES#NN.HNN": A(I);
LPRINT USING "H#HHE. 44" Lll). :  LPRINT USING "#ENHAHEEE. 4" P(1);
LPRINT USING "#####4604 . 4" : LPRINT USING "#HNARHHNR.A": S5;
LPRINT " *; S§$
GOTO 1000

950 LPRINT USING "####";: I: : LPRINT USING "#####¥.44#"; A(I) * 1000;
LPRINT USING "##N.HKNN"; L(I); : LPRINT USING "HANNAHENN.4"; P(1):

LPRINT USING "H###HKURHE.H"; F:
LPRINT USING "HHNHHAN.HHA": S / 1000000!:
LPRINT " "; S$

1000 NEXT I

LPRINT * .

LPRINT : LPRINT "Reactions at the fixed ends are:"

IF RA > 0 THEN DIRAS = "(to the right)"

IF RA < 0 THEN DIRAS = "(to the left)"

IF RB > 0 THEN DIRBS = "(to the ruht)"

IF RB < 0 THEN DIRBS = "(to the left)"

LPRINT TAB(20): "RA ="; USING "WW##N.###": RA / 1000:

LPRINT " "; UF2$; " "; DIRAS

LPRINT TAB(20); "RB =*; USING "#####.###": BB / 1000;
LPRINT " "; UF2$; " "; DIRBS

C10-2 (a)

C10-2 (b)

REACTIONS ON AN AXTALLY-LOADED MEMBER WITH FIXED ENDS
Solution to Problem 10-15

Segment Area Length Ext. Load Int. Force N. Stress

A(in."2) L(in.) P(1b) F(1lb) Sigma(psi)
1 3.000 8.00 -38461.5 -38461.5 -12820.5 (C)
2 6.000 10.00 100000.0 61538.5 10256.4 (T)

Reactions at the fixed ends are: :
RA = -61.538 kips (to the left)
RB = =-38.462 kips (to the left)

REACTIONS ON AN AXIALLY-LOADED MEMBER WITH FIXED ENDS

Solution to Problem 10-16

Segment Area Length Ext. Load Int. Force N. Stress
/1000

A(m"2) L(m) P(N) F(N) Sigma(MPa)
1 1.000 0.3000 101818.2 101818.2 101.818 (T)
2 1.000 0.6000 -160000.0 -58181.8 -58.182 (C)
3 1.000 0.2000 80000.0 21818.2 21.818 (T)

Reactions at the fixed ends are:
RA = -21.818 kN (to the left)
RB = 101.818 kN (to the right)
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Solution to Computer Program Assignment C12-1 Solution to Computer Program Assignment C12-1 Continued
¢ e Cl2-1 ¢ Shear stress & angle of twist in circular shaft ' Input data
. PRINT "Enter the modulus of rigidity of the material:"®
' Clear lcreen. compute pl and the degree-radian converslon factors PRINT "-- G("; US2$; L LI INPUT G
CLS PI = 4 * ATN(1): DR = PI / 180: RD = 1 / DR IFU-11map-c-m.os
v IFU=2THEN GP = G * 1000
' Display the introductory remarks PRINT "Enter the total number of segments:"
PRINT "Want to see the introductory remarks?" INPUT "-- No. of segments, N": N
INPUT "-- Y / N ": RMKS PRINT "Input outside and inside diameters, length, and load:"
IF RMK$ = "Y" OR RMK$ = "y" GOTO 100 ELSE GOTO 200 y
100 PRINT "REMARKS: (1) This program can be used to compute the maximum” * Initialize the sum
PRINT * shear stresses and the angles of twist of a" TI = 0: TAOT = 0
PRINT * stepped circular shaft.” L
PRINT * (2) You need to input the modulus of rigidity, the” FORI =1 TON
PRINT * outside and inside diameter, the length, and the" PRINT "-- do"; USING "#"; I; : PRINT "(": ULS: "), T oddr
PRINT * external torque applied to the right side of each" PRINT USING "#"; I; : PRINT "("; UL$; "),":
PRINT " segment. " PRINT " L*; USING "I" ks 2 PRINT "(": lILS: b o S
PRINT * (3) The input data and the computed results are” PRINT USING "#": I: : PRINT "("; UMS; ")";
PRINT * printed on the printer immediately after"” INPUT OD, DI, L, T
PRINT * data are entered. Make sure the printer is on" d
PRINT * before entering data.® ' Ct:m:tc the internal torque, the maximum shear stress, and the angle of
. ¢ s
* Input problem I.D. TI =TI « T: J =PI / 32+ (OD " G-Dl'ﬂ:SS-TI'OD/Z/J
200 PRINT “"Enter problem designation:" AOT =TI * L / GP / J: TAOT = TAOT + AOT
INPUT "-- Prob. I.D. *; ID$ .
. ' Print \the input data and the results
* Select system of units IF U = 1 GOTO 880
PRINT "Select the system of units:" LPRINT USING "###4"; I; : LPRINT USING "WN####.#4#"; OD; DI;
PRINT * 1 -- SI Units” LPRINT USING "#d###.68"; :  LPRINT USING "S#FNNNRE": T;
PRINT * 2 -- US customary units" LPRINT USING "WA#NNNRENNN"; TI; : LPRINT USING "W¥FSENFENEN": SS:
INPUT "~-- 1 / 2"; U LPRINT USING "H#####.48484"; AOT * RD
IF U = 2 GOTO 300 GOTO 930
ULS = "m": UF$ = "N": UM$ = "N-m": US1$ = "MPa": US2$ = "GPa" 880 LPRINT USING *"###¥": I: : LPRINT USING "WANN.###4#": OD: DI;
GOTO 400 : LPRINT USING "WHWHNE.BH"; T;
300 ULS = "in.": UF$ = "1b": UMS = "lb-in.": US1$ = "psi”: US2§ = "ksi" .1. '
. / lDDOOGOI.
* Print problem I.D. and luuuu LPRINT USING "HH¥N#H. llu'- * RD
400 LPRINT "SHEAR STRESS AND ANGLE OF TWIST IN CIRCULAR SHAFT" v
LPRINT : LPRINT "Solution to "; ID$ 930 NEXT I
LPRINT " il | LPRINT " ot ]
LPRINT " o LPRINT ' ¥
LPRINT LPRINT : LPRINT "Modulus of rigidity ="; USING "#AFENE#E";: G:
IF U = 1 GOTO 530 I.PBINT"'- 23
LPRINT "Segment O.Diam I.Diam Length Ext.Torque Int.Torque *; LPRINT "rntal angle of twist ="; USING "###.4##¥#": TAOT * RD;
LPRINT "S.Stress Twist Angle" LPRINT " Degrees®
LPRINT TAB(9); "do(": UL$; ")";: TAB(17); "di("; ULS$;: ")"; END
LPRINT TAB(25): "L(": ULS;: ")";

LPRINT TAB(33); "T(": UMS;: ')'; TAB(43); "TI("; UMs; ")";
LPRINT TAB(54): "Tau(":; US1$; ")";
LPRINT TAB(64); "Phi(Deg.)"

530 LPRINT "Segment O.Diam I.Diam Length Ext.Torque Int.Torque *;
LPRINT "S.Stress Twist Angle"
LPRINT TAB(10): "do(";: ULS; "]'; TAB(18); "di("; ULS; *")":
LPRINT TAB(26); "L(": ULS;:
LPRINT TAB(34); "T(": UMS: ")": TAB(45): "TI(": UMS;: ")":
LPRINT TAB(54); "Tau("; US1$; ")";
LPRINT TAB(64); "Phi(Deg.)" u
570 LPRINT * H
LPRINT * .

347 348




C12-1 (a)

C12-1 (b)

Cc12-1 (c)

71 1ndey) ‘syudmudissy 1anduio))

SHEAR STRESS AND ANGLE OF TWIST IN CIRCULAR SHAFT
Solution to EXAMPLE 12-13

Segment O.Diam I.Diam

Length Ext.Torque Int.Torque S.Stress Twist Angle

do(in.) di(in.) L(in.) T(lb-in.) TI(lb-in.) Tau(psi) Phi(Deg.)
1 2.000 0.000 84.00 -6300 -6300 ~4011 -1.6086
2 2.000 0.000 72.00 =-5250 ~-11550 -7353 -2.5278
3 2.000 0.000 60.00 21000 9450 6018 1.7235
Modulus of rigidity = 12000 ksi

Total angle of twist = -2.4129 Degrees

SHEAR STRESS AND ANGLE OF TWIST IN CIRCULAR SHAFT

Solution to Problem 12-38

Segment O.Diam I.Diam Length Ext.Torque Int.Torque S.Stress Twist Angle
do(m) di(m) L(m) T(N-m) TI(N-m) Tau(MPa) Phi(Deg.)
1 0.0250 0.0000 1.000 -20.00 -20.000 -6.519 -0.3557
2 0.0500 0.0000 1.500 -60.00 -80.000 -3.259 -0.1334

Modulus of rigidity =

4 GPa

8
Total angle of twist = -0.4891 Degrees

SHEAR STRESS AND ANGLE OF TWIST IN CIRCULAR SHAFT

Solution to Problem 12-39

Segment O.Diam

I.Diam Length Ext.Torque Int.Torque S.Stress Twist Angle

do(m) di(m) L(m) T(N-m) TI(N-m) Tau(MPa) Phi(Deg.)
1 0.0700 0.0000 2.000 3000.00 3000.000 44.5458 1.7382
2 0.0850 0.0000 2.000 3000.00 6000.000 49.758 1.5972
3 0.0750 0.0000 2.000-11000.00 -5000.000 -2.1958

-60.361

Modulus of rigidity =
Total angle of twist =

84 GPa
1.1375 Degrees

SLI
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Solution to Computer Program Assignment C12-2

" * Cl12-2 * Size

CLS : PI

of solid or hollow circular shaft for strength & stiffness

Clear screen, compute pi and the conversion factor:

S
= 4 * ATN(1): DR = PI / 180: RD = 180 / PI

Display the introductory remarks

PRINT "Want to see the introductory remarks?"
INPUT "-- Y / N "; RMKS$
IF RMKS = "Y" OR RMK$ = "y" GOTO 100 ELSE GOTO 220

100 PRINT "REMARKS: (1) This program can be used to compute the required”
PRINT " size of a solid or hollow circular shaft to"
PRINT " satisfy the requirements on strength and®
PRINT " stiffness.”
PRINT " (2) The input data for the shaft include the power”
PRINT " transmitted, the the angular velocity. the shear"
PRINT " modulus, the allowable shear stress, the”
PRINT " allowable angle of twist per unit length, and”
PRINT " the ratio of diameters for a hollow shaft.”
PRINT " (3) The input data and the computed results are”
PRINT * printed on the printer immediately after”
PRINT " data are entered. Make sure the printer is on":
PRINT " before entering data.”

* Input problem I.D.

220 PRINT "Enter problem designation:*

INPUT "-- Prob. I.D. "; ID$S

" Select system

of units

PRINT "Select the system of units:"

PRINT " 1 -- SI Units”
FRINT " 2 -- US customary units®
INPUT "-=- 1/ 2"; U

IF U = 2 GOTO 300

UF§ = "N":

UL1$ = "m": UL2§ = "mm”

UMS$ = "N-m": UP$ = "kW": US§ = *MPa": UGS = "GPa"

GOTO 400

300 UF$ = "1b": UL1$ = "ft": UL2§ = "in."
UMS = "lb-in.": UP$ = "hp.": US$ = "psi": UGS = "ksi"

' Print problem

1.D. and heading

400 LPRINT "THE SIZE OF A SOLID OR HOLLOW CIRCULAR SHAFT"

LPRINT :
LPRINT *

LPRINT "Solution to "; IDS

* Enter the data of the shaft
PRINT 'Select the type of shaft:"

PRINT "
PRINT "

INPUT ®-- 1 /

1 -- Solid circular shaft"”
2 -- Hollow circular shaft"
2%; SHAFT

PRINT "Input data of the shaft:*"

PRINT "The power transmitted -- P ("; UP$; "),": : INPUT P

PRINT "The angular velocity -- n (rpm)"; : INPUT N

PRINT "The shear modulus -- G ("; UGS; "),": : INPUT G

PRINT "The allowable shear stress -- tau (': USs$: ")"; : INPUT TAU
PRINT "The allowable angle of twist -- phi (degree/": ULH- ot L
INPUT PHI

IF SHAFT = 1 THEN K = 0

IF SHAFT = 2 THEN PRINT "The ratio of diameters di/do -- k":

IF SHAFT = 2 THEN INPUT K

* Print the input data
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Solution to Computer Program Assignment C12-2 Continued

LPRINT : LPRINT "The input data:": LPRINT
LPRINT "The power transmitted:"; TAB(35); "P =";
LPRINT USING "WWHHH.HN"; P; : LPRINT " "; UPS
LPRINT "The angular velocity:"; TAB(35): "n =";
LPRINT USING "SHAHHNNE"; N; : LPRINT " rpm"
LPRINT "The shear nndulus:
LPRINT USING "H##HHNEA";: G LPRI s

LPRINT "The allowable shear stress:"; TAB(33}' "tau =";

LPRINT USING "#####K.H8"; TAU;

LPRINT " *; USS

LPRINT "The allowable angle of twist:"; TAB(33): "phi'=";

LPRINT USING "####.4#K§"; PHI;

LPRINT " (Deg./"; UL1$; =*)"

F SHAFT = 2 THEN LPRINT "The ratio k = di/do:"; TAB(35);: "k ="; USING

Compute the torque
IF U= 1 THEN TAU = TAU * IOQOOOOI
IFU=1THENT = 9550 * P / N
IFU=2THEN T = 630000 * P / N

Compute the required diameter for strength
Dl = (16 *T /PI /JTAU / (1L -K " 4)) * (1 / 3)
IFU =1 THEN D1 = D1 * 1000

Compute the required diameter for stiffness
DR

PHI = PHI *

IFU=1THENL = 1

IFU=1THEN G= G * 1E+09

IF U= 1 THEN TAU = TAU * 10000001!

IFU=2THEN L = 12

IFU=2THEN G = G * 1000

D2 = (32*T*L/PIL/G/ (1-K*4) /PHI) ~ (.25)
IF U =1 THEN D2 = D2 * 1000

D =D1

IF D2 > D1 THEN D = D2

LPRINT * »
LPRINT LPRINT "The computed results:": LPRINT

IF SHAFT = 2 GOTO 1090
LPRINT "The required diameter for strength: d1 =";
LPRINT USING "###.###"; D1;
LPRINT " "; UL2$S
LPRINT "The required diameter for stiffness: d2 =";
LPRINT USING "###.##8H"; D2;
LPRINT * *; UL2$
LPRINT "The required diameter for the shaft: 4 =";
LPRINT USING "###.##H#": D;

; UL2S

LPRINT "The required outside diameter for strength:”

LPRINT TAB(14); "dol ="; USING "###.#H#K"; D1;

LPRINT " "; UL2s

LPRINT "The required outside diameter for stiffness:"

LPRINT TAB(14); "do2 ="; USING "##¥.N¥EN"; D2:

LPRINT * "; UL2$S

LPRINT "The required diameters for the hollow shaft:"
LPRINT TAB(14); "do ="; USING "###.###";: D;

LPRINT " *; UL2S;

LPRINT ", di =®; USING "###.###"; D * K: : LPRINT " ": UL2S$
LPRINT *

c12-2 (a)

C12-2 (b)

C12-2 (c)

THE SIZE OF A SOLID OR HOLLOW CIRCULAR SHAFT
Solution to EXAMPLE 12-14

The input data:

The power transmitted: P = 150.00 hp.
The angular velocity: n = 300 rpm
The shear modulus: G = 12000 ksi
The allowable shear stress: tau = 8000.00 psi
The allowable angle of twist: phi = 0.300 (Deg./ft)

The computed results:

The required diameter for strength: dl1 = 2.717 in.
The required diameter for stiffness: d2 = 2.798 in.
The required diameter for the shaft: d = 2.798 in.

THE SIZE OF A SOLID OR HOLLOW CIRCULAR SHAFT
Solution to Problem 12-45

The input data:

The power transmitted: P = 1B6.00 kW
The angular velocity: n = 450 rpm
The shear modulus: G = 84 GPa
The allowable shear stress: tau = 70.00 MPa
The allowable angle of twist: phi = 1.000 (Deg./m)

The computed results:

The required diameter for strength: dl = 65.977 mm
The required diameter for stiffness: d2 = 72.366 mm
The required diameter for the shaft: d = 72.366 mm

THE SIZE OF A SOLID OR HOLLOW CIRCULAR SHAFT
Solution to Problem 12-46

The input data:

The power transmitted: P 100.00 hp.
The angular velocity: n 250 rpm
The shear modulus: G 12000 ksi

The allowable shear stress: tau
The allowable angle of twist: phi
The ratio k = di/do: k

8000.00 psi
0.240 (Deg./ft)
0.800

The computed results:

The required outside diameter for strength:
dol = 3.006 in.

The required outside diameter for stiffness:
do2 = 3,192 in.

The required diameters for the hollow shaft:
do = 3,192 {n., di = 2.553 in.
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Solution to Computer Program Assignment C13-1

Shear and moment in a simple beam sujected to a uniform load
Clear screen
CLS

Display the introductory remarks
PRINT "Want to see the Introductory remarks?"
INPUT "-- Y / N "; RMKS$
IF RMKS = "Y" OR RMK$ = "y" GOTO 100 ELSE GOTO 200
PRINT "REMARKS: (1) This program can be used to compute the shear”

PRINT * force and the bending moment in a simple beam"
PRINT " subjected to a uniform load.”

PRINT " (2) The input data include the span length and the”
PRINT " intensity of the uniform load."

PRINT * (3) The input data and the computed results are”
PRINT * printed on the printer immediately after®
gi:_rl' : data are entered. Make sure the printer is on"

before entering data."

Input problem I.D.
PRINT "Enter problem designation:"
INPUT "-- Prob. I.D. "; ID$

' Select system of units

PRINT "Select the system of units:"
PRINT * 1 == SI Units"

. St :_--UUS customary units”

UPS = ;g": ULS = "m": UM$ = "N-m": UW§ = "N/m"
UF$ = "1b": UL§ = "ft": UM$ = "lb-ft": UWS = "lb/ft"

Print problem I.D.
LPRINT : LPRINT "SHEAR AND MOMENT FOR A SIMPLE BEAM"
LPRINT "SUBJECTED TO A UNIFORM LOAD"
LPRINT : LPRINT "Solution to "; ID$

Enter the given data
PRINT "Span length: -- L ("; UL$; ")"; : INPUT L
:nmr ;Intauity of the uniform load: -- w ("; UWS; ")";

Print the input data
LPRINT : LPRINT "The input data are:"
LPRINT TAB(3); "Span length: L ="; USING "#####.##"; L;
LPRINT " *; ULS
LPRINT TAB(3); "Uniform load: w ="; USING "W###¥.#4"; W;
LPRINT " "; Uws

Compute and print the shear force and the bending moments
LPRINT : LPRINT "The shear and moment along the beam:*

x ("; ULS$; ") vV (": UFS; :) M("; UMs; *)*

LPRINT : LPRINT " 0"; USING "HWN#HEN.¥NE"; O;
LPRINT USING “"WA#HHHNRAN.H"; W * L / 2: 0

FOR I = 1 TO 9

=1 /10*L: VaW®*L/2-W®*X:
=W*Le*X/2-W*X*X/2

Solution to Computer Program Assignment C13-1 Continued

LPRINT USING "###"; I: : LPRINT USING “#ENHRHN.HEN"; X;
LPRINT USING “"###NSRENNE.H"; Vi M
NEXT I
LPRINT " 10"; USING "W¥NNNN.H#E": L;
LPRINT USING "#H¥UNSHHAHN.H": -W * L / 2; 0
LPRINT " g

C13-1 (a)

SHEAR AND MOMENT FOR A SIMPLE BEAM
SUBJECTED TO A UNIFORM LOAD

Solution to EXAMPLE 13-7

The input data are:
Span length: L = 8.00 rt
Uniform load: w = 3000.00 lb/ft

The shear and moment along the beam:

Point x (ft) Vv (1b) M(1b-ft)
0 0.000 12000.0 0.0
1 0.800 9600.0 8640.0
2 1.600 7200.0 15360.0
3 2.400 4800.0 20160.0
4 3.200 2400. 23040.0
s 4.000 0.0 24000.0
6 4.800 -2400.0 23040.0
7 5.600 -4800.0 20160.0
8 6.400 -7200.0 15360.0
9 7.200 ~9600.0 8640.0

10 8.000 -12000.0 0.0
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Solution to Computer Program Assignment C13-2

* C13-2 * Shear and moment in a simple beams sujected to concen. loads

Clear screen
CLS

Display the introductory remarks
PRINT "want to see the introductory remarks?"
INPUT "-- Y / N "; RMKS$
IF RMK$ = "Y" OR RMKS = "y" GOTO 100 ELSE GOTO 200
PRINT "REMARKS: (1) This program can be used to compute the shear”

PRINT " force and the bending moment in a simple beam"
PRINT * subjected to concentrated loads."

PRINT " (2) The input data include the span length, the"
PRINT ~ magnitude and location of each concentrated load.”
PRINT " (3) The input data and the computed results are’
PRINT " printed on the printer immediately after”

PRINT " data are entered. Make sure your printer is on"
PRINT * before entering data.”

Input problem I.D.
PRINT ‘Eater problem designnion-
INPUT "-- Prob. I.D. ";

Select system of units
INT 'Selact the system of units:"
INT " 1 -- SI Units*
PRINT * 2 -- US customary units*®
INPUT "-- 1 / 2°; U
IF U = 2 GOTO 300
ULS = "m": UM$ = "N-m"
UF$ = "lb": ULS = "ft": UMS = "lb-ft"

Print probleam I.D.
LPRINT : LPRINT "SHEAR AND MOMENT IN A SIMPLE BEAM"
LPRINT "SUBJECTED TO CONCENTRATED LOADS"
LPRINT : LPRINT "Solution to "; IDS$

Enter the given data
PRINT* "Span length: -- L ("; ULS$; ")"; :
FRINT "No. of concentrated loads: -- N"; :
FOR I = 1TON
PRINT "Mag. & location of conc, load: -- P"; USING "#"; I:
PRINT " (*; UF$; ").":
FRINT " a"; USING "#": I: : PRINT " (";: ULS$;: ")";
INPUII B(I), A(T)

Print the input data

LPRINT : LPRINT "The input data are:"

LPRINT TAB(3); "Span length: L ="; USING “"#¥#NK.4N"; L;

LPRINT " "; ULS

LPRINT TAB(3); "Tle concentrated loads:"
FOR I = 1 TON

LPRINT TAB(3); "P"; USING "#"; I;

LPRINT " =*; USING 'llll'#" l': P(l]. :

LPRINT " at a"; USING "#";

LPRINT * ="; USING '“ﬂ Ml"' A(I): :
NEXT I

LPRINT * *; UFS$;
LPRINT * "; ULS

Compute the reactions

Solution to Computer Program Assignment C13-2 Continued

SP = 0: 9!-0
FOR I = 1 TON
SP-SPQP(I)
NEXT I

RB = SM / L:

SM = SM + P(I) * A(I)
RA = SP - RB

* Compute the shear forces
V(1) = RA
FOR I = 2 TON +
V(I) = V(I - 1) -PI-1)
NEXT 1

' Compute the bending moments
M(1) = V(1) * A(1)
FOR I = 2 TON
M(I) = M(I - 1) » V(I) * (A(I) - A(I - 1))
NEXT I

* Print llulr forces
LPRI LPRINT "The shear forcn are:
LPRINT *
LPRINT : LPRINT " Region vV ("; UPS: ")"
LPRINT " off LPRINT
FORI = 1TON+ 1

IF I = 1 THEN LPRINT " A-"; USING "#"; I;
LPRINT USING 'ﬂmluu ST V(D)
IF I = 1 THEN LPRINT "
lr1>1m1<uo1mmmm1m'ﬂn'- I-13
IFI>1AND I <N +# 1 THEN LPRINT "-"; USING "#"; I;
IF I >1AND I <N + 1 THEN LPRINT USING "FU¥NUGRENE.G8";: V(I);:
IFI>1ANDI <N +« 1 THEN LPRINT * "; UF$
IF I = N + 1 THEN LPRINT ING "§N¥#F"; I - 1:
IF I = N +« 1 THEN LPRINT "-B"; USING "Illﬂ'llll #H"; V(I);
IF I = N+ 1 THEN LPRINT * *; UF$

NEXT 1
LPRINT * *: LPRINT

* Print bending moment
LPRINT : LPRINT "The bending moments are:"
LPRINT * .

LPRINT :
LPRINT * il :
LPRINT "~ A"; TAB(15); "0.00%; » "; UM$

FORI = 1 TO N
LPRINT USING "####°: I; : LPRINT USING "#HNNNNNUNNN.G8"; M(1);
LPRINT * *; UM$

NEXT I
LERINT *  B"; TAB(15); "0.00"; * "; UMS
LPRINT " .

LPRINT * point Mo("; UMs: ")
*: ' LPRINT
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Solution to Computer Program Assignment C14-1 Continued

LPRINT TAB(3); "Span length:"; TAB(28); "L ot
] LPRI

LPRINT USING "WHHHAN.ANK"; L; :
GOTO 630

NT " *; ULLS

IF TB = 2

LPRINT TAB(3); "The concentrated loads:": TAB(27);
LPRINT USING “WNWH###H.H"; Pl; : LPRINT * *; UFs;
LPRINT TAB(27): "P2Z ="; USING "WAWNNNNE.H#": P2:
GOTO 650

"P1 a";
LPRINT * *; UFs

LPRINT TAB(3); "The concentrated loads:"; TAB(28); "P =";
LPRINT * *; UPs;

LPRINT USING "WA#AKHUN.H": P:
LPRINT TAB(28); "a ="; USING “HARNUN . B0
LPRINT TAB(3): "Uniform load:"; TAB(28);
LPRINT USING "HN#RNEE.48"; W:

"LPRINT * *; ULl
LPRINT * *; Uws

Maximum shear and moment for simple beam
IF TB = 2 GOTO 740
m-m/z.pzow-l./z
m-Pl'L/40P2'10U'L'L/8

GOTO 760

' Maximum shear and moment for cantilever beam
=P+ W®* L: MMAX

“P*a+P2*asWeL*L /2

PRINT “Type of section:"

2 GOTO 94
3

1 -~ rectangular section"
2 -- circular section"
3 -- W-shape or S-shape”
1 /23 /3 : INPUT TS
0

Rectangular section

PRINT "For rectangular section:”:
PRINT "h ("; UL2$; *)"; : INPUT B, H

PRINT "-- b ("; UL2$; *), *;

LPRINT TAB(3); *For rectangular section:";

LPRINT TABI?:): "b =*; USING "WNNKNN.NHK": B; :
)

LPRINT " *; UL2s

i "h ="; USING "WAHN#N.WHE"; H; : LPRINT * *; ULZS
*H

S=B*H®*®H/@6: AREA = B

Circular section

PRINT "For circular section:”:

INPUT D
LPRINT TAB(3); "For circular section:*;

LPRINT TAB(28): "d ="; USING "HARRRN . BNNT; D;
s-n-n'a/ax:m-n-n'n/4
140

PRINT *"-- d (": UL2§; *)";

LPRINT " "; UL2S

' W-shape or S-shape section
PRINT "For W-shape or S-shape section:®

1010

PRINT "-- designation®; :

INPUT SD$

PRINT "-- d ("; UL2$; "), tw ("; UL2S; *). Sx ("; USMs; ")";
INPUT D, TW, S

LPRINT
INT

TAB(3); "For "; SD$; " section:";

TAB(28): *d =": USING "WAN#WNH.AH#";: D; : LPRINT * =; UL2$
TAB(27); "tw ="; USING "HU##NHN.HIHN": TW: : LPRINT * *; UL2s$
1 THEN LPRINT TAB(27): "Sx ="; USING "W##N#N.#HE"; 1000 * S;
1 THEN LPRINT " E-3 "; USM$

2 THEN LPRINT TAB(27): "Sx ="; USING "WN##NH.FFH": -H

2 s

D=

THEN LPRINT " *; USM
TW
THEN S = S * 1E+«09

1140

1270

1310

Solution to Computer Program Assignment C14-1 Continued

IFTS = 1 THEN K = 1.5
IFTS = 2 THENK = 4 / 2
IFTS = 3 THENK = 1
IF TB = 1 THEN B$ = "simple beam"
IF TB = 2 THEN BS = "cantilever beam"
' Compute the maximum normal and shear stresses
SIGMA = MMAX / S: TAU = K * VMAX / AREA
* Unit conversion
IF U = 1 GOTO 1:7(} - / 1000
MMAX = MMAX * 1 1 : VMAX = VMAX
SIGMA « SIGMA * 12 / 1000: TAU = TAU / 1000: GOTO 1310
MMAX = MMAX / 1000: VMAX = VMAX / 1000
SIGMA = SIGMA * 1000
* Print the computed results
LPRINT : LPRINT "The computed results for the "; B§; ":"
LPRINT TAB(3); "Max. moment:"; TAB(28); "M =";
LPRINT USING "WHHNAN.H##"; MMAX; : LPRINT " *; EHI
LPRINT TAB(3); "Max. shear force:"; TAB(28); "V =";
LPRINT USING “WW#NEH. NN ; Vlu:!: LPRINT " *; UVs
INT TAB(3); "Max. normal stress:";
INT TAB(24): "sigma ="; USING "WNNNNN.FNF"; SIGMA;
PNt T ':3‘5‘ Max. she t
LPRINT TAB(3); " . ar stress:";
LPRINT TAB(26); "tau ="; USING "FN####.F8E"; TAU;
LPRINT * *; USS
END

359
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C14-1 (a)

MAXIMUM STRESSES IN A SIMPLE

BEAM

c.“_x‘ (d) MAXIMUM STRESSES IN A SIMPLE BEAM
Solution to Problem 14-1 Solution to Problem 14-8
The input data: The input data:
Span length: L = 10.000 rt Span length: L= 15.000 rt
The concentrated loads: Pl = 800.0 1lb The concentrated loads: Pl = 0.0 1b
P2 = 0.0 1b P2 = 0.0 1b
a-= 0.000 rt as= 0.000 ft
Uniform load: w = 0.00 lb/ft Uniform load: w = 200.00 1b/ft
For rectangular section: b = 4.000 in. For circular section: ds= 10.000 in.
h = 6.000 in.
The computed results for the simple beam:
The computed results for the simple beam: Max. moment: M= 67.500 kip-in
Max. moment: M= 24.000 kip-in Max. shear force: V= 1.500 kip
Max. shear force: Vs 0.400 kip Max. normal stress: sigma = 0.688 ksi
Max. normal stress: sigma = 1.000 ksi Max. shear stress: tau = 0.025 ksi
Max. shear stress: tau = 0.025 ksi
C14-1 (b) MAXIMUM STRESSES IN A SIMPLE BEAM
Solution to Problem 14-5 c1"1 (0) MAXIMUM STRESSES IN A CANTILEVER BEAM
The input data: Solution to EXAMPLE 14-2
Span length: L= 24.000 rt
The concentrated loads: Pl = .0 1b The input data:
- PZ = 20000.0 1b Span length: L = 4.000 m
as= 8.000 ft The concentrated loads: P = 2000.0 N
Uniform load: w = 0.00 1b/ft a = 4.000 m
For W16x50 section: d = 16.260 in. Uniform load: w = 0.00 N/m
tw = 0.380 in. For circular section: d = 100.000 =m
Sx = 81.000 in"3
The computed results for the cantilever beam:
The computed results for the simple beam: Max. moment: M= 8.000 kN-m
Max. moment: M = 1920.000 kip-in Max. shear force: Vo= 2.000 kN
Max. shear force: Vo= 20.000 kip Max. normal stress: sigma = 81.487 MPa
Max. normal stre sigma = 23.704 ksi Max. shear stress: tau = 0.340 MPa
Max. shear stress: tau = 3.237 ksi
C14-1 (C)  MAXIMUM STRESSES IN A SIMPLE BEAM
Solution to Problem 14-6 C14'1(') MAXIMUM STRESSES IN A CANTILEVER BEAM
The input data: Solution to Problem 14-3
Span length: L = 8.000 m
The concentrated loads: P1 = 0.0 N The input data:
P2 = 90000.0 N Span length: L= 3.000 m
a = 2.667 m The concentrated loads: P = 5000.0 N
Uniform load: w = 0.00 N/m a = 3.000 m
For W410x0.73 section: d = 413.000 mm Uniform load: w o= 0.00 N/m
tw = 9.650 mm For circular section: d = 100.000 mm
Sx = 1.330 E-3 m"3
The computed results for the emtiluv;; b:;.:
e computed results for the simple beam: Max. moment: M= 15.000 -m
mnu. :z-entz M= l’Nti-ll:'ill kN-m Max. shear force: V= 5.000 kN
Max. shear force: Ve 90.000 kN Max. normal stress: sigma = 152.789 MPa
Max. normal stress: sigma = 180.474 MPa Max. shear stress: tau = 0.849 MPa
Max. shear stress: tau = 22.582 MPa
361 362
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Solution to Computer Program Assignment C14-2 Solution to Computer Program Assignment C14-2 Continued
' *Cl4-2 *  Allowable concentrated or uniform load .
4 for a simple or a cantilever beam Enter data for the beam
4 . g}g :iﬂn 1::1:“!:;': PRINT *"-- L ("; UL1$; *)"; : INPUT L
' ear screen and compute pi owable flexural stress:”": PRINT "-- .. L LI
CLS Pl = 4 SCATN(L) INPUT SIGMA sigmai("; USS: ")"; :
. PRINT "Allowable shear stress:*: PRINT "-- tau ("; US$: ")*;
' Display the introductory remarks , INPUT TAU
PRINT "Want to see the introductory remarks?" '
INPUT "-- Y / N "; RMKS Print the input data for the beam
IF RMKS = "Y" OR RMKS = "y" GOTO 100 ELSE GOTO 210 LPRINT :  LPRINT "The input data:": LPRINT
100 PRINT "REMARKS: (1) This program can be used to compute the" LPRINT TAB(3): "Span length:"; TAB(34); "L =":
PRINT " allowable concentrated or uniform load for a” LPRINT USING "######.4§4#"; L; : LPRINT * "; UL1s
PRINT " simple or a cantilever beam." LPRINT TAB(3): "Allowable flexural stress:"; TAB(30); "sigma =";
PRINT * (2) The input data for the beam include the span” LPRINT USING "WHN#NH.N#K": SIGMA: : LPRINT * *; US$
PRINT * length, the allowable flexural and shear® LPRINT TAB(3); “"Allowable shear stress:*; TAB(32): "tau =";
PRINT * stresses.” . LPRINT USING "#NWNMN.HRE": TAU; : LPRINT * *; USS
PRINT " (3) The user has the option to enter data for either”
PRINT * a rectangular section. a circular section, a" PRINT "Type of section:®
PRINT * W-shape, or an S-shape.* PRINT " 1 -- rectangular section®
PRINT * (4) The input data and the computed results are” PRINT " 2 == circular section"
PRINT " printed on the line printer immediately after"” PRINT * 3 -- W-shape or S-shape®
PRINT * data are entered. Make sure your printer’is on" PRINT "-- 1 /2 / 3%; : INPUT TS
PRINT * before entering data.” IF TS = 2 GOTO 850
L IRTS = 3 GOTO 920
' Input problem I.D. '
210 PRINT “Enter problem designation:” ' Rectangular section
INPUT *-- Prob. I.D. "; IDS$ PRINT "For rectangular section:”: PRINT "-- b ("; UL2S; "), ";
s PRINT *h (": UL2S: ")"; : INPUT B, H
' Select system of units LPRINT TAB(3): "For rectangular section:";
PRINT "Select either one of the following systems of units:" LPRINT TAB(34): "b =*:; USING "WH###N.H#N": B: : LPRINT " *; UL2$
PRINT * 1 -- SI units” LPRINT TAB(34): "h ="; USING "A##44¥.4#K"; H; : LPRINT " ": UL2S
PRINT * 2 -- US customary units” S«B*H*H/6: A=B*H
INPUT *-- 1 /2"; U GOTO 1020
IF U = 2 GOTO 330 :
UFS = "kN": UL1S » "m": UL2§ = "mm" * Circular section
UWS = "kN/m": USS = "MPa": USMS$ = "m"3" 850 PRINT "For circular section:": PRINT "-- d ("; UL2S$; ")":
GOTO 370 INPUT D
330 UF$ = "kip*: UL1S = "ft": UL2S = "in." LPRINT, TAB(3); "For circular section:";
UWS = “kip/ft®:  USS = "ksi®: - USM$ = "in"3" LPRINT TAB(34): "d ="; USING "##4##H.4N¥"; D; : LPRINT " "; UL2S
. S=PI*D"3/32: A=PI*D*D/ 4
PRINT "Type of beam:" GOTO 1020
370 PRINT " 1 -- simple beam” b
PRINT * 2 -- cantilever beam" ' W-shape or S-shape section
PRINT "-- 1 / 2*; : INPUT TB 920 PRINT "For W-shape or S-shape section:”
" PRINT "-- designation”; : INPUT SD$
PRINT "Type of loading:" PRINT "-- d ("; UL2$: "), tw ("; UL2$;: "), Sx ("; USMS$; ")":
PRINT * 1 -- concentrated load"” INPUT D, TW, S
PRINT * 2 -- uniform load” LPRINT TAB(3); "For "; SD$: " section:";
PRINT "-- 1 / 2%; : INPUT TL LPRINT TAB(34): *d ="; USING “"WNNNN#.#NH"; D; : LPRINT * *; UL2S
' LPRINT TAB(33): "tw ="; USING "#¥##¥#.4##"; TW; : LPRINT * *; UL2$
' Print problem I.D. LPRINT TAB(33): "Sx ="; USING "WANNNN.HNK"; S; : LPRINT * *; USMS
IF TB = 2 GOTO 510 A=D?@*Tw
IF TL = 1 THEN LPRINT "ALLOWABLE CONCENTRATED LOAD FOR A SIMPLE BEAM" IFU=1THEN S = S * 1E+08
IF TL = 2 THEN LPRINT “ALLOWABLE UNIFORM LOAD FOR A SIMPLE BEAM" *
GOTO 540 1020 IFTS = 1 THEN K = 1.5
510 IF TL = 1 THEN LPRINT "ALLOWABLE CONCENTRATED LOAD FOR A CANTILEVER": IFTS = 2 THEN K = 4 / 3
IF TL = 1 THEN LPRINT " BEAM" IFTS = 3 THEN K = 1
IF TL = 2 THEN LPRINT "ALLOWABLE UNIFORM LOAD FOR A CANTILEVER BEAM" IF TB = 1 THEN B$ = "simple beam”
’ IF TB = 2 THEN B$ = "cantilever beam"
540 LPRINT : LPRINT "Solution to "; ID$ IFTL = 1 AND TB = 1 GOTO 1140
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Solution to Computer Program Assignment C14-2 Continued

IF TL = 1 AND TB = 2 GOTO 1180
P Toe 2 DTS -3 GHE C14-2 (8)  ALLOWABLE CONCENTRATED LOAD FOR A SIMPLE BEAM
IF TL = 2 AND TB = 2 GOTO 1260
® Solution to Problem 14-19
* Allowable concentrated load for a simple beam
1140 Pl-l'S'SIM{L:P:-Z‘A'TAU/K The input data:
GOTO 1290
L Span length: L= 10.000 rt
' Allowable concentrated load for a cantilever beam Allowable flexural stress: sigma = 33.000 ksi
1180 Pl =S *SIGMA / L: P2 = A * TAU / K Allowable shear stress: tau = 14.500 ksi
GOTO 1290 For W14x82 section: d = 14.310 in.
L tw = 0.510 im.
‘ Allowable uniform load for a simple beam Sx = 123.000 in°3
1220 Wi«8°*S*SIGMA /L /L:W2w=2%A®TAU,/K/L
GOTO 1290 The computed results:
' Allowable uniform load for a cant The maximum concentrated load based on
1260 WL = 2%5*SIGMA /L / :: w2 ilivfr-r::;‘? K/ L allowable flexural stress: Pl = 135.300 kip
. The maximum concentrated load based on
* Unit conversion allowable shear stress: P2 =  211.645 kip
1290 IF U = 1 GOTO 1310 The maximum concentrated load
Pl = Pl / 12: Wl = Wl / 12: GOTO 1340 for the simple beam: P = 135.300 kip
1310 Pl = P1 / 1000000!: P2 = P2 / 1000: Wl = Wl / 1000000!
ﬁ‘- w2z / 1000
* Print results
1340 LPRINT : LPRINT "The computed results:": LPRINT
IF TL = 2 GOTO 1520
' Allowable concentrated load
LPRINT TAB(3); "The maximum concentrated load based on” C14-2 (b)  ALLOWABLE UNIFORM LOAD FOR A CANTILEVER BEAM
LPRINT TAB(5); "allowable flexural stress:";
LPRINT TAB(33); *"P1 ="; USING "WWNNAN.HHE"; P1: Solution to Problem 14-20
LPRINT " *: UF$
LPRINT TAB(3): *"The maximum concentrated load based on” The input data:
LPRINT TAB(5); "allowable shear stress:":
LPRINT TAB(33); "P2 =": USING "WWANNN.#NK"; P2; : LPRINT " ": UF$ Span length: L= 8.000 £t
P =Pl Allowable flexural stress: sigma = 24.000 ksi
IF P2 < P1 THEN P = P2 Allowable shear stress: tau = 14.500 ksi
LPRINT TAB(3); "The maximum concentrated load"” Por S15x50 section: d = 15.000 inm.
LPRINT TAB(S); "for the "; B$; ":"; tw = 0.550 inm.
LPRINT TAB(33); "P ="; USING "NWNNNN.HNN": P; : LPRINT " *; UFs Sx = 64.800 in"3
GOTO 1630
i The computed results:
' Allowable uniform load
1520 LPRINT TAB(3); "The maximum uniform load based on" The maximum uniform load based on
LPRINT TAB(5); "allowable flexural stress:"; allowable flexural stress: wl = 4.050 kip/ft
LPRINT TAB(33); "wl ="; USING "WH#NNHH.HNA"; w1; : LPRINT " "; Uws The maximum uniform load based on
LPRINT TAB(3):; "The maximum uniform load based on® allowable shear stress: w2 = 14.953 kip/ft
LPRINT TAB(5); "allowable shear stress:"; The maximum uniform load
LPRINT TAB(33): "w2 ="; USING "WWHNNN.#NH";: W2; : LPRINT * =: Uws for the cantilever beam: w = 4.080 kip/ft
W o= Wl
IF W2 < W1 THEN W = w2
LPRINT TAB(3); "The maximum uniform load™
LPRINT TAB(S5); "for the "; B§; ":";
LPRINT TAB(33); *w ="; USING "WNNNNN.WNH"; W; : LPRINT * *; Uws
1630 END
365 366
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C14-2 (C)  ALLOWABLE CONCENTRATED LOAD FOR A CANTILEVER BEAM
Solution to Problem 14-24

The input data:

Span length: L= 1.000 m
Allowable flexural stress: sigma = 10.000 MPa
Allowable shear stress: tau = 0.800 MPa
For rectangular section: b= 100.000 mm
h = 150.000 mm

The computed results:
The maximum concentrated load based on

allowable flexural stress: Pl = 3.750 kN
The maximum concentrated load based on

allowable shear stress: P2 = 8.000 kN
The maximum concentrated load

for the cantilever beam: P = 3.750 kN

014‘2 (d) ALLOWABLE UNIFORM LOAD POR A SIMPLE BEAM
Solution to Problem 14-25
The input data:

Span length: L= 10.000 ft
Allowable flexural stress: sigma = 1.900 ksi
Allowable shear stress: tau = 0.145 ksi
For rectangular section: b = 3.000 in.
h = 12.000 in.
The computed results:

The maximum uniform load based on

allowable flexural stress: wl = 0.912 kip/ft
The maximum uniform load based on

allowable shear stress: w2 = 0.696 kip/rt
The maximum uniform load

for the simple beam: w = 0.696 kip/rt

367

180

310

340

Solution to Computer Program Assignment C15-1

* C15-1 * Size for a simply supported timber beam
subjected to uniform load

Clear screen and compute pi

CLS : PI = 4 * ATN(1)

Display the introductory remarks

PRINT Unnt to see the introductory remarks?"
INPUT "-- Y / N "; RMKS
IF RMKS = "Y" OR RMKS = "y" GOTO 100 ELSE GOTO 180

printed on the printer immediately after”
data are entered. Make sure your printer is on"
before entering data.*

PRINT "REMARKS: (1) This program can be used to select rectangular®
PRINT " timber sections for a simple span subjected to"
PRINT " a uniform load."

PRINT * (2) The input data for the beam include the span”
PRINT " length, the uniform load, and the allowable”
PRINT * normal and shear stresses.”

PRINT : (3) The input data and the computed results are"

PRINT
PRINT

Input problem I.D.
PRINT "Enter problem designation:®
INPUT *-- Prob. I.D. *; ID$

Select system of units
PRINT "Select the system of units:"
PRINT * 1 -- SI units"
PRINT * 2 -- US customary units"”
INPUT "== 1 /7 2%; U
IF U = 2 GOTO 310
UF§ = "N": UL1$ = "m": UL2S = "mm": UM$ = "kN-m"
UVS = "kN": UWS = "N/m": US$ = "kPa": USM§ = "m"3"
GOTO 340
UFS = "lb": UL1$ = "ft": UL2$ = "in.": UM$ = "kip-in"
UVS = "kip": UWS = "lb/ft": US$ = "psi”: USM$ = "in-3"

Print problem I.D.
LPRINT "SIZE FOR A SIMPLY SUPPORTED TIMBER BEAM"
LPRINT *"SUBJECTED TO A UNIFORM LOAD"
LPRINT : LPRINT "Solution to "; IDS

Enter d«ltl for the beam
PRINT "Span length:": PRINT "-- L (": UI-IS; ") ot INPUT L
PRINT "Uniform load:": PRINT "-- w (": ol INPUT W
PRINT "Allowable normal stress:®
PRINT "-- sigma ("; US$;: ")"; : INPUT SIGMA
PRINT "Allowable shear stress:"
PRINT "-- tau ("; US$; ")*; : INPUT TAU
PRINT "The maximum aspect ratio r = h/b:"
PRINT "-- r"; : INPUT R

Print the input data for the beam

LPRINT : LPRINT "The input data:”
LPRINT TAB(3); *"The simple span length:
LPRINT TAB(32); "L ="; USING "#NEENN.0INN
LPRINT TAB(3); "Uniform load:*; 'uln:m,
LPRINT USING "NUSNNNE.HN"; W; : LPRINT o
LPRINT TAB(3); "Allow. normal stress:"; TAB(28);
LPRINT USING "WNNNNRE.NE"; SIGMA; : LPRINT * *; USs
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C15-1 (a)

C15-1 (b)

SIZE FOR A SIMPLY SUPPORTED TIMBER BEAM
SUBJECTED TO A UNIFORM LOAD

Solution to EXAMPLE 15-5
The input data:

The sluple spm length: L= 12.000 ft
Uniform 1 $ L 500.00 1lb/ft
Allow. normal stress: sigma = 1450.00 psi
Allow. shear stress: tau = 95.00 psi
Max. aspect ratio, h/b: rs= 3.00,
The selected sections are:
Nominal Dressed Load plus s s A A
Size Size Beam wt. provided req'd provided req’'d
in.xin. in.xin. 1b/ft in~3 in*3 in"
6x10 5.5x 9.5 514.5 82.7 76.86 §2.3 48.7
8x10 T.5x 9.5 519.8 112.8 77.4 71.3 49.2
10x10 9.5x 9.5 525.1 142.9 78.2 90.3 49.7
12x12 11.5x11.5 §36.7 253.5 80.0 132.3 50.8
The lightest section {s: 6 in. x 10 im.
SIZE FOR A SIMPLY SUPPORTED TIMBER BEAM
SUBJECTED TO A UNIFORM LOAD
Solution to Problem 15-11
The input data:
The simple span length: L= 16.000 frt
Uniform load: W= 800.00 1lb/ft
Allow. normal stress: sigma = 1350.00 psi
Allow. shear stress: tau = 80.00 psi
Max. aspect ratio, h/b: re. 3.00
The selected sections are:
Nominal Dressed Load plus s s A A
Size Size Beam wt. provided req'd provided req'd
in.xin. in.xin. lb/ft in-3 in"3 in-2 in"2
8x18 7.5x17.5 836.5 38z2.8 237.9 131.3 125.5
10x14 9.5x13.5 835.6 288.6 237.7 128.3 125.3
12x12 11.5x11.5 836.7 253.5 238.0 132.3 125.5

The lightest section is: 10 in. x 14 in.

C15-1 (c)

C15-1 (d)

SIZE FOR A SIMPLY SUPPORTED TIMBER BEAM
SUBJECTED

TO A UNIFORM LOAD
Solution to Problem 15-12
The input data:

The simple span length: L= 5.000 m

Uniform load: w = 12000.00 N/m

Allow. normal stress: sigma = 9310.00 kPa

Allow. shear stress: tau = 560.00 kPa

Max. aspect ratio, h/b: ra= 3.00
The selected sections are:
Nominal Dressed Load plus s s A A
Size Size Beam wt. 9rovlded req'd provided req'd
mE X mm mEm X ma kN/m m°3/1000 m~3/1000 m“2/1000 m~2/1000
200x510 191x495 12.59 7.79 4,23 94.4 85.9
250x410  241x394 12.60 6.23 4.23 95.0 85.9
310x360 292x343 12.63 5.73 4.24

100.2 .. 86.1
"

The lightest section is: 200 mm x

510 sm

SIZE FOR A SIMPLY SUPPORTED TIMBER BEAM
LOAD

SUBJECTED TO A UNIFORM
Solution to Problem 15-19
The input data:

The simple span length: L= 18.000 ft
Uniform load: w = 255.00 1b/ft
Allow. normal stress: sigma = 1600.00 psi
Allow. shear stress: tan = 90.00 psi
Max. aspect ratio, h/b: ra= 4.00
The selected sections are:
Nominal Dressed Load plus s s A A.
Size Size Beam wt. provided req'd provided nq__d
in.xin. in.xin. 1b/ft in"3 in" in"2 in"2
.4x14 3.5x13.5 268.1 106.3 81.4 3 40.2
6x10 5.5x 9.5 269.5 82.7 81.9 52.3 40.4
8x10 7.5x 9.5 274.8 112.8 83.5 71.3 41.2
10x10 9.5x 9.5 280.1 142.9 85.1 80.3 42.0

The lightest section is:

4 in. x 14 in.
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* C15-2 *

Solution to Computer Program Assignment C15-2

Size for a simply supported timber beam subjected to
uniform and concentrated loads

Clear screen and compute pi

CLS : PI = 4 * ATN(1)

Display the introductory remarks
PRI

NT "Want to see the introductory remarks?*
INPUT "-- Y / N "; RMKS$
IF RMK$ = "Y" OR RMK$ = "y" GOTO 100 ELSE GOTO 200
PRINT "REMARKS: (1) This program can be used to select rectangular®

PRINT * timber sections for a simple span subjected to a"
PRINT * uniform load. a concentrated load at the"

PRINT * mid-span, and two symmetrically placed”

PRINT * concentrated loads.”

PRINT * (2) The input data for the beam include the span”
PRINT * length, the uniform load, the concentrated load"
PRINT * at the mid-span, the symmetrically placed”
PRINT " concentrated loads and the location.”

PRINT * (3) The input data and the computed results are"
PRINT * printed on the printer immediately after”

PRINT * data are entered. Make sure the printer is on
PRINT " before entering data.”

Input problem I.D.
PRINT "Enter problem designation:*®
INPUT "-- Prob. I.D. "; IDS

Select system of units
PRINT "Select the system of units:"
PRINT * 1 -- SI units"®
PRINT " 2 -- US customary units”
INPUT *-- 1/ 2°; U
IF U = 2 GOTO 340
UFS = "N": UL1S = "m": UL2$ = "mm": UM$ = "kN-m"
UVS = "kN": UW$ = "N/m": US$ = "kPa": USMS$ = "m"3"
GOTO 370
UFS = "lb": UL1$ = "ft": UL2$ = "in.": UM$ = "kip-in"
UVS = "kip”": UWS = "lb/ft": US$ = "psi”: USM$ = "in"3"

Print problem I.D.
LPRINT "SIZE FOR A SIMPLY SUPPORTED TIMBER BEAM SUBJECTED TO A"
LPRINT "UNIFORM LOAD AND SYMMETRICALLY PLACED CONCENTRATED LOADS"

LPRINT : LPRINT "Solution to *; ID$

Enter data for the beam
PRINT "Span length:": PRINT "-- L (":; UL1$; ")"; : INPUT L
PRINT "Uniform load:" PRINT "-- w ("; UW$; ")"; : INPUT W

PRINT "Concentrated loads:"

PRINT *-- P1 (":; UPS;: ")";: : INPUT P1
PRINT *-- P2 ("; UF$: "), a ("; UL1$; ")"; :
PRINT "Allowable normal stress:"

INPUT P2, AD

PRINT "-- sigma (": US$; ")" INPUT SIGMA
PRINT "Allowable shear stress:
PRINT "-- tau (": US$: ")": INPUT TAU

PRINT "The maximum aspect ratio r = h/b:"
PRINT ®== p"; : INPUT R

Print the input data for the beam
LPRINT : LPRINT "The input data:"

670

700
750

Solution to Computer Program Assignment C15-2 Continued

LPRINT TAB(3);
LPRINT USING "###H##4.4HE"; L:
LPRINT TAB(3); "Uniform load:
LPRINT USING "NNENENN.HE": W; LPR

LPFRINT TAB(3); “"Concentrated lo.dl"' TAB(31); "P1 =%
LPRINT USING “"WHNNEEN.40"; P1; : LPRINT * *; UF$
LPRINT TAB(31); "P2 ="; USING “"WNNNANN.NN": PZ:
LPRINT TAB(32): "a ="; USING "WHHNNEN.HK"; AD; :

"!
é"é

"The simple :m lmth.': rmqaz:- 'L ="

LPRINT * "; UFs
LPRINT " "; UL1S

LPRINT TAB(3); "Allow. normal stress:"; TAB(28); "sigma =";

LPRINT USING “W¥N#NEN.HN": SIGMA: : LPRINT * *; USS
LPRINT TAB(3); "Allow. shear stress:"; TAB(30); "tau =";
LPRINT USING "HWNNENE.NA";: TAU; : LPRINT * *; USS$
LPRINT TAB(3); "Aspect ratio h/b:"; TAB(32); "r =";
LPRINT USING "HNWNANH.HH": R

Convert SI units to US units
IF U = 2 GOTO 670

L=0L/ .3048: W =W/ 14.59: Pl = Pl / 4.448:

P2 = P2 / 4.448

AD = AD / .3048: SIGMA = SIGMA / 6.895: TAU = TAU / 6.895

Specify the initial width and initial height
BB(1) = 2: BB(2) = 3: BB(3) = 4: BB(4) = 6: BB(5) = 8
BB(6) = 10: BB(7) = 12 -
HH(1) = 4: HH(2) = 4: HH(3) = 4: HH(4) = B: HH(5) = 8
HH(6) = 10: HH(7) = 12

Print heading
LPRINT : LPRINT "The selected sections are:"
LPRINT * g
LPRINT * X
LPRINT
LPRINT "Nominal Dressed Unif.Load S S A A"
LPRINT " Size Size +Beam wt. provided req'd provided *;
LPRINT “"req’d*"
IF U = 1 GOTO 700 . < ‘
LPRINT "in.xin. in.xin. 1b/rt in®3 in"3 in"2 H
LPRINT "in"2"
GOTO 750
LPRINT "om x om mm x mm kN/m m~3/1000 m*3/1000 ="2/1000 *;
LPRINT "I 2/1000" .
LPRINT * H
LPRINT * L
LPRINT

Initialize count
K

* (J-1): HD = H - .§

Keep the aspect ratio h/b to the specified r
IFH /B >R GOTO 1180

Compute the section modulus and the area using dressed size
S=8BD*HD "2/ 6: A=BD®* HD

Compute the weight of beam and the total load
WEIT = BD * HD * 40 / 144: WT = W + WEIT
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Solution to Computer Program Assignment C15-2 Continued

' Compute the maximum moment and the maximum shear

M-PI‘L/I.oPZ‘ADOHT'L'i.’/B
VMAX = P1 / 2 + P2 « WT * L / 2

Co-pute the req’'d section modulus and the req’'d area
SR = MMAX / SIGMA * 12: AR = 1.5 * VMAX / TAU

Check the :trennh critaru
IF S < SR OR A < AR GOTO 1160
K=K+ 1
AA(K) = A: BA(K) = B: HA(K) = H

Print the sections selected
IF U = 1 GOTO 800
US units
LPRINT USING "###";: B; : LPRINT "x"; USING "##": H:
LPRINT USING "#####.#": BD; : LPRINT "x*; USING "#¥.H#":
LFRINT USING "H¥NNNNE.4"; H

LPRINT USING "##4##NH.A": S; : LPRINT USING "WN#HNWN.H": SR:
LPRINT USING "WWWWWHN.4": A; : LPRINT USING "##HR##H.#": AR
GOTO 1190
* SI units
BOO GOSUB 2000
BD = BD * 25.4: HD = HD * 25.4: WT = WT * 1459
S’HS‘ .01639: SR = SR * .01639: A = A * .6452: AR = AR * ,6452
LPRINT USING "###": BM: : LPRINT "x"; USING "#H#": HM:
LPRINT USING "######"; BD; : LPRINT "x": USING "###";: HD;
LPRINT USING "##R###.HH": WT:
LPRINT USING "WWHH##.§H": S; : LPRINT USING "###H#H.HE"; SR
LPRINT USING "####H##.4": A; : LPRINT USING "FH#HFNA.E": AR
GOTO 1190
1160 NEXT J
' Keep the sections selected no more than four
1190 IF K > 3 GOTO 1230
NEXT I
* Identify the lightest section
1230 N=K:
C = AA(1): Js=1
FOR I = 2 TON
IF C > AA(I) THEN J = [
IF C > AA(I) THEN C = AA(I)
NEXT I
B = BA(J): H = HA(J)
LPRINT * "
LPRINT * =
' Print the lishtest section
LPRINT LPRINT "The lightest section is: *;
IF U = 1 GOTO 1300
LPRINT USING "W§": B: : LPRINT " in. x *; USING "##"; H:
LPRINT " in."
GOTO 1400
1300 GOSUB 2000
LPRINT USING "###": BM; : LPRINT " mm x "; USING "####F": HM;
LPRINT " mm"
1400 END
' -- SUBROUTINE -- Find the SI designation
2000

BM = ((B * 25.4 + 5) \ 10) * 10: HM = ((H * 25.4 « 5) \ 10) * 10
END

C15-2 (@) sIZE FOR A SIMPLY SUPPORTED TIMBER BEAM SUBJECTED TO A
UNIFORM LOAD AND SYMMETRICALLY PLACED CONCENTRATED LOADS

Solution to Problem 15-13
The input data:

The simple span length: L = 4.000 m
Uniform load: w = 0.00 N/m
Concentrated loads: Pl = 45000.00 N
P2 = 0.00 N
a = 0.00 m
Allow. normal stress: sigma = 13000.00 kPa
Allow. shear stress: tau = 1000.00 kPa
Aspect ratio h/b: rs 3.00
The selected sections are:
Nominal Dressed Unif.Load s S A A
Size Size +Beam wt. provided req'd provided req'd
- X mm - X mm kN/m m~3/1000 =:“3/1000 m"~2/1000 m~2/1000
150x410 140x394 3.45 3.61 3.52 55.0 34.8
200x360 191x343 4.10 3.73 3.53 65.3 350
250x360 241x343 5.20 4.73 3.54 82.7 35.3
310x310  292x292 5.36 4.15 3.54 85.3 35.4
The lightest section is: 150 mm x 410 =m
C15-2 (b) SIZE FOR A SIMPLY SUPPORTED TIMBER BEAM SUBJECTED TO A
UNIFORM LOAD AND SYMMETRICALLY PLACED CONCENTRATED LOADS
Solution to Problem 15-16
The input data:
The simple span length: L= 16.000 ft
Uniform load: W = 300.00 lb/ft
Concentrated loads: Pl = 4000.00 1b
. PZ = 0.00 1b
a= 0.00 ft
Allow. normal stress: sigma = 1600.00 psi
Allow. shear stress: tau = 90.00 psi
Aspect ratio h/b: rs= 3.00
The selected sections are:
Nominal Dressed Unif.Load s s A A
Size Size +Beam wt. provided req'd provided req’'d
in.xin. in.xin. 1b/ft in"3 in"3 in-2 in"2
6x16 5.5x15.5 323.7 220.2 197.7 85.3 76.5
Bx14 7.5x13.5 328.1 227.8 198.8 101.3 77.1
10x12 9.5x11.5 330.3 209.4 199.3 109.3 77.4
12x12 11.5x11.§ 336.7 253.5 200.8 132.3 78.2

The lightest section is: 6 in. x 16 in.
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681

100

310

330

* Enter dnn for the beam
PRINT *

Solution to Computer Program Assignment C16-1

* Cl6-1 * Deflections of a cantilever beam

Clear screen
CLsS

Display the introductory remarks
PRINT "Want to see the introductory remarks?"
INPUT "-- Y / N "; RMKS
IF RMK$ = "Y" OR RMKS = "y" GOTO 100 ELSE GOTO 200
PRINT "REMARKS: (1) This program can be used to compute the deflec-"
PRINT tions at every tenth point of a cantilever beu"
PRINT due to a uniform load and a concentrated load.”

"

-
PRINT " (2) The input data for the beam include the span”
PRINT * length, the stiffness EI, the uniform load and"
PRINT " its location, the concentrated load and its"
PRINT * location."
PRINT " (3) The input data and the computed results are”
PRINT * printed on the printer immediately after”
PRINT * data are entered. Make sure your printer is on®
PRINT * before entering data."

Input problem I.D.
PRINT "Enter problem designation:*
INPUT *-- Prob. I.D. "; ID$

Select system of units
PRINT "Select the system of units:"
PRINT * 1 -~ SI units"
PRINT * 2 -- US customary units”
INPUT *== 1 / 2" u
IF U = 2 GOTO 310
UF$ = "kN": UL1$ = "m": UL2$ = "sm”: UWS = "kN/m": UEI$ = "kN-m"2"
GOTO 330
UFS = "kip": UL1$ = "ft": UL2$ = "in.": UW$ = "kip/ft"
UBIS = "kip-ft-2"

Print probilem I.D.
LPRINT "DEFLECTIONS OF A CANTILEVER BEAM"
LPRINT : LPRINT "Solution to "; ID$

PRINT *"-- L ("; UL1$; ")"; :
PRINT *-- EI (*; UEIS: ")"; :
PRINT "Uniform load:"

PRINT "-- w (*; UWS: "), b (" UL1S; "), ¢ (": UL1$: *)":
c

PRINT "c:mcentnted load:"
PRINT "-- P ("; UF$; "), d ("; UL1S; ")"; :

Print the input data for the beam
LPRINT :  LPRINT "The input data:"
LPRINT TAB(3); "The cantilever span length:"; TAB(32): "L =*;
LPRINT USING "WHNH#NE.ZH8": L: : LPRINT * "; UL1S
LPRINT TAB(3); *The beam stiffness:*; TAB(31): "EI =";
LPRINT USING "WNNNNAN.4E"; BI; : LPRINT * "; UEI$
IF W = 0 GOTO 540
LPRINT TAB(3); "Uniform load:"; TAB(32): "w =":
LPRINT USING "HENRENN.NR": W: : LPRINT " *: l.ﬁl
LPRINT TAB(32); "b ="; USING "WANNNNN.HN": B. H
LPRINT TAB(32); "c -': USING "WHWUNNN.HE": C: :

INPUT P, D

LPRINT * *; UL13S
LPRINT * "; ULLS

540

560

800
ai1o

Solution to Computer Program Assignment C16-1 Continued

IF P = 0 GOTO 560
LPRINT TAB(3); "Concentrated load:"; TAB(32); "P =";
LPRINT USING "Wi#WU#UN.G0": P; : LPRINT * *:

LPRINT TAB(32): "d ="; USING "#NHNNNH.§H": D; : LPRINT. * "; UL1S

Print heading
LPRI

NT
LPRINT "Deflections at every tenth points:*
LPRINT * »
LPRINT
LPRINT "Point Distance Deflection Deflection”
LPRINT * .
LPRINT

Compute deflection at every tenth point

FOR I = 0 TO 10

X=L/l¢*1

IF X <= CTHEN Y1 = W* X “ 2 * (X "2 -4%*C*X+6°*C"2)
IF X <= C THEN Y1 = Y1 / (24 * EI)

IFX>C W*C" 4/ (8*EI]

IF X >C chU'C‘!'(X-le(B'BI]

IF X . 4 *X+6*B "2
IF X 7/

IF X
IF X
IF X
IF X

<
e
»

-

28

VAAVY
[}
ow

-W
Y2
-W
Y2
P

LT
aaasag

«=P*D"29% (3*X-D)/ (6*EI

=Y AV

D
+

<
.
-

Y2
LPRINT USING "##.4": I / 10-
LPRINT USING "###N#.047: X;
LPRINT * *: ULLS: USING *WANNNN.WWEER": Y:
IF U = 1 GOTO 800
LPRINT " *; UL1$; USING "NENHNN.##4": Y * 12; : LPRINT " "; UL2S$
GOTO 810
LPRINT " *; UL1$: USING "N¥WNWNN.4HN": Y * 1000; : LPRINT ° *; UL23
NEXT 1
LPRINT " .

-

END
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C16-1 (a)

C16-1 (b)

DEFLECTIONS OF A CANTILEVER BEAM
Solution to EXAMPLE 16-5
The input data:

The cantilever span length:

The beam stiffness:
Uniform load:

L=
I =
W =
b =
c =
Concentrated load: P =

d
Deflections at every tenth points:

Point Distance Deflection Deflection

0.0 0.00 m 0.00000 m 0.000
0.1 0.12 = 0.00007 m 0.066
0.2 0.24 = 0.00025 m 0.248
0.3 0.36 m 0.00052 m 0.524
0.4 0.48 m 0.00087 = 0.874
0.5 0.60 m 0.00128 m 1.277
0.6 0.72 m 0.00172 m 1.715
0.7 0.84 m 0.00217 m 2.171
0.8 0.96 m 0.00283 = 2.632
0.9 1.08 m 0.00310 m 3.086
1.0 1.20 m 0.00356 3.560

DEFLECTIONS OF A CANTILEVER BEAM
Solution to Problem 16-15
The input data:
The cantilever span length:
EI

The beam stiffness:
Uniform load:

L=
w =
b=
c =

Concentrated load: P=

d
Deflections at every tenth points:

8.000 ft

434.00 kip-ft-2

0.02 kip/ft
0.00 ft
8.00 rt
0.10 kip
4.00 rt

Point Distance Deflection Deflection

C16-1 (c)

C16-1 (d)

DEFLECTIONS OF A CANTILEVER BEAM
Solution to Problem 16-16

The input data:
The cantilever span length: L
The beam stiffness:
Uniform load:
Concentrated load:

ﬂu'ﬂﬂﬂ(s

Deflections at every tenth points:

3.000 m

114000.00 kN-m’2

8.00 kN/m’
0.00 m

2.0
20.0
3.0

e

Point Distance Deflection Deflection

0.0 0.00 m 0.00000 m 0.000 mm
0.1 0.30 m 0.00003 m 0.029 mm
0.2 0.60 m 0.00011 m 0.109 wm
0.3 0.90 m 0.00023 = 0.234 =m
0.4 1.20 m 0.00040 m 0.395 mm
0.5 1.50 m 0.00059 m 0.587 mm
0.8 1.0 m 0.00080 m 0.804 mm
0.7 2,10 m 0.00104 = 1.039 om
0.8 2.40 m 0.00129 m 1.289 mm
0.9 2.70 m 0.00155 m 1.549 om
1.0 3.00 = 0.00181 m 1.813 mm

DEFLECTIONS OF A CANTILEVER BEAM
Solution to Problem 16-17
The input data:

The cantilever span length: L =
The beam stiffness: E

4.000 m
I = 824000.00 kN-m"2

Uniform load: w = 300.00 kN/m
b = 2.0 m
c = 4.00 m

Deflections at every tenth points:

Point Distance Deflection Deflection

g.u 0.00 m g.gggoo ] g.ogo -
0.0 0.00 ft 0.00000 ft 0.000 in. .1 0.40 m .00017 m .167 =m
0.1 0.80 ft 0.00072 ft 0.009 in. 0.2 0.80 m 0.00064 m 0.637 mm
0.2 1.60 ft 0.00267 ft 0.032 in. 0.3 1-23 m 0.00138 m 1.363 mm
0.3 2.40 ft 0.00558 ft 0.087 in. 0.4 1.60 m 0.00230 m 2.299 mm
0.4 3.20 ft 0.00920 ft 0.110 inm. 0.5 2.00 m 0.00340 m 3.398 mm
0.5 4.00 ft 0.01327 ft 0.159 in. 0.6 2.40m 0.00461 m 4.614 mm
0.6 4.80 ft 0.01760 ft 0.211 im. 0.7 2.80 m 0.00591 m 5.905 mm
0.7 5.80 ft 0.02209 ft 0.265 in. 0.8 3.20m 0.00724 m 7.239 mm
0.8 6.40 ft 0.02665 ft 0.320 in. 0.9 3.60 m 0.00859 m 8.593 mm
0.9 7.20 £t 0.03126 ft 0.375 in. 1.0 4.00 m 0.00995 m 9.951 mm
1.0 8.00 ft 0.03588 ft 0.431 in.
379 380
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Solution to Computer Program Assignment C16-2 Solution to Computer Program Assignment C16-2 Continued
" .
? *+C16-2 * Deflections of a simple beam '{?g". 0 THEN uu(xrm‘ 590
b Hises icice LPRINT TAB(31): "P2 ="; USING *##K####.44": P2; : LPRINT " *; UF§
CLS . LPRINT TAB(31); "a2 ="; USING "NNNKNNEN.NN";: A2; : LPRINT * *; ULLS
* Display the introductory remarks 590 ' Prit;nl[i;;dln‘
li'R!N“I' .‘ftug ;o"lf? the introductory remarks?" LPRINT "Deflections at every tenth points:® .
NPUT ; RMKS .
{56 g ME = "Y*" OR RMKS = "y" GOTO 100 ELSE GOTO 200 g:m
mig s 4 ::1;::3':::§'=onc“:§d.t§;§p°ﬂ“§:.:h§uﬂ'{ffﬁf‘°" LPRINT "Point Distance Deflection Deflection”
PRINT * uniform load and up to two concentrated loads." m}g
g{:’_}: M (2) '{M input data for the beam include the span” .
.
B e e i ek, i iapis Uit et sty ik g
PRINT * (3) The input data and the computed results are” eI e BeLeAl
PRINT * printed on the printer immediately after® e x e (L" eLex " - .
PRINT * data are entered. Make sure your printer is on” L e L il g R BLAL D) / e s
PRINT * before enterin :hta' IF X <= Al THEN Y2 = P1 * Bl * X * (L 2 - 2 - Bl 2)
g 1 . IF X <= Al THEN Y2 = Y2 / (6 * EI * L)
S IF X > Al THEN Y2 = (L / Bl) * (X - Al) * 3
Input problem I.D. - - -
. IF X > AL THEN Y2 = Y2 + (L 2 - Bl 2) *X-X 3
200 En““' :5'.“;:,5“?1;. ‘_“_'ligl“ﬂn-' IF X > Al THEN Y2 = P1L * Bl * Y2 / (6 * EI * L)
. o ReEe e I;IG-MWYS-M'BI‘X'(L'Z-X‘?-SS'!)
, IF X <= A2 THEN Y3 = Y3 / (6 ®* BI * L)
lect -
SeIERINT "Select the system of units:® a3 — S 4 AL R L -
L A s P IF X > A2 Y3 =Y3 ¢ (L-2-B2"2)*X~-X"23
PRINT * 2 -- US customary units” R Ay — A BRSNS
INPUT *-- 1 / 2°; U i R DL
IF U = 2 GOTO 300 LORINT USING ~$4ise.an=: X:
UFS$ = aki"i ULIS = "B%: TLIS = ‘e MG "kN/m": UEI$ = "kN-m"2" LERINT =+ UL13: USING *N4RHEN.SEREE": Y
- ¢ . . . =1
300 -l g R R el stb S LERINT = * ULLS: USING "MARANW.A##"; Y * 12 : LPRINT * *; UL28
320 Print problem I.D. 800 LPRINT * *; UL1$; USING "WNN#NNNN.HRN"; Y * 1000; : LPRINT " *; UL2ZS
LPRINT *DEFLECTIONS OF A SIMPLE BEAM" 810 Nxﬂnim . .
. l..PRlNT :  LPRINT "Solution to *; ID$ L
' Enter data for the beam s
PRINT "Span length:": PRINT "-- L (
PRINT *Stiffness:": PRINT "-- BI ("
PRINT "Uniform load:": PRINT "-- w ("
PRINT "Concentrated load:"*
PRINT "-- P1 ("; UFS; "), al (*; UL1S:
IF P1 = 0 THEN GOTO 460
PRINT "-- P2 (": UF$; "), a2 ("; UL1$;: ")"; : INPUT P2, A2
* Print the input data for the beam
460 LPRINT : LPRINT "The input data:"
LPRINT TAB(3); "The simple span lmth-': TAB(32);: "L =*;
LPRINT USING “WH##EN.HHE": L; : LPRINT " *; UL1S
LPRINT TAB(3): "The beam stiffness:"; TAB(:!I)' "EI =";
LPRINT USING “WW#NNEN.4#": BI; : LPRINT " ": UEIS
IF W = 0 GOTO 520
LPRINT TAB(3); "Uniform load:"; TAB(32); "w =";
LPRINT USING "##N###N.48"; W: : LPRINT * "; UwWS
IF P1 = 0 GOTO 590
520 LPRINT TAB(3); "Concentrated loads:"; TAB(31); "Pl =";
LPRINT USING “W#####E.HN"; P1; : LPRINT " *; UFS
LPRINT TAB(31); "al ="; USING "WINNUEN.RE": AL

161
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C16-2 (a) DEFLECTIONS OF A SIMPLE BEAM C16-2 (c) DEFLECTIONS OF A SIMPLE BEAM
Solution to EXAMPLE 16-7 Solution to Problem 16-21
The input data: The input data:
The simple span length: La 2.000.m The simple span length: L = 10.000 ft
The beam stiffness: EI = 554.00 kN-m"2 The beam stiffness: EI = 26000.00 kip-ft-2
Uniform load: w = 3.00 kN/m Uniform load: w = 2.00 kip/ft
Concentrated loads: Pl = 8.00 kN Concentrated loads: Pl = 10.00 kip
al = 1.20 m al = 5.00 rt
Deflections at every tenth points: Deflections at every tenth points:
Point Distance Deflection Deflection Point Distance Deflection Deflection
0.0 0.00 m 0.00000 m 0.000 mm 0.0 0.00 ft 0.00000 rt 0.000 inm.
0.1 0.20 m 0.00099 m 0.993 mm 0.1 1.00 ft 0.00552 ft 0.066 in.
0.2 0.40m 0.00190 m 1.902 mm 0.2 2.00 rt 0.01050 ft 0.126 in.
0.3 0.60 m 0.00265 m 2.650 mm 0.3 3.00 rt 0.01449 rt 0.174 in.
0.4 0.80 m 0.00317 m 3.169 mm 0.4 4.00 rt 0.01710 ft 0.205 im.
0.5 1.00 m 0.00340 m 3.400 mm 0.5 5.00 rt 0.01803 ft 0.216 in.
0.6 1.20 m 0.00329 m 3.292 mm 0.6 6.00 ft 0.01710 ft 0.205 imn.
0.7 1.40 m 0.00282 m 2.823 mm 0.7 7.00 ft 0.01449 rt 0.174- in.
0.8 1.60 m 0.00206 m 2.056 mm 0.8 8.00 ft 0.01050 ft 0.126 in.
0.9 1.0 m 0.00108 m 1.082 mm 0.9 9.00 ft 0.00552 ft 0.066 im.
1.0 2.00 m 0.00000 m 0.000 mm 1.0 10.00 rt -0.00000 ft -0.000 imn.
& DEFLECTIONS OF A SIMPLE BEAM
c.'s 2 (b) 018-2 (d) DEFLECTIONS OF A SIMPLE BEAM
Solution to Problem 16-19
Solution to Problem 16-22
The input data:
The simple span length: L = 6.000 m The input data:
The beam stiffness: ElI = 3670.00 kN-m~2 The simple span length: L= 8.000 frt
Uniform load: w = 0.19 kN/m The beam stiffness: EI = 180.00 kip-ft-2
Concentrated loads: P1 = 5.00 kN Concentrated loads: Pl = 0.20 kip
al = 2.00 m al = 4.00 rt
P2 = 5.00 kN P2 = 0.40 kip
az = 4.00 m a2 = 6.00 ft
Deflections at every tenth points: Deflections at every tenth points:
Point Distaoce Deflection Deflection Point Distance Deflection Deflection
0.0 0.00 m 0.00000 m 0.000 mm 0.0 0.00 ft 0.00000 ft 0.000 im.
0.1 0.60 m 0.00349 m 3.495 om 0.1 0.80 rt 0.00749 ft 0.090 in.
0.2 1.20 m 0.00667 m 6.666 mm 0.2 1.80 ft 0.01444 ft 0.173 in.
0.3 1.80 m © 0.00920 m 9.195 mm 0.3 2.40 rt 0.02031 ft 0.244 in.
9.4 2.40 m 0.01079 m 10.787 mm 0.4 3.20 rt 0.02457 rt 0.295 in.
0.5 3.00 m 0.01132 m 11.319 mm 0.5 4.00 ft 0.02667 rt 0.320 in.
0.6 3.60 m 0.01079 m 10.787 mm 0.6 4.80 ft 0.02616 ft 0.314 in.
0.7 4.20 m 0.00920 m 9.195 mm 0.7 5.60 ft 0.02296 ft 0.276 in.
0.8 4.80 m 0.00667 m 6.666 mm 0.8 6.40 rt 0.01708 ft 0.205 in.
0.9 5.40 m 0.0034%9 m 3.495 om 0.9 7.20 ft 0.00908 rt 0.109 im.
1.0 6.00 m =0.00000 m =0.000 mm 1.0 8.00 ft 0.00000 ft 0.000 im.
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Solution to Computer Program Assignment C17-1 Solution to Computer Program Assignment C17-1 Continued

® C17-1 * Reaction components on a fixed beam * Print heading

. 580 LPRINT

Clua;creen LPRINT "The reaction components at the fixed supports are:"
. . LPRINT
" Display the introductory remarks

PRINT *Want to see the introductory remarks?" Compute the reaction components at the fixed supports

L1 4ydey) ‘syuawudissy snduwo)

£61

NPUT "-= . Bl = L - Al: B2 = L - A2
¥ RMKS = SYe OR RHKS *y* GOTO 100 ELSE GOTO 200 MAL =W e L - 2/ 12: MBL = MAL: BAL = W 2 L /3 l_ﬂ;l"”n‘. 3
. . - - -
100 PRINT "REMARKS: (1) This program can be used to compute the reaction” m g L B z-/aL - ;mz = (MBZ - MAZ + P1 * Al) / L
PRINT * components for a fixed beam subjected to a" MA3 : :::‘E ;3"22 2 “2 / L’ /i MB3 = P2 * A2 " 2*BZ /L
PRINT * uniform load and up to two concentrated loads.” RA3 = (MA3 - MB3 + P2 * B2) / L: RB3 = (MB3 - MA3 + P2 * A2) / L
PRINT * (2) The input data for the beam include the span” MA = MAl + MAZ + MA3: MB = MBl + MB2 + MB3
PRINT - length. the uniform load. the concentrated” RA = RAL + RAZ +» RA3: RB = RBl + RB2 + RB3
s and their locations.® 2 .. " "
g;g . (3) Th: input data and the mteﬂ results are” %: p :‘ﬁ'c'u'l;i- Thas: ="t 007 Y v i)
printed on the printer iately after” . % - ", P " " UMS:
PRINT : data are entered. Make sure your printer i(s on" ?:n;fr>rsa§:;{'$ﬂ;liﬂg?§§ ;I'!::""" P Lo
. i
. PRINT before entering data. IF MA < 0 THEN LPRINT TAB(53); DM2

310
330

460

510

Input problem I.D.
PRINT "Enter problem designation:"
XNPI{I‘ *-- Prob. 1.D. ";: IDS

Select system of units
PRINT "Select the system of units:"
PRINT " 1 -- SI units"
PRINT * 2 -- US customary units”
INPUT "-- 1 /7 2"; U
IF U = 2 GOTO 310
UF$ = "kN": ULS = "m":
GOTO 330
UF$ = "kip”:

Uws = "kN/m": UMS = "kN-m"

ULS = "ft": UwWs = "kip/ft": UMS = "kip-ft*
Print problem I.D.
LPRINT "REACTION COMPONENTS ON A FIXED BEAM"

LPRINT : LPRINT "Solution to "; ID$

Enter data for the beam
PRINT "Span length:"
PRINT "Uniform load:":
PRINT "Concentrated load:*

PRINT "-- P1 ("; UFS$; "), al (": ULS: ")":
GOTO 460

PRINT "-- L ("; UL$: *)*
PRINT "-- w ("; UwW$;: *)

PRINT "-- P2 ("; UP$; *), a2 (*: ULS$:; ")"; :

Print the input data for the beam
LPRINT : LPRINT "The input data:*
LPRINT TAB(3); "The simple span length:": TAB(32): "L =";
LPRINT USING "H#####.4##": L; : LPRINT * *; ULS
IF W = 0 GOTO 510
LPRINT TAB(3); "Uniform load:"; TAB(32); "w =";

LPRINT USING 'lllllll W™ Wi o LERINT " "; UWS$
IF P1 = 0 GOTO §
LPRINT TAB(3):; 'Concentrltod loads:"; TAB(31): "Pl =";
"NWNHEHN.#H"; PL; : LPRINT " "; UFS
al ="; USING "WNNENSEN.HN": AL: :

LPRINT * *; ULS

LPRINT TAB(31); "P2 =": USING "WAHENN#.#N":; P2: :  LPRINT " "; UF$
LPRINT TAB(31): "aZ ="; USING "######H.##": A2; : LPRINT " "; ULS

LPRINT TAB(31): "MB ="; USING "llllfl d4a; MB;
IF MB > 0 THEN LPRINT 'I'AB(SS).

IF MB < 0 THEN LPRINT TAB(53); DM

LPRINT TAB(31); "RA ="; USING 'll’lll #HE"; RA;
IF RA > 0 THEN LPRINT TAB(53); DI]S

IF RA < 0 THEN LPRINT TAB(53):

LPRINT TAB(3i): "RB ="; USING 'llllii NA#NT; RB; :
IF RB > 0 THEN LPRINT TAB(53); DR1$

IF RB < 0 THEN LPRINT TAB(53): DR2S

LPRINT " "; UMS;

LPRINT " "; UFS;

LPRINT " *; UFS;
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£ Solution to Computer Program Assignment C17-2
c.'7-1 (a) REACTION COMPONENTS ON A FIXED BEAM .
* C17-2 * Analysis of a two-span continuous beam with overhangs
Solution to Problem 17-13 :
’ ' Clear screen
'®) The input data: v e
The simple span length: L= 6.000
5 Uniform load: - w = 2.00 :N/- ' Display the introductory remarks
= Concentrated loads: Pl = 10.00 kN PRINT '\\'mt to see the introductory remarks?”
= al & 3.00 m INPUT "-- Y / N "; RMK$
- IFMS-'Y'WWS-'y'GO‘l‘OlODH.SEmTOZID.
9} The reaction components at the fixed supports are: 100 PRINT :nmu\mcs.- (1) This program can be used to compute the support”
3 g::rl’ s ;glenta and reactions for a two-span continuous”
MA 2 kN~ .c.w. am. "
@ = Dhaine g PRINT " (2) The input data include the length, the uniform"
o RA = 11.000 kN (upward) PRINT " load, the the concentrated load and its location”
= RB = 11.000 kN (upward) PRINT " for each span and each overhang."
5 PRINT " (3) The input data and the computed results are"
PRINT " printed on the printer immediately after”
g PRINT " data are entered. Make sure your printer is on"
= PRINT " before entering data."
‘;-) * Input problem I.D. 3
210 PRINT "Enter problem designation:"
g C17-1 (b) REACTION COMPONENTS ON A PIXED BEAM . INPUT "-- Prob. I.D. *; ID$
= Solution to Problem 17-12 ' Select system of units
ﬁ The lnpnt — mgx’r "Select the mu: of units:"
i 1 -- SI units"
— The simple span length: L= 12.000 ft » - iy
=2 Concentrated loads: Pl = 6.00 kip m e ,22_; 35 customary units
al = 4.00 rt IF U = 2 GOTO 320
ﬁ : :gg ﬁ.p UF§ = ':N": ULS = "m": UWS = "kN/m": UM$ = "kN-m"
. GOTO 34
. - - . L] -t
The reaction components at the fixed supports are: — v W TS FEETL I SRAREES: e A=K
340 ' Print problem I.D.
MA = 16.000 kip-ft (c.c.w.) LPRINT "ANALYSIS OF TWO-SPAN CONTINUOUS BEAM WITH OVERHANGS"
niﬂ; : 1:333 ﬂ:—rt :Evsnl'd) LFRINT : LPRINT "Solution to "; ID$
BB = 6.000 kip (upward) * Enter data for the beam
PRINT "Lengths of mrmu and span len‘thl"
PRINT "=-- LO (":; UL$; ")" INPUT
PRINT " INPUT LI
PRINT o INPUT L2
PRINT INPUT L3
IF LO = 0
mlm :Loula on the left overhang:" “
PRI -= wl ("; UWS; ")"; : INPUT
c17.1 (c) REACTION COMPONENTS ON A FIXED BEAM ) g:grr :__ PO (": U'FS: *), a0 (": UL$; ")"; : INPUT PO, AO
470 Loads on the first span:"
Solution to Problem 17-14 PRINT "-- wl ("; UW$; ")"; : INPUT W1
PRINT "-- PL ("; UF$; "), al ("; UL$; ")*; : INPUT P1, Al
The input data: H
The simple span length: L = 7.000 m g:g :l:?.e; ?etﬁ.::’ee?ed ’mi;ﬂ.ﬂ:‘ w2
Uniform load: w = 3.00 kN/m PRINT "-- P2 (": UFS: "), &2 (": UL$; ")": : INPUT P2, A2
Concentrated loads: Pl =  20.00 kN IF L3 = 0 GOTO 580 et ’
al = 4.00 m mlg "Loads on the right overhang:" -
e ", s Wy 3 NPUT
The reaction components at the fixed supports are: gim- " ;g {. %' -3‘3 (-f ULS; *")"; : INPUT P3, A3
MA = 26.944 kN-m (c.c.w.) * Print the input data for the beam
MB = 31.842 kN-m {c.c.) . .
RA = 18.372 kN (uodara) 560 LPRINT : LPRINT "The input data:
RB = 22.628 kN (upward)
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620

660

690

760

800

840

890

Solution to Computer Program Assignment C17-2 Continued

IF L0 = 0 GOTO 660
LPRINT TAB(3); "The left overhang:";: TAB(31); "L0 =";

LPRINT USING "FHNNHN.#HR"; LO; : LPRINT * *; ULS

IF W0 = 0 GOTO 620 .

LPRINT TAB(31); "w0 ="; USING "WNW#NN.A##"; WO; : LPRINT " "; Uw$
IF PO = 0 GOTO 660

LPRINT TAB(31); "PO ="; USING "#H#NAN.0N
LPRINT TAB(31); "a0 ="; USING "WHNNNE.HNN

: LPRINT " *: UFS
3 LPRINT * "; ULS

LPRINT TAB(3); "The first span:®; TAB(31); "Ll =";

LPRINT USING "#W#N#N.¥#N"; L1; : LPRINT " *; UL$

IF W1 = 0 GOTO 890

LPRINT TAB(31); "wl ="; USING "N#A###.##H": W1; : LPRINT " "; UWs
IF P1 = 0 GOTO 730

LPRINT TAB(31); "P1 ="; USING "######.###"; P1; : LPRINT " "; UFS
LPRINT TAB(31); "al ="; USING "#W¥###.###"; Al; : LPRINT " "; ULS

LPRINT TAB(3); "The second sm:"; TAB(S].]. "L2 =";
LPRINT USING 'l"lll.l'f'. I LPRINT * "; ULS
IF W2 = 0 GOTO 760

LPRINT TAB(31); "w2 ="; USING "HUNNNE.NNE"; W2;

IF P2 = 0 GOTO 800

LPFRINT TAB(31); “"P2 ="; USING "H#NNNN.GNE": P2; : LPRINT * *;
mslNT TAB(31): "aZ ="; USING "W#N#NE.H¥E": AZ; : LPRINT "3

IF L3 = 0 GOTO 899

LPRINT TAB(3); "The right overhang:"; TAB(31); "L3 =";

LPRINT USING 'llllll #Ewt; L3; - LPRINT " ": ULS

IF W3 = 0 GOTO 8

LPRINT TAB(31): 'r:! ="; USING "#NN#NS.4FE"; W3; : LPRINT " ";
IF P3 = 0 GOTO 890

LPRINT TAB(31); "P3 ="; USING "W#W##N.###"; P3; : LPRINT " *;
LPRINT TAB(31); "a3 =*; USING "######.4#8": A3; : LPRINT " ";

% LPRINT * *;

§9 %

I

' Compute the reaction components at the fixed supports

B0 = LO - AO: Bl = L1 - Al: B2 = L2 - A2: B3 = L3 - A3
K=-Wl*Ll"“3/4-W2¢1L12"3/4
K=K-=-P1L*Al* (Ll 2-A1"12)/1L1

K=K-P2*B2* (L2"2-B2"12) /L2

MA = -PO * BO - WO * LO ~ 2 / 2: MC = -P3 ®* A3 - W3 * L3 "2/ 2
MB = (K - MA* Ll -M*L2) /2 / (L1 + L2)

RA = PO * (L1 + BO) + * L0 * (L1 «+ LO / 2)

BA = (RA + P1 * Bl + Wl * L1 "~ 2/ 2 + MB) / L1

RC = P3 * (L2 + A3) + W3 * L3 * (L2 + L3 / 2)

RC = (RC + P2 * AZ +» W2 * L2 ~ 2 /7 2 + MB) / L2

BB = PO + P1 + P2 + P3 + W0 * L0 » W1 * L1 + W2 * L2

RB = RB + W3 * L3 - RA - RC

LPRINT : LPRINT "Support moments and reactions are:"
DR1S = " (upward)”: DR2S = " (downward)"
LPRINT TAB(31); "MA ="; USING "#####¥#.4H#"; MA; : LPRINT "
LPRINT TAB(31); "MB ="; USING "MHA###.#A#"; MB; : LPRINT " *; UMS

LPRINT TAB(31); *MC ="; USING "W####N.HHH"; MC: LPRINT :
LPRINT TAB(31): "RA ="; USING "W###NN.HAN": RA; LPRINT " "; UF§;
IF RA > 0 THEN LPRINT TAB(49): nmt

IF RA < 0 THEN LPRINT TAB(49): DR2

LPRINT TAB(31); "RB ="; USING 'unn §#N"; RB: : LPRINT " "; UFS:
IF RB > 0 THEN LPRINT TAB(49); s

IF RB < 0 THEN LPRINT TAB(49):

LPRINT TAB(31); "RC ="; USING 'lllﬂl ###"; RC; : LPRINT * *; UPFS;
IF RC > 0 THEN LPRINT TAB(49); DR1$

IF RC < 0 THEN LPRINT TAB(49); DR2S

C17-2 (a)

C17-2 (b)

C17-2 (c)

ANALYSIS OF TWO-SPAN CONTINUOUS BEAM WITH OVERHANGS
Solution to EXAMPLE 17-9

The input data: !
The left overhang: LO

- 3.000 m
PO = 10.000 kN
a0 = 0.000 m
The first span: L1l = 8.000 m
Pl = 20.000 kN
al = 4.000 m
The second span: L2 = 8.000 m
w2 = 5.000 kN/u
Support moments and reactions are:
-30.000 kN-m
-27.500 kN-m
0.000 kN-m

20.313 kN (upward)
33.125 kN (upward)
16.563 kN (upward)

EBEEES

ANALYSIS OF TWO-SPAN CONTINUOUS BEAM WITH OVERHANGS
Solution to Problem 17-23
The input data:

The first span: L1 = 10.000 ft
Pl = 6.000 kip
al = 5.000 ft
The second span: L2 = 10.000 ft
w2 = 2.000 kip/ft

Support moments and reactions are:
MA = 0.000 kip-ft

MB = -18.125 kip-ft

MC = 0.000 kip-rt

RA = 1.188 kip (upward)

RB = 16.625 kip (upward)

RC = 8.188 kip (upward)

ANALYSIS OF TWO-SPAN CONTINUOUS BEAM WITH OVERHANGS
Solution to Problem 17-25
The input data:

The first span: Ll = 5.000 m
wl = 10.000 kN/m
The second span: L2 = 5.000 m
w2 = 10.000 kN/m
The right overhang: L3 = 2.000 m
P3 = 20.000 kN
al = 2.000 m

Support moments and reactions are:

0.000 kN-m
~21.250 kN-m
~-40.000 kN-m

kN (upward)
50.500 kN (upward)
48.750 kN (upward)

BEDEES
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* Cla-1 *

Solution to Computer Program Assignment C18-1

Stresses on inclined planes

Clear screen, compute pl and degree and radian conversion factors
CLs : PI = 4 * ATN(1): DR = PI / 180: RD = 1 / DR

Display the introductory remarks
PRINT "Want to see the {ntroductory remarks?"
INPUT "-- Y / N "; RMKS
IF RMKS = 'Y'URMS = "y" GOTO 100 ELSE GOTO 200
PRINT "REMARKS: (1) This program can be used to compute the normal”

PRINT " shear stresses on inclied planes.”
PRINT * (2) The input data include the normal stresses in"
PRINT = the vertical and horizontal planes, the shear"
PRINT " stress on the vertical plane, and the angle”
PRINT " measured from the vertical to the inclined plane.”
PRINT " (3) The input data and the computed results are”
PRINT * printed on the printer immediately after®

.

.

data are entered. Make sure your printer is on"
before entering data."”
' Input problem I.D.
PRINT "Enter problem designation:”
INPUT "=~ Prob. I.D. *; IDS$
'
' Seledt system of units
PRINT "Select the system of units:"
PRINT * 1 -- SI units®
PRINT * 2 -- US customary units”
INPUT "-- 1 / 2"; U
IF U = 1 THEN US$ = "MPa"
IF U = 2 THEN US§ = "ksi"

Print probleam I.D.
LPRINT -mwlm:mmmmm
LPRINT "SUBJECTED TO PLANE STRESS"
LPRINT : LPRINT "Solution to "; IDS

* Enter data for the element
PRINT, "Norn.l stress on the vertical plane:”
PRINT "-- Snx ("; USS$; ")": : INPUT SNX
l’ll!ﬂ‘ "Normal stress on the horizontal plane:"
PRINT "-- Spy ("; USS$; ")*; : INPUT SNY
PRINT "Shenr stress on the vertical plane:"
PRINT "-- Ssx (*: US$; ")"; : INPUT SSX

' Print the input data for the element
LPRINT : LPRINT "The given state of plane stress:": LPRINT
LPRINT TAB(3); "Normal stress on vert. plane:"; TAB(33); "Snx =";
LPRINT USING "WHNNEN.WEN"; SNX; : LPRINT * *; USS
LPRINT TAB(3); "Normal stress on hori. plane:*; TAB(33); "Say =*;
LPRINT USING *###N#N.H¥#"; SNY; : LPRINT * *; USS
LPRINT TAB(3): "Shear stress on vert. plm"; TAB(33);: "Ssx =";
LPRINT USING "W#N##N.##4"; SSX; : LPRINT " *; USS

PRINT "The direction of the incline:
PRINT "-- theta (degrees, ccw as +)"

' print heading for output results
LPRINT : LPRINT "Stresses on inclined planes:*
LPRINT * .
LPRINT : LPRINT "Inclined plane Normal stress Shear stress"

: INFUT AD

Solution to Computer Program Aulgnmem C18-1 Continued

LPRINT TAB(5): "degrees"; TAB(22); USS$: TAB(37);
LPRINT "from vert(ccw+)"

LPRINT " .
LPRINT

* Compute the stresses on the inclined plane
A = (SNX + SNY) / 2: B = (SNX - SNY) / 2: C = SSX
R=SQR(B*B+C*C)
600 DAR = 2 * AD * DR
SN = A + B * COS(DAR) + C * SIN(DAR)
SS = -B * SIN(DAR) + C * COS(DAR)
LPRINT USING "##N#NEN.A4"; AD:
LPRINT USING "WAWRNAERARE . 404" ; SN.
LPRINT USING "##NHNMNRANE.HEE": SS
PRINT "-- theta (degrees, enter 0 to quit)®; : INPUT AD
IF AD = 0 GOTO 670 ELSE GOTO 600
670 LPRINT * .
END

C1s-1 (.) STRESSES ON INCLINED PLANES IN AN ELEMENT
SUBJECTED TO PLANE STRESS

Solution to EXAMPLE 18-9

The given state of plane stress:
Normal stress on vert. plame: Snx = -3.000 ksi
Normal stress on hori. plane: Sny = 5.000 ksi
Shear stress on vert. plane: Ssx = -4.000 ksi

Stresses on inclined planes:

tm:u.ned plane Normal stress Shear stress
degrees ksi ksi
from vert(ccw+)

-30.00 2.464 -5.464

Ci8-1 (b) STRESSES ON INCLINED PLANES IN AN ELEMENT

SUBJECTED TO

Solution to Problem 18-29

The given state of plane stress:
Normal stress on vert. plane: Snx = 50.000 MPa
Normal stress on hori. plane: Sny = -50.000 MPa
Shear stress on vert. plamne: Ssx = 0.000 MPa

Stresses on inclined planes:

Inclined plane Normal stress Shear stress
degrees MPa MPa
from vert(ccw+)

-45.00 =-0.000 §0.000
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C18-1 (C)  STRESSES ON INCLINED PLANES IN AN ELEMENT
SUBJECTED TO PLANE STRESS
Solution to Problem 18-31
The given state of plane stress:
Normal stress on vert. plame: Snx = -4.000 ksi
Normal stress on hori. plane: Sny = 6.000 ksi
Shear stress on vert. plane: Ssx = -5.000 ksi
Stresses on inclined planes:
Inclined plane Normal stress Shear stress
degrees ksi ksi
from vert(ccw+)
-30.00 2.830 ~-§.830
STRESSES ON INCLINED PLANES IN AN ELEMENT

Solution to Problem 18-32

The given state of plane stress:
Normal stress on vert. plane: Snx = -70.000 MPa
Normal stress on hori. plane: Sny = =70.000 MPa
,Shear stress on vert. plane: Ssx = 30.000 MPa

Stresses on inclined planes:

Inclined plane Normal stress Shear stress
degrees MPa MPa
from vert(ccwe)

=50.00 -99.544 -5.209

100

210

Solution to Computer Program Assignment C18-2

* C18-2 * Analysis of plane stresses

Clear screen, compute pi and conversion factors for de:ree and radian
CLS : PI = 4 * ATN(1): DR = PI / 180: RD = 1 / DR

Display the introductory remarks
PRINT "Want to see the introductory remarks?"
INPUT "-- Y / N *; RMKS
IF RMK$ = "Y" OR RMK$ = "y" GOTO 100 ELSE GOTO 210

PRINT "REMARKS: (1) This program can be used to compute the principal®

PRINT * stresses, orientation of principal planes, the"
PRINT " maximum and minimum shear stresses and shear”
PRINT * planes, and stresses on inclined planes.”

PRINT " (2) The input data include the normal stresses in the"
PRINT " vertical and horizontal planes, the shear stress"
PRINT " on the vertical plane, and angles from vertical”
PRINT " to the inclined plane.”

PRINT " (3) The input data and the computed results are”
PRINT * printed on the printer immediately after”

gig : data are entered. Make sure your printer is on"

before entering data.”

Input problem I.D.
PRINT "Enter problem designation:”
H!PIIT *=-- Prob. I.D. "; ID$

Select system of units
PRINT "Select the system of units:"
PRINT * 1 -- SI units”
PRINT * 2 -- US customary units”
INPUT "-= 1/ 2%; U
IF U = 1 THEN US$ = "MPa"
IF U = 2 THEN US$ = "ksi"

Print problem I.D.
LPRINT "ANALYSIS OF PLANE STRESSES"
LPRINT : LPRINT "Solution to "; ID$

Enter data for the element
FRINT."Normal stress on the vertical plane:"
PRINT "-- Sox (*; US$; ")"; : INPUT SNX
PRINT "Normal stress on the horizontal plane:"
PRINT "-- Sny ("; US$; ")"; : INPUT SNY
PRINT "Shear stress on the verti.ul plane:*
PRINT "-- Ssx (": USS$: ")*: : INPUT SSX

Print the input data for the element

LPRINT : LPRINT *"The given state of plane stress:": LPRINT

LPRINT TAB(3); "Normal stress on vert. nim-'- TAB(33): "Sox =";
LPRINT USING "H#####.4N#"; SNX: : LPRINT " "; USS

LPRINT TAB(3); "Normal stress on hori. pll.nl ': TAB(33); "Sny =";
LPRINT USING "###W#H.HNE"; SNY; : LPRINT " "; USS$

LPRINT TAB(3); "Shear stress on vert. plane:"; TAB(33). "Ssx =";
LPRINT USING "WHNWNNH.HHE"; SSX; : LPRINT " "; US§

Compute the principal stresses
A= (SNX +«» SNY) / 2: B = (SNX - SNY) / 2: C = SSX
)

DAL = ATN((R - B) / C) * RD
0
IF ABS(DA2) > 90 THEN DA2Z = DAl - 90
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Solution to Computer Program Assignment C18-2 Continued

SS =0
' Print the principal stresses
%IN‘T = LPRINT "The principal stresses and the pringipal planes:"®
INT " H

LPRINT

LPRINT "Principal plane Normal stress Shear stress Remark"
LPRINT TAB(5); "degrees”; TAB(23): US$: TAB(38): USS

LPRINT "from vert(ccw+)"

LPRINT * T S ———n

LPRINT USING "##NW##¥.H4"; DAL;
LPRINT USING "WASHRNNNARE . 44K ; SN1;
LPRINT USING "HH4SHERSEEE . 4NE"; SS;:
LPRINT TAB(46): "Max. Normal Str."
LPRINT USING "H##F4EE.HN"; DA2;
LPRINT USING "WNWHARRENEE.HEH"; SN2;
LPRINT USING “"WUNNENNUNNN.HHE"; SS;
glhﬂ' TAB(46); "Min. Normal Str."

* Compute the maximum and minimum lhaar stresses
SS1 = R: 552 = -R: SN =
DASI--ATNIB/[H.OCH°BD- DA52-DAS:I.'90
IF ABS(DAS2) > 90 THEN DAS2 = DAS1 - 90

' Print the maximim and minimum shear stresses
LPRINT : LPRINT
gm’r "The max. & min. shear stresses and shear planes:"
INT "

LPRINT

LPRINT " Max. or min. Normal stress Shear stress Remark"”
LPRINT * Shear plane* ]

LPRINT TAB(5); "degrees”; TAB(23): US$: TAB(38); USS

LPRINT "from vert(ccw+)*

LPRINT "=-vee-- -
LPRINT USING "NW#NNNN.H#"; DASL;

LPRINT USING "HARANRANANN.WHH"; SN;:
LPRINT USING "WNNNNHNNNNA.H#H": SS1;
LPRINT TAB(46); "Max. Shear Str."

LPRINT USING "W####NHN.NE": DASZ;

LPRINT USING “WAN#NRRRHNE . HHN"; SN;
LPRINT USING "W##NASNNANEN.HHN": SS2;
LPRINT TAB(46); "Min. Shear Str."

LPRINT "

PRINT "The direction of the incline:"
PRINT "-- theta (degrees, ccw as +, enter 0 to quit this functiom)®:
INPUT AD
IF AD = 0 GOTO 1120
' Print stresses on inclined planes
LPRINT : LPRINT : LPRINT "Stresses on inclined phnaa:"
LPRINT "
LPRINT : LPRINT "Inclined plane Normal stress She-r stress”
LPRINT TAB(5); “degrees"; TAB(23); US$: TAB(38); US
LPRINT -"from vert(ccws)"

LPRINT "=ccccccccccecnaas T ————— . "

Compute the stresses on the inclined plane
1020 DAR = 2 * AD * DR

SN = A + B * COS(DAR) + C * SIN(DAR)
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Solution to Computer Program Assignment C18-2 Continued

SS = -B * SIN(DAR) + C * COS(DAR)
' Print stresses on the incline
LPRINT USING “"#N##ANN.HN"; AD;
LPRINT USING "WHHNWERUAKYE . HHN": SN:
LPRINT USING "WN#WWNNENNN.HHH"; SS
PRINT "-- theta (degrees, ccw as +, enter 0 to quit this function)”;

INPUT AD
IF AD = 0 GOTO 1110 ELSE GOTO 1020
1110 LPRINT * -
1120 END
C18-2 (a) ANALYSIS OF PLANE STRESSES

Solution to EXAMPLE 18-11

The given state of plane stress:

Normal stress on vert. plane: Snx = =2.000 ksi
Normal stress on hori. plane: Sny = 6.000 ksi
Shear stress on vert. plane: Ssx = -3.000 ksi

The principal stresses and the principal planes:

Principal plane Normal stress Shear stress Remark
degrees ksi ksi
from vert(ccw+)
--“:;1.!7 7.000 0.000 Max. Normal Str.
18.43 =-3.000 0.000 Min. Normal Str.

The max. & min. shear stresses and shear planes:

Max. or min. Normal stress Shear stress Remark
Shear plane
degrees ksi ksi

from vert(ccw+)

Max. Shear Str.
-26.87 2.000 -5.000 Min. Shear Str.
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C18-2 (b) ANALYSIS OF PLANE STRESSES Solution to Computer Program Assignment C19-1
Solution to Problem 18-44
LA ] - -
The given state of plane stress: 4 C19-1 AISC allowable compressive stresses for steel columns
Normal stress on vert. plane: Snx = -4.000 MPa cu.::x_gcl:-een'xcﬂusen%(n
Normal stress on hori. plane: Say = 8.000 MPa DIM SALL(200)
Shear stress on vert. plane: Ssx = -8.000 MPa .
" the
The principal stresses and the principal planes: “’"éﬁ’:’m 'H:::r::u:;:r{h:en:::ductory remarks?"
INPUT "-- Y / N "; RMKS
IF RMK$ = "Y" OR RMK$ = "y" GOTO 110 ELSE GOTO 200
Pﬂ“gl”l Plane Normal stress Shear stress Remark 110 PRINT "REMARKS: (1) This program can be used to produce a table”
e agreas MPa MPa PRINT " listing the AISC allowable compressive stresses”
TOR vert(oows) PRINT " for slenderness ratios varying from 1 to 200 at"
- - e PRINT * steps of 1 for a given yield strength."”
-“"3 12.000 ¢.000 Max. Normal Str. PRINT " (2) The user needs only to imput the yield strength"
26.57 -8.000 0.000 Min. Normal Str. PRINT * of the ook
PRINT " (3) The input data and the computed results are”
PRINT " printed on the printer immediately ::ter'i =
PRINT * dat . Mak: rinter is on
The max. & min. shear stresses and shear planes: PRINT * ber:r:r:n::::::dun.f sure your p
. t
Max. or min. Normal stress Shear stress Remark 200 s“;ﬁfﬁ-'fszegf I:::t:,.:e- of units:"
Shear plane PRINT * 1 == SI units"
degrees MPa MPa PRINT " 2 -- US customary units”
from vert(ccws+) INPUT "-- 1 / 2°; U
cemcccmccesssssccccmmmeseaccnscasmena i s s
71.57 2.000 10.000  Max. Shear Str. AR, .
-18.43 2.000 -10.000 Min. Shear Str. 260 USS = "ksi®:  UE$ = "ksi®
' Input data
ANALYSIS OF PLANE STRESSES 290 PRINT "Yield strength of the columm:"
Ci8-2 (c) = PRINT "-- Sy (*; US$; ")"; : INPUT SY
to Prob. B= '
Sakatinm. t0 Prokies 1e=c0 * Compute the AISC allowable compressive stresses for steel columns
The given state of plane stress: %gg = ; THEN g 7 23830'”
Normal stress on vert. plane: Snx = -15.000 MPa CC = SQR(2 * PI *~ 2 * E / SY)
Normal stress on hori. plane: Sny = -5.000 MPa FOR S = 1L TO 200
Shear stress on vert. plane: Ssx = 12.000 MPa ?gcs'fcé cc ooy
The principal stresses and the principal planes: %(f;ni PI “"2*E/S "2/ 1.92
400 F§=5/3+3*SCC/8-58SCC"3/8
Principal plane Normal stress Shear stress Remark SALL(S) = (1 - SCC "~ 2 / 2) * SY / FS
degrees MPa MPa 420
b ot MO - S LPRINT *AISC_ALLOWABLE COMPRESSIVE STRESSES FOR STEEL COLUMNS'
56.31 3.000 0.000 Max. Normal Str. LPRINT :fol' Sy ="; USING "###H"; SY: : LPRINT : Uss -
-33.69 -23.000 0.000 Min. Normal Str. gim = - H
LPRINT
LPRINT "kL/r Sa kL/r Sa kL/r Sa kL/r Sa "3
The max. & min. shear stresses and shear planes: gﬂéﬂ: ;u&go ‘ga'
LPRINT " (ksi) (ksi) (ksi) (ksi) 3
Max. or min. Normal stress Shear stress Remark mm':'_r; (ksi)"
Shs::r:::ne MPa MPa 450 LPRINT " (MPa) (MPa) (MPa) (MPa) L ]
" "
from vert(ccws+) LPRINT (MPa) ; e
......... 470 LPRINT * :
11.31 -10.000 13.000 Max. Shear Str.
~78.69 -10.000 -13.000 Min. Shear Str.
397 398




002

61 19dey) ‘syuomuBissy Joynduwo))

Solution to Computer Program Assignment C19-1 Continued

LPRINT * "
LPRINT
FOR N = 1 TO 40
LPRINT USING "###": N: : LPRINT USING “H4WHN.HE"; SALL(N);

LPRINT USING "WHHHHH": N + 40;

LPRINT USING "WH##H.NN"; SALL(N + 40);
LPRINT USING "WHHANK": N + 80;

LPRINT USING "W####.HH": SALL(N + B0):
LPRINT USING "WANNNNN": N + 120:
LPRINT USING "###N.##": SALL(N + 120);
LPRINT USING "#H#NENNH": N + 160;
LPRINT USING "###H.H##": SALL(N + 160)
IF N = 40 GOTO 580

IF N = (N\ 5) * 5 THEN LPRINT

NEXT N
LPRINT " gt
LPRINT * .
LPRINT : LPRINT "Note: Cc ="; LPRINT USING "#W##.#"; CC

399

C19-1 (a)

AISC ALLOWABLE COMPRESSIVE STRESSES FOR STEEL COLUMNS
for Sy = 60 ksi

kL/r Sa kL/r Sa kL/r Sa kL/r Sa kL/r  Sa
(ksi) (ksi) (ksi) (ksi) (ksi)

1 35.92 41 30.15 81  20.65 121 10.18 161 5.75

2 35.83 42 20.95 82  20.37 122 10.02 162 5.68

3 35.74 43  29.75 83  20.09 123 9.85 163  5.61

4 35.84 44 29.55 84 19.80 124 9.70 164 5.54

§ 35.54 45 29.35 85 19.51 125 9.54 165 5.48

6 35.44 46 29.18 88 19.22 126 9.39 166 5.41

7 35.34 47  28.94 87 18.93 127 9.24 167 5.35

8 35.23 48 28.73 88 18.63 128 9.10 168 5.28

9 35.12 49 28.52 89 18.34 129 8.96 169 5.22
10 35.01 50 28.31 90 18.04 130 8.82 170 5.16
11 34.89 51 28.09 91 17.73 131 8.689 171 5.10
12 34.77 52 27.87 92 17.43 132 8.56 170 5.04
13  34.85 53 27.66 93 17.12 133 8.43 173 4.98
14 34.52 54 27.43 94 16.81 134 8.30 174 4.92
15 34.40 85 27.21 95 16.50 135 8.18 175  4.87
16 34.27 56 26.98 96 16.19 136 8.06 176  4.81
17  34.13 57 26.76 97 15.87 137 7.94 177 4.76
18 34.00 58 26.53 98 15.52 138 7.83 178 4.70
19  33.86 59 26.29 89 15.21 139 7.72 179 4.65
20 33.71 60 26.06 100 14.91 140 7.61 180 4.80
21 33.57 61 25.82 101 14.61 141 7.50 181 4.55
22 33.42 62 25.58 102 14.33 142 7.39 182  4.50
23  33.27 83 25.34 103 14.05 143 7.29 183 4.45
24  33.12 64 25.10 104 13.78 144 T.19 184 4.40
25 32.96 65 24.86 105 13.52 145  7.09 185 4.36
26 32.81 66 24.81 106 13.27 146 6.99 186 4.31
27 32.85 67 24.36 107 13.02 147  6.90 187 4.26
28 32.48 68 24.11 108 12.78 148 6.81 188 4.22
29 32.32 69 23.86 108 12.55 149 6.71 189  4.17
30 32.15 70 23.60 110 12.32 150 6.83 190 4.13
31 31.98 71  23.34 111 12.10 151 6.54 181  4.09
3z a1.e1 72 23.08 112 11.88 152  6.45 192  4.04
33 31.83 73 22.82 113 11.67 183  6.37 193  4.00
34 31.45 74 22.56 114  11.47 154 .29 194 3.96
35 31.28 75 22.29 115 11.27 188 6.20 195 3.92
36 31.09 76 22.02 116 11.08 156 6.13 196 3.88
37  30.91 77 21.78 117  10.89 157 6.05 197 3.84
38 30.72 78 21.48 118 10.71 158 5.97 198 3.80
39 30.53 79 21.21 119 10.53 159  5.90 199 3.76
40 30.34 80 20.93 120 10.35 160 5.82 200 3.73

Note: Cc = 97.7
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Solution to Computer Program Assignment C19-2 Continued

* Specify E and change unit of L

;;g-1ma~§ggggo: C19-2 (a) AISC ALLOWABLE COMPRESSIVE LOAD FOR STEEL COLUMNS
= 2 THEN E =
IFU=2THENL = L * 12 Solution to EXAMPLE 19-4
g::}‘ :Tb'pa o: mpgt:rt:' o The input data for the column are:
= nned en s
PRINT * 2 -- Fixed ends" Length of column: L= 10.000 ft
l;::g : 3 == ;ixﬂ-gim:n:nfu' Eerou -::tioml area: A= 4.750 in"2
4 -- PFixed-free s ast radius of gyration: ra= 0.870 in
860 gmg "Sgpport ;623/2/3/4 (Enter 0 to quit)"; TS Yield strength: Sy = 36.000 ksi
= 0 GOTO .
}; ;ss - ; THEN : = 185 The computed results are:
- THEN -,
IFTS = 3 THEN K = .8 For the pinned ends supports: k = 1.000
IF TS = 4 THENK = 2.1 Slenderness ratio: kL/r = 137.931
IF TS = 1 THEN TS$ = "pinned ends" Transition slenderness ratio: Cc = 126.099
IF TS = 2 THEN TS$ = "fixed ends" u AISC allowable compr. stress: Sa = T7.836 ksi
{; T‘I‘g = 3 THEN g: = ::i::g-glﬂmmeﬂg! AISC allowable compr. load: Pa = 37.219 kip
- THEN - =-[{ree ends
* For the fixed ends supports: k = 0.650
' Compute the AISC allowable compressive load for the steel column Slenderness ratio: kL/r = B89.655
SsK*L/R Transition slenderness ratio: Cc = 126.099
CC = SQR(2 * PI ~ 2 * E / SY) AISC allowable compr. stress: Sa = 14.246 ksi
?gqsn Sﬁé g'm i AISC allowable compr. load: Pa = 67.867 kip
<
SALL = PI1 " 2 *E /S "2/ 1.92
GOTO 860
840 m-szs-a-scc/a-scc':/u
SALL = (1 “2/2) *sY/¥Fs
860 PALL = SALI‘.. 0 A
* Print results
LPRINT
LPRINT TAB(3); "For the ";: TS$; " supports:”; TAB(36): "k =";
LPRINT USING “WWWNN.HNE": K .
LPRINT TAB(3); 'S::n::;nel; ratio:"; TAB(33): "kL/r ="; c19-2 (b) AISC ALLOWABLE COMPRESSIVE LOAD FOR STEEL COLUMNS
LPRINT USING "W¥#NN. "
LPRINT TAB(3); "Transition slenderness ratio:"; TAB(35); "Cc ="; Solution to EXAMPLE 19-5
LPRINT 'USING "##N¥¥N.4RN"; CC . J . !
g;n E?;‘gl_’;::ic'ﬂfwgﬁ cmru,;;;;n_ l‘l;gh(:l!l' Sa = The input data for the column are:
LPRINT TAB(3); "AISC allowable compr. load:"; TAB(35); "Pa ="; Length of columm: L= 15.000m
[Ignlilu; lz,soumtm '}2[" FHE": PALL * 1000; Crnls-secsioml area: A= 11.380 m“2/1000
LPRINT * *; GOTO 660 . ) 560 Letit redins uf gyration: r= 0.109m
1000 LPRINT USING "ll'lll ##F"; PALL: : LPRINT ; UPS: GOTO Yield strength: Sy = 345.000 MPa
1020 END The computed results are:
For the fixed ends supports: k = 0.650
Slenderness ratio: kL/r = 89.450
Transition slenderness ratio: Cc = 106.972
AISC allowable compr. stress: Sa = 117.654 MPa
AISC allowable compr. load: Pa = 1338.901 kN
403 A4
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C19-2 (c)

C19-2 (d)

AISC ALLOWABLE COMPRESSIVE LOAD FOR STEEL COLUMNS

Solution to Problem 19-31
The input data for the column are:

Length of column:

L= 9.000

Cross-sectional area: A= 21.200
0.021 m°2
Least radius of gyration: ras 0.068
Yield strength: Sy = 250.000
The computed results are:

For the fixed-pinned ends supports:

k = 0.800
Slenderness ratio: kL/r = 105.727

Transition slenderness ratio: Cc = 125.664
AISC allowable compr. stress: Sa = 84.665
AISC allowable compr. load: Pa = 1794.887

-
m*2/1000

AISC ALLOWABLE COMPRESSIVE LOAD FOR STEEL COLUMNS

Solution to Problem 19-35

The input data for the column are:

Length of column: L= 25.000
Cro:s-sactimnl area: A= 11.760
Least radius of gyration: rs= 3.670
Yield strength: Sy = 36.000

The computed results are:

For the pinned ends supports:
Slenderness ratio:
Transition slenderness ratio:
AISC allowable compr. stress:
AISC allowable compr. load:

.
BESSn
g

178.283

144

kip
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