Chapter 1 Solutions

Problem 1.3-1

Ibf
L=14ft qp=12— P =50If M, = 300Ibf-ft
It
Eeactions
3
¥F, =0 B, = =P =30Ibf
2
1] Vo (2LYy 4 (. LY -
XMy =0 B = I-.—MO - | = qﬂJ-Ll ol Rl PIL+ > =94.571-Ibf
57 1 4 . ~ r
YF, = 0 Ay=|5q L+ ?P ~ By =29.429 Ibf

M,V and M at midspan of AB - LHFE is used below

xll'l.id =10

i 1 90 L

Vmid = Ay~ 7 =8.420Ibf

\ L 19%¢L 1L b
1
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Problem 1.3-2

N
L =4m qQp = 160 — P =200N M[} = 380N-m
111
Feactions

=3
N = B = —P=-120N

X X 5
1. 1 Y _ (1LY 4 _ ¢ EN]

WY, o N SN | i e * |_ S | T y e J
¥My =0 B, = - | M, ; qﬂJ LL} | - PiL SE 38.3331
1. % 4 i

LF, =0 A, =|-qy|L-—P-B,=198333N
% z L Fi | A
N, WV and M at midspan of AB - LHFB is used below
'_l.'l.'l.id =10
l" LY
i) | T. _
11]]1(1 = 4‘\ ——_:' T + qﬂ .! : =—41 667-I
E 1. Ef2uYy 1 80Lf1EY
SNt v ela) o)
Check using RHFB
i 3 ) 1 90 L 4 _
:\mid=Bx—E-P=QN 1"111it|=?'T'?_B}'_E'P=—41'6ﬁ"-‘q
ML -1 "]DL[ILI\: B L -|-P|rf_. L\I 10N
Mud =552 \37) Ty TR ) O
2
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Problem 1.3-3

{a) APPLY LAWS OF STATICS

SF, =0 C, = 1001b-501b = 50 Ib

. 1
FBD of BC ZMp =0 G, = WQD} =1

|
Entie FBD M, =0 B, =——(—1001Ib-fiy = —51Ib
Y20

SF,=0 A,=—B,=5Ib-ft

Reactions are [A, =51b] [B,=—51b] [C,=501b] [C, =0

(b} InTERNAL 5TRESS RESULTANTS N, V anp M aTrx = 15 fi
Use FBD of segment from A to x = 15l
SF,=0 |[N=1001b —501b=501b|
ZF, =10 V=A,=51lb
IM=0 [M=A,15ft=75Ib-fi]

3
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Problem 1.3-4

(4) APPLY LAWS OF STATICS
2F.=10 Ay =10
FBD of AB  ZMy=0 M,=0

1 1 2
Entire FBD EMe=10 D, = 3m 200Nm — E[ED N/m) 4 m(g) 4 m} = —75.5356 N

1
ZF, =0 C, = 3 (BON/m)4m — D, = 235556 N

Reactions are Ay =0 |C,=236N| [D, = —T56N|

(b} InTERNAL sTRESS RESULTANTS N, V, anp M AT x = 5m

3
Use FBD of segment from A to x = 5 m: ordinate on triangular load at x = 5 m is 1 (80 N/m) = 60 N/m.

EF. =10 N,=—-4,=0
-1
2F,=0 V= T[(SD Nim + 60N/m)1 m] = —=70N V=—T0N Upward
1 2 1 1
EM=0 M=-My - ;{El} N/m)1 m (EI m) — 5(60 N/m) 1 m (EI m) = —36.667TN-m

(break trapezoidal load into two triangular loads in moment expression)

(M = —-367N-m|] CW

{C} REPLACE ROLLER SUPPORT AT C WITH SPRING SUPPORT

Structure remains statically determinate so all results above in (a) and (b) are unchanged.

4
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Problem 1.3-5

{a) Stancs

. 1
FBD of AB (cut through beam at pin): ZMp =0 A, = ﬁ;—ljﬂ Ib-fty = —151b

Entire FBD: EZMp=10

1 [4 1 10 ft 1 2
C,=——|—40bi5f)+ — (25 /10 ft| 10ft+ —— | + = (SI/OI0 [ 10t + =10/t
¥ an 3+ ( ) ( 3 ) 2 J ( 3 )

— 150 1b-ft — A, 30 ﬁ} = 104.333 b

_D‘

— 1451
tan(&0%)

4 l
IF,=0 D= E:ID Ib + (5 Ib/ft + 251b/ft) 10t — A, — C, = —19.8331b so D, =

. 3
SF =0 A= 401 — D, = 125491

A, =12551b. A, = —151b, ¢, = 10431b. D, = [1451b. D, = —19.83 1b |

(b) Use FBD oF AB ONLY; MOMENT AT PIN 1S ZERD

Fg=—A, Fgo=—1255b  Fp,=—A, Fg =15Ib |Resultanty = VFp> + Fp’ = 1956 Ib

(c) ADD ROTATIONAL SPRING AT A AND REMOVE ROLLER AT C APPLY EQUATIONS OF STATICAL EQUILIBRIUM
Use FBD of BCD ZMp =0
1

1 2 I I 4
=—|= 3 = - 2 I _
Dy =5 n[z (2.5 Ib!l't}ll]'fl(3 10 ft) + 3 (516 10 fl(3 10 n) +3401b (15 ) | = 3233316
D,
D,———— — _186681b
50 * = Tan(60°)

. 1 4
Use entire FBD IF, =0 A, = ?{5 Ib/ft + 2.5 Ib/ft) 10 ft + r (401b) — D, = 37.167 Ib

. 3
ZF, =0 Ay = 3 (401by — D, = 42,668 Ib

Use FBDofAB  ZMp=10 My = 150 1b-ft + A, 10 ft = 521.667 Ib-ft

S0 REACTIONS ARE |.»"|x = 42.7 1b|

A, =3721b| [My = 5221b-ft] [D, = —18671b| [D, =323 1b]|

RESULTANT FORCE IN FIN CONNECTION AT B

Fpo— —A,  Fp, = —A, |Rcsuuam,._;. = VFp? + Fpt? = 566 Ib|

5
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Problem 1.3-6

(a) Stamics
EF_,_.=D Rz = 20N — 45N =—-25N

: I
IM;=0 Ry =5—(0NX2m)=20N
EF,=0 Ry = —Rs + 60N =40N

{(b) MemBER FORCES IN MEMBERS 11 and 13

Number of unknowns: m=13 r=3 m+r=16
Number of equations: j =38 2j=16  Sostatically determinate
S 20N 45N A TRUSS ANALYSIS

|

| 2

! 1) ZFy=0 atjointdso Fip=10
e @ k| 6 @ 7 @ Sl : =
. i / B (2)ZF,=0 atjoint8soFp=0

I

| 3 (3) 3F,; =0 atjoint5soFy = —Ry; = —20N
@ 1 > @ 2 m (4) Cut vertically through 4, 11, 12, and I:

! use left FBD: sum moments about joint 2

|

13 @\ 1
@ O - Fuy=53—(Rsc — Fs) s0
2 3 G) ‘
5 T m ¥ L‘l m 4 (5) Sum vertical forces at joint 3; Fy = Ry,
b e i e i i g - - Fy=25N
Section cut for left FBD

{6) Sum vertical forces at joint 7 Flay =45 N-Fy = 20N | Fi3 = V2F3 = 283N

6
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Problem 1.3-7

{a) STaTICS
EF. =0 A, =10
|
ZMy =0 E = ”'[]fLka 10ft + 2k <20ft + 1k X 30ft) =5k
EF}.=U A =3k+2% 4+ 1k E~ 1k
(b} MEMBER FORCE IN MEMBER FE
Number of unknowns: m=11 r=3 m+r=14
Number of equations: i=7 2j =14  So statically determinate

TRUSS ANALYSIS

(1) Cut vertically through AB, GC, and GF; use left FBD; sum moments about C

10 2
Fgr(15ft) — Fgp(20ft) = A, (20ft) = 20 ftk  Fgp, = For ————=  Fgpy = For —F——
: * . ) 21?7 2% + 107
A, (20 ft) 10
50 FGF = - = 1.854k and F,_';;.' = FGF ——— = 1.818k
15 ftL — 20 fl; ) 2+ 10°

V22 + 102 V22 + 10?
WV 10E + 32

(2) Sum horizontal forces at joint F Frey = Fore = 1818k Frp = TF;.-EJr = |.B98 k

Frp = 1.8BOBK

7
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Problem 1.3-8

(a) StaTiCs
ZF. =10 F.=10
SMp=0 D, =ﬁ [3KkN(6m) + 6KN(3 m)| = 6 kN
IF, =0 Fy, =9kN + 6 kN + 3kN — D, = I12kN
(b)) MEMBER FORCE IN MEMBER FE
Number of unknowns: m=11 r=3 m+r=14
Number of equations: i=7 2i=14 So statically determinate

TrUSS ANALYSIS
i1} Cut vertically through AB, G, and GF; use left FBD; sum moments about D to get Fiop = 0

(2) Sum horizontal forces at joint F Frpe=—-F, =10 50

8
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Problem 1.3-9

-
I

8ft P = 20kip

in( G0de i 40d
sin(60de) ;o358 i OCTUREE]
sin(80deg) sin80deg)

=35222-f

M, = P-% ~ P-b-cos(60deg) — 2P-b-sin(60deg) + By-c =0

P-b-cos(60deg) + 2P-b-sin{80deg) — P-%

B = —19.137-kip
[

F
I

-B, = ~19.137kip
A =0

Joint A

Fac = = 22.098 kip

sin( G0deg)

Fap = Fac-cos(60deg) — AL =-11.049-kip

Joint B
-B,,

 COSUG O T
BC ™ in(40deg) ¥

Fgp = —Fpe-cos(40deg) = 22.807-kap s (e 2 .

CD = [b”+|=| -2b— cos(60deg) = 4.731
LA, F
 ( sin{60deg) ¢
ACD = asin sin(60deg) ¢ | =47.077-deg
. ¢ 2/

9
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Joint D
-p

Foc = = —20.922 kip 180deg — 60deg — ACD = 72.923-deg
cos(90deg — 72.923deg)

_ [ sin(40deg) c )
y BCD = asinf ————— — [ =32923.deg
a-sim(BCD) s \ CD 2)

s ACT)
ACD =~ BCD = 80-deg

10
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Problem 1.3-10

Geometry b =3m P = B0kN

i ( b 3
a = sin(60deg).| ————— | =4.042m
\ sin{40deg) /

/ )
Lyp = sin{80deg).| ———— | =4.596m
AB |\ sin(40deg) /
;,f b \Il_ : 0 l,' b \Ii ; Dd
Lpg = i Lap - [ J,-{LAB]-COS{G eg) =4.06m
b b
Lpg 2 Jd = ,
- = — 50 DBA = asin| -sin( 60deg) | = 18.662-deg
sin{60deg) sin{DBA) | Lpg
and CBD = 40deg — DBA = 21.338-deg ADB = 180deg — 60deg — DBA = 101.338 deg
CDB = 180deg — ADB = 73.662 -deg
Reactions
YF, = 0 A, =-2P+2P=0N
1 [ . (b . , . . il
XMy =0 B, = L_i -2.P :-sul(ﬁ[)deg} J & P-(b-cos(60deg)) + E-P-(b-am{ﬁﬂdeg)ji =71.329.kN
> AR L |2 J A
EFF" =0 :H__ =P B}__ = B.671-kN

IMod to find member forces

. —Ay
Joint A AD = ————— = -10.013-kN AB = -A_- AD-cos(60deg) = 5.006-kN
sin( G0deg)

Joint D - sum forces normal to & along line ADC DB = 2-P-sin(60deg)  _ 141.322.kN
cos(90deg — CDB)

DC = AD + 2-P-(cos(60deg)) — DB-cos{CDB) = 42 204.kN
) 1
Joint C CB = ————(—2-P + DC-cos(60deg)) = —-181.319-kN
cos(40deg)
Joint B check —AB — DB-cos(DBA) — CB-cos(40deg) = 0N

DE-zin(DBA) + CB-sin(40deg) = B, =0N

11
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Problem 1.3-11

Reactions c

8f P = 20kp

A =0 Ay

-19.137kip B, = A,

AC: MoS - cut through AC and AD, use LHFB

v - A .S _ac c_
EMp =10 AY 5 AC-smi60deg) 5 0
_‘.jl\_
- 22098 kip
sinf 60deg)
; sin{ 40deg) -
BD: MoS - cut through BC andf BD. use RHFB b= ————c=352221
sin{ 80deg)
B (c = b-cos(60deg))

EMe =0 B},-(c — b-cos(60deg)) — BD-(b-sin(60deg)) = 0 BD = —

: — 22.807 kip
b-sin{ 60deg)

12
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Problem 1.3-12
Reactions b =3m P = 80KN

A =0 A, = 8.671kN B, = 71.329kN

AB: MoS - cut through AD and AB, use LHFB

b b b
¥Mp =10 AB-?-sin{fiﬂdeg} + Ax-;-sm(frﬂdeg} - A.v-?-cos(ﬁl[}deg) =0

( b . b \'
—|\ AX-E-sm{ﬁﬂdegj - JL"E -cos( 60deg) ).l
AB - — \ — 5.006kN
| —sin(60deg) |

At
~

i
DC: MoS - cut through DC and CB, use upper FED a= sm{ﬁﬂdegj-| —— | =4042m
\ sin(40deg) /

DC, = DC-cos(G0deg) DC_ = DC-sin(60deg)
YMp = 0 ~(-DCx + 2-P)-(a-sm(40deg)) + (DCy + P)-(a-cos(40deg)) = 0
——DC-cos(80deg) + 2-P)-(a-sm(40deg)) = (DC-sin(60deg) + P)-(a-cos(40deg)) =0

Collect and simplify, sclve for DC

1.0-(80.0- kN cos(40.0-deg) — 160.0-kN-sm(40.0-deg)) 47 204 kN

DC = =
cos(60.0-deg)-sin(40.0-deg) + sin(60.0-deg)-cos(40.0-deg)

13
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Problem 1.3-13

(a) FIND REACTIONS USING STATICS m=3 r=29 m+r=12 j=4 3j=12
m+r=3j So truss is statically determinate
4 0 Tag 0.8 08P 1] 2
’”AQ = =3 'oga = 0 Ea‘l{._i' = | | =|—-0.6 P.-'1. = PEAQ = —06P oo = 4 o = 0
0 5 rae 0 0 0 0
IM=10
Cy B, 4C. + 3.0P 3
Mp=rga X Pyt rocx| G| +ropx| B, | =|40P - 1B, S0 EM, =0 pgives C,= TP
C. B 1B, —4C,
EM, =0 gives |B.=2F
IF=0
a, B, C, B, +C,+0,+ 08P —
Ro=Py+ | O, | +|B |+ |C| =] B, +C + 0, + —06F s0 EM. =10 gives G:=TP
0 B [
- “ - G + —
METHOD OF JOINTS Joint O ZF. =10 a,.=0 ZF, =10 a, =10

Joint B ZF, =0 B, =0
Joint C ZF. =10 C,.=0
For entire structure ZF, =0 gives |B, = —0.8P ZF,=0 C,=06P— B, =0, C,=06P
(b) Force v MEMBER AC
Vi § 52 3Val|p 341 341
EF,=0 atjoint C Fye=———"|Cy = TH F P Vai

3 A= 30 tension 0 = .96

14
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Problem 1.3-14

(a) FIND REACTIONS USING STATICS m = 4 r==8 m+r=12 j=4 3j=12
m+r=3j s0 truss is statically determinate
1] L 0 AL 0 C, 0,
Foqa = 0 raop = 0 For = 0.6L F,q = A_‘. Fg = B_v F( = —-2P FO = 0}.
08L 0 0 P B, 0 0,
IM=20
Resultant moment at O
—0.8AL
Mg =roys ® Fy +rop = Fg+ roc® Fr=| 0.8A,L — B.L 50 EM, =0 gives A}.=0
B,L —06C.L
ZF=0
Resultant force at O
A+ C + 0O,
Ro=Fop+Fys+Fp+Fo=|A,+8B, + 0, - 2P
B.+0.+P
METHOD OF JOINTS Joint O ZF. =0 a.=10
B.
sofrom  EF, =0 and EM,=0 Ac=gg = ~125P

Joint B XF,=0 [B,=0

Joint C  XF,=0 €, =0

(b) ForcE 18y MEMBER AB

VOSLY + L2 VI0SLYF + I7
Tlﬁ:l B = |P| — o08L 1.601

Fap = 1601 P tension

ZF, =0 atjoint B Fuag =

15
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Problem 1.3-15

(a) FIND REACTIONS USING STATICS m=73 r==6 m+r=29 i=3 3j=9

m+r=3j So truss is statically determinate

3L 0 0 2P B, C,
Foa = 0 op = 4L roc = 2L F-'i = A:‘. FB = B."' F{_ = C_\:
0 0 4L A; ipP P
ZM=10
Resultant moment at
14LP — 4C}.L 14
MQ = Iy X Fﬂ + rop e FB + Foc * F(_‘ = 4CxL - BA:L S0 EMx =1 g'l\-'CS C}. = T P
JAL — 48, L — 2CL
EF=10
Resultant force at O
B +C —2P
Rop=Fs+ Fgp+ Fr=| A, + B, + 50 EF, =0 gives |[A,=—40P
A.+ 4P

METHOD OF J0INTS
- 2 3
Joint A :‘_.-F: =0 F;,.:-_ = —A: =4.0P 50 F-1.C_\: = IFAC: =2.0P F;,c; = EFAE: =3.0pP

8P

4
EF‘, =10 F_.-tgr = 2P — .'."__.1('1. = —30F - 2P S0 Fﬁg\ = EFAE‘, = —40P — T

) ar
lF_‘. =0 Ay = —(Fap, + Fuy) = 3 + 40P + =20P A, =467F

(b) Force 1N MEMBER AB

|I 2 2 ]
Fap = VFxp + Fapy’ Fap=—\S+(F)P--F F-83
Fap = —833P| compression

16
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Problem 1.3-16

(a) FIND REACTIONS USING STATICS m=73 r==a m+r=9 ji=3 3j=9

m+r=3j so truss is statically determinate

L=2m P =35kN

3L 0 0 A, B, C,
g = 0 Fop = 4L Fow = 0 FA = A}. FE = 0 Fr_- = C_\.
0 2L 4L A, P —P
2F=0
A, + B, + C,
Resultant force at O Rop=F4y + Fg+ Fr= A, + G S0 ZF, =0 gives A.=10
A-.'_
RESULTANT MOMENT AT A
-3 L —0.6 —3L
TAC
re=\| 0 eac=17 7= 0 rp=| 4L
4L Iracl 0.8 2L
120 kN — 24C, —7
My=rap X Fp+ rac X Fo=| 12B, + 24c, | Maeac=—192B,—T2.0kN so |B, = 05 kKN = —3.75kN
~24B, — 18C, '

(b) Force v MEMBER AB
V29

Method of joints at B~ EF, =0  Fap. = —By |Fap= T“F_ Apy = 6.73 kN

17
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Problem 1.3-17

(a) APPLY LAWS OF STATICS Ly = 30 in. L> = 200 in. T = 21000 Ib-in. 77 = 10000 Ib-in.
EM,=0 [Ty=T, — T> = 11,000 Ib-in.|

(b) INTERNAL STRESS RESULTANT T AT TWO LOCATIONS
Cut shaft at midpoint between A and B at x = L,/2 M, =10 |T__1g = —T4 = — 11,000 1h—in.|
{use left FBD)

Cut shaft at midpoint between B and C atx = L; + L,/2 IM, =0 [Tge = To = 10,000 Ib-in.|
(use right FBD)

18
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Problem 1.3-18

{a) REACTION TORQUE AT A Ly =075m Ly=0.75m f = 3100 N-m/m T; = 1100 N'm

Statics M, =0 Ty=—tL +Tp=—125Nm [T = —1225N'm

{h:l [NTERMAL TORSIONAL MOMENTS AT TWO LOCATIONS

L
Cut shaft between A and B Tix) = —Ty — tx T](?') — 62.5N-m
{use left FBD)

L,
Cut shaft between B and C Thix) = —-T4 — 11 L TE(L] + ?') = — 1100 N-m
(use left FBD)

19
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Problem 1.3-19

(a) StaTics
ZFy =10 A, = _TI(DD Ib/ft) 12 ft = —5401b
EFy =10 A, + G =0
EMpppge =0 C, = % =5561b A, =-C,=-561b

—
Lad | bed

1
EMya=10 My = 500 Ib-ft + 3 (90 b/ 12 M| — 12 ft) — Oy 9 ft = 4320 Ib-fi

(b)) INTERNAL STRESS RESULTANTS

N=—-4A,=5561b

1( 3
V= -4 - ?(EQI} Ib!ﬁ)j ft = 506 1b

13 1
M=—-Mqy — A3 1t — E(E‘-}D Ibffl)ii ft (53 fL) = —2734 Ib-ft

20
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Problem 1.3-20

(a) Stancs

3 l
ZF,. =0 AX=EQED{}N)+?{8[}me}4m=28[]N

EMBRHFB =1 ﬂ_,,.= Fil

= 151.1 N = use right hand FBD (BCD only)

1 |4 1 1
— E(ZODN)[I.S m) +;{80me}=1-m(—14 m)]

4
SF,=0 Ay= -D, +<(200N) = 889N

4 3 1 2
EMy =10 My = E{EDG N)(1.5m) — E(ZDD Nj4m) — Dy3m — E(SD N/m) 4 m(§4 m) = —1120N-m
(b) RESULTANT FORCE IN PIN AT B Fg,
LeFT HanD FBD (SEE FIGURE) o B
Fp,= —A, = —280N Fg, = —A,= —B89N T Fg,
RiGHT HanD FBD
3 1
Fp,=—(200N) + —(B0N/m)4 m = 280 N
5 2 4m
4
Fg, = E{EIJONJ — D, =889N
Resultanty = V Fp> + Fp,2 = 280N
A

Left hand FBD

21
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Problem 1.3-21

L=14f gq-= 12% P = 50lbf M, = 300Ibf -fi

- 1 L 4_L 3 1 2 _
._.I"-ID=—I"-IG—?-L]D L-;——S-P-?—EFL—T-QD-L ——"';TI.-L—EI'
1 L 4_L 3 1 2L

-M,+—q,L—-—P—+—-PL-—q,L
2 i 5 2 5 2 3 -
A, = =—39429.1bf
- L

q
- =22 = 60420 bf  Npg =0

A——-————=-25Ibf f

22
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Problem 1.3-22

i
L = 4m qg = 160— P = 200N M, = 380-N'm
m
Reactions
(3., .1
XF, = 0 A - J'IE'PJ -=-qpL =-80N
L B O L. (R T | FLY]
IM, =0 D, = —{My+—P—=+—P =gt = " =308.333N
y ¥ L] i T SR 3 /]
37 S e ’-"fi-P| ~ 11.667N
Sy Ay = Dy o P

Column BD internal forces and moment at mid-height - cut through column. use lower FBD (D on your left)

.l

i
b

) -1 90
-D,.=-308333N Vinid = 5

Npid = | =—53.333:N-m

|4'|[—1
I._Jl|[—|

Pt | =

a9
2

uuln—-
i
e

Ir
" =—80N Mpid = —iL

23
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Problem 1.3-23

4 .
—_-3011.]
L = 26 8331 L 3 (o I
BC = = =26.833-m AC = E-{d m) + —5 BC = 30m
Part (a) - statics
, 1 123 o) z , -1
TM, =0 C, = ——| 2001b-—-=-30in | = 60 Ibf Cy = —-C,=—30Ibf
. ] Tk 75 J : ¢ ]
AC \ o / =
(resultant of C, and 1'3,5f acts along line of
EFX =0 A, = —C,= 301bf strut)
TF,. =0 A, = 2001b—C_ =140 Ibf

Part (b) - internal stress resultants N, V, M

distnbuted weight of door in -y dir. w o= :Dqlb = 6.66?-.1—13

30in i

components of w along and perpendicular to door

4 Ib 3 b
Wy = —W=333%— W - —w=4—
i | in 2y m
. 4
N, = w,(20in) — —-A, — —A =-23333Ibf
5 5 -
) e B . .
Vg = —Wp-(20m) - ;J*'x + EA‘= —201bf
M gy s A o 2 R I M, = 33.333Ib-ft
.= —'ﬁp-(_- ulj-T —E-Ax-{_ in) + EJHR_ ) = Ab-m 1, =333331b
N, =—23.3Ibf ‘ |\'x =—201bf ‘ ‘:ux= 33.3-1b-f:|

24
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Problem 1.3-24

{a)

Stancs

M, =0

1
10 kN(6Gm) — 10 I:N(—){Eam} + 90 kN-m + Ey(6m) — E:3m=6Em — 3E,m + 150kN-m — 30V2kN-m

ib)

v2
50 6Em — 3Em + 150 kN-m — 0VIEN-m =0

!

Ci\.-

—(150 KN-m — 30 VZ kN-m)
or —E, +2E,= — —35858 kN — CX
: : im &
EMpum = 0 < right hand FBD (CDE) - see figure.
—90 kN- Im
(B, + E)3m=—90kN-m E +E, = Tm — —30kN n
D im E
. E) (—1 2)"(—35.858 kN) ( 805 ) N 4
Soly - = kN v W
cvine (E 11 ~30kN ~2195
9) kN-m
[E,= 805kN] [E, = 22WN|
l
SF,=0 A= —E + 10kN — 10kN —) —~ 10.98 kN A, = 1098 kN
V2
1
3F,=0 Ay=—E, + 10kN (—) — 29.07kN A, = 29.1kN
RigHT Hanp FED Cr=—E =805kN C, = —E, = 22kN

Resultant- = VG2 + G2 = 23.4kN

25
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Problem 1.3-25

(a) Starmics
ZF. =0 E. =0

1
EMp =0 Ay = ﬁ{—ﬁﬂﬂ Ib X 2.5ft) = —12501b

SF,=0 E,=5001b— A, =17501b

(b) Use urPER (SEE FIGURE BELOW) Ok LOWER FBD 1O FIinD sTRESS RESULTANTS N, V., anD M aT H
V=E, + 5001b=5001b

D E EF, =0
T SF, =0 N = E, = 1750 Ib
0.5 ft ! B
0.8 fi ZMy =0
S0 M = —0.6 ft(500Ib) — E, 1.4 ft + E,0.5 ft = 575 Ib-ft
C Cable B
0.6 ft
1,.-4;
'l,v
M

26
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Problem 1.3-26

(a) StaTics

. 4
IF,=0  A,=S(@00N) = 320N

Use left hand FBIY (cut through pin just left of C)
| 3 4
EM-=0 A, = EH_EM N) — —(-IIII N}]{B m}] = —MON A, = —240N

. 1 3

Use entire FBD EM-=10 E, = S_[A"ﬁ m) + (;4[[! N)qi‘r m}] = —192N E,= —192N

A m| :

3 3
ZF=0 G = —A_.,.—.F:_.,.—E(JFDDN}: 192N C, = 192N

3

Vg 4+ 52

4
Fcab]c]r' = EFCJISH:X = 240 8T8 N

(b} N, V, anp M ust riGHT oF C) UsSE RIGHT HAND FBD Foplex = 400 N( ) 312348 N

Feabler
A EF,=0  [N,= —Fapex = —312N|

EF, =0 |v = —Feapter — Ey = =579 N|

FeableX == mme g IMc=0 M= (Febiey + E,)(5m) =
| =
Sm ﬁ

() RESULTANT FORCE IM PIN JUST LEFT OF C USE LEFT HAaND FBD A, = 320N
4 k]
Fpp= —A, + (E_E)MN_ —20N (E )-IDDN— —320N

Resc = VFe’ + Feo = 400N

27
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Problem 1.3-27

ia) Stamics W= 1501b

20V3 753
My =10 B.(4) + W(T) = O solve, B, = s
75V3
S0 By= ——— = —64.95

ZF, =10 —Asin(307) + B, + Tcos(30°) + Tcos (arclan( )) =0
EF}. =0 Acos(30%) + Tsin(307) + Tsln(arclan

(5v)) =¥
2V3

H 1 1 _Ilr
Ny —sini(30%)  cos(30%) + cus(a:clan( 3)) A\ (57713
(T) - 7 ) ( W ) (T) a (?l.ﬁfm) Ib
SUPPORT REACTIONS

cos(30%)  sin(30%) + sm(an:mn(—
2
A =517] Units = Ibs
A, = —Asin(30) = —28.91b A, = Acos(307) = 50 Ib

VAL + AL =571713

i(b) CapLE FoOrRCE 15 T (LBS) FROM ABOVE SOLUTION

T=17l6lb

28
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Problem 1.3-28

(a) StaTICs

RicuT-Hann FBD
1|1 1
EMF,-,H =0 E, = —[—(3 kN/m) 4 m(—4 m)] = 1.333kN E, = 1.333kN
6ml2 3
Enmire FBD

1 1 2
IMy =0 C = E[—E}.Iﬁm + (l6kN)4dm + (1.5kN/m) 6 m(3 m) — E(SkNJ’de m(g«i m)] = 9.833 kN

C, = 9.83 kN

EF,=0 A,=—C,— E, + (1L.5kN/m)6m = —2.16T kN A, = —2.17TkN
I

SF=0 A= —16kN + (3 kNm) 4m = —10kN A, = —10kN

{(b) RESULTANT FORCE IN PIN; USE EITHER RIGHT HAND OR LEFT HAND FBD {CUT THROUGH PIN EXPOSING PIN FORCES Fpy

AND Fpp, ) THEN SUM FORCES IN X AND ¥V DIRECTIONS FOR EITHER FBD

LHFB: RHFB:
1
Fp,= —16kN — A, = —6 kN Fp.= 5 (G kN/m)4m = 6 kN
Fpy = —A, + (L5kN/m)6 m = 11.167 kN Fp,= —C, — E, = —11.167kN
Resultantp = V Fp? + Fpy = 12.68 kN [Resultantp = 12.68 kN|
29
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Problem 1.3-29

(a) Stamics Py =501b P:=401b
SF,=0  0,= —P cos(15°) = —483 b SF,=0 0,=P,=401b
SF,=0  0.=Psin(15% = 12.941b
SM, =0 Mg, = Ps6in. + Pysin(159(7in.) = 331 Ib-in.
IM, =0 Mgy, = Pysin(15°)(8 in. sin(15°)) + Pycos(157)(6 in. + 8 in. cos(15))
Mgy = 690 Ib-in,
IM.=0 Mg, = —Pycos(15°)(7 in.) = —338 Ib-in.

(b) INTERMAL STRESS RESULTANTS AT MIDPOINT OF OA
N=-0,= —401b
Vi=—-0,=4831b V:=—-0,=—12941b V= Vi + V§=5ﬂlb
T= —Mg, = —690 Ib-in.

M, = —Mg, = —330.591b-in.  M.= —Mg, = 33807 Ib-in. M= VM2 + M> = 473 Ib-in.
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Problem 1.3-30

Forces
P.=60N P.= —45N M, = 120 N'm gp = 75 N/m
Py 60 0
Fe=1 0= 0 |N Ry =1 A,
P, —45 A,
VECTOR ALONG MEMBER CD
1.5 — 25 -1 —0.436
= — _ _ Trec
re=| 2-0 |=]|2 Irec|= 2291 epe=——=| 0873
0 — (—0.5) 0.5 ‘rﬁ'{.“ 0.218
(a) STATICS (FORCE AND MOMENT EQUILIBRIUM)
0 0 P, D, |
ZF=10 A+ 0+ 0)+]D, =0 resultant of triangular load: Ry = Eq.;,{? m)=T5N
A, R, P, D,
D,
where Dy | = Dege
D:_
SOLVING ABOVE THREE EQUATIONS!
. _Px
EF,=0 D, =—-P, so D= . D= 13747TN D, = —60N
ECy
ZF,=0 D, = epc, D |D, = 120N |4, = —D, = —120N]
EF.=0  D.=eg,D VDE+ DI+ D? = 137477 N
o A= DRy P
EMy =0
My, P, 0 0
My, | Trapg D +ryeX| 0 |+ [ M| +r,x| 0 ]|=0
My, P, 0 Ry
25 -0 D, —60 {60
mg=| 0-0 |m D=|D, D= 120 |N |D|=137T47TN  rypxD=| —45 |[N'm
—05-10 D. 30 \ 300
0
1.5 -0 P, —90 5 oY\ /100
rc=| 2—0 |m x| 0= 6715 |J Feg = 5{2 m) e X 0 [=] 0 |Nm
0—0 P, —120 0 Ry} \ O
My, P, 0 0 —70 My —70
My | = | rap XD+ rgex | 0|+ My | +r,x]| 0 =1 —142.5 | N'm My, | =| —142.5 |[N'm
My P, 0 Ry — 180 My )\ —80
31

© 2018 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.




(b) RESULTANTS AT MID-HEIGHT OF AB (sEE FBD N FIGURE BELOW)

1@
)

|N=—A}.=]20N| Vi=-D,—P,=0N V;=-4A (Zmy2 =41.25N V=V, = 413N

I 1
|T= —My, = 142.5 N-m| M,=—My + A(1m) + 5¥| m(gl m) = 16.25 N-m

M.= —M,, = 180N-m

v/ ¥ M
Meeatiam = V M2+ M2 = 180.732 N'm :

Mrtiu]lam = 180.7 N]TI| N VY
— M
vx .‘_"‘H
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Problem 1.3-31

PosITION AND UNIT VECTORS

10 5 10 [ 0-10 —10 . —0.505
mp=10] rp=|0]| re=|4 rep=| 10-4 |=| 6 e = Cﬂl = 0303
0 0 —4 —20 — (—4) ~16 feol -\ —0.808
0— 10 -10 . —0.566
APPLIED FORCE AND MOMENT feg = 8 —4 = 4 Y —<E _| 0226
10 — (—4) 14 Irce] 0.793

P, = —501b M, = =20 Ib-in.

STATICS  FORCE AND MOMENT EQUILIBRIUM

First sum moment about point A

EMA =0
0 0 M, —2.0203 Ty, + 4.0762 T — 20,0
My = 0 T+ Fap X P_\- +| 0 |+ racx [TDFCD+ e ECE} = 10,102 Th + —5.6614 Tk
M, 0 0 My, + 5.0508 Ty, + 4.5291 T — 250.0
Solve moment equilibrium equations for moments about x and v axes to get cable tension forces
(TD) B (—2,0203 4,0152)" (20) B (3,8.1)1b ®)
Tg 10,102 —5.6614 0 6.79
Mext, solve moment equilibrium equation about 7 axis now that cable forces are known
My, = —(5.0508Tp + 4.5291 Tg — 250,07 = 200 Ib-in. (a)
Finally. use force equilibrium to find reaction forces at point A
A, 0 577
EF=0 A_‘. = — P}. - [TD €rn + TE E‘CE} = 47.31 b
A 0 —231
33
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Problem 1.3-32

. al
Find member lengths LQS = 2-(3.65m) =7.3m Lpg = V/{Z_—Hm)' + (244m — 1.22111) =2728m LPQ =Lpg

Assume that soccer goal is supported only at points C, H and D (see reaction force components at each loaction in fig.)

Statics - sum moment about each axis and forces in each axis direction F = 200N

IM, =0 to find reaction component I-Iy

Find moments about x due to for component Fy and also for distnbuted weight of each frame component

7 gl
; (122m)" (N : _ (244m)” (N ] ;
Mygp = ——— | e ] Mypr = Mygp Mypq = —f - Mycs = Mypq
1.22m ) 5
M = Ty f 19; | f 122m + | Mypq = Mygrs Myqs = LQS-[_@; (2 44m)
\. A

1 4
HZ = 244 |: | e ‘ b 1\\r[x(:'l) g hIXDQ + 4 -\IXPQ + I\rIths:| 498 818N I-IZ =499 N
111 \

EM'\' =0 tofind reaction force D,

{

(N
MyGp = 244m| r3E | Lgs  Mygp = 1.22m| 29—J-LQ5 Mypg = ‘-Hm| qQE | Lgs

N N QS Qs

h"Ij-'PQ=LRS'[:9;}'LQS M}-BG—LQS( ok & MxQS=LQS[ 29— }T
D L In M M M M 8 e[ 2H) _ 66208 N [D, —366W
2 = Tgg | tyoD * MyGr+ My + Mypq + My a5 e B

M, =0 to find reaction force Hy

H = ! |—FLQSW=320N

7 3.65m \ 5

. ’ 3
YF, =0 lo find reaction force C, Cyp = —Fm 120N
? i -]

4
}_:1-'}_ = 0 o find reaction force E5r {:F - —H}. e F=-160N

¥F, =0 lo find reaction force C,

-,

|-|I

i '_"\: Yoo
C,=-D, -szl_. :ﬁ; [[2:01.22m) + 22 44m) + 2-Lgg + L] -: 7

Elr".

[ |
L

+Hm) + LQ5| =
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Problem 1.3-33

Anpalysis pertains to this
position of exerciser only

10 ) .
@ = arcsin| — | = 11.537°
(50
Statics  UFBD (cuT AT AXIAL AND MOMENT RELEASES JUST ABOVE B)

Inclined vertical component of reaction at C = 0 {(due to axial release)
Sum moments about moment release to get inclined normal reaction at C
200b(34 in. + 16in.)

C= -
34 in.

=294121b  |C, = Ccos(a) = 288 Ib|

[C, = Csin(a) =5881b] VG2 + G =294121b

Statics  LFBD (cuT THROUGH AXIAL AND MOMENT RELEASES)

Sum moments to find reaction A, _ 175 Ibil6 in.)
Y (34in. + 16 in.)cos(a)

=5721b

StaTics  sum FORCES FOR ENTIRE FBD 1O FIND REACTION AT B
Sum forces in x-direction: B, = C, + 175Ib(sin(c)) — 20Ib{cos(e)) = 44.21b < acts leftward
Sum forces in y-direction: B, = —A, — G, + 175 Ib(cos(a)) + 20 Ib(sin(a)) = 1124 Ib
B.=4421b B, =11241b

Resultant reaction force at B: B=7Y B_f + .B_.,.2 = 120.8 Ib

35
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Problem 1.3-34

(a) REACTIONS: SUM MOMENTS ABOUT REAR HUB TO FIND VERTICAL REACTION AT FRONT HUB (FiG. 1)

EMB=|}

Vi

1130 [6T0(241) — 90(cos(5°))254 + 200cos(157)660 + 2(45)cos(30°) 1021 + 2(45)sin(307)752]
335045 N

Vi

Sum forces to get force components at rear hub
EFy =0

Vp = 670 — 90cos(5°) + 200cos(15°%) + 2(45)cos(30°) — Vp = 515.525N
EFhor: =0

Hp = —90sin(5%) — 200sin(15%) — 2(45)sin(30") = —104.608 N

45 N at 30° to vertical
670N on each grip { _—~

— =

Hp= —1046N

ot

1021 mm

Origin at
Bom

200 N at 157 to vertical

254 mm S

1130 mm

(b) Stress gesurTants N, V) anp M v seat posT (Fig. 2)

SEAT PoST RESULTANTS (Fi1G. 2)

N = —670cos(15.3%) = —646.253 N N=-646N
V = 670sin(15.3%) = 176.795 N V=176.8N
M = 670sin(15.3%) 254 = 44,905.916 N-mm
M=449Nm
36
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Problem 1.4-1

ParT (a)
Pir=17001b dyg=125in. fag = 0.510n.
dpe=225in.  tge = 0375 in.
@l dyg? — (dag — 215p) )
App = 1
. 3 PI
A_,iﬁnz I.I?Hln._ TFap —
Aap
orap = 1443 psi  compression
Part ()
P+ P
Py = 2260 — = Ape
FAR
Py + Py
= 2.744
AR
4 (P, + P>
(dFl‘._ - EFBCJZ = dﬂﬂ'z - _ (;)
w ran

Part (b)

wldpc® — (dpc — 2tpc)’]
AB(_‘ = 2

Apc=2209in> Py = oapdpc — Py

Py = 1488 1bs <

P+ P2 _
CHECK: — = 1443 psi
Ape

III 2 4 .PJ + PE
dpc — 2pc = \'I dpc” — |\ ———

TN Oap
[ 2 4(P+ P
dpc — \ dpc” — — o

'rBC =
2

fge = 0499 in. <
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Problem 1.4-2

Py = 10kN Pg = 20kN

d] = 50mm d- = 60mm d_;) = 35mm c1_1 = G5mm

L, =400mm L, = 300mm 8; = 3.29mm &, = 1.25mm
1 I.f 5 ] T g
Ay =—m{d,”—d{" | =863938-mm"
PN .
1 I.f ¥ I ¥
A, = —midy —d37 | =942478- mm”
2= 3™\ 3

a) axial normal stresses

P Pn — P
B B A
oy =— =2315MPa 0y = — = 10.61-MPa
Aq - Al

b) axial normal strains

by — 8, b4
1 2 —_— s —_
=0.8x 10 3 E4 = =3125x 10 3

]_.1 - L+

E].=

38
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Problem 1.4-3

;
o2 (... 3.\ _...2 3kap o
A = (15m) — | 1.5m — :mJ =5301-1n Trnax = T = 0.566-ks1

39
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Problem 1.4-4

P=T70N A, = 1.075 mm’
[ = 460 mm & = 0.214 mm

Statics: sum moments about A to get T= 2P

o=1032MPa <
e =465 %107 <«
E=%: 1.4 % 10° MPa

NOTE: (E for cables is approximately 140 GPa)

40
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Problem 1.4-5

T=451bs  Apyg = 0.625in.”
Acane = 0.00167 in.”

{a) CANTILEVER BRAKES—BRAKING FORCE
Ry and pAD PRESSURE

Stamics  suM FORCES AT D 1o GeT T, = TV2
SNMy=0

RB{I} = TDCh{B:l + TDE1{I}5
Tpen = Toow Tpeyp = T12
Rg=2T  Ry=901lbs <

so Rg = 2T versus 4.25T for V-brakes (next)

Ry , 4.25
Upad:a Opag = 144 psi < T=2.125
T

Foahle = 26946 psi €—  (same for

V-brakes (below))
(b} V-BRAKES—BRAKING FORCE Rp AND PAD PRESSURE
EMA =0 Rp=425T Rp = 1913 1bs «—

Rp

Fpad = E Fpad = 306 psi —

41
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Problem 1.4-6

L=420mm  d; = 60 mm dy=35mm & =470(10"%) o, = 48 MPa

PawT (a)

A, = %af = 2.827 X 10 *m? A, = %(af — a.l) = 1.865 X 10 °m?
Ay, _

= 8 = 3.101 x 10~

Part (B)

L 2L L 2L
8 = g, 3 + &, EN = 0.1526 mm ep 3 = 0.066 mm 2 e b 0.087 mm

Praxh = 0,4, = 89.535 kN Prawe = oA, = 135.71TEKN < lesser value controls
|Prax = Prnash = 89.5 kN]|

42
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Problem 1.4-7
P = 3500 kips

I ,
A=(24+ 20020 + 16 + 8) — (?33) — 2 — %mL

A= 142546 in2

[ﬂ]' AVERAGE COMPRESSIVE STRESS

i(b) CenTROID

2 (24 + 20 5 L
(24 + 20) [2—" — (20%)(24 + 10) - 5 ¥ (5) (Emz);a +5)

_.-I_
I = —
A A
x. = 19.56 in.
L (24 + 20) . 1 3(3) (w })
2 — 4+ — =8 = —10° 5
@207 (20°) 24 + 10) — 2 87( 3 7107 )8 +5)
¥e = A A

v. = 19.56 in.

" x. and v are the same as expected due to symmetry about a diagonal

43
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Problem 1.4-8

W=130kN a«=30° A=49mm’ o,= 150MPa

ParT (2)
Wsinic)
o, = — = 1327 MPa
A
ParT (b)

oA
¥nay = ArCsin (T) = 34.4°

44
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Problem 1.4-9

dy=30(107%)in. & =35(10")in. A= ;::F = 7.060 x 10 *in2
_ _ T2 —4. 2
W =281b Ag—;z—'}.ezlxll} in.
o =22° B =40
{a) FIND NORMAL STRESS IN WIRES
W T
= . = = = H
T cos Bl i 29.403 Ib oy A 30.6 ksi
cos(a) sin(ae) + sin{3)
cos(fB) T )
T =T =242931b o) =— = 34 ksi
cos(a) A

(b) FiND NEW d| 5.T. NORMAL STRESSES IN WIRES 15 THE SAME

—
Al pew = U—]} =7.949 x 10~*in.” dy e = vf;ft,m. =318x 10 %in.| or 31.8 mils
T
T locw = ﬂi' = 306 ksi
Ef‘jlncw2

{c) Now, to stabilize the camera for windy outdoor conditions, a third wire is added (see figure b): assume the 3 wires
meet at a common point (coordinates = (0, 0, 0) above the camera at the instant shown in figure b): wire 1 is attached
to a support at coordinates (75, 48, 70'); wire 2 is supported at (—70', 55", 80"); and wire 3 is supported at
(— 10", —85". 75"); assume that all three wires have diameter of 30 mils. Find tensile stresses in wires 1 to 3.

¢=30(10")in. AT =7.069 X 10 *in?

75 =70 —10 0
Position vectors from camera ) = | 48 | fi = 55 |ft rp=| —85 | fi W=28|0|lb
to each support 70 &0 75 1
Ly = || = 113.265 Ly = |r| = 119.687 L; = || = 113.798
0.662 ; —0.585 . —0.088
2
Unit vectors along wires 1 to 3 ¢ = L — |04 g =—= 0.46 ey = SER —0.747
1l \ogs I 0.668 s 0.659
1 0 0
T|=F|€| T2=FEE‘2 T3=F3E‘3 i=10 j= 1 k=10
0 0 1

Equilibrium of forces N+H+ThL=W

0.662 —0.585 —0.088
TW=¢ TW=¢g TH=e T=|0424 046 —0.747
0618 0.668  0.659
q
| 13.854 F, _ 5,
F=T"'w=|13277 |Ib o1 =~ = 196ksi o2 = —= = 1878 ksi

;5
T3 = I = 22.7 ksi
16.028

o1 = 19.6 ksi oy = 18.78 ksi oy = 22.7 ksi
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Problem 1.4-10

= compressive force in wood shore

Oy = horizontal component of C
Oy = vertical component of C
Oy = C cos 30°

Cy = C sin 30°

46

F =190 kN
A = area of one shore
A = (150 mm)(150 mm)
= 22,500 mm’
= 0.0225 m”
SUMMATION OF MOMENTS ABOUT POINT A
My = 0 e

—F15m)+ Cp(40m) + Cup(05m) =0

or

— (190 EN) 1.5 m) + C(sin 30°)4.0 m)
+ Cicos 30°0.5m) =10

L C=11714 kN

COMPRESSIVE STRESS IN THE SHORES

s - C_17.14kN
A 00225m
=521 MPa <«
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Problem 1.4-11

— 2 2 —
W.=1501b (@) T=VT,2+ T, T=18441b

A= 0017in? Teable = A_T Oeable = 10.8 ksi —
Wi = 60 ) - ) )
& = 0.01 (b) egpte = L_L Ecapie = 2 % 10
d. =18
dr =14
H=12
L=16
L.=VI+H L=2

.
S Myinge =0 2TL = W, + Wrdy

_ H-";_.ﬂ"_. + W]'ﬂrr

v Y T, =1106251b

L
Tp= ETF Ty, = 1475
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Problem 1.4-12

M. =68 (@ T=VT,+T, T=819N <«
_ _ 2 T
Myr=2Tkg g = 981 mfs Teable = —— Teable = 74.5 MPa
W.=Mg  Wr=Mg 5
b} &bl = — Eoanie = 4.02 % 1074
W.= 66708  Wy= 26487 (B Ecabie L cable

N= I:gwn.-fg1

A, =11.0mm"~ 5=1025

d. =460  dr=350

H=305 L=406
L.=VIZ+H L[ =5078mm

Ethngc =0 2T = Wod. + Wedy

W.d. + Wrd
T, = ”T” T, = 492,071 N

L
Ty=—Ty T,=655019N
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Problem 1.4-13

CABLE LENGTHS (FT)
L= '\.f51+5'+?’2 Ly =995 I, = U5'+?Z+?' L, = 11.091 ;= V7T + 7t [; = 9890

(a) SOLUTION FOR CABLE FORCES USING STATICS (THREE EQUATIONS, THREE UNKNOWNS); uniTs = b, ft

5 —7 0
Fop = 5 Fgp = 3 Fpg = =7
7 7
. 0.503 —0.631 . 0
oo _ Tho oo
E00 = = | 0.503 Epo — T, = 0.451 €ng — = | —0.707
ol \ o704 Irsol 0.631 7ol 0.707

9
W= 150(122 — :ﬁﬁz 12,150 Ibs

0.50252 Ty —0.63117 T3
Stanics ZF=0 T epp + Trepg + Tiepg — | 0 | = 0.50252 1) + 045083 T7 —0.70711 T
W 070353 T) + 063117 T2 + 070711 75 — 12,150

or in matrix form: solve simultaneous cquaLions to get cable tension forces

n €og,,  E€BOy,  €DOi, 5877 3877
T2 | = €0g,, €Bg,, €po,, =1 4679 | Ib T=14679 | Ib
T3 ‘?DQ] 1 é’g@l 1 ED‘QJ_ 1 7159 7159
(b) AVERAGE NORMAL STRESS IN EACH CABLE
T 48975
i=1..3 UE=A—“ o = | 38992 | psi A, =0.12in2
“ 59658
(c) ApD CONTINUDUS CABLE OQA
5 0 0451
'r.-‘-lQ
fog = 5 FAQ = —? po = 5 mg = =7 A =7 T —0.631
7 7 7 |ragl 0.631
i 0.503 0.451 —0.631
Fog FRo
fag = ﬁ = | 0.503 €40 = | | —0631 €po = | | = 0.451
ool \ 0704 fag 0.631 '8Q 0.631
Stamics  Solve simultaneous equations to get cable tension forces
y €00,, €8O, €DO.; €A\ /() 4278 4778
Tyl _ | op,, €BO., €DOy, €AQs, 0] _ [ 6461 _ | 6461
I3 - €00, €BO;, €D0;; FAQ, Wl | 3341 s = 3341 "
' ' ' .y 0 4278 4278
Ty 1 0 0 1

< for case of Ty = Ty
Mormal stresses in cables

35650

i=1...4 u-=-Ii o= J3842 psi
YA, 27842
35650
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Problem 1.4-14

Data  Mym = 450 kg 2T40z(3000) = Whaem(5000) + P(9000)
2 =981 /" Wipom = Mpoom @ S Whoom(5000) + P(9000)

Az 2(3000)
Wioom = 15N

V22422 + 12

P =20kN Tag = 5 Tao:
A, = 304 mm? Tyo=S505kN=Tpy <
(a) Symmetry: Tag = Tho Tao

|
2
=
&
1

l:b}tr=A—E o =

M, =0
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Problem 1.4-15

Wy = 450
We = 650 Ib

Ap =391t

Ac=T1#

L=100ft

Dy =121t

Dgc =70t

Dep = 20 fi

Dag + Dge + Dep = 102 fi
A.=0.12in2

COMPUTE INITIAL VALUES OF THETA ANGLES (RADIANS)

¢ - ( E‘u?)
| = arcsin
Dyp

g, = 0.331

. [ Ac—Ap
#; = arcsin | ——— 8, = 0.046
Dpe
Ac
3 = arcsin #; = 0.363
Dep

(a) Stamics aT B anp C
—Typcosify) + Tpecos (B =0
Typsin(8)) — Tpesin(fy) = Wy
—Tpccosifa) + Tepcos (B3 =0

Tgcsiﬂ(ﬂjj + TCDSiIl [93} == W{_"

| L=100ft I
CONSTRAINT EQUATIONS
Dypcos(f)) + Dpocos(#y) + Depcos(fs) =L
Dy sin(f)) + Dgesin () = Depsindds)

SOLVE SIMULTANEOUS EQUATIONS NUMERICALLY FOR TENSION
FORCE IN EACH CABLE SEGMENT

Tupg=16201b Trp=15361b Top=16401b
CHECK EQUILIBRIUM AT B anp C
Typsin(@)) — Tpesin(fy) = 450
Tpesin(fy) + Tepsindds) = 650
(b) COMPUTE STRESSES IN CABLE SEGMENTS
Tap Tpc Tco

LY A apc = A ocp = A
e e £

Tag = 13.5 ksi Tpe = 12.8 ksi

ocp = 13.6Tksi <
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Problem 1.4-16

Yo D gy B
L oo v i st

o |

w = angular speed (rad/s)

A = cross-sectional area
¥ = weight density

Y - mass density

We wish to find the axial force F; in the bar at
Section D, distance x from the midpoint C.

The force F, equals the inertia force of the part
of the rotating bar from D to B.

Consider an element of mass dM at distance £ from the
midpoint C. The variable £ ranges from x to L.

i ,
dM =—=Ad
] Lf
dF = Inertia force (centrifugal force) of element of mass dM

dF = (dM)(ju?) = 1 Aw’jdj

yAw
F—fa'F f “Aw’jdj = gl{L'—fJ

El} TENSILE STRESS IN BAR AT DISTANCE X

E .
a==="2_2 <
A 2g
(b) MAaXIMUM TENSILE STRESS
P )
yo L
x=10 Fonaxy — ?
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Problem 1.4-17

Fosition and unit vectors

0 -—65Y (6.5 f0-65% [—6.35" 7o 00
TCA = 6.5-10 = 6.5 ICB = i-0 = 3 IOB = k] Io‘% =65
hi=go=ig ) R ) L 4-0 . 4 4 \ =4 J
; I —0.648 . l-"—ﬂ.?gs A | 5 ‘-I if’ﬁ.i
cA CB
11C.fk = |1- y | =L 0.648 I]C-B = ﬁ =i 0.366 | 1'0“‘; = -3 | ID‘C = | 1] |
Cal | -0399) CB| | pasg ) Lo Lo
0 hY
|rca| =10.025 || = 8.201 iop = | 6.5
v 0 ,.!
Sum moments about O
0 Ny g
Mp = tow * | “W |+ 1oc x (Tanca + Tpacg) + fop ¢ | ©
0 A .‘Dz J
!" ~6.5D, |
] |
Mp float.5 — 2.5935-T, + —3.1705.Tg
42145 T + 2.3779-Tp + —7875.0-Ibf |
a) Find tension forces in cables
soh'e_TA\TB,DZ
Mgp=0 foat 8 — (1278.4879-1bf 1045.8267-If 0) Ty = 12781bf Tg = 1046lbf
cat.

b) average stress in each cable

e 2
Ae = 0471
T T
A . B :
Oy =—-= 2713 kst og = — =221kt
A A
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Problem 1.5-1

W = total weight of steel wire
vy = weight density of steel

= 490 Ib/ft’
yw = weight density of sea water

L
\ = 63.8 b/’

A = cross-sectional area of wire

O = 40 ksi (yield strength)

(a) WIRE HANGING IN AIR

W = yoAL
W
B = sl

_ Omaxy

40,000 psi
¥s 490 b’

144 in. i3
( )

Livax

= 118007t =

54

(b) WIRE HANGING IN SEA WATER

F = tensile force at top of wire

F
F=('y_g—w')AL -:rm,;=1
Lo = d
Y5—YW
40,000 psi {144

(490 — 63.8) /it

—

= 13,500 fit

= [']r'S = W]L

in./f12)

© 2018 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Problem 1.5-2

(a) PIPE SUSPENDED IN AIR

U"{Jr = 550 MP‘H
ve = 77 kN/m?
W=y AL

55

(b} PIPE SUSPENDED IN SEA WATER

e = 10kN/m’
Force at top of pipe: F= (y_; — yh-]A L
Stress at top of pipe:
F
Tmax = I Tmax = (T.T - '}"w}L
Set max stress equal to ultimate and then solve for
Lm:m
oy
Loy = = 8200m
I:T.t - 'Ytr]l
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Problem 1.5-3

0505 in where L, is in inches.
P P
o Ay — 4
Percent reduction in area =———(100)
}- 20in J Ay
(I A )( 100)
L - L =T B
Percent elongation = leﬂLID{]} = (ﬁ — I)ID{] Ao
dy = initial diameter d, = final diameter
Ly=20in.
. L
Percent elongation = ﬁ — 1 J(1040) (Eq. 1}
el
ﬂ _ (ﬂ)' do= 0505 in L, d) 9 Elongation % Reduction Brittle or
Ag dy 0 ’ ’ Material  (in.)  (in.) (Eqg. I (Eq. 2) Ductile?
Percent reduction in area A 2.13 0.484 6.5% 8.1% Brittle
d \? B 248 0.398 24.0% 37.9% Ductile
= [ - (—0505) }“‘I‘T’ (Eq.2) C 278 0253 39.0% 74.9% Ductile
where o, is in inches.
56
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Problem 1.5-4

The ultimate stress oy for each material is obtained

from Appendix I, Tables I-3, and the weight density el ') L Rsw
v is obtained from Table I-1. (MPa (kN/m”) (m)
- 3
The strength-to-weight ratio (meters) is Aluminum alloy 310 26.0 119X 10
6l61-To
Ry — LMPZ" 10° Douglas fir 65 5.1 12.7 % 10°
KN/m') Nylon 60 98 6.1 % 10°
Values of oy, v, and Rgqy are listed in the table. Structural steel 500 77.0 6.5 % 10°
ASTM-AS5T2
Titanium alloy 1050 44.0 23.9 % 10°

Titanium has a high strength-to-weight ratio, which is why
it is used in space vehicles and high-performance airplanes.
Aluminum is higher than steel, which makes it desirable for
commercial aircraft. Some woods are also higher than steel,
and nylon is about the same as steel.

57

© 2018 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Problem 1.5-5

B C
Dara
gpn = 0036 o = 52° Lgn=1 =2 assume unit length to facilitate =
numerical calculations below
Strain in CE L
Is — L Ly
P Ea Bt
CE 5 &
L L D
Gl peo Sl i
sinfe) tan{c) el
P [

Increased length of CE (see figure)

|

Ly = Vg + (Lpp + epplyp)? — | ——— + 1073296
v tan(52%)"

Compute strain in CE then substitute strain value into stress-strain relationship to find tensile stress in outer bars:
L5 —

b _ o023 18000 eci 523 ksi
ecp=————=0. - =523 ksi
CE L, o 1 + 3 eqgp il

58

© 2018 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Problem 1.5-6

Using the stress-strain data given in the problem opp = proportional limit  op, =47TMPa =

statement, plot the stress-strain curve: Midlis Gl dlasticiey Glope) 2400

Stress oy = yield stress at (.2% offset

0 MPe) gy=53MPa

Ty .

Tpp— % Material is brittle, because the strain after the proportional
40 - " limit is exceeded is relatively small. —

7~ slope = ﬂ-nl—m?‘,’ =24GPa
20 3
.1-/— 0.2% offset
0 - I T T
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Problem 1.5-7

dy = 0.505 in.
wdy
4

Lo =2.00in.

Ay = = 0.200 in.

CONVENTIONAL STRESS AND STRAIN
P &

or=— g
Ap Ly

STRESS-STRAIN DIAGRAM

150,000
Stress
(pst)
o
100,000 -
50,000 |
|
II
T T T
0 0.0200 0.0400  0.0600
Strain

ENLARGEMENT OF PART OF THE STRESS-STRAIN CURVE

Stress
(psi) ;
70.000 s Syp = 69,000 psi
Spr (0.1% offsct].
spy. = 65,000 psi
60,000 — - 0.1% pffset
50,000 psi
Slope = 500165
= 303 10° psi
50,000 | :
0 0.0020 0.0040
Strain

Load P Elongation & Stress o
(Ib) (in.) (psi) Strain £
1,000 0.0002 5,000 0.00010
2,000 00006 10,000 0.00030
6,000 00019 30,000 0.00100
10,000 0.0033 50,000 0.00165
12,000 0.0039 60,000 0.00195
12,900 0.0043 64,500 0.00215
13,400 0.0047 67,000 0.00235
13,600 0.0054 68,000 0.00270
13,800 0.0063 60,000 0.00315
14,000 0.0090 0,000 0.00450
14,400 0.0102 72,000 0.00510
15,200 0.0130 76,000 0.00650
16,800 0.0230 84,000 0.01150
18,400 0.0336 92,000 0.01680
20,000 0.0507 100,000 0.02535
22,400 01108 112,000 0.05540
22,600 Fracture 113,000
Resurrs
Proportional limit == 65,000 psi <
Maodulus of elasticity (slope) = 30 * 10° psi —

Yield stress at 0.1% offset = 69,000 psi
Ultimate stress (maximum stress)
== 113,000 psi
Percent elongation in 2.00 in.
_Lioh
Ly

_ 0.12in.
2,00 in.

—

(100)

(100) = 6%

Percent reduction in area
Ag — 4
= —— (100
1 (100}
0.200in — Z(0.42in.)° 0
0.200 in.

=31%

00)
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Problem 1.6-1

Part (a)
& = 0.2 L = 60in E = 29000ksi
& -3
£ =—=3333x 10
L
) : Oy -3 Ty -3
Oy = 50kst elastic recovery Er = =1724x% 10 Ear = — = 1.724% 10
Y E E Y E
- - -3
residual strain Egr = € —€g=1609x 10
permanent set ep-L = 0.097-in = final length of bar is 0.097 in. more than
anginal length
: . ™ 2 .2 P : .
Part (b d=15m P = 80kip A= :-d" = 17671 o = I =45271-ks1 < below yield

stress in bar is 45.3 ksi < 0,, so no pemament set

strain of bar £ = g_ 1.561 % 10 3 < less than yield strain
E
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Problem 1.6-2

o L=20m = 2000 mm ELASTIC RECOVERY &f
¥ i Yield stress oy = 250 MPa g ag s 250 MPa — 0.00125
or — Slope = 200 GPa Slope 200 GPa
/ i 5 =65 mm RESIDUAL STRAIN &5
4 | e er = ep — &g = 0.00325 — 0.00125
‘/E_‘ = 0.00200
0 ER & € Permanent set = ggpl. = (0.00200)(2000 mm)
STRESS AND STRAIN AT POINT B =40 mm
op = oy = 250 MPa Final length of bar is 4.0 mm greater than its original
5 65 length. <
5 mm
= —=———= (1L.00325
L 2000 mm
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Problem 1.6-3

e E[.}\ST.[C RECOVERY 'E.F.'
o 42 ksi
oy A B p = —— = —— = 0.00140
— A Slope 30 x 107 ksi
/ / ; R[:’S]DU&L STRAIN Ep
ﬂ“f ep = £g — g = 0.00417 — 0.00140
| _
e - = 0.00277
PERMANENT SET
L= 48 in.

epl = (0.00277)(48 in.)

Yield stress oy = 42 ksi = 0.13 in.

Slope = 30 % 10° ksi _ : ; : -
Final length of bar is 0.13 in. greater than its original
& = 0.20 in. Icng[hl —

STRESS AND STRAIN AT POINT B
ap = oy = 42 ksi

_ & _020in,

a2 — 0.00417
87~ 4%in.

63

© 2018 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Problem 1.6-4

numerical data L =750 mm & = 6mm

5
ep=7 =8 X 10~ op = 65.6 MPa < from curve
(see figure)

gp = (L0023 = elastic recovery (see figure)
ep=ep — ep = 5T X 10~ < residual strain
(a) PERMANENT SET

Bpse = epl = 4275 Bt = 428 mm
(b) PROPORTIONAL LIMIT WHEN RELOADED

op = 65.6 MPa

40

!T_gf{f] 4

gl €)

64

15
28
21
14

7

/

/

"

U0 0002 0003 (00 (005 D006 0.007 0.008 0.009 0.01

€

0.006 0.008 001

Residual strain
=0.0057

.-|- L

Elastic recovery
= 0.008 -0.0057 =0.0023
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Problem 1.6-5

Data or(ksi)
P=446kip L=6f =
i R
d=1375in. E = 10.6(10°) psi 30 (f*“'
NORMAL STRESS IN BAR 0
op = = 30036 psi 10 |-
T a '
ik ol
from curve, say that &g = 0.025 0 [0.05 0.10 0.15 0.20 0.25
ER s
Evasnic recovery unloading parallel to initial straight line
FIG 1-34 Typical stress-strain diagram
ep = ‘_;f_ ~ 2834 X 10~? for an aluminum alloy

RESIDUAL STRAIN

ep = gg — gp = 0.022

(a) PERMANENT SET
epl = 1.596 in.

(b) PROPORTIONAL LIMIT WHEN RELOADED 1S ag = 30 Kksi
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Problem 1.6-6
copper wire, d = 6 mm

e =0,00001..003

124000-
ofe) = ———

(0.0001)
1+ 300

—1.204 x 107
0.0001

We) = 120400-(s — 0.002)

400

300

= 200 /4;

@), i
100 /

0 21077 41077 6<107° 81077 001 0012 0014 0016 0.018
£

0.02

124000 37200000-
Ee) = Lo(e) -
de 300+ 1

(300-¢ = 1)° E(0) =124 % 10°

E-FE0)=124x10 Mmpa

yie) = E-(e — 0.002)
124000- [ 0.0037688746209726916175
j —E(x—0002) solve.x —

L —0.0017688746209726916175
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a(0.0037688746209726916175) = 219.34 MPa
=< yield stress at 0.2% offset

Find force T in continuous cable W = 6.8kN

Summing moments about point D (counterclockwise moments are positive) gives:

YMp = 0 (2m) Lod (0.75m + 2.75m) = 0 - BEN 3_51]1] 5950.N
D= Ax-dm 2- T5sm+ 2.75m) = or "\‘x_ 5 i sz—_)-
Next, sum forces in the x direction: JF, =0 A, +Dy. =0 or D, =-A, = -3950N

The minus sign means that D, acts in the negative x direction.
Summing forces in the x direction at joint D will give us the force in the continuous cable BDC:
= - Fil 4
First compute angles ag and a. (see fig y ap = atan| F 1 =33.13-deg o = amn[;] = 33.69-deg
LR

i ” o -D,
Now YF, = 0 atjoint D D, + T-(cos{_&B} + cos(ac}] =0 so T= ) Cm[a{”

~(—5950N)

B - (cos|og ) + cos(ag |

=4155N

cable length Le=2im=+13m=06106m

0 = ——L— n145953 MPa < less than o, = 219 MPa (at 0.2% offset)

1 2
= 7-{ Gmum}
4

124000-x — 146.953-(1 = 300-x) solve.x — 0.00183585870049215344977

146,953 =3
- = 1.839 % 10
Fo = (124000 - 146.953.300) ' & = g (L) = 11.227mm

b) Find the permanent set of the wire if all forces are removed

There is no permanent set since the stress is still below the
0.2% offset yield stress
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Problem 1.6-7

L=4n=48in. d=0.125in.
P = 600 Ib
CorPer ALLOY

18,000e

T T+ 3006

(a) STRESS-STRAIN Dlaciam (From Eq. 1)

60 =

0=¢g=003(c=ksi) (Eql)

D.:}l . ﬂ.;ﬂ 0.03

INITIAL SLOFE OF STRESS-STRAIN CURVE
Take the denvalive of o with respect 1o e:
dor (1 4 300e)( 18,0000 — (18,0000 300 )

E {1+ Jma]!

18.000
(1 + 300e)

der
Ate =0, — = 18,000 ksi
de

.~ Initial slope = 18,000 ksi

ALTERMATIVE FORM OF THE STRESS-STRAIN RELATIONSHIP
Solve Eq. (1) for £ in terms of o

i

B
18,000 — 30

0= o = Mksi(or=ksl) (Eq.2)
This equation may also be used when plotting the stress-
strain diagram.

(b) EroncaTion & oF THE WIRE

P 600 Ib . y
g =— = —————J48 900 psi = 43.9 ksi

A %{D.IE,‘S in.)?
From Eq. (2) or from the stress-strain diagram:
e = 00147
& = gl = (0.0147)48 in.) = 0.7l in. =
STRESS AND STRAIN AT PoINT B (sce diagram)
op=489ksi ep= 00147
ELASTIC RECOVERY &5

oy 48.9 ksi
Slope 18,000 ksi

Ep = 0.00272

RESIDUAL STRAIN Eg

£ = £5 — £p = 00147 = 0.0027 = 0.0120

(¢} Permanent sel = epl. = (0.0120W48 in.)

=058in.
{d) Proportional limit when reloaded = op

op=49ksi =
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Problem 1.7-1

STEEL BAR

d = 2.00in. Maximum Ad = 0.001 in.

E=29x10°psi  v=10.29

LATERAL STRAIN

Ad 0,001 in.
= — = —— = 0.0005
T4 " 200
AXIAL STRAIN
g 0.0005
=—=— =—0.001724
TV T 029

(shortening)

AXIAL STRESS
o= FEe = (20 % 10° psi)(—0.001724)
= —50.00 ksi (compression)

Assume that the yield stress for the high-strength steel is
greater than 50 ksi. Therefore, Hooke's law is valid.

MAXIMUM COMPRESSIVE LOAD

P,.. = oA = (50.00 ksl)(%)&ﬂﬂ in.)?
157k —
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Problem 1.7-2

d=10mm Ad=0.016 mm ANIAL STRESS
(Decrease in diameter) o = Eeg = (72 GPa)y(.004848)
T075-Ta = 349.1 MPa (Tension)
From Table I-2: E = 72GPa v = 0.33 Because o < oy, Hooke's law is valid.
LATERAL STRAIN P = oA =(349.1 MFa}(E){ 10 mm)*
Ad  —0.016 mm
g =—=——=—0.001l6 =274 kN —
i 10 mm
AXIAL STRAIN
e & 0.0016
v 0.33

= 0.004548 (Elongation)

70
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Problem 1.7-3

NUMERICAL DATA MNORMAL STRAIN

d; = 4in. d; = 4.01 in. E = 200 ksi —&,
gl =— g =-625x10"°
v=04 Ad, = 0.01 in. v
T4 A= 12.5660n AXIAL STRESS

,4.[ =Ed]3 H3=Iﬂ'3'
U"|=EE| oy = —1.25 ksi

. 3
A, = 12629 in?
COMPRESSION FORCE

LATERAL STRAIN
.P = E."’l ] f:]

=—— g =25x10" P=—15T1kips <

71

© 2018 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Problem 1.7-4

:"p = 193mm Lc = 400num 5. = 200mm t. = 3mim “p =04
Part (a)
: - Slat
gap = s~ 2t —sy=lmm e = SF =5181x 10 3 e - —2 _ 0013
¥ T Yp

5 L -1 equate E:p and E:pr, L C 405,249
= & » = —|L, - - = = 405.249.-mm
P P %2 = {lp ~ L) then solve for L, L ey
Part (b)
i .3 ] 2 3 Vini
Vini = Lp'sp""p =0.0150951-m Vinal = Lol 5 — 21 =0.0150544-m Vet = 1.003
A
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Problem 1.7-5

= 200ksi - = 7in(735m) =5145@m° A, = (8in)" - (8in - 0.6in)” = 9. 24.in"
Ep 200ks1 Vp 04 pr m-(7.35m) =5145m A, = (81n)” — (8 - 0.6m)” = 9.24-1n

original gap on each side: [0 - 2(03m)] = 7350 _ o 025 in

7

original gap at both top & bottom: [$tn = 2-(0.3m)] - 7in =

- 0.2-1n
Force required fo close gap on lefi-nght sides
[8in — 2-(0.34n)] — 7.35in -3 “Elat ~ -2
€lat = — = 6.803 x 10 ep = =-1.701 x 10
7.351m vp

P - E,-Ay e, ——175-kip

Remaining gap on top-bottom

[Bin — 2-(03m)] — (7in = Ah)

Ah = g, (Tm) = 0.048-m gap = =0.17621n

-
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Eat-(7.351m) = 0.05-mn
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Problem 1.7-6

(a) GIVEN STRESS, FIND FORCE P IN BAR AIGURE (A)  (b) GIVEN STRAIN, FIND CHANGE IN LENGTH IN BAR FIGURE (A) AND ALSO

o=5TMPa E=73GPa v =033 VOLUME CHANGE

L=600mm dy=75mm d=63mm g (19-F) o —d_
2
T2 1 _ 2 -
A =I(d1 —d } = 1301 mm 5 =&l = —0.469 mm| shortening
|P=0A =T41kN] Vol; = L(A) = 7.804 % 10° mm?

B = —ve=25TTx 107% At = gt = 1.546 X 10 mm

Ady = g1gdz; = 0,019 mm Ad, = gpd) = 0,016 mm
T 2 2
AI=E{(d3 + Ady)? — (d) + Ady) }

Ap = 1301.29 mm?

Ar— A ~ 1301.29 — 1300.62
A 1300.62

Vip = (L + 8) (A7) = 7.802 x 10° mm®

= 0.052%

AV; = Vjy — Vol; = —207.482 mm’

|:_‘.Vl = =207 mm3| change

(c) IF THE TUBE HAS CONSTANT OUTER DIAMETER OF d; = 75 mm ALONG ITS ENTIRE LENGTH [ BUT NOW HAS INCREASED INNER
DIAMETER d; OVER THE MIDDLE THIRD WITH NORMAL STRESS OF 70 MPa, WHILE THE REST OF THE BAR REMAINS AT NORMAL

STRESS OF 57 MPa, WHAT 1S THE DIAMETER o357

P
oy = TOMPa P = T4135kN Ay = — = 1059.076 mm-* dy = 75 mm dy = 63 mm
L k]
. , 4 l'.1 4 dr — di
di — di = —Ap S0 dy = 1‘|'|I dy” — —Apn = 654 mm tys = = 4.802 mm
m m 2

dy = 65.4 mm

74

© 2018 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Problem 1.7-7

NUMERICAL DATA DECREASE IN DIAMETER
E = 25000 ksi Ad = EFﬂ'
p =032 Ad = —1.56 x 107%in. =
L =29in. [NITIAL CROSS SECTIONAL AREA
& = 0.0195 in. T

A; =—d* A;=0.04in?
d = 0225 in. T i n

MaGNITUDE OF LOoAD P
NORMAL STRAIN

s P = E.-"a;E

o . -3
E—L g=2.167 X 10 P = 2.15kips —
LATERAL STRAIN

g, = —VE £, = —6.933 % 107

75
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Problem 1.7-8

d=10mm Gage length L. = 50 mm

P=20kN &=0122mm Ad = 0.00830 mm

AXIAL STRESS

P 20k
F—=—=

= 254.6 MP.
n a

m )

— (10 mm)-

A )

Assume o is below the proportional limit so that
Hooke's law is valid.

AXIAL STRAIN

& 0.122 mm
= — = —— = (0.002440
L " T50mm
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(a) MoDuLUs OF ELASTICITY

o 2546 MPa
E=—= = 14 GP
e 0.002440 *
(b) Pousson's raTio
g =ve
Ad=e'd = ved
o E B 0.00830 mm 0.34

" ed  (0.002440)(10 mm)

—



Problem 1.7-9

NUMERICAL DATA

P, =265k
Py= 22k

dyp = 1.25in.

tag = 0.5 in.

dpc = 225 in.

tae = 0.375 in.
E = 14000 ksi

Atge = 200 % 107°

{a) INCREASE IN THE INNER DIAMETER OF PIPE
SEGMENT BC

ﬂ.fﬂc‘ 4
Eppc = E Eppe = 5333 =10

Adprinner = Eppcldpe — 2ige)
Adpeae = 8% 107 %in.  —

(b} PoissoN's RATIO FOR THE BRASS
aa
Apc = r dpc® — (dpe — 2tpc)’

Ape = 2209 in?

—(Py + P3)
ggr = ————— epc= —1.568 <1077
(EApc)
—epme
mes = - -ubl.'nss =0.34

(€} INCREASE IN THE WALL THICKNESS OF FIPE SEGMENT AB

77

AND THE INCREASE IN THE INNER DIAMETER OF AB

m
Agg = 7 dyp® — (dup — 2t4p)’

eap = A eap = —1.607 X 1073
EAup

EpAR = —VorassEAR EpAr = 5464 % 107°
Atyg = epaplap Atap =273 %1074 in.

Adapinner = €papldan — 2fag)

Adypinne: = 1.366 X 10 #in.
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Problem 1.7-10
P=1400kN L=5m d=8mm E=110GPa v=033
Ad=%d2 — 50265 mm? A =%{2 d)? = 20,106.2 mm?

{a) FIND CHANGE IN LENGTH OF EACH BAR

= Appendix I, Table I-3: copper alloys can
have yield stress in range 55-760 MPa so

assume this is below proportional limit so that
AL =& L=1266mm| Ly =L+ AL =5012.66 mm Hooke's Law applies

P
Bar #1 & = ——= 2532 % = o = Egp = 279 MPa
EAy

P -3 P —4 £3a —4
Bar #2 1, = — = 253210 1 = =633 %10 — =633 10
AR 2 = pa, #% = Fay, 4
L 4L
ALy, = Egﬂg = 2.532 mm ALw = &3 ? = 2.532 mm
Al
AL, = ALy, + ALy, = 5.06 mm Ly = L + ALy = 5005.06 mm =04
1
Bar #3
L 14L
ALy, = EEUE = (0.844 mm ALy, = ey (F) = 2.954 mm
Al
[AL; = ALy, + ALy, = 38mm Lyy =L+ ALy = 500308mm == =03
1

(b) FinND CHANGE IN VOLUME OF EACH BAR

Use lateral strain (e,) in each segment to find change in diameter Ad. then find change in cross sectional area, then

volume

Bar #1

gy = —ve; = —8.356 X 10°* Ad) =g, d = —006Tmm A = E[a‘ + Ad,)* = 5018.152 mm’

3 VU‘I[ 4
AVol; = ALy — AgL = 21548 mm = 8.574 % 10
d
Bar #2

—4 EF] —4

Epla = Epl Eplp = —VER = —208Y9 X 10 T = —2.089 x 10

Ady, = £,0,(2d) = —033mm Ay, = A} Ay, = ;{Zd + Ady)* = 20097.794 mm?

L 4L
ﬁLza = &1, g = 2.532 mm ﬁ.[.gb = Ezb( ?) = 2.532 mm

L il AL L
AVol, = |:.»‘1|(_+ 1'1.[._:-&) + -'d‘lb(_ + ﬁLgb)] - [AM(_) + Aﬂr(_)]
5 5 5 5
— 21601 mm® avol _ 002
- senimm AVol,  °
78
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Bar #3

L 14 L
Ilf_.zu. = Bzﬁﬁ = (0.844 mm "ﬂ'le = E1h (?) = 2.954 mm
L 14 L 14 L L
/ — — 4 / — — ] + —
AVoly |:A|(|5 :‘:'I.Lga)+ﬂgb( 5 +ﬁLgb):| |:"4-3n'( 5 ) AJ(IS)]
. AVoly
= 21610 mm- = 1.003
AVaol,

AVal,

21548 mm° | [AVol; = 21601 mm” | [AVol; = 21610 mm’

79
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Problem 1.8-1

MNUMERICAL DATA

t=0751n. L=28in.

275
b =3 in. p= 1000

ksi

BEARING FORCE

F = pbL F=66k

SHEAR AND BEARING AREAS

L]

Ag = Id- Ag = 0.307 in.?

80

Ap=dt  Ap=0469in>

BEARING STRESS

F

= E o, = 7.04 ksi —

Th
SHEAR STRESS
F

Taye = ES Tave = 10.76 ksi —
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Problem 1.8-2

NUMERICAL DATA

fop = 14 mm

fap 26 mm

P =80 kN

dp = 22 mm
Tur = 190 MPa

i(a) BEARING STRESS ON PIN

Th =7 oussel plate is thinner than
rlep

(21.) so gusset plate controls

o= 1399MPa

81

(b)) ULTIMATE FORCE IN SHEAR
Cross sectional area of pin

vl
iy

A=
A, = 380.133 mm*

Py = 2ryd,p Py = 1444 kN
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Problem 1.8-3

NUMERICAL DATA {b}l BEARING STRESS ON PIN FROM FLANGE PLATE
P = 160 kips dp = 2in. P

= ' =1i 4
'r.[\" = L3in. !‘_I" = lin. Ubf = —dp{r Li'b_lr = 20 ksi —

(4) SHEAR STRESS ON PIN
BEARING STRESS ON FIN FROM GUSSET PLATE

P
v 4 P
TET—5 - T=T - Bl
(’*‘T_ﬂ'ﬁ) (W_ﬂfn) Opg=——  Op=26Tksi <
4 4 ple
r=1273ksi <
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Problem 1.8-4

numerical data =4 mm t;=5mm d, =8 mm P=85(9.81) P=8338 N
N
a=18m b=07m H=75 m q=40 —
m
{a) support reactions
al 2 a
L=y{a+b) +H L=7906 m L'—lC' = -L L-XC'=5'692
i a+b =
L, b L L 2214 IE L 7.906
CB ~— g ZR = S o L
sum moments about A a+b
(a+b)
P-a+qL 2 = |
B, = —H\ e B, =—252.829 N (left) & Ax = -Bx (Ax acts to right) A=—B.
A —Pigl A_=1150078 N — _ - B
A Ay B,=—2528 | N ‘;L_( = —B}i ‘_3.3,= 1150.1 | N
(b) resultant force in shoe bolt at A . —
Aresyltant = 117734 N Aresultant = 1178 | N
(c) maximum shear and bearing stresses in shoe balt at A dp =8 mm t,=3 mm t.=4 mm
"!*result.mt
— 3 B
shear area A= —-d,” A =50265 mm shear stress 7= ———— T=586| MPa
4 P : 2-A,
Aresultant
3 =
bearing area A, = 2.d_-t Ay =80 mm” ; 2 _
b p's b bearing stress Fhihioe = T Ohghoe = 7-36 MPa
Aresultant
. . 2
Check bearing stress from ladder rail Tprail = T Tpypail = 184 MPa
pT
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Problem 1.8-5

NUMERICAL DATA {(a) FIND THE AVE SHEAR STRESS Ty, IN THE PIVOT PIN WHERE
5 IT IS ANCHORED TO THE BICYCLE FRAME AT B:
dp = 0.25in. L=—in CD=3.25in. 2
" q TTdF
Ag = 1 Ay = 0.049 in.~
BC =1in. Tr=451b
L7} 2979 psi  —
o= e
EQUILIBRIUM - FIND HORIZONTAL FORCES B As s P

AT B anD C [vERTICAL REACTION Vg = 0]
(b) FIND THE AVE BEARING STRESS 07y, 4. IN THE FIVOT PIN

BC + CD e et
EMB =0 He= TR - 01 OVER SEGMENT AB.

BC i

A, =d A, = 0.156 in.?
He=191.251h NFy=0 p = dpl. b in
\Hpl .
Hy=T—Hs Hz=—146251b Thave = a,  Thaw = 936 psi
84

© 2018 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Problem 1.8-6

NUMERICAL DATA

E=33m L,—3%0m a= 54.9(L) rad

180
™
= 94.4( 180 ) rad
a=106m b=1m
W=T70025 X 1.5 X008 W=231kN
(77 = wt density of steel, kN/m?)

.’_12+H1—d:")

STEP(4) B, = arccus( L H

@—13?89'*
Bi — =13

STEP (5) B, = (Lﬁ A dz)
i(3) B, = arccos L
180 o
,B;T = 16.95

STEP (6)
180
Check (B + B2+ 0+ a)—
m

= 180.039°
STATICS
Tisin( @) = Tasin(B2)

. (sin(B2)
h= Tz(sini.ﬂl})

Ticos(B) + Tocos(Bq) = W

T, = W

] cos(f }sm{ﬁz} + cos(B5)
! sin(3) :

T; = 10.7TkN —

SOLUTION APPROACH

STEP (1) d = Va* + b d=1.166 m

180
STEP (2) #; = arctan (%) 01— = 30.964°

STEP (3)-Law of cosines
H=Vd + 13 — 2dLicos(8 + )
H=39m

sin(ﬁg})
T =T T = 1318 kN —
: ‘(siniﬁl‘! ]

Ticos(B,) + TseosiB5) = 23.1 < checks

SHEAR & BEARING STRESSES

d, = 18 mm = 80 mm

"
As="pdy  Ap=id,
T
2
Tlave A__g Tlave = 23.9 MPa —
L]
2
Tlave A__g Toave = 21.2 MPa —
T
ol =A—‘ oy =9.15MPa —
]
T
oy = A_i oy = TA8MPa  —
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Problem 1.8-7

cable forces

T; =800 1b T, =550 Ib Ty = 1241 Ib d = 0.50 t

= 0.75 t = 0.25 inches

(a) resultant force on eye bolt from 3 cables

T;-cos(30-deg) = 1075 T, + T,sin(30-deg) = 1075 < so resultant has no
y-component

3

-

P = Ty~ + T5-0.5 P=1097 Ib < x-component only

(b) ave. bearing stress between hex nut & plate

Ay, = 0.2194 '1113 < hexagon area (Case 25, App. E) minus bolt x-sec area

P .
Oy = —— o, =4999  psi
A-brg
(c) shear through nut d =05 in < bolt diameter t =025 in < nut thickness
P _ .
Ay = (m-d)t Ag =0.393 Tout = Towt = 2793 psi
=N

shear through plate t, =075 r=040 <I= length of side of hexagon (also = b below)

2 P
Aspl — (6'1‘)'tp A"pl =1.8 1 Tpl = A}— Tpl = 609 pSl
spl
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Problem 1.8-8

MNUMERICAL DATA
V=12kN a= 125 mm

b = 240 mm t = 50 mm d = & mm t =50 mm
AVERAGE SHEAR STRESS
v Tave
Tave = T Tave = 0.4 MPa SHEAR MODULUS G G = ——
ab Yave
d G = 2.5MP
AVERAGE SHEAR STRAIN Yy = ? Yave = 0.16 == i

87
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Problem 1.8-9

h=4.0in.
L =40in.
G = 140 ksi

f=0.5in.

d = 0,002 in.

88

(a) AVERAGE SHEAR STRAIN

d
Yaver = T = 0.004 L

(b) SHEAR FORCES V
Average shear stress: Tower = G¥Vaver
V = Ty L) = GrygedhL)

= (140 ksiy0.004)(4.0 in.)(40 in.)
=826k =
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Problem 1.8-10

{11 = 24mm d, = 16mm t = 4mm P = 70N

average shear stress in plate: T = P 348151 -MPa

compressive stresses in punch shaft:

- P _
HU[JPE“T = ? = 154 734.MPa G—ID“'E‘T = ? = 348.151-MPa
3 el

89
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Problem 1.8-11

h=05m L=30m t=05n V=25kp G-=100ka
v _

T = — = 1.667-ksi N = = =0.0167
Lh G

-3 3.
d==t=8333x 10 "-m or d=tan(~+)t=8334x10 "-n

90
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Problem 1.8-12

t = lmim P =10N L =2(12mm) + 2-(1.5mm)-7 = 33 425-mm

P
T - —

- = 0.299-1MPa
ave — 1 o

91
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Problem 1.8-13

Part (a): pipe suspended in air

o Ibf Ibf
L = 5000ft Y = 490 Y = 63.8
ft’ ft’
. . d, —dy . . (2 N 5
d_:_ = 16in d1 = 15in t = f =0.5in tp = 1.75in Apipe = :'.\dl_ - cll'/_ =24.347-in"
Wpipe = Vs Apipe L =414.243 kip
. . by g . 2 iy s 2 ')\ . 2
n==a6 d, = 1.125in dy, = 1.875in Ap = —dyy” =0.994in" Ay = —-[ dy, —dyy ) =18in"
4 4\ J
W W W
o = 2P = 60.5ks Opra =~ = 30,1 ks] e = —PP 67k
n-Ay, E n-Ay n-- d“.- te
Part (b): pipe suspended in sea water Winwater = (Ys ~ Yw)Apipe L = 360.307 kip
Winwater Winwater Winwater )
op = ——— =604ks Oprg = ———— =34ks Tf = ———— =5.83ks
n-Ay, = n-Ay n-medy oty
92
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Problem 1.8-14

Rubber pads: { = 9 mm
Length L = 160 mm
Width b = 80 mm

G = 1250 kPa
P=16kN

() SHEAR STRESS AND STRAIN IN THE RUBBER PADS
_P2___ 8N
Taver = “pL (80 mm)(160 mm)

_ Taver 625 kPa
Yaver = T GT T 1250 kPa

= 625kPa

{b) HorizoNTAL DISPLACEMENT

= X tan(y,,.) = 4.92 mm

93
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Problem 1.8-15

NUMERICAL DATA

1
P = —in. b=2in.
8
h=Tin. W, =101b W, =401b
5
P=301b dy = 0.25 in. d, =Ei"'

(a) REacTiONS AT A

A, =1701b <
=17+2125+6 Ly =25in.
(dist from A to first bike)
My=Wi9 + Wo(19)+ P4l + 4+ 8 + 12)

L

My = 4585 in.-1b

A

(b) ForcEs 1N BOLT AT B AND PIN aT C

A =0 — SFy=0 By=W>.+4P B, =1601b <«
A_\_-=W]+W'_s+4p — EM,R:G
Right hand FBD wd?
—_ —" — =2
[Wo(19 — 17) + P(6 + 2.125) Ac =12 Agc = 0.153 in.
+ P(8.125 + 4) + P(8.125 + 8) B
Tc=— rc=1653psi <«
+ P(8.125 + 12)] Ay

* h

B,=12541b <  C,=—B,
Bes = VB + B/

(C) AVERAGE SHEAR STRESSES Tgye IN BOTH THE BOLT
AT B AND THE PIN aT O

B = 3001«

el s
AsE = ET .»‘1_..._;; = (1098 in.
B
Tp=——  T5=>3054psi <
Asp

(d) BEARMNG STRESSES o' IN THE BOLT AT B A THE FIN a1 O

f=0.125in.

App = 2dp  Apg = 0,063 in”
_ BH:‘S _ .
g = Ly = 4797 psl —
App
Apc=2d,  Apc =0.078 in.*
C, )
Tpe = A_ T = 3246 psi =—
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Problem 1.8-16

FREE-BODY DIAGRAM OF CLAMP

f = 250 mm
¢ = 100 mm
P=1RkN

From vertical equilibrium:

F—E—QkN
—g

d = diameter of pinat C = 12 mm

SHEAR FORCE F IN PIN

[n
|~
n

= 4,847 kN

AVERAGE SHEAR STRESS IN THE PIN

F F
'ra,,ﬂ—d—_=—2=—129MFa —

in T2

1

{from other half of arm B)

7
2
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Problem 1.8-17
(a) SHEAR STRESS T AT RADIAL DISTANCE r

r = radial distance A, = shear area at distance r = 2mrh
from center of

shock mount to 7=£= P i

element of A, 2arh

thickness dr

(b) DowswARD DISPLACEMENT &
v = shear strain at distance r

.
Y76 T 2amG

dd = downward displacement for element dr

Pdr
dd = ydr =
vd 2arhG
s e pir
a "~ Jun 2wrhG
P ("ar P B
= —=——1Inr] i
2ahls fyn T 2ahis
r = radial distance from center of shock mount to p b
element of thickness dr §=—In—
2ahG d
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Problem 1.8-18

Numerical data L=275m W, = 667N H = 130-mm h = 108-mm b = 96-mm

t = 14-mm db = 12-mm d“. = 22-mm

a) Find average shear stress (1, MPa) at bolt #1 due to the wind force W,',; repeat for bolt #4

I A
A'IJ = Il.']b_ =113.097 -min T]_ =

A only bolts 1 & 2 resist wind force shear in +y dir.

b) Find ave. bearing stress (o, MPa) between the bolt and the base plate (thickness t) at bolt #1;
repeat for bolt #4
W,

¥

E
Abrg = r:lb-t = 168-mm~

Op1 =
rg

=1985MPa  |oy = 1.985MP3 Opg = O

A only bolts 1 & 2 resist wind force bearing in +y dir

c) Find ave. bearing stress (o, MPa) between base plate and washer at bolt #4 due to the wind force
W, (assume initial bolt pretension is zero)

Assume wind force creates OTM about x axis = OTM, OTM, = W, -L=183425-N-m

OTM
OTM is resisted by force couples pairs at bolts 14 & 2-3; so force in bolt 4 is: Fy = X 8491 898N

2-h

Beanng area is donut shaped area of washer in contact with the plate minus approx. rect. cutout for slot

_ w5 2"| |r dw_‘-'lb\‘ . Fy
Aprg = R dy —dp )= db'._ —— | =207.035-mm Ohy = i 41-MPa Oy = 41-MP:

‘brg

X,

d) Find ave. shear stress (1, MPa) through the base plate at bolt #4 due to the wind force W,',;

Use force F, above; shear stress is on cyl. surface at perimeter of washer, must deduct approx. rect. area
due to slot

F

. 2 4
ch = (Tdy = dp)-t = 799.611-mm’ T = — =10.62.MPa T = 10.62-MP:

Ach

A

e) Find an expression for normal stress (o) in bolt #3 due to the wind force W,',.

=75.1-MPa o3 =75.1-MP3

Force in bolt 3 due to OTMX is same as that in bolt 4 o3 =

& |
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Problem 1.8-19

NUMERICAL DATA 0, =12681b O, = 1.2941b
1 1 3 = /2 — —
F=5Ib f=—cin d,=gin d,=—in. Oes = VO + 07 Oy = 12741

ib) FIND AVERAGE SHEAR STRESS T,y AND BEARING STRESS

5. T
fp=301b dln.‘.-=§ln g = Iﬁmrad o'y IN THE PIN AT ()
a=075in. b=15in. c=175in. d, O,
A=2 T0=—" T0=519psi <
(ﬂ}l FIND THE FORCE IN THE PIN AT (2 DUE TO APPLIED :
ORCE 0
rorce F Ay =2y o0="= @10=8l6psi
]
EM{J =0
[ Feos(0)b — a)] + Fsin(®)(c) (c) FIND THE AVERAGE SHEAR STRESS Tyye IN THE BRASS
E-‘lE = a RETAINING BALLS AT B DUE TO WATER PRESSURE FORCE Fp
Fag=18491b df T
A A, =3—2 ;=L L _ —362psi —
SFy=0  0y=Fag+ Fcos (6) 4 Ay

0, = Fsin (8)
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Problem 1.8-20

numerical data

d, =8 mm dy =10 mm m=20 ke
) f I.’ TT % I.’ T T
a = 760 b = 254 c = 506 d =150 h=660 h, =490 H-= h-| tan| 30-— | + tanf 45— | |
L 1m0/ \ 7 130}/
m - H=1041x 103 G111}
W = m(9.81) W=1962 N=ke— T _760
&2 2
vector r, o o | 0 |
1 3
hpg=| H rAB=‘ 1.041 x 107 ‘
\c—d) 356
i 0 A\
unit vector e TAB
4B - _ _
“AB T | eAB—‘0.946| |eaB| =
L L0324
(0 (0 ) ( by ) (490}
W=|-w W =‘ -196.2 tpo = | b ipo = | 490
L0 ) 0 ) (bc) \ 760 /
ZMD Mp =mpp* Foeag+ Wx g {lgnore force at h|nge C since it will vanish
with moment about line DC
H c—d
ESX =0 Pﬂ i 1—,:'1:\5 F‘:Z = fFS
VE +(c—4d) JH +(e—d)
H —-d
— 0.946 S S
8] ¥ ¥ gl
He: £ —d) H +(c—-d)

(a) Find the strut force Fs and average normal stress G in the strut

| Wb, F..
> Miinenc = 0 By =1 Foo=145.664 F = ———— F =159 N

x o , F,
"\slmt = — 'ds_ Astmt =50265 mm~ a = a=306 MPa
4 Astrut
b) Find the average shear stress T..._inthe bolt at A dy =10 mm
| ve. b
™ > FS
A = —dy” A =7854 T=— T=19 MPa
4 AS

(c) Find the bearing stress Gy, on the bolt at A Ay =dody Ay, =80 mmj

F,
o = T; op=1924 MPa
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Problem 1.8-21

NUMERICAL PROPERTIES

P IR}
P—Blﬂ.. lf;|—321|'|.. ,_-—Eln
T=251b  dg=6in.

dCD= | in.

(a) Finp THE cUTTING FORCE P ON THE CUTTING BLADE
AT [ IF THE TENSION FORCE IN THE ROFE 15 T = 25 |b:

SM. =0
M, = T(6 sin(70°)
+ 2T cos (2076 sin (T0%))
— 2T sin (207°)6 cos (T0%))
— Pecos (20701

SOLVE EQUATION FOR P
[Ti6sin(707)) + 2Tcos(207)
p_ 6sini70%)) — 2Tsin( 20" 6 cos(TO)))
cos (207

P =3951bs —

(b) SMLVE FOR FORCES ON PIN AT C

SFE=0 =T+ 2Tcos (20°) + P cos (40)
C,=374lbs

SFy =0

C,=—23Tlbs =

C, = 2T sin (20°) — P sin (407)

Eenzanr ar O

Coe = VI + G Co=4431bs =

(c) FIiND MAXIMUM SHEAR AND BEARING STRESSES IN THE

SUPPORT FIN AT [SE:'.E SECTION A—A THROUGH SAW).

SHEAR STRESS—PIN IN DOUBLE SHEAR

A, = ;df, A, = 0.012in2
C
Tave = 2:‘ Tave = 18.04 ksi
X

100

BEARING STRESSES ON PIN ON EACH SIDE OF COLLAR
CH:‘S
2
dyt.

T = ope = 4.72 ksi —

BEARING STRESS ON FIN AT CUTTING BLADE
Cres

a Frep = 37.8 ksi «—

Fheh =
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Problem 1.8-22

Cable forces

3+ (9-0.45) ]
J3? +8.552
(6.5i+(8.5-0.45)j+2k
[ f6.52+8.05%+2?

(8i+(9-0.45)j+5k
87 +8.557 45

F,=Fn,, =1 wﬁwt }:36.421'+103.8j kN

F, = Fn,, =85kN ]=52.43i+64.93j+16.13k kN

F,= Fn,, = 90kN J: 56.55i +60.44 + 3534k kN

The resultant of cable forces F;. F>and Fj is easily obtained as:

Q=F,+F,+F,=145.4i+229.2j+515k kN

(a) Reactions - use resultant forces Q,, Q,, Q, applied at point A (a distance 5 = 0.45 m above base)

ZF =0: R +0 =0 soR =-0 =-1454kN
LF,=0: R+Q,=0 soR,=-Q =-229.2kN
XF,=0: R +0 =0 soR=-0Q =-515kN

M =0 M _+0/(045m)=0 so M_=—(51.5kN)0.45m)=-23.2kN-m
Zai{}::U: jr!:.,=ﬂ'
M. =0: M, -Q.(045m)=0 so M, =(1454kN)(0.45m)=65.4kN -m

i{b) Average shear stress for each of 8 anchor bolts dp, = 24mm Ry = 145.4kN R, = 51.5kN
2 2
B, +K
Toe =" S =42.621 MPa
B —-dy,” |
4
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Problem 1.8-23

a) Reactions at point O P = 110ILf P, =Py
Force vectors and resultant
PG Fug
5] =
[ J3 | % | 9 | .
Py = Py| f5 | =| 98387 i-lbf Py = Py /26 | =| —107.864 | Ibf |Py| =110 1bf
L 49193 1 21.573% )
L \J'—S ) |l 26 ) P_—_r = 110-Ibf
Resultant ( 0 |
R = P, + Py =| —206.251 | Ibf |R| =218.053-1bf
\ 70766 )
IMoment about point C (or Force-couple system at pt. O )
{14 (23 {1027 ‘ 856 )
= I 2 |-mn fop =| 2 |in Mp =19a x Py +1og % Pq ’ —1185 |-Ibf-in  or MD:i —98.7 |-Ibf -ft
Lo ) Lo/ | 3858 ) \-321.5
|Mg| = 4165 Ibf in or M| = 347.1bf £t
REACTIONS at point O
| 0 ) ‘ (1027
Rg = —R=| 2063 I-lbf . Y ‘ 185 :1bf-i.1.:.
\~70.8 /
o ? 1
b) Shear stress on bolt 2 b=275m h=3n d=4b +h =407in 5 | 4749 deg
b 4
BOILT FORCES at bolt 2
R, R
F..v.'] = — =-51.563-1bf sz = — =17.692-1bf
Y- 4 - 4
Vo= 2 =126.178-16f < CCW twisting moment = 2 force couples
1.
V, = —V-cos(8) = -85.262-Ibf V, = V-sin(6) = 93.013-1bf
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N In-plane force resultant at bolt 2

dy = 3/8 in. R, = chv_) £V + (Epp + V) = 176.001.1bf
d, = 5/8 in. -

shear stress on bolt 2
3 1n. 3 o . §
db = Enl :\.h = :'db =011-m

AN

R4

T = = 1594-ps1

b=2.75in.
Support bracket

103
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Problem 1.8-24

L2~ r3|~

F = force applied to pedal = 800N

L = length of crank arm

MEASUREMENTS (FOR AUTHOR'S BICYCLE)

(1) L =162 mm (2) R =90 mm

(a) TeENSILE FORCE T IN CHAIN

FL
EM =0 FL=TR T=F
Substitute numerical values:
B00 N)Y 162 mm
T= —( X ) = 440N

90 mm

R = radius of sprocket

(b) SHEAR STRESS IN PINS

112 T r

= -
aver A ) -n—dz Trdz
pin
222
(4)
_ 2L
wd R

Substitute numerical values:
2(R00 N) 162 mm)

= = 147 MPa —
(2.5 mm)%(90 mm)

Taver

104
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Problem 1.9-1

L ]
|d
P b .i.wn.. —— e = - P
L=160in. d=050in.
E =64 % 10°psi
Tafiow = 17,000 psi Omax = 0.04 in.

MAXIMUM LOAD BASED UPON ELONGATION

 Bax 0.4 in.

Emax = T 16 in.

oy = E€p = (6.4 % 10° psi)(0.00250)

0.00250

= 16,000 psi

105

Py = FneA = (16.000 psi}(%) (0.50 in.)2

= 3140 Ib

MAXIMUM LOAD BASED UPON TENSILE STRESS

Py = Gullowd = (17,000 psi)(;){ﬂjﬂ in.)?
— 3340 1b
ALLOWABLE LOAD

Elongation governs.
Pajow = 314016 =
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Problem 1.9-2

NUMERICAL DATA MaxIiMUM PERMISSIBLE TORQUE
r=10 d= 250 mm d

* holts A flange Tmax = TuAs(rE)

A, =mr T = 3.338 % 107 N-mm

A, = 314159 m” T = 334kN'-m <

7, = 85 MPa

106
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Problem 1.9-3

P y: Sy
I? B in.
d|
; 3 » ) e dy = —in
g a = ?
e i F t==in.
bdisl 8

ALLOWABLE LOAD BASED UPON SHEAR STRESS IN
FIBERGLASS

Tallow = 300 pSi
Shear area A, = wdyd

P
E = Tallow A5 = T allow (7dyt)

: L 3.
= (300 pmj{w}(g ]n.)(g ln.)

107

L _30031b

m|"'=|

P, = 6191b
ALLOWABLE LOAD BASED UPON BEARING PRESSURE

o = 550 psi

Bearing area Ay = E{d?ﬁf — dg)

P 7. ¥ I

?3 = =150 psi;(%)[(gin.) = (Ein.
—303.71b

Py = 6071b

ALLOWABLE LOAD

Bearing pressure governs.

Pyiow = 6071 —
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Problem 1.9-4

Yield and ultimate stresses (all in MPa)

TusEs: ay = 200 oy = 340 F5, =35
P (sHEAR): 7= 8 7, = 140 FS5, =45
P (BEARING): opy = 260 gy = 450

(2) Paiow CONSIDERING TENSION IN THE TUBES

ar 7
AnciAB =I[fi..131 — (dip — 2t2p)"]

= 4({!,!',13

TUBES AND PIN DIMEMSIONS (MM
dag = 41
dpc = dsg — 2tpp dpc= 28

tag = 6.5

fac = 7.5 d, = 11

Aperap = 418.502 mm’

Apewnc = E[d_qcz — (dgr — 2:_;;,;;}2] — 4d,tpc Apape = 153.02 < usesmaller
oy
Pin = EAM@C P, = 8743.993N < controls | Patiow = 8.74 kN|
Er]!
Pira = — Apepc Para = 11.561.501 N
FS,
(b) Pyiow CONSIDERING SHEAR IN THE PINS A, = Edﬁ Ay = 95.033 mm>
T.
Past = (44;) 55~ Pusi = 8688.748 N < controls Poow = B.69KN
¥
Poy = (4A) = P,y = 11826351 N
F5,
(C) Pilow CONSIDERING BEARING IN THE PINS
Apap =4 dp tap Apap = 286 mm? =2 smaller controls
Abﬂ\f‘ = —1- dP FBC A‘bﬂ‘l‘:' — 33'}
Ty
Papt = AMB(E) Py = 21245714 N < controls |.|"5'a”mw =712 kN|
|
Papy = Apan (F_;u) Papy = 28,600 N |Dverﬂll, shear controls (Part (b)) |
i
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Problem 1.9-5

Four piers A= %{dz — df) = g[m.s in)? — (3.7in)?]
Oy = S0 ksi LA
= 5.152in."
n=235 ;
Py = allowable load on one pier
oy 50 ksi ; . .
Tallow =~ =35 = 14.29 ksi = CatowA = (14.29 ksi)(5.152 in.%)
= v.
d=45in. 2k
P 0 Total load P = 4P, =294k =

dp=d — 2t = 3.7 in.

109
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Problem 1.9-6

a, = 4000IPa P = 900kN FSu =3 t = 12mm
P
7 133.333.MP A : 1687.5 ’
o, = —— =133333.MPa Areqd = — = 7.5 mm
FE-.u o,

Set cross-sectional area of one pier equal to required area then solve for d

)
B ‘%reqd + Tt
-1

= 56.8-mm

%-[dj —d-217 =A. d

110
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Problem 1.9-7

L = soft d: = 14 dl = 13m te = 1.5 db = 1.125m cl“_ = 1.875m
Tap = 50kst T = 120ksi
From Table 1-1
LI i L. i Ib Ibf
N “_—dA." 1 =21 70610~ Ay = —. A" = e
-'Lp = \dl dq ) 21.206-1n Ay, T dy,” =0.994-1n ", - 490__1 oy = 638
£ &

1) Pemmissible number of pipe segment (n) if hanging in air - max. normal stresses at top of pipe at doll ng

o Ne-An-n-L a
Based on allowable stress in pipe: W = ‘f---ﬁp-ﬂ-l i =a s0 n= P 293.878
] -d‘p ap "]'gL
_ AL -n-L 6-Ay,-a
Based on allowable nomal stress in each of 6 balis: i =0y, 50 n = Q = 198.367
6-Ay, : Vs Ap L

198 pipe segments caontrols

2) Pemissible number of pipe segment (n) if hanging in sea water - max._nommal stresses at top of pipe at drill rig

a

Based on allowable stress in pipe: n= $ = 337.87
[¥s ~ Vsea) L
_ _ 0-Ap Ty
Based on allowable normal stress in each of 6 bolts: n = ———— = 228.062
(s~ 'Tseah"qp']“

228 pipe segments caontrols
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Problem 1.9-8

NUMERICAL DATA

M,=43kg o, =70 MPa
7a = 45 MPa Tpg = 110 MPa
d, = 10 mm d, = 9 mm =8 mm
P=50N g = 9.81 m/s

M
Fy(127) + Fy(75) = ?”g (127 + 505)
P
+ 31127 + 2(505)]
F(127cos(10°) + 75sin(10°)

My, £
= TE{IET + 505) + B} + 2(305)]

My, r
Tgl{lZ? +305) + E[]E? + 2(505)]

(127 cos(10°) + T3sin(10%))
F=11T1kN —

112

(a) ForcE F 1N EACH STRUT FROM STATICS (SUM
MOMENTS ABOUT B)

FIF'= FCDS{'DG} 'FH= FS[H{II}G}

ZMp=0

(b) Maxmum PERMISSIBLE FORCE F IN EACH STRUT

qux IS SMALLEST OF THE FOLLOWING

Fq= -:ragdf F, = 550 kN
w
Faip =g Idpz

FaE
Fo=286kN <« —Z—245

Fiz= U'budpf Fp3=T92kN
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Problem 1.9-9

FREE-BODY DIAGRAM OF ONE PULLEY

&
15 T
FPulley Iy
: R
Pin — H
Ry
T

ALLOWABLE TENSILE FORCE IN OME CABLE BASED
UPDON SHEAR IN THE PINZ

LT .
Vﬂ]m = Tallow‘a"pin = (4000 pSl}(I){DEI}]n}E
= 20111b

Vitlow
V=12175T T, =—ex

=Ta175 1652 b

ALLOWABLE FORCE IN ONE CABLE BASED UPON
TEMSIOM IN THE CABLE

T3 = Tjipw = 1800 b

113

Pin diameter d = 0.80 in.

T = tensile force in one cable
Tatiow = 1800 1b
Tatow = 4000 psi
W = weight of lifeboat
= 1500 1b
ZFon. =0 Ry = Tcos 157 = 0.9659T
EFq =0 Ry =T — Tsin 15° = 0.7412T

V = shear force in pin

V=VRy + RE =12175T

MaxmMum WEIGHT

Shear in the pins governs.

Toax = T1 = 1652 1b

Total tensile force in four cables
= 4T . = 6608 1b

Winax = 4T ey — W
= 6608 Ib — 1500 Ib
—=51101b  «
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Problem 1.9-10

NUMERICAL DATA

M = 300 kg g = 9.81 m/s’
Ta=50MPa  op; =110 MPa
iy =40 mm iy = 40 mm

fc =50 dpa = 25 mm

dug=30  dpc=22mm

{a) REsuLtanT FORCES F ACTING ON PULLEYS A, B, anp ©

ey i S
Mg W
Fo=T T=—f4+-2=

Wiy = 2T — Mg

From statics at B

(h) Maxmium Loan W THAT CAN BE ADDED AT B DUE TO
Ta AND Opg IN PINS AT A, B, anp O

Purpey aT A
Tﬁ T A;
DouUBLE sHEAR
Fy=14, V2T =r1,A4,
ﬂ Wma! _ Tr.rA:
27 2 A

2
Winant = E(Tﬁﬂs) =MP
w =L 21 21 _ M
max| '\/E Ta 4dp'4 g
Winaxl - 74
Mg -
Woann = 66.5 kN =

(shear at A controls)

114

OR check bearing stress

2
e ”'b:.r-’d‘b) = Mg
v’i(

; (
7 = Tpalad .4) — Mg
e -

Wome = 1526 kN  (bearing at A)

=

max2

=

PuriLeEy aT B 2T = 1A,

2
Wmmd = E{Ta""‘.v:l - Mg

aw
Wonaxs = [Tu(zgdpf)] — Mg

Wiws = 67.7 kN (shear at B)

2
Wona = SlomAp) — Mg

2
Woma = t.'l‘bufgdp — Mg

Woa = 1291 kN (bearing at B)

PurLeEy at C T=r,A,

Wiaxs = E{Ta‘q:} - Mg
| — [27,,(2%:1?3” — Mg
Wos =73x 100 W_,s=73.1kN

Wiaes = 2opafcd,c — Mg

Wonaes = 239.1 kN (bearing at C)

(shear at C)
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Problem 1.9-11

COMPRESSIVE STRESS IN SPAR
Py =o(dl—d?) P, =34636k
SHEAR STRESS IN PIN

m
Py = TU(EE d,})

10.21 kips << controls <

NUMERICAL DATA P
dy =350 d, =2.8in.
dp = 1in. r=0.51In.

o, = 10 ksi 7, = 6.5 ksi ay, = 16 ksi

Adouble shear
BEARING STRESS BETWEEN PIN AND CONECTING PLATES

Pz = o 2dt) P =16k

115
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Problem 1.9-12

NUMERICAL DATA

-
F$=3 7,=340MPa 1, =F—;
d =3 mm
0] B
VRS + RS
7, = ———— < pin at C in single shear

A
R, = —C cos (40%)
a = 50 cos (407) + 125

Ry = P+ Csin (407)
a = 163.302 mm

b = 38 mm
Pla)
Stamics EMpin =0 C= b
Pla) a .
R, = —TCOSMD"J R, =P|1 + Esm(dl}"}

2

I|I a a 2
|| —= - 4+ — o —
P\, [ lrJIﬁ:r_'us{tllill )} + [1 bsm(ﬂ.D }] T A

dl

T
Ay =E

116

-
Ty = E 7, = 113333 MPa
Find P,

P = T,

2

M a - a :
) . -
| ——cos (40° ] + [I + —sin 4[]"}}
A [ p C 40D p Sl
P = 45N —
here a_ 4.297 < a/b = mechanical advantage

FIND MAXIMUM CLAMPING FORCE

i
Cult = PmaxFS (E) Cyp = 5739 N —
Pult = PmaxFS Pull = 1335
C
—ult _ 4297
Pull
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Problem 1.9-13

NUMERICAL DATA

5
d =—n. - = 65 ksi
in oy si

oy
Fy = —

~ FS,

oy w7
W = (1.539 —d-
max (FS,.)(:L )

W = 0.305kips  —

o, = 34211 ksi

CHECK ALSO FORCE IN WIRE C[D

SN Fy=0 at Cor D

FS,

117

Forces in wires AC, EC, BD, ann FD

SFy=0 atA.B.EorF

21+52><E VLS
5 /) 10 B
W, =0539 0, X A

Fy = 0.539

2
Fep = Z(T Fw)
V2 + 5

2 2+ 5 W
o=l s )
2. 5 5 2

LA | ba

Frp=—W less than Fye so AC controls
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Problem 1.9-14

NUMERICAL DATA

A = 2180 mm’
t, = 12 mm d,. = 16 mm fany = 6.4 mm
o, = 390 MPa 7a = 190 MPa

Op=550MPa FS =25
_ oy _ Tu _ Fhy
a~pg TeT g Tk g

=]

MEMBER FORCES FROM TRUSS ANALYSIS

5 4 2
V2 4
=047 Feg=3P

Pllow FOR TENSION ON NET SECTION IN TRUSS BARS
Apa = A — Mrfang
Anet

— = 0906
A

Aper = 1975 mm’”

< allowable force in a member
so0 BC controls since it has the largest
member force for this loading

Fulow = Fainer

3 3
Pallow = EFE{_M Pallow = Elga‘q'n:t}

Potiow = 184.879 kN

Next, Pyjow for shear in rivets (all are in double shear)

A, = 2%:1‘,2 < for one rivet in DOUBLE shear
lF'_ITI&}’. . i =
i TeAy N = number of rivets in a particular

member (see drawing of connection
detail)

3
Ppe= 3(;)[1'{.,145} Ppr= 55.0kN
3
Pr_‘p =2 ? {TGA;.I PCF = 129.TkN
2

Prp = 458 kN +— < so shear in rivets in CG and CD
controls Py, here

3
PCD = 2(1)[1’“.)‘15:] PCD = 458 kN =

Next, P.ow for bearing of rivets on truss bars

Ap = 2ddan, < rivet bears on each angle in two angle
pairs
lF’I‘I‘IE'.II
= gy, A
N baiip

3
Ppr= 3(5)&%%}

3
Pe =2(—)(U“ Apl
CF \-"E Ba'ih.

3
Fe= Z(E)Iitrmf’ln)

Pyc = 81101 kN

Pep = 191,156 kN

Peg = 67.584 kN

3
Pep = 2(1){05{4,4.5} Prp = 67.584 kN

Finally, Py for bearing of rivets on gusset plate
Ab —F d-":.ﬂ‘

{bearing area for each rivert on gusset plate)

fe=12mm < 2, = 12.8 mm

so gusset will control over angles

3
Ppr = 3(;)[0{,&1‘15} P = T6.032 kN

3
Pep = E(E){ﬂmﬂb}

3
Pog = E(I)Ldmﬂ.a}

Pep = 179.209 kN
Prg = 63.36 kN

3
Pep =12 1 ()

Pep = 6336 kN

S0, shear in rivets controls: Py, = 43.8kN
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Problem 1.9-15

NUMERICAL DATA
d=175in.

(a) FormuLa FOr P, . IN TENSION

oy = 12ksi

From Case 15, Appendix E:

2 b d
A=2r‘(a—a—}) r=—
re 2

a
o = acos(—) r=0.875in.
r

aﬂ = 78463

m

b=%r —a

MORO)

d
q4=—
10
a=0.175in.

119

| . 1 2
P, = uru[zd' (arcccs(j) — 25"\!{8)]
| 2
amcus(—) — —VE
B 0587 =
2 o 4
P, = a,(0.587dY) =

= (1L785

0.587
078 0.748

(b)) EVALUATE NUMERICAL RESULT
d=175in. oy = 12 ksi
P,=216k “—
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Problem 1.9-16

NUMERICAL DATA SHEAR AREA (DOUBLE SHEAR)

d) = 60 mm d» = 32 mm

A, = z(fdf) A, = 1608 mm’
ry=120MPa oy =250 MPa

FS, = 2 NET AREA IN TENSION (FROM AprPENDIX E)
A 4\

ALLOWABLE STRESSES Ape = Z(Tl)
E) )

ay d- 21 V\2 2
o, =— o, = 125 MPa arccos| — | — S

)

. d 2
From Case 15, Appendix E: r=—
, d“& p Ape = 1003 mm*

9 el

A= Er‘(a - —3) o = arc Cosﬁ = arc msd—2 Piow In tension: smaller of values based on either shear
! e ! or tension allowable stress x appropriate area
A

a= ?‘ b=\rt—a P, =1,A, P, =965kN < shear governs <

Py = 0pfpe  Paa = 1254kN

120
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Problem 1.9-17

NUMERICAL DAaTA

ary = 60 ksi 7y = 17 ksi The = 25 ksi

T = 75 ksi e = 50 ksi F§,=125
3

dy = Hin. dy = 1.5 1in. typ = 1in.

3
h=14in. b= 12in. d=6in t=§in.
W = 0.500 kips H=17(12) H =204 in.
L,=10{12) Ly=1212) L, = 120in.
Ly = 144 in.

ALLOWABLE STRESSES (ksi)
UH 1-Ji
= =724 .
a"Fs, Y@ a7 Fg,
Th
Ta = 6.8 The = FSt. Tha = 10
Ty iy
= = 30 —
s, T e Es,
Ei'hu = 20

Forces F anD R IN TERMS OF Prmax

FH

F = proaloLy R= ﬂ
LLyH
R= pmnxj—";

(1) COMPUTE Ppay BASED ON NORMAL STRESS IN EACH BOLT
(GREATER AT B anpD [)

R+Z
4 oo E
o= Edz Rm—uﬂ(4db) 1
4 b
m 7 W
_d‘ -
Uﬂ(-‘i b) 4
Proax]l = li_-l-Lj'rH

2h

Poax1 = 1198 psf controls

(2) COMPUTE Pppay BASED ON SHEAR THROUGH BASE PLATE
(GREATER AT B anp D)

R+E
4

’i'Tdh..fbp

W
Rmax = Ta'(:'rdwfbp) - I

W
ru(mdatiy) =
2h

Pmaxz = 36.5 psf

(3) COMPUTE Pryax BASED ON HORIZOMTAL SHEAR
ON EACH BOLT

F
4
Th Fm:ua = 47;,.“(3{1152)
(5+) 4
4 b
_ Tha(mdy?)
P .[.\Lh

Pmaxy = 147.3 psf

(4) COMPUTE Py, BASED ON HORIZONTAL BEARING ON

EACH BOLT
E
__4 Fr = dorpalit )
% =7 o) max paltopty
Aoy (tpdy)
Poaxd = —F 57—
LyLy
Peaxa = 730 psf

(5) COMPUTE Ppax BASED ON BEARING UNDER THE TOP WASHER
AT A (Or C) AND THE BOTTOM WASHER AT B (or [))

¥
4
T2 2
I[dw = dy, )
T W
Riax = Uhu[;[dwz - de)] - T
aw 3 3 W
Urm{z[dw‘ - ﬂ'b‘)] vy
2h
Prmaxs = 30.2 psf
So, normalfstress in bolts controls; pp., = 11.98 psf

121
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Problem 1.9-18

d = diameter of rod AB

FREE-BODY DIAGRAM OF PISTON

F = applied force (constant)

C = compressive force in connecting rod

RP = resultant of reaction forces between cylinder
and piston (no friction)

D Figie =07 =
P—Ccosa=10

P=Ccosao

MaxIMUM COMPRESSIVE FORCE C IN CONNECTING ROD
Crnax = 0 A,

in which A, = area of connecting rod

MAXIMUM ALLOWABLE FORCE P
P = Coax COS @

= o A Cco8 @

The maximun allowable force P occurs when cos e has its
smallest value, which means that « has its larzest value.

LARGEST VALUE OF

VL2 =R2

The largest value of « occurs when point B is the farthest
distance from line AC. The farthest distance is the radius R
of the crank arm.

Therefore,
BC=R

Also, AC = VIR

VIR \X (R)E
cosa=——=4/1-| —
L L

{a) MAXIMUM ALLOWABLE FORCE P

Pajiow = - Ay COS @

_ wd® R -
84w N1
{b) SUBSTITUTE NUMERICAL VALUES
o, = 160 MPa d = 9.00 mm

R =0.28L R/L =0.28
Palow = 9.TT KN+

122
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Problem 1.10-1

NUMERICAL DATA

P =33 kips r=0.25in. oy = 12 ksi

(a) MiNIMUM DIAMETER OF TUBE {NO HOLES)

m A A P
Ay =—|d*—(d-2)* Ay =—
=gl A=
A, =275in?

Equating A, and A; and solving for o

d = +t d=1375in —

e

123

(b} MiNmMUM MAMETER OF TUBE (WITH HOLES)
mw “ 27 d
p— —_ - o F _"'J -
A, [4[._1 (d—21)] H(IDH

I
Al=d('m‘_§) — o

Equating A and A> and solving for d:

P
—+7r1"2
Ty .
d=—i‘ d = 4.01 in. —
r__
™5
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Problem 1.10-2

NUMERICAL DATA Equate A; and A, and solve for d
oy = 290 MPa oy
P = 1500 kN &5 ] By
Fs,— 1.8 Py
; G [ 7 P
(a) MINMUM DIAMETER (NO HOLES) o f—f—
ﬂr 2 min '64'7]_ E’f}"
o il
Ay =—|d*—|d—— S,
' 4{ ( 4) ] =
7 - tdmin = 164.6 mm —
.»4| _ a'ﬂ'd‘ min
P 2
Ap=—— Ap=931X 10° mm
¥
FS,
(b) MiNIMUM DIAMETER (WITH HOLES) p
Redefine A,—subtract area for two holes—then oy

equate to Az

A

7 1
Ay = —ad? — —d’

64 40

S 7 1 7 |
Ay =d\ 7= 0) @™ 1310 Ao = dpin = 1709 mm <

124
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Problem 1.10-3

NUMERICAL DATA

P=27k b =0.75in. h=8in.
Ta = 13 ksi Opa = 19 ksi

[EI} d:mjn BASED ON ALLOWABLE SHEAR—DOUBLE SHEAR

IN STRUT
Fpc 15

s P
Ta )‘1_1, DC 1

drn.in = (0.704 in. —

125

(b) dmin BASED ON ALLOWABLE BEARING AT JT C

15 P/4
Bearing from beam ACB oy =—————
= bd
15 P/4 .
Omin = tdmin = 0.711 in. —
by,
15
—P
Bearing from strut DC oy, = —
2—bd
8

P
op =3 E (lower than ACE)
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Problem 1.10-4

NUMERICAL DATA

F=190kN T, = 90 MPa oy, = 150 MPa

fp = 20 mm fo = 16 mm

(1) dpiq BASED ON ALLOW SHEAR—DOUBLE SHEAR
IN FIN

126

(2) dmin BASED ON ALLOW BEARING IN GUSSET AND CLEVIS

PLATES

Bearing on gusset plate

F F
= Ae=td  dyn = —
b

ey
din = 63.3 mm

g

<controls —

Bearing on clevis Ap = di(2t.)
F
djn = —— dmin = 39.6 mm
2t 7y,
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Problem 1.10-5

P = 5200 b Fpe = 3.83858 P = 19.960.616 Ib < from planc truss analysis Ts = 12 ksi
(see Probs. 1.3-610 1.3-12)
5 ; .
Iy = r in. Ie = 1125 in. 1, = 0,625 in. 21, = 1.25in. Tp; = 18 ksi

< controls dpia = 1.029 in.

Pin DIAMETER BASED ON BEARING BETWEEN PIN AND EACH OF TWO END PLATES <0 I, is grealer than 1, so gusset will
control

Fnr
dyy = = = 0.887 in.

2,0y,
PIN DIAMETER BASED ON BEARING BETWEEN PIN AND GUSSET PLATE
Frr
dy3 = —= = 0.986 in.
J"U'ﬁ“

127
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Problem 1.10-6

Ty = 125MPa Ty = S0MPa W = B8kN
Cut cable - use FED of CABC to find cable tension T %
__ ‘.\'I 2.25m |
25 [ 4.5m ) Ky oH /
SMp=0  ———T(m)=W{——]| s T=—""2 932N
2 2 gk 235
25 +13
252432
Required cross sectional area of cable e i
4 A og = — = 74978mm’
q o,
Reaction force at O - use FBD of OABC
25 _
YF, =0 Rpgg= YF, = 0 Rgy = W-———T=2kN
25 +3°
2 i -
Resultant Rores = JRox + RDy = 7473 kN
Diameter of pin at © (in double shear) dp = =7.711-mm
Diameter of pins at B and D {in double shear) dB = dD dB =

128
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Problem 1.10-7
W = 17001bf o, = 18ksi T, = 12ks1 Assume single shear in pins

a) Cut continuous cable - use FBD of OABC to find cable force T then use allowable nomal stress to find Areqd

g8 8 3 (1560
YMgq = 0 of % (5ft) + T-[— |-(10ft) = W{ — |
o ) ’) 2 Nt
A58 10% + 82 g
“"-l 15ft 1
|\ 2l ¥ T ]
B T B ; —1215798Ibf  so Apgq = — = 00675in”
(5f1) + | | (10f1) “a
g 3 e |
558 10" +87)

Pin at O - find reactions at O then resultant force - use lower FBD of OABC; assume single shear in pins

{ 5 10 A
3F_=10 = T-| + = 1593.75-1bf
& ROK } J 3 3 J ¥ Y .
B =57 8" +:107 )
( 8 8 1
EF.\. =0 R‘Ch =W-T- + | =—90.497 1bf
4 B 3 a a a
-‘JS_+5_ Jﬁ_—lﬂ_,.l
([r..2+r.2)
4 Ox ™ Oy / :
dD = |- 04121

™ T4

Pin at D - use resultant of continuous cable forces from A and B

" . bt

— araal &) - 57.995. sl &) 3866
Bay = atanlx . ,'! =57.995-deg By = at:ml i 38.66-deg
D, = —T-(cos(8,, ) + cos|Bg. || = —1593.75.Ibf
D, = T(sin(0ay) + sin(Bp)) = 1790 497-1bf

5

x + Dy =2397.065-Ibf s0 dp =

129
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Problem 1.10-8

Ry o L (a) MiNMUM REQUIRED AREA OF TIE

above tie T Pcotd
) i Amin = =
P = tensile force in cable Tallow  Tallow
helow tie
: (b} SUBSTITUTE NUMERICAL VALUES:
Faow = allowable tensile
stress in the tie P=130kN f=T75"
Taow = 80 MPa

Apin = 435 mm* «

FREE-BODY DIAGRAM OF HALF THE TIE

Mote: Include a small amount of the cable in the free-body
diagram

T = tensile force in the tie £ i f ,
/s F  FoRCE TRIANGLE

130
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Problem 1.10-9

T = tensile force in cable

W = weight of steel tube

=8
I

diameter of pin

b, = inner dimension of tube

=B8.5in

by = outer dimension of tube
= 10.0in.
L. = length of wbe = 20 ft
Tallow = 5, 100 psi
ap = 13,000 psi

WEIGHT OF TUBE

¥y = weight density of steel

= 490 Ib/f°
A = area of tube
= B} — b} = (10.0in.)? — (8.5 in.)?
= 27.75 in.

131

W =y, AL

= (490 Ib/fE)(27.75 in?;( 44ﬂ )LG ft)

144 in.
= |.,880 |b

DIAMETER OF PIN BASED UPON SHEAR

Double shear.  2tayow Apin = W
dZ
2(8.700 psi}(wT) — 1889 Ib

d& =01382in° 4 =0372in.

DIAMETER OF PIN BASED UPON BEARING
oulbs — b)d =W

(13,000 psi)(10.0in. — B.5in.) d = 1.BROIb
dr = 0.097 in.

MiNIMUM DIAMETER OF FIN

Shear governs.  dg, = 0372 1in.
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Problem 1.10-10

ALLOWABLE SHEAR AND BEARING STRESSES
r,=60MPa oy, = 90 MPa

FIND INCLINATION OF AND FORCE IN CABLE, T

let e« = angle between pole and cable at C; use law
of cosines

DC = .’[ 52+ 47 — 2(5){4)cos(|2ni)
Al 180

52 + pct — 42
DC=T7E8lm o= arccos[—]
2DC(5)
o = 26,337 f=60— w
# = 33.67 <ange between cable and horizontal
at

W=230ko(9.81 m/s’)  W=225 % 10°N

STATICS TO FIND CABLE FORCE T

SMi=0  W(3sin(30°) — Tx(5 cos(307) +
Ty(5sin(307) = 0

substitute for Ty and 7y in terms of T and solve for T:

3
W
T =
-5 513
Tsin(ﬂH cos(#)
T=153%10°N T, = Tcos@)
T,=Tsin@) T,=127x10°N T,=8461IN

(1) dy;, BASED ON ALLOWABLE SHEAR—DOUBLE SHEAR AT A
A, =-T, Ay =T, + W

CHECK SHEAR DUE TO RESULTANT FORCE ON PIN AT A

Ry =V AT + A]
Ry
2

\=(2)

din = 596 mm  <controls  «

R,=335%X10°N

Ain =

(2) dmin BASED ON ALLOWABLE BEARING ON PIN

dogie = 140 mm t

s pole = 12 mm
e 6000 mm

MEMBER AB BEARING ON PIN

oy, = RS Ap = 2toored
A
R,
pin = =——— dpyin = 1.55 mm
Llpole Tha

132
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Problem 1.10-11

_ ik p_F_mD
ey : B n 4An

W
Ap = area of one bolt =Id§

P = oy Ap

P apD*  pD*

T, = — = -
VT Ay @m@d] nd}
1 v
p=290psi D=100in. dp=050in. . pD-~
)
Taow = 10,000 psi 1 = number of bolts A5 o

F = total force acting on the cover plate from the
internal pressure

290 psi)(10 in.)?
F=p(ﬂﬂ:) e A D) i

i " (05 in)(10,000 psi)

SUBSTITUTE NUMERICAL VALUES:

Use 12 bolts £
NUMBER OF BOLTS

P = tensile force in one bolt

133
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Problem 1.10-12

ErtjZ:':
itk i

L
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dz = outer diameter
dy = inner diameter
f = wall thickness
= 15 mm
T = tensile force in a cable
= [10kN
Tollow = 33 MPa
P = compressive force in post
= 2T cos 307

REQUIRED AREA OF POST
P 2Tcos a0

A:

T allow O allow

134

2T cos 30°

AREA OF POST

w 5 £ m_
A=—ids — d7) = —[d5s—(d,—2¢
(@ — dh =T ldi—(dy Y1

= i l:ﬁfz — 1)
EQUATE AREAS AND SOLVE FOR db:
= qti{dy — 1)

3 lovw

2T cos 30°
= 41

dy
T ) evor

SUBSTITUTE NUMERICAL VALUES:

(d2)min = 131 mm =



Problem 1.10-13

L,=22ft L,=10ft d=14f W = 85kip o, = 9lksi
Geometry
.}\ 4 . 7 3
+ d_ + Ly +L, —d
6= 0 =19.685 - deg B = acos
. L-L,
. S
Ly
a = asin| — =47.823 - deg a = 180deg —a=132.177 - deg
L
/ fdl B
d ) +L -1
ox B =asinf — - sm(ﬁ-)] = 28.138 - deg o =acos] ————— | =132.177 -
By ; | 2-d-L,
d _d) d d
d+:+15| d |(d+—}+(1 i
C.G. of panel i | =0 W B ERERR = | 2 g
=\ 2 ) a4 \ 2 2
HC = Jd:] E? L:_E —2-L,-d,-cos(c) = 17.148 ft HC must be vertical line
e 5 2 ) s B 2 55y
Ll + HC - 1 Lg + HC —d:
Py = acos] ——————— | =5.919 - deg B, = acos) ———— | =22.218 -
| 2-Ly-HC | 2-L,-HC
3 =28.138- deg Bi+ B, =28.138 - deg
Solution approach: find cable tensions then A_ = larger T/(s, /FS)
Statics sin( B )
ZFx =0 T;-sin(;) = T,-sin(B,) SO T, =T ( :
sin( B,)
H
ZF}, =0 T; - cos(By) + Ty - cos(B,) =
H . .
sinl
SO 1. cos(ﬁl) + — (Bl) -cos(ﬁ:) =F
sin(B,)
W
2 sin( B )
T, = = T, = 34.078 - kip T,=T; ——
cos(B ) + 51-11([31_] cos(B } 3111(_ Bg_}
U sin(p)
Compute required cross-sectional area
o, =91 - ksi FS, =4 i—”"* ksi
u - = Psu ]
Tl 2
A= —— A =1498-in" < Table 2-1
%u use nominal diam. 2.00 in. with area = 1.92 in2
FSy (or perhaps1.75 in. with area = 1.47 in2)
135

FS, = 4

deg

and F = W/2
W =85 - kip

T, =9.294 - kip
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Problem 1.10-14

lP

d = 250 mm P = T30 kN
Tatiowe = 33 MPa (compression in column)
t = thickness of column
D = diameter of base plate

o, = 11.5 MPa (allowable pressure on concrete)

(a) THICKNESS [ OF THE COLUMN

P ad”
A= A=
T allow 4

Zid —
4[ )
=%mm—n=mm—n

awld — 1) =

Tallow

f o
P — md + =10
Tallow

P
£ —td+ =0

T 31w
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SUBSTITUTE NUMERICAL VALUES 1N Eq. (1)

. (750 % 10° N)
rF=—25t+ ———F" =

(55 N/mm*)

iMote: In this eq., f has units of mm.)
£ —250¢ + 43406 = 0

Solve the quadratic eq. for r:
t=18.77 mm

Use f = 20 mm

tmin = 18.8 mm —

e
(b) DMAMETER D) OF THE BASE FLATE

For the column, Pallow = Tallow A

where A is the area of the column with t = 20 mm.

A = wtld — 1) Pyjiow = Taliow whd — 1)

D p
Area of base plate = ?TT _ Zallow
T
WDE o TallowTHd — 1)
4 o
P = Taewld —4)
op
4(55 MPa)(20 mm)(230 mm)
a 11.5 MPa

D? = 88,000 mm* D = 296.6 mm

-—

Do = 297 mm



Problem 1.10-15

NUMERICAL DATA

L =17.5(12) L =190 in. Tege=4251b
o,=60ksi  FS,=3 oy, = 0.565ksi
50
1=1 g = 4.167 Ib/in. Wg=1751b
dpc = S dg = 1.01i
B 16 n. B A

(a) FinD ForcE IN ROD DF AND FORCE ON WASHER AT F

Wi + gl
E, T 45,

Thp=—
DF ; b
25

Tor = 286.458 Ib

My =0

NORMAL STRESS IN ROD DF:

(b

—

app = 10.38 ksi OK—less than o,; rod is
acceptable
o
o, = FS“ o, = 20 ksi
L

BEARING STRESS ON WASHER AT F:
Tpr

7,2 2
I(de — dgc)

OK—less than oy, washer is
acceptable —

o = 378 psi

FinD NEW FORCE IN ROD BC—SUM MOMENT ABOUT A FOR
vrPER FBD—THEN CHECK NorRMAL STRESS IN BC and
BEARING STRESS AT B

IMy=0

L
Tnr Tacl + TDF(L = —)
opp = = % 25
Ld B2 =
4 dp- L
Tgm = T001b
REVISED NORMAL STRESS IN ROD BC: s g
Original i
Taca structurg —s -~
vBc = - Steel rod,
E{.l' L_l L 3
1 B ",‘ d_g(_'=Ell'l_'_

opcy = 25.352 ksi exceeds o, = 20 ksi
S0 RE-DESIGN ROD BC:

Tpca

dpcreqd = &

.\‘III zt}“r

dpcrega = 0211 i1, dpreqe X 16 = 3.38

1
d| =—in.
BC2 4

RE-CHECK BEARING STRESS IN WASHER AT B:

Asay 4/16 = 1/4 in.

T
T ppr = ¢ﬂ opm = 924 pSi
[Etdgz — dgc?) ~ exceeds
4 rpa = 365 psi

S0 RE-DESIGN WASHER AT B

T E
BC2 + dgc

dgqu = dgqu = 1.281 in.
—r
1 ba

use | — 5/16in washerat B: 1 + 5/16 = 1.312 in.

A | ~ Wood beam supporting track D B
SRR g
\ |-~ Newsteel rod, dpy = 15 in.—)
{ g=s01e  |We=1751
TERREREENERENN
|.‘__'--'i ~ New beam Lo support equipment. F‘_‘."_"
L L Washer, d
I X P | (same at D
+E above)
H}. x
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Problem 1.10-16

SHEAR IN THE FIN

dZ
Py = 2rgApin = 275(—“ )

4
= . Ny L)
2(80 MPa}( - )(d }( —
= 0.040 md? = 0.125664" (Eg. 2)

BEARING BETWEEN FIN AND BAR

|.._ PB =R td
I
_ — (200 MPa)(10 mm)(d )| —
b = 60 mm ( a)( 10 mm( }( " 000)
== 10 i ~20d (Eq. 3)

d = diameter of hole and pin
GrarH oF Egs. (1), (2). anp (3)

o= 140 MPa
75 = 80 MPa P (kN)
oTp = 200 MPa 100 -
UNITS USED IN THE FOLLOWING CALCULATIONS: 75 o, 5 Pe
Te%'ou e wind
Pisin kN 50_____3!,5 __________ -
o and 7 are in N/mm’” (same as MPa) !
g . 25 - s lg  Eq)
, 1, and d are in mm Eq.(2) | Gm
1] T T T I T
T [] T ]
TENSION IN THE BAR 0 10 20 30 40
d
Py = oy (Net area) = o(iib — d) (mm)
1
= {140 MPa)(10 mm) (60 mm — d) (ﬁ) (a) PIN DIAMETER dy,
— 1.40 (60 — d) (Eq. 1) Pr=Ppor 1.40(60 —d) = 2.0d

B4
Solving, d, = ——mm = 247 mm <
34
(b} LoaD Prax
Substitute d,, into Eq. (1) or Eq. (3):
Py =494 KN
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Problem 1.10-17

8ft — 10ft-sin(20deg) \
sin( eg))=45.983‘deg

W = 17001bf T = 4200Ibf Oopp = 20deg + atan( T0f-cox20dee)
\ cos(20deg

(81t — 5ft- 3111(20{160)\
\ 5ft-cos(20deg)

BOAD = 20deg + '1‘ra11 =73.241-deg

a) Maximum permissible load P if allowable force in cable is 4200 Ib - cut cables. use lower FBD of OABC

TM = —W-cos(20deg)-7.5ft — P-15-cos(20deg) + T-sin(0 o) St + T-sin(GOBD]-IOf[ =0

T-sin(0 )-3ft + T-sin(6 )- 10ft — W-cos(20deg)-7.51t
Py = %0Ap) \"OBD) — 2719.38.1bf
15ft-cos(20deg)

b) Given P. find cable force T then required pin diameters P = 23001bf T, = 10ksi

P-15ft-cos(20deg) + W-cos(20deg)-7.51t

T : —— =3706.526-1bf
@ = (Bpap — 20deg) — (6ogp — 20deg) = 27.257-deg Rp = \HT: v 2.T-T-cos(v) = 7.204-kip
Pin at D:

Pins at A and B:

139

© 2018 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Problem 1.10-18

kN

qQ=5—  W=38KN A, = 100mm’ T, = SOMPa
m

25— 3-si11(20deg)]
6 = 20deg + atan( — | =47.603 deg =0 — 20deg = 27.603-deg
OBD 3o 20de) O8x = %0BD

2.5 - 1.5-sin(20d
Boap = 20deg + atan{ sin(20deg)
‘ 1.5-cos(20deg)

) = 74.648-deg Bax = Opap — 20deg = 54.648-deg

Cut through cables, use lower FBD to find cable force T

resultant of distributed load = area under load (or
load on projected area)

= —.qn-(4.5m-cos(2 = 10.572-k
SMg = 0 Q qq:(4.5m-cos(20deg)) = 10 KN

o | —

T-[s'm(GOAD]]-(l.Sm) + T-[s'm(GOBD))-(Sm) = W-(2.25m)-cos(20deg) + Q-M

4.5m- 20d
W.(2.25m)-cos(20deg) + Q-M
T=— . : - = 8.688.kN
(sm[BOAD))-(l.Sm) + (5111(80BD]]-(3111J

cable normal stress is

T = 86.882-MPa

T

2.
& TEl

Pins at A and B:

=8

(%]

._1
dg =da dp = ; 15-mm

Pin at D - use resultant of continuous cable forces from A and B

©2.5 - 1.5-sin(20deg)

0,. = atan
Ax 1.5-cos(20deg)

] = 54.648.deg

2.5 — 3-sin(20d;
6py = atan sin(20deg) =27.603-deg
3-cos(20deg)
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Dy = —T-(cos(05y) + cos(Bpy)) = —12.726 kKN

D, = T-(sin(@ ) + sin(6gy)) = 11.112-kN

Dyes =Dy + Dy = 16.895-kN 50 dp =

DI'ES

4
—. =11.595-mm
T

2-T

=5}
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Problem 1.10-19

. LENGTHS OF BARS
Joint C >

T L
Laew—=—— Ip-—L
AC T oop BC

WEIGHT OF TRUSS

& ¥ = weight density of material
C € W = vA cLac + ApcLpe)
e P _ yPL ( 1 p 1 )
| Tyllow \Sinfcos @ tan d
P 2
YPL {1 + cos*@
. L (1) -
T = tensile force in bar AC Fallow A 5i0 7 cos &
C = compressive force in bar BC ¥. £ L, and oy are constants
P W varies only with @
Pl =0 T=-— A
sin @ ¥PL .
p Letk = (k has unis of force)
r oW
Fhax=0 ©- il
tan W 1 + cosh : :
— = ———— (Nondimensional) Eq. (2)

AREAS OF BARS k sin # cos #

T P
Agc = = -
Tallow Tyl jow SI0 a
e P
Apc = =
Tallow Tallow tan &
GrarH oF Eq. (2): (sin 8 cos @) 2¥cos #) (—sin #)
A df  — (1 + cos2@)—sin’d + cos? @)
12 \ df sin’6 cos’@
I |
LA 1' - —sin’@ cos® @ + sin’ — cos® @ — cos*d
k ! sin @ cosZ
6- |
| SET THE NUMERATOR = () AND SOLVE FOR
3 | —sin’f cos’@ + sin™ — cos™# — cos* =0
‘ Replace sin’f by 1 — cos”#:
0 - . e e eedD 7 BTN R ¥ SO, |
3"],, ﬁb“ a0° (1 — cos“@)icos @) + 1 — cos“f — cos“f — cos™@ =0
" Combine terms to simplify the equation:

ANGLE 8 THAT Makies Wy mamum i 1
|l —3cos@=0 cos = ——

Use Eq. (2) V3
1 + cos’d B=547"
Letf=——— ’
! sin f cos @
df
=
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