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Chapter 1 Solutions

Problem 1.3-1

Ibf
L=14t qg=12— P = 50Ibf My = 300Ibf-ft
Reactions

3
XF, = 0 B, = —P=30Ibf

5

. Fi Aoy 4. BN
Sy c8 B e —q |-L.f |+ —P{L+— || =94571Ibf

A 3 | 0 5 10 | |

L L £ ! 3 2 \; Z Pl
S w0 £ .\I'I_ } P B —29429.Ibf
— W == "-‘Lf," = |Il_-\{-|-|:||! '_:' - ':i,'__ e

Npig=0

2 1 9 L

L e — 8.429.1bf
E. ¥ 35

| = —143.1bf -fi

|
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Problem 1.3-2

N
L = 4m Qg = 160 — P = 200N M, = 380N-m
11
Feactions
=i _
¥F, =0 B, = — P=—120N
3
1 7. 1 LY 4 L
M, =0 B, =—-|M[}—|—-qﬂ|L-|r—|——P L——] __38333N
: i 2 \3/ 5 2 )
1 4 ]
EF}. -0 Ay = | ~-qg J;-I_ = —5-? —By=198.333N

M, WV and M at midspan of AB - LHFB is used below

Nyig="0
f b
) o E;
Vid = A3 5 qGJ? = —41.667'N
Lk Ef2 I x8edfEEy

Muid = Mo+ Ay -5\ 32) T2 2 5 TN

Check using EHFB
) 3 . 19 L 4 _
Npig = B+ ZP=0N Vmid =55 ~ By~ P =—#.667N
-1 90 L (1 L) L. 4 FE BN
Mmid =552 \327) "y Ts R T ) 0N
2
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Problem 1.3-3

(a) APPLY LAWS OF STATICS

SF, =0 €, = 100 1b— 50 Ih = 50 Ib
. I
FBDofBC  SMp=0 G= o=(0)=0
|
Entire FBD XMy =0 B, = —-—(=100 Ib-ft) = =5 Ib
SF,=0 Ay=—By=5Ibft

Reactions are (A, =5Ib| [B,=—-5Ib| |[C,=3501b| |C, =0

ib) InTERMAL STRESS RESULTANTS N, VW anp M aTtx = 151t
Use FBD of segment from A tox = 15 fi
SF,=0 [N=1001b —501b=501b|

3F,=0 [V=A,=50b

IM=0 [M=A,150t=751b-fl]
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Problem 1.3-4

(al APPLY LAWS OF STATICS
SF, =0 Ac=0
FBD of AB  SMp=0 M,=0

1 1 2
Entire FBD EMe=10 D, = E[EDU N‘m — E(ED me}rim(;) 4 m} = —75.356N

|
ELE;=D C,= 3 (B0N/m)4m — D, = 235556 N

Reactions are A, =10 |G, =236N| [D,= —T756N|

(b) INTERNAL STRESS RESULTANTS N, V. anp M arx = 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/fm.

EF,=0 N,=—-A,=0
—1

F,=0 = —-[(80N/m + 60 N/m) 1 m] = —70N V=—70N| Upward

. l 2 1 ) q

TM =0 M= —My— —(80Nm)Im|Z1m)— Emo N/m)l m 3| m| = —36.667 N-m

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

[M =—-367N-m] CW

(c) REPLACE ROLLER SUPPORT AT C WITH SPRING SUFPORT

Structure remains statically determinate so all results above in (a) and (b) are unchanged.
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Problem 1.3-5

{a) Stancs
FBD of AB (cut through beam at pin): ZMg =0 A, (—150 Ib-fi) = —151b

Entire FBD: ZMp=10

T lon

6 -m=|

2 0G0+~ '251hfmmn(mﬂ+ﬂ) + L s mn(m n+3mn)
10 ft Wiy L 3 i 3

5

— 150 Ib-ft — A, 30 ﬁ} = 104.333 Ib

4 1 —D,
2F, =0 Dy=—401b + —(5Ibfft + 251Ib/ft) 10 ft — A, — €, = —19.8331b so D, = Y _ 11451 1b

5 4 5 tan(60%)

3
SF=0 A= 401 — D, = 125491

A, = 12551b. A, = —151b,C, = 10431b, D, = 11.451b, D, = —19.83 1b |

{b) Use FBD oF AR oNLY; MOMENT AT PIN 15 ZERD

Fg. = —A; Fg,= —1255b  Fg= —A, Fg =15Ib |Resultanty = VFg? + Fg = 19.561b
{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 1 I 4
—[— (2.5 Ib/f) 10 ﬂ(i 10 ﬂ) + = (3 1b/ft) 10 fl(? 10 [1) + E-‘L{I b (15 ft) | = 32.3331b

YT 2002
—D;

——— = —|R6681b
tan{607)

500 D=

. 1 4
Use entire FBD 2F,=0 A, = 5{5 Ibfft + 2.5 Ib/ft) 10 ft + - (401b) — D, = 37.167 b

b
i
I

3
0 A, = _; (401by — D, = 426638 b

Use FBDofAE ZEZMp=10 My = 150 Ib-ft + A, 10 ft = 521.667 Ib-fi

S0 REACTIONS ARE |Al = 42.7 lb|

Ay =3721b] [My =5221b-fi| |D; = —18.67 Ib]

D, =323

RESULTANT FORCE IN FIN CONNECTION AT B

Fp.— —A, Fp,— —A, |Rcsullamg = VF? + Fp’ = 56.6 lh|

5
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Problem 1.3-6

(a) Stancs
EF_\,={1 R3y, =20N — 45N = -15N

1
' = — — ® 2 -
IM;=0 Ry =7—(0NX2m)=20N
BF, =0 Ry = —Rs, + 60N =40N

(b) MEMBER FORCES IN MEMBERS |1 and 13

Number of unknowns: m =13 r=3 m+r=16
Number of equations: j= 8§ 2j=16 So statically determinate
e e e S 20N 45N A TrUSS ANALYSIS

@ ; @ (1) 2Fy=0 atjoint4s0 Fjp=0
= 8 (2)2Fy=0 atjoint8soF;n=0

(3] EFH =0 atpmlS SOF_l — _Rﬁl =—20N
= @ > m (4) Cut vertically through 4, 11, 12, and I;
use left FBD: sum moments about joint 2
5 @
{lol}
(5) Sum vertical forces at joint 3; Fy = — Ray

1
Fuy =555 (R — Fy) so
3
2m L I m Fo=25N

3

Section cut for left FBD

(6) Sum vertical forces at joint 7 Fyay=45N—-Fo=20N  [Fj3 = V3ZF3y = 283N]

6
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Problem 1.3-7

(a) STATICS
ZF, =10 A, =10
: |
EMys=0 E_v=ﬁ13kxlﬂfl+2k><2{1ﬂ+Ik><30fly=5k
EF_‘.=D A, =3k+2k+ 1k —E =1k

(b) MeMBER FORCE 1N MEMBER FE

Number of unknowns: m=11 r=3 m+r=14

Number of equations: =7 2j =14  So statically delerminate
Truss anaLysis

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

1] 2
Fop (151 — Fop,(2000) = A (20 =200k  Fope=Fogp—F—7—— Fon = Fop—F/—/———=
GiFx( GFy y J GFx GF v;m GFy GF m
A,(20 ft) 10
S0 FGF = 10 - " = 1854 k and FGF\‘ = FGFﬁ = |.818k
I5ft—— = 20ft—— A+

V2 + 107 V2 + 107
A

(2) Sum horizontal forces at joint F Fre: = Fore= 1.818k Frg = TF;.-E,, = 1.898 k

Frp = L.BOB K

7
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Problem 1.3-8

{a) StaTics

ZF. =0 F.=0
IMp =0 D}.=ﬁ[3kN{ﬁmj+6kN{3m}] — 6 kN
ZF, =0 F, =9kN + 6kN + 3kN — D, = 12kN
(b) MeEMBER FORCE IN MEMBER FE
MNumber of unknowns: m=1] r=3 m+r=14
Number of equations: i=7 2i=14 So statically determinate

Truss aNALYSIS
(1} Cut vertically through AB. &0, and GF: use lefi FBD: sum moments about D to get Fiop =0
(2) Sum horizental forces at joint F Frep,=—-F,. =0 50

8
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Problem 1.3-9

c=8ft P=20kp
in(60deg) in(40d

g - SOOEE) o035 p - KR somg
sin(80deg) sinf80deg)

EMA = P-% — P-b-cos( 60deg) — 2P-b-sin(60deg) + B_c=0

P.b.cos(60deg) ~ 2P b sin(60deg) — P —
:
B = = - 19.137 kip
C

A —B}. =-19.137-kip

Joint A

Fpr = ———— =22.098kip
AL in(60des)

Fup = —Fac cos(60deg) — A =—11.049 kip

Joint B
-B..
Fpe = ———— =-29.772.kip
BC ™ (in(40deg)

Fpp = Fpc- cos(40deg) = 22.807-kap
cD

I
o
o
to
|
L |/
|
[
o
< |
]
o
@
Caain
=
[
[
o
i
1
s
|
(Y]
e
=

I
1]
&
B

ACD
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Joint D

Fpe = = ——20922kp  180deg — 60deg — ACD = 72.923deg
cos(90deg — 72.923deg)

: ; BCD = aainr ME | =3
a-si{ BCD) s |‘_ CD 2
s ACTY)
ACD + BCD = 80-deg

10
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Problem 1.3-10

Geometry b =3m P = S0KN
w» ( b )
a = smf60deg).| ———— | =4.042m

\ sin(40deg) /

Lag = sin(80deg).| _—‘ =4.5%m
AB | s 40deg) ‘
B2 5 TB),
Lpg = |\ = .-l +Lap — %5 II"'.LAB]'COWSD&EEJ =4 06m
b b
Lps 2 Al B .
- = — - 50 DBA = asin -zinf 60deg) | = 18.662-deg
sin(60deg) s DBA) | Lpe
and CBD = 40deg — DBA = 21.338-deg ADB = 180deg — 60deg — DBA = 101.338-deg
CDB = 180deg — ADB = 75.662-deg
Reactions
¥F, =0 A = -2P+2P=0N
1 L . - s i .
IM, =0 B,=— —J-P-[ —5in(60deg) | — P-ib-cos{60deg)) + 2-P.(b-sm(60deg))| = 71.329. kN
: Frlaasl K2 ) d
YF, =0 Ay, = P-B =B671KN
Mad to find member forces
Joint A AD = ————— = -10.013-kN AB = -A_— AD-cos(60deg) = 5.006-kN
sinf G0deg)
. . 2.P-sini 60dez)
Jaint D - sum forces normal to & along line ADC DB = SRR 141372 N

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-cosi40deg) = 0N

DBE-sin(DBA) + CB-sin(40deg) — B, =0N
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Problem 1.3-11

Reactions c

gft P = 20kip

A =0 A, = ~19.137kip Bo=hl

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

c : c
FMpe = —A -——AC- e =
!D 0 A} = AC-sin(60deg) : o

— AX‘

AC = ————— =22.098.kip
sinf 60deg)
: sin{40deg) -
BD: MoS - cut through BC andf BD, use RHFB b=——""¢c=5222H
sif 80deg)
B_-(c —b-cos(60deg))
IMe =0 BY- (c — b-cos(60deg)) — BD-(b-sin(60deg)) = 0 BD = —

: = 22.807 kip
b-sm( 60deg)

12
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Problem 1.3-12
Reactions b=3m P = B0KN

A -0 A = 867IKN B, = 71.329kN

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

b . b, b
Y¥Mp =0 AB-E-sm(ﬁﬂdeg] - AXE-sm{GDdeg) = A}.-E-cos(ﬁﬂdeg) =10

( b . b ;
—t ‘%L-E-%uu_ 60deg) — -\1: -cos(60deg) I|

AB = = - - = 5.006 kN
| = sin(60deg) |
f L
DC: MoS - cut through DC and CB, use upper FBD a= sin{-:'jl:)deg}-| # =4.042m
\ sin(40deg) /
DC, = DCcos(60deg) DCF = DC-sm(60deg)
IMp =0 —-DCy + 2-P)-(a-sin(40deg)) + (DCy, + P)-(a-cos(40deg)) = 0

—{-DC-cos{60deg) + 2-P)-(a-sm(40deg)) = (DC-sin{60deg) + P)-{a-cos(40deg)) =0

Collect and simplify, solve for DC

1.0-(80.0- kN -cos(40.0-deg) — 160.0-kN-sm(40.0-deg))
cos(60.0-deg)-sm(40.0-deg) + sin(60.0-deg)-cos(40.0-deg)

DC =

— 47 204-kN

13
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Problem 1.3-13

(a) FIND REACTIONS USING STATICS m=73 r=29 m+r=12 j=4 3ji=12
m+r=3j So truss is statically determinate
4 0 rag 0.8 Dep a 2
FAQ o —3 foa = 0 E."IQ 0= | = |06 P__al = PEAQ = —Ner Foc = 4 g = 0
0 5 @ 0 0 0 0
IM=10
C; B, 4C, + 3.0P =
Mog=roga X Py+rocx| G| +rop*| B, | =]40P — 1B, 50 EM, =0 gives C,= TJP
£ B. 2B, —4C,
EM, =0 gives |B.=2P
EF=10
a, 8, C, B, +C.+0,+ 08P —=
Rg=Py + I EB | G| =] 8+ G +0,+—=06P 50 ZM. =10 gives |0, = T_P
Q. B - 5p
% : * 0, +—
® 4
METHOD OF JOINTS Joim O EF, =10 Q. =10 ZF,=0 0,=0
Joint B ZF, =0 B,=0
Joint © ZF, =0 C, =0
For entire structure  XF, =0 gives |B, = —08P ZF,=0 C,=06P— B, =0, C,=06P
(b) Force v MEMBER AC
Va2 + 52 ERVATRI 34l 3V4l
EF.=0 atjoint € Fyc= f‘.cﬂ = T| Fac=—5p P| 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
] L 0 A, 1] O, 0,
Foa = 0 Fop = 0 For = 0.6L F,g_ ' A_w- Fg = .B_\. E = —=2P Ft) = O}.
0.8L 0 0 P B. 0 0,
EM =0
Resultant moment at O
—0.84,L
J'l‘fD= ra"XFA + FGHXFE + rOCXFC = (}SAIL = B:L X0 z ;l"='D gi\-'es A1=G
B,L —06C.L
EF=10
Resultant force at O
A+ C. + 0,
Ro=Fog+Fs+Fp+Fr=|Ay+ By + Oy — 1P
ra e it e S
METHOD OF JOINTS Joint @ ZF.=0 a.=10
B,
so from ZF.=0 |B.=-P| and ZM,=0 AI=O—‘S= —1.25P

JointB  EF,=0 [B, =0
Joint€  XF, =0 C,=0

(b) Force v MEMBER AB

VosLyY + 12 V(OSLY + I?

EF.=0 atjoilB Fypy=——+——B| |B|]=|P] ————= 1601

O.8L
Fap = 1601 P tension

15
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Problem 1.3-15

(a) FIND REACTIONS USING STATICS m=73 r==6 m+r=49 j=3 3j=9

m+r=3j So truss is statically determinate

3L 0 0 -2P B, C.
g = 0 Fop = 4L roc = 2L FA = A_‘- Fj] = B:'. Fr= C_\.
0 0 4L A 3P P

EJ‘l‘f = 0
Resultant moment at O

4LP —ACL 1
MG=FOAXFA+ "—GEXFB-I' "'U{"XFC= 4C1L—3A:L SO EMI=U gi‘:-'CS C"=TP
3AL — 4B L — 2GC,L
ZF=10

Resultant force at

B +¢C.—2P
Rg=Fy + Fg+Fec=| A+ B, + G 50 ZF. =0 gives A, = —4.0P
A.+ 4P
METHOD OF JOINTS
2 3
Joint A EF: = FAI_'_'; = _AE. =40pP S0 F.-l{'_\' = IE“C:' =20P ‘E:-il'__.\‘ = EF‘.-.[: =30P

. 4 8P
3F=0 Fppe——2P—Fse, = —30P—2P 50 Fyp = oFyg — —40P ——

3
8P
IF=0 A= ~(Fipy+ Fpq) =5 + 40P+ —20P [A,=467P

(b) ForcEe 8 MEMBER AB

= 25P 25
P= = 3 8.33

|I : ¥
Fap= VFEup + an:‘:_ Fin= —1\;5' + (—)

Fip = —833P| compression

16
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Problem 1.3-16

(a) FIND REACTIONS USING STATICS

m+r=3j
L=2m P=5kN
3L 0 0
roa=1] 0 rop=|4L roc=1| 0 Fy=
0 2L 4L
ZF=0
RO=F‘4+FE+FC=

Resultant force at O

RESULTANT MOMENT AT A

=3L
FAC
ne=| 0 eic = recl -
4L AC

(40-kN-m - $-C_m )
My=rpXFgp+ryeXFc=| 4Bm+8Cm | M,
-8B m-6Cym

m=73 r==6 m+r=9
SO lruss is statically determinate

AI + B.'K + C1

Ay + G ZF.=0 gives

1€ac= — 648, -240kN so

(b) Force in MEMBER AB
Fap, = —By

Method of joints at B EF, =0

Fyp, = 6.73kN
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Problem 1.3-17

(a) APPLY LAWS OF STATICS Ly =30 in. I =20in. T = 21000 Ib-in. 77 = 10000 Ib-in.
IM,=0 |[Ty=T — T, = 11,000 Ib-in.]

(b) INTERMAL STRESS RESULTANT T AT TWO LOCATIONS
Cut shaft at midpoint between A and B at x = L)/2 EM, =10
(use left FED)
Cut shaft at midpoint between Band Cal x = L + L2 EM. =10 |Tm‘ = T; = 10,000 Ib—in_|
{use right FBLY)

Tag = —T4 = —11,000 Ib-in. |

7

18
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Problem 1.3-18

(a) REACTION TORQUE AT A Li=075m Ly=075m t = 3100 N-m/m T = 1100 Nm

&

Statics M, =0 Ty=-tL; +T=—1225N-m [Ty = —1225N-m

(b} INTERNAL TORSIONAL MOMENTS AT TWO LOCATIONS

L
Cut shaft between A and B Tyx)=—-T4 — hx T (TI) =625 N-m
(use left FBD) =

' L
Cut shaft between B and C Thx) = =Ty — 1 TE(L] + ?]) = — 10 N-m
{use left FBD)

19
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Problem 1.3-19

{a) StaTics

TP =0  A,=— (90121t = —5401b
SFy=0 A +C =0

500 1b-ft
SMipopc =0 G = —g— =5561b

Ay =

~C, = —5561b

1 2
EMy =0 My = 500 Ib-ft + E (90 Ib/ft) 12 ft (?IE ﬁ) — G 9 ft = 4320 Ib-fi
{h) INTERNAL STRESS RESULTANTS

N=-4,=5561b

N
K*\M

v

Tl —
V=—A, ——|—901/f )31t = 506 1b c
2\ 12 \

{3 1 \| Blx=31
M=—My— A3t — —(I—,}Q'leffl)3 fi (53 n) = —2734 Ib-fi '- \

20
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Problem 1.3-20

(a) Stamcs

3 1
SF,=0  A,=3Q00N) + (80 Nm)4m = 280 N

< 1 |4 l 1
EMppur =0 D, = oy lE(Z[H]N][].S m) + E{Sﬂme}d-m(Efl m)]

= |51.1 N = use right hand FBD (BCD only)
. 4
ZF}. =10 A, = —-D, +E:2{}0Nj = B89N

4 3 1 2
ZIMy=10 M, =EQDGN,'|I[].5 m) — %[20(] N)yidm) —D,3m — EISDNJ’mj-’lm(?él m) = —1120N-m

(b) RESULTANT FORCE IN PIN AT 8 Fg,
Lerr HanD FBD (SEE FIGURE) gl
Fp, = —4A, = —280N Fp, = —A, = —889N Fg,
Rigut Hanp FBD
3 1
Fg, = ;{EII)NJ + ;[EﬂN}'mM m = 280N
5 2 4m
4
Fg, = E{ZUDNJ — D, =889N
Resultanty = V' Fp” + Fp,? = 280N
A
Left hand FBD

21
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Problem 1.3-21

L = 14ft dy = 13% P = 501bf M, = 3001bf -

S 1 L 4. L 3 1 2L _
YMp = -M, + E-QDI_ o 5-?-:_ + 5PL— > gL ” ~AL=0
1 G I 1 55

M, +—qqL—-=P=+=PL-—q,L
o M T 2 3
A, = = —39.429 |bf
L
_ 1 A )
D, = Ay + E-qa-]_ g 163429 1bf
= 3 )
D}; = T-qo I_—' ; =—Z‘I+1L'rf
o 1L o tbf N
‘*mjdAB = A'\_?:T =—00429-1b Meey = 0
L
I AE 5 o
NI!.‘D.‘[EULB = T‘w‘]:ﬂ + :‘k.}T —TTT? =—25.1bf -fr
22
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Problem 1.3-22

L = 4m qg = 160-— P = 200N Mg = 380-N-m
m
Reactions
YF, = 0 A, = 2{=P|-=.qpL - 80N
! &
I e . TR - | L]
IM, =0 D, =—{ Mg+ —P—=+ —P: = —-qo-L-| - \ =308333N
= L[ 5 2 3 2 2 3/
v (25)
YF_ =0 A =D +2t-P|=11667TN
} _kj by I'-._'_"—' /

h

'uln—-
1 |

=-53.333-N-m

Npig = ~Dy=-308333N Vimd =

- 5

23
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Problem 1.3-23

.-l
Cy = —-Cy=—301bf

(resultant of C, and Cy acts along line of
strut)

4
—-30m
5 ) 3. 1 :
LBC = = =26.833-1n L_g‘_c- = —-(30m) + T-LBC = 30-mn
2 2 5
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Part (a) - statics
) 1 13 i) -
IM, =0 Cy = ——| 2001b-—-—-30in | = 60 Ibf
- ]'_ALC \ o S )
YF, =0 A =-C_=30Ibf
EF_‘_ =0 JH = 2001k — C__\.= 140 1bf
Part {b] - internal stress resultants N, V, M
distributed weight of door in -y dir. w = 2001b _ 6.66?-E
30m m

components of w along and perpendicular to door

w=>5333— w, = i-w=—‘l-;—b
5 mn

A, =-233331bf
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Vy = ~Wp(20in) - :%X + g%= —201bf
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M, = —wp-l'\EDm,l- B —-A,(20i0) + —-A_-(20in) = 400-1b-1n
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|2~:'K =-2331bf ‘ |Vx = —201bf ‘ ‘:ux = 33.3-lb-ﬂ|
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Problem 1.3-24

(a) Stancs

M, =0
1 -
10 kKN(6 m) — 10 m(ﬁ)(smm + 90 kN'm + E(6m) — E;3m = 6E,m — 3Em + 150 kN-m — 30 VZkN'm
so  6Em — 3Em + 150kN-m — 30 VZkN'm = 0 IC"
—(150 kN-m — 30 VZ kN-m) - :
or —E +2E,= o 35858 kN [0y €4
: Im C
ZM s = 0 < right hand FBD (CDE) - see higure.
—90 kN- im
(E,+E)3m=—90kN-m E +E— T’“ — —30kN |
D 3m E
_ E_r) (—1 z)'l( —35.858 kN) ( —8.05 ) Y ]
e (Ey L ~30kN ~21.95 wlib
99 kN-m

[E.= —805kN| [E, = —22kN|
l
0 Ay=—E + I0KN — leN(—) — 10.98 kN A, = 1098 kN
V2
|
IF,=0 Ay= —E,+ I0kN (ﬁ) — 29.07 kN A, = 29.1 kN

(b) Ricut Hanp FBD Co=—E =805kN C,=—E,=22kN

b
wl
I

Resultant- = V€2 + G2 = 23.4kN
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