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Prob. 1.4-1. Each member in the pin-jointed planar truss in | €)]
Fig. P1.4-1 is 6 ft long. The truss is attached to a firm base -

by a frictionless pin at A, and it rests on a roller support at *

B. For the loading shown, (a) determine the reactions at A

A (1)

and B, and (b) determine the force in each of the three

members, labeled (1) through (3).
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Prob. 1.4-2. Solve Prob. 1.4-1 with the position of the pin |
support and the roller support interchanged. That is, support |
the truss by a roller at A and by a pin at B.
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Prob. 1.4-3. For the pin-jointed truss in Fig. P1.4-3, (a) deter-

mine the reactions at the pin supports at C and E, and (b)

determine the axial force in each of the following members: 4
F; (in member AD), F, (in member CD), and F, (in mem-

ber BD).
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Prob. 1.4-4. The pin-jointed truss in Fig. P1.4-4 supports a 7

load of P = 2 kips at joint C. Determine the axial forces F;

through F; in the truss members.

(1) (3)
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Prob. 1.4-5. A pin-jointed truss ACE is part of a cable-hoist
system that is used to lift cargo boxes, as shown in Fig.
P1.4-5. The cable from the lift motor to the cargo sling passes
over a 6-in. pulley that is supported by a frictionless pin at
C.The weight of the cargo box being lifted is 1500 Ib, Neglect-
ing the weight of the cables, (a) determine the reactions at
the pin supports at A and E, and (b) determine the axial
force in each of the following members: F, (in member AB),
F; (in member AD), and F, (in member DE). (c¢) Explain
the answer you got for the value of £,

olution?

(a)Reactions atr pin supports
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Prob. 1.4-6. A portion of the boom of a crane at a construc-
tion site is shown in Fig. P1.4-6. The cable from the lift motor
to the cargo sling is parallel to BE and FI and passes over
a pulley that is supported by a frictionless pin at A. The
weight of the sling and pallet being lifted is W= 6 kN,
Neglecting the weight of the truss members and the weight
of the pulley and cable, (2) determine the axial force in each
of the following members: F; (in member BC), F; (in member
CF), F, (in member FG), and F, (in member DG). (b) If
member 4 were to be attached between joints C and H,
instead of between joints D and G, would the force F; be
the same in either case? Show calculations to support
your answer.
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Prob. 1.4-7. For the beam shown in Fig. P1.4-7, determine:
(2) the reactions at supports B and C, and (b) the internal
resultants at section E, midway between the supports.
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Prob. 1.4-8. A weight W is supported by a cable attached to beam
BE at E, as shown in Fig. P1.4-8. The beam is supported by a
fixed, frictionless pin at B and by an inclined cable from A to D.
(a) Determine the tension in cable AD, and determine the reaction
force at pin B. (b) Determine the internal resultants (axial force,
shear force, and bending moment) on the cross section at point C.
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Prob. 1.4-9. For the beam shown in Fig. P1.4-9, determine:
(a) the reactions at supports B and C, and (b) the internal

resultants— F, Vp, and My—at section D, midway between
the supports.
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Prob. 1.4-10. For the beam shown in Fig. P1.4-10, determine:
(a) the reactions at supports B and C, and (b) the internal
resultants—F(x), V(x), and M(x)—for 1.6 m < x < 40 m,
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Prob. 1.4-11. Beam AD in Fig. P1.4-11 has a frictionless-pin
support at A and a roller support at D. The beam has a
linearly varying distributed load, of maximum intensity wy
(force per unit length), over two-thirds of its length. (a)
Determine the reactions at A and D, and (b) determine
the internal resultants (axial force, shear force, and bending
moment) on the cross section at B.
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Prob. 1.4-12. Beam AD in Fig. P1.4-12 has a frictionless-pin
support at A and a roller support at D, It has a linearly
varying distributed load, of maximum intensity w, (force per
unit length), over two-thirds of its length. (a) Determine the
reactions at A and D, and (b) determine expressions for the
internal resultants— F(x), V(x), and M(x)—for 0 <x <2L/3.
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Prob. 14-13. For the overhanging beam shown in Fig.
P1.4-13, determine: (a) expressions for the internal resultants
Vi(x) and My(x) in interval AB (0 < x < 6 in.), and (b) the
internal resultants V), and M, at section D, midway between
the two supports.
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Prob. 1.4-14. Beam AB is supported by a frictionless pin at
B and by a cable AC attached to it at end A, as shown
in Fig. P1.4-14. The beam supports a uniformly distributed
downward load of maximum intensity w, (force per unit
length). Determine expressions for the internal resultants
F(x), V(x), and M(x) as functions of distance x measured
from A.
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Prob. 1.4-15. One of the lift arms of a fork-lift truck has the
loading and support shown in Fig. P1.4-15. The load consists
of three identical crates, each weighing W = 400 Ib. (Each
of the two lift arms supports half of the total load.) The
“support” consists of a hoist cable attached to the lift arm
at B and frictionless rollers that react against the truck frame
at A and at C. Neglect the weight of the lift arm. (a) Deter-
mine the roller reactions R, and B¢ at 4 and C, respectively.
(b) Determine the internal resultants (axial force, shear
force, and bending moment) on a horizontal cross section
at D. (c) Determine the internal resultants on a vertical cross
section at E,

Solution:

(oD roller reactons

EBD! I avm
Lv%

b* -
_‘.;i H"Ra

[Re= 30 16, Re= 360 ||

(b) internal vesultorts at D
FBD: Vevical - owvrn Sechon

e 1,

AT
|

Vo MD
o

Equilibvivm :

TR =0 R+ RC=O

Ra= Re
T=b00 \b

4—‘1"2'.?3\,,-_-,0; LK %=O

+¢(§M)M=0:
Tl =R (60" +W(24") +¥L (42")=0
Re=3bo b
Ra= 360 \b

Equilfbvi[gm 3
L3r.=0! =R=Vp=2 0
Ve -360 b
HZFy =0t T-Fp =0
Fp= 00 b
H(EM), =0 ~Ry(48") 4 TL6")-Mp =0
Mp= —12680 [pin,

[Fo=0o01b, vp=-2601b, Mp=-13b80 lbrin, | -

Cc) intewel vesotants oG
FBD® ov1Zormtal - ovirnl Sechion

Mg Y ‘w !';r_'

Fe g
£
R 15"*

1FE=0 , Ve =-4000 b , Mg = -l0200 \oriv, |

ggul‘lfbﬂ'l)m-
.“'_;SF)(FO: -':E=O
HMIm=0: Vg “W-% =0 Ve=b0lb

NEM) =0t Me + wii2? ) + % (20")
Mg= =10B00 b in



Prob.1.4-16. A shop crane lifts a weight W = 2 kN, as shown
in Fig. P1.4-16. With the crane in the configuration shown,
determine the internal resultants F(x), V(x), and M(x) on
an arbitrary cross section in the boom AC at distance x from
end A.

For ©0¢x404m, x inMEErs

FIX?2=24.43 kN
V(XY = =313 kN
M(x) = ~313 x KN'mMm

Equ ilibrivvng *
+ T(ZM),FO :
W (l4m Xeos 10°) - (Rgtos 56°) (0.1m)

~ (RgSin S0°)(04rmn) =0
Reg (0.1 coS 50° + 0.4 8in S0°)
= (2.8 ¥N'm)(coslo®)
Bg= 11,4380 KN
e, 01 A, +Rgl0S S0° - WSINI0® =0
Ax= -4.434] kN
X t':‘l =0 Ay «RpSin S0° W Coslo°=0
Ay = -3,71287 kN

Eq vilibrium

tAETFy =0 ‘Fx)= 442 KN
tNEFGz0 1 MUX) = -313 KN

Note: F(x) and vix) ove constanmt
while MUXD Yanes with pos Hion
for bex< 5.4



Prob. 1.4-17. Determine the internal resultants Fg, Vg, and e 1.5 ﬁ*'-l.s ﬁ'|
Mg on the cross section at G of the horizontal frame member

in Fig. P1.4-17. The uniformly distributed load on member
AC has a magnitude wy, = 220 Ib/ft. (See the inset for a
definition of the resultants.)

\fa/dc lzr'&ﬂ 'y
pc/‘r/mz-},f inlernal respltanls
al &r— /31 VE; /Mér'
bee 3 4 ——)-}c'[—f-zo-i’//é —---'»]
: | wezzo rs/ﬁ P1.4-17 and P2.2-16
jo* A 5‘ Gr 7
f/] Ef ur'ﬂ‘én'um gf{(&ﬂ,p/(ff 77/"”36.'
ly *f (Zm)e =0
o ) ¢ 13201 (3 4f) - Aleo1 30°)(6 ££) - A (ma 20 ) (LH) =0
IQ i A: 483 /59 14
& i +[ 24 =0
) Ee 5} —r320 ff + B(rh70°) o
4 £y £, = /078,723 1§
51 >i\ L2k =0
Ny ﬁ’({au’a"J Filsy =ia
2 Ec= — 18 . 427 /4
_L’-’ £ fjw['@’n’am g/ﬂ'u’m 5(/ [C‘"
£ g ¢ s -
7\ 490 4 (zm), =0

Ve & lept) (% 8)(a2t) <o

9_,

v e B=-704¢. 05214

o
o
.
N
R
“
v}
£
“
=
(gl
il

n
37 kaﬁgﬁ f}m'/f‘{ffzrm af/efmg,,/ A&
HZk o
£s 209 K Alecszoe) + B (32/5) ¥ £ =o
f = 205211 /4
le= 88,474 e
W= 14,7 Hff Alrinz0) - B(#l5) =G50 /6 -V 0 =88 ¢24

W (CM), 20 Alsinzo '}(ﬁr'l—‘?foruz.zr’l—;g lx’) =My eo



*Prob. 1.4-18. A vertical force P = 1 kN acts on frame ABE,
as shown in Fig. P1.4-18. The frame is supported, through
frictionless pins, by a wheel at B and by a fixed-pin support
block at E. (a) Determine the reaction at E, and (b) deter-
mine the internal resultants (axial force, shear force, and
bending moment) on the cross section at point C. See the
inset for a definition of the resultants. (Note: Use the given
dimensions to eliminate the angle ¢ from your answers, The
radius of the pulley at A is not negligible.)

Sodubiow |
(z) Defermine fe‘e{ﬁén /4/(6

al £.

&

2 ¥ E

£ Mt
300mm

{

B8 5

o 0D s ———
P fhns 50
16) Jalernal recuftsa rfr o

P1.4-18

Eguilt hortem oF en tre A&.mt)
r4

snelading pulley at 4

I-Tf,fj "0 /kNtE 0 £t/ AN
’r(’/f/”)fj o A& @400""&)"/@\/ /4.)"0'-14«1] =0

Ex 5 LISV

160 ‘& =/ /zfédf-a)é’] </ ooo bt/

&ramef/y//fﬁ'j‘s’ﬂame/r? £

far o (§) we will wuee « FEO
of vertycel sefm el CE, fra)
we need i, glope, #, of She

cudte,

(200 - r cord)
Lng < (400 s rind)
((/Az'(ﬂ f/'M/a/r'ﬁZ'f fo
4aarqﬂ -8 reh ?5 =/
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’?"46, /:¢—/g (’Canlf.j

ffu.v'//'é‘n'r/m o%{/!f‘ﬁ—ld-/ﬁ'jmcn/ LE?
/ :

£ £ ZF =0
Ey £x —/EN (cor &) - tE =0
T E = 0, /8618 EN
b j:mm +T2.6 =0
Tz [k “7‘ (00 hum £y - /éN(ff;'jﬁ’) -K =6
" S ~ = 0.65559 LN
S A(ZH), -0
c é-,((?OOMM)‘/édf((ar¢)ﬂ/gomﬂ_‘)_%_ =0
fZ: 656 N M. = 247 CTNem
V= /8¢-2N

My = 2¢4 M-




P =10 kips
Prob. 1.4-19. A vertical force P = 10 kips acts downward
at the apex B of frame ABC, as shown in Fig. P1.4-19. The B
frame is supported by a frictionless pin at C and rests on a %
roller support at A. (a) Determine the reactions at A and

C, and (b) determine the internal resultants (axial force,

shear force, and bending moment) at arbitrary cross sections M, AF, X _ M\ 4
of legs AB and BC, using the respective notations shown in = / v,
the two cutaways. i v l
: L. 2
i 3t ! 3n |

P1.4-19 and P5.4-39

(G) Reactions &f"ﬁ‘mﬂ/(. fjfu;%’éﬂl—om a/ﬁnﬁ'fe %’-mc.'
Pe 10 Loog 525 =0 &b
g B ,r PO +f(Z7V/JC =0 @/C/f}-/oéz,hﬁ//‘}:o
" 2 = ridne
4’ ff 2 =o /—in £y = (O lipar =0
Cj- = fA}r
g 3° 3" & Gpeidl & = S lip
f}j T’ b
Cy
E.ufﬂ'fr’(-am o rgmcn/ v/
(8) Ly fernal reref fon fr o AT aad 5.

J—/?_-/:xr =0

m, £ X
T LGhp )t F 0 F--44;
J pr { o / il
R

\ 5= dhir (€) ;\f,_cﬁ =0
'[}J/:j(r}u i

#, = 3%, kim )

V4 2 5Hpe) 0 Y 2l
{(Znf, <o

%&ér}?f}x;_/nf 0 M‘, =)?/J /4’/-"‘//

f;ﬂ/,///.ff/'ldm o/ fc:jryitfffl EE

A = Ghoer (C) N2h =0 sty rfivo fo- Pl
Vi =2l & Zhi =0 ~L(Shju\-TVyz0 Vo~ Fhint

Me=3(5x)kinfio| € (FM)e =0 25 tpu) (54t-,) -0, - 0
Mo = 25 x) kip-ft




Prob. 1.4-20. A uniformly distributed vertical load wy = 3.2
kN/m acts over the entire 2.5 m length of the horizontal
member BC of frame ABC, as shown in Fig. P1.4-20. The
frame is supported by a frictionless pin at C and rests on a
roller support at A. (a) Determine the reactions at A and
C, and (b) determine the internal resultants (axial force,
shear force, and bending moment) at arbitrary cross sections
of members AB and BC, using the respective notations
shown in the two cutaways.

.fﬁ/&tfr‘a/:.'
(i) Bractivay all # and C.

e 2 5o [ 250>

X
H’ wo =32 kN/m

2m

Fl.im 25m

P1.4-20, P5.4-40, and P9.4-24

Eguilibrivim of foame ABC:

it(zm), -0
@/?m\'ﬁénf(/.zrn) =0
A, 7 &5t

#TZ/L;LO qu-o’b&/!—(y =0
Cj = S M

taF,_,:o tr =0

Ay = 2. 5N 1‘} (o6 , £y ® 5.5k T

(6) [n/(!/nc//;fk//éql{r/'h Vol /__U,fﬂ,'[a{h"qm g?/fffmc,,f ﬁﬁ"

and BC. *fff;r =0 4 ¢ ?:/z,j’/(/t/) =0 =700 .

F; i
% L5 NZFR, =0 Zlpqun)-Vico W SO
C(2M)y <0 Z (2.5hn)x, M =0 W)= 15k, Wen

£ = 2,00 LN(C), T = [ SDOUN
Viooo—— M= [5x, ktm D

f?w,zﬁ'é,q'é(‘m {)/j'(’fmdn/ (E-:

z y 4 *
@acey BZA, 0 £ =0
2
+TZ@? ) _[/Z —J’,ZAN’/Z,fm-xt}f-fféﬂ-/:a

A =0
V- 25-720f0em

My = 300 # 25K = LCXy Y (#0ew)
7,

Vi-25-224 (ki)
HEM) =0  my +ie (255) () - 56 f2.56) <0

c 31 F25K -6 [kMem)




Prob. 2.2-1. A l-in.-diameter solid bar (1), a square solid bar
(2), and a circular tubular member with 0.2-in. wall thickness (3),
each supports an axial tensile load of 5 kips. (a) Determine the
axial stress in bar (1). (b) If the axial stress in each of the other
bars is 6 ksi, what is the dimension, b, of the square bar, and

what is the outer diameter, ¢, of the tubular member?

Solution*
(o) axfal SErEss
FBp: eylindvical seid par

A
o ‘
T, {4-‘1 ( lin :':-{- T
= .

) f
L—AY. .
(b)) dimensions
FBD: squave Solid o

: JA 2
e
Ty { == - i —>
“— b 1
s

C

FBD : cylindvical tubes

)L La.:u'n.

e
<__
B= 0.4l In,

= \.52&{n.

Definition : normal stvess

=T = _SKIPS o b 3w kst
Ay 0884 n *

A= TdS e T (LD 2 0.79854 jn2
% Tz

petinition i yormal stress
U'}:L = b ksl Ag’b?’

Az
=1 = = s
be| L =o.a2din.

pefinition novimal SEYESS
As= T[ct-(c-04)%]
=T (08¢ -0.\b)
T 4 s
c={ -@(-.-T—) +0.16] [0.8
= |.52b \h,

Az=T = 2KipS _ T (09¢—0.Wb)
Tz b kSi 4




y
Prob. 2.2-2. The structural tee shown in Fig. P2.2-2 supports a 75mm | 75mm | |3 mm

compressive load P = 200 kN. (a) Determine the coordinate y,
of the point R in the cross section where the load must act in
order to produce uniform compressive axial stress in the member,
and (b) determine the magnitude of that compressive stress.

YR
1 8
P z
— > R s~
P
(b)
Solution ! @ P2.2-2
() point for uniform Stress I P is opplied at +ne cross- sectional
Compoen (1) cenhoid, 1en 4ne. vesuieing oxial
Stress will be yakonm, vetore,
L Memm ASmm bW R s the centvoid.
ﬁ «~ i)
L b G | 12b.Srm | 1980 vam = | 246615 MM
Z bomm | Qpp mm* | 51600 ymm 3
Lomponent (2 St 1 2910 vmm2] 308215 v ®
ceviivolel oF Cross- sechional aveon
Ve = ZYiAL 2 104,50 vm
b0 ynim AL
Cl
-
?2_ b0 Ynim
Definition i novimal Stvess
o] ==L A=ZA(
4Yhm—)l I l(—4mm A

= p%13 MP~ (C)

(b) srvess maﬂnuude- [ 7= 8.1 Mee- (O]
FBD:

ﬁ/

] P




Prob. 2.2-3. A steel plate is welded onto each end of the
structural angle in Fig. P2.2-3 so that a load can be applied
at point R, where it will produce uniform axial stress in the
member. (a) Determine the coordinates yz and zz of the
point where the tensile load P must act in order to produce
uniform tensile stress in the cross section of the structural
angle, and (b) determine the magnitude of that tensile stress
if P = 21 kips.

Zh 75
1] 5olutivn.
(4) Defermine (g, 7, ),
257 |6 Ye=G , 2 2 locafon of controrl)
K.(y"‘l”) jo A=At By = 4in (0504 0 5tn, (0,500.)
|

c 0
%,¢=§.5Z7rh‘ yje
Aze = A3, t # 2 = (207)(200)

F( 125m) (0. 251n,)

g -, 2

:; | C.- 5 /7 J’:Zj:n . . |

A e A5 4G - (20,25
+(12575°) (1.75%.)

E2¢C T 1m.

Zﬂe /r .?Zéff.f\.

(4] Aiial clrecr,

2

6464 (n)] "7

_ 2/ kps
725t

= G, 462 b



Prob. 2.2-4. A solid brass rod AB and a solid aluminum rod
BC are connected together by a coupler at B, as shown in
Fig. P2.2-4. The diameters of the two segments are d; = 2.5
in. and d; = 2.0in., respectively. Determine the axial stresses
oy (in rod AB) and o; (in rod BC).

fﬂ/h’/f%n %
//'df.v:‘f‘n?fne fz_,t_ a[{lﬂ/ffifx’fﬂ:f “n ﬂnofd;_

!
ﬁf?m%'é/l'um !4/ ~ED
7

_‘;ZF___O == /—4—0/1}9:-—/0&1145 =0

5’?‘”%'/4«« For FED 2!

7 F =0 A =

z

—F, - [OLletjsr SO

f / vesrer

P2.2-4
40 Lies 10 Lipss
[ —
LJ
57 70 bysr
10445

A
‘/047;}

5 _ gt
G- AL
EA 4 (30 bigjpr)
A Py L
- #fz- 4/—/0é/"rj _ ]
dz_ rdf © 7/20—,”‘%" = —j,/ﬁjéw

(7 = .17 i (7)
&G =3, /8 &5 (€)




Prob. 2.2-5. The diameter of the central one-third of a 50-
mm-diameter steel rod is reduced to 20 mm, forming a three-
segment rod, as shown in Fig. P2.2-5. For the loading shown,
determine the axial stresses oy, o3, and o in each of the three
respective segments.

Jefermine axiad strerrer @) @ and G,
La ZokN fohar
E)‘?’-ﬂ/%'gr’f'ﬂm 74/ ~0 /! A Zo
4 -— ) = = B

HZF 20 —F -Z0LNp 20N - 104N =0 £ — 104N

Eﬁu;ﬁ' Erri'eems Fg" Féﬁ 2 F?. 20 104 At

(7J —_— P

SZF =0 —f F20LW -(0LN =0 £ < 0bu

ffpu% boivm He FRDF ) G JOLN

~ ) [

S2F0  ~F (0N =0  F=-10Ll

Steerrer :

~N

T o= s s ’ZJ' Wote: [Fme = | MPe
/ A 4
T - Vil ) M = -5 097 thr
'Tomdt T T (60mm)
{4 4 [ 104w

d; = /7},/2’- = m-;_ = 7,87 Mm%
0—;_ ﬁ 4/‘/0&”]

= = "5:0? M/od
Tely* 7 §0mm]* s

T =0; = 5,05 mra ()
j;: 2 8 MPa (T)




Prob. 2.2-6. The three-part axially loaded member in Fig.
P2.2-6 consists of a tubular segment (1) with outer diameter
(do) = 1.25 in. and inner diameter (d)), = 0.875 in., a solid
circular rod segment (2) with diameter d; = 1.25 in., and
another solid circular rod segment (3) with diameter d; =
0.875 in. The line of action of each of the three applied loads
is along the centroidal axis of the member. Determine the

axial stresses oy, 03, and o3 in each of the three respective seg-
ments,

Solution *
FBD i sechion (1) + (2 +(3D
o 1.2% In. 0.875in.

(3 2.kips

FBD* Settion (2) +(3)

1.25 .

— ¥ e
4 kips
y 1

L.,

EBD! Sechon (3)

2 kips

0.8151n.

F 3)

hass

2 kips

T, = 4.79 kst
T =4.2a kst
T3 = 3.33 kst

0.875 in.

P2.2-6

Equilitvivm:

K7ZF =0 -F, - 3kips +4 \aps + 2kips =0
Fi = 3](.;{95"

= h
LY

=4.19% ksi

[iii v

53k =0t F, +4kips + 2kips =0
Fz=b kips

A1 =T la2sinY - (0215 )

h=-F Ay= T (125"
A, 4
= 4.299 kst

Equilibrivm:
57F,=01 -F3 +2.kips =0
5= 2 Wps

T3=Fy  As=% (0875 n)*
Az
= 3,32b kst







