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PROBLEMS
Chapter 1
TENSION AND COMPRESSION

I Internal Force, Stress and Strain
1—1 [Examplel
Given: The cantilever truss shown in Figure a,
Find: The external reactions and inten:nal forces
in members UyL,, U,L,,
Procedure; The roller support provides only a
horizontal supporty; the other provides a vertical
and a horizontal support, as shown below in th‘e:
free-body diagram b,

wmiana- |6 1t (Or 4§ 8 M)

% y U, ty
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T Muo =0 therefore, 12x16—-H, X 6 =0;

H, =32kips(or142. 34kN)
EFx=0; | H, | = | H, |=32kips (or142.34kN)
ZF, =0y V, =12kips (or53.38kN)
To determine the internal forces, we may proceed
by isolating (by an imaginary cut) a complete
part of the truss, as shown in Figure b by the cuts
1—1 and 2—2.This is generally called the method
of sections, Of course, the member for which the
load is to be found is one of those separated by this
imagihary cut, Caution ¢ If the cut has more than
three unknowns, the forces cannot be determined
by statics equations alone, Also remember that a
truss member is assumed to carry only axial load,
tension, or compression, The following procedure
. illustrates this, The direction of the forces are
assumed and corrected later if the result is a
pegative sign,

Wh Yy Uy

Ue‘\

L:':.”\ 4 5
(2hips

Fig, 1—1 (c)

sz =0;‘/5U °L1 212;U0L1 =20klps (Of 88.96kN)
t



ﬁ?u =9; U, L, =12kips (or53.38kN) ,
1~2 Ia Figutre 1-—2, assume pin comnections
for A, B, C, and D, Neglecting the weight of the
members,determine (a)the magnitude and directions
.of the reactions at points A amd B, (h) the force

in cable between CD,dnd (c) the force in member
BC,

J

12 tay
TN
(] 3)
. 4
o
g
Figure 1 —2 Figure 1—3

1—3 In Figure 1—3, assume that the weight of
the members is negligible. For the given uniform
load, determine (a) the reaction at A, (b) the
tension in linkage tic BC, and (c)the reaction at D,
1—4 What is the force in the turnbuckle tie of
Figure 1 —4 when P =40kN2

Figure 1—14 P Figure1—5



15 In Figure 1,~5the areh is hmged at pomts.

A, B, and C, Draw a free- body dxagram of portions
AB and BC and show all the forces (magmtudes and

digections) acting.on these members, Neglect the -

wenght of the members,

1= For the truss shown in F1gure 1—6, determine

(a) the reaction at points io and U,, and (b)the
forces in members L, L, and U,L,.

GOKN/m

XIN (13950013 1511
0] J’z 14 Y

T 1

30kN/m

&, 43

rds &
b gr3g-motm |

Figurei1—6 . Figure1—17

1—7 For the load shown in Figure 1—7,determine
(a) the axial force in the tie, and (b) the reae-
tions at points A and C,
1—8 (Examplel
Given: A cargo ship loads cargo from the dock by
lifting it with 2 boom crane and then,with a hor-
izontal cable, guiding the weight to a location on
‘the ship (shown in dotted lines), Schematically,
‘this is shown in Figure &, The area of each cable
is 0.90 in.? (or 5.81 cm?) and the allowable stress
15 15,000 psi (or 35.47 MN/m?) ,

4




"Find:The maximum weight the crane can lift at any
-one ¥ife,

oy

X 60° -
r 5'1\ Final positron ) V

L — I betare load 1s eleased w

() Figure 1—38 (b

®rocedure,

T=0-A=(15,000 !b/in.?) (0.90 in.?)

T =13,500 1b
From ZF, =0 T sin 60°=W
Therefore W = (13,500) (0. 866) = 11,700 lb(or 52kN)
.From XIF,=0

F=T.cos 60°= (13,500)(0.5) =6750 1b

“Therefore, the stress in the horizontal cable is

i

g =X=-6:§'::'(500 pSl (or 51.71 MN/m")

“t—8 Consider the losads of Figure 1—9to be ax-
_ially applied at sectioas A,B,and C to the steel bhar
“which has a. crossrapctiomal area of 3 in.? Derer-
mine the axial stresadn the bar on (a)a section 10
“in.to the right of -Ag!(b):8: séction 60 in. to ihe
;right of A, ' S FANE I FH SEE U

L
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Figure 1—9 Figure 1-—10
1—10 Refer to Figure 1—10,Determine the stress
in tlre. truss bar AB (A=6 x107*m?) ,
1—11 In Figure 1—11 a man lifts a 667 N weight,
as shown, Determine the stress in each rod,if

they are of a 1,27cm.diameter,

Figure 1-—11

1—;12 Determine the minimum cross scction the
cable in Figuré 1—~—2 must kave if the allowable
stress in the cable is'63NMN/m*,; Cheéck both Iengths ’
AC and CD and let the most critieal portion con-

trol the size for the whole length ACD,

1—13 - A:steel wire is suspended - vértically from one

end, supporting only its own weight. It has 4 cross—

g



sectiomwal area A, a'length L, and a specific weight
’ Y. Determine (a)the maximum axial'stress in the
wire in terms of A,L,and yand (b)the maximum
léngth that the wire may have if the maximum per-
nrissible stress in the wire is 27,000 psi. Take the
specific weight of 490 Ib/cu ft,

1—14 A short, hollow steel cylinder is to carry
an axial compressive load of 50 tons, at a stress
of 18,000 psi. Determine the wall thickness neces-
sary for a ratio of-outside diameter to wall thick-
ness of 3x to 1,

1—15 A 7000-1b weight is supported by means of
a pulley as shown in Figure 1—15.,The pulley is ‘
supported by the frame ABC, Find the required~ -
cross—sectional areas for AC and BC if the allowable
stress in tension is 20,000 psi and ifcémprédsion
is 14,000 Psﬁ. ' ‘

Y J—
]

o0 LesmJrom | .
% h . - !r—-‘-————-—an —}: N

a7 -

Figure 1—15 . . Figure., 1r16.: .
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1—16 In Figure 1—16 determine the cross-sectional
area of the cable and of the pulley support if ‘the
allowable stress in each is 140 MN/m?,

1—17 Refer to Figure 1-—17 If the stress in the
steel“tie”is not to exceed 138 MN/m? determine the

cross-section of area needed for tie,

) Figure 1‘—1_71‘ e

Bty
ai e &

m-«m EExaMPleJ

Given; The strains in the steel rod and wood baam
are | X107% in, /in,and 3,33x10"4 in, /m » respec-

tively, -
Find, The. vertical deflection of pomt B,/U:?e‘ a.
graph:cai approach, et

proco@ure, In Figure o, the length of the steel
r&d’»—m & ft)(12 ia, /it) =60 in, The wood beam
lsi(ai it}(lz in, /ft) =48 in, long, Let “03,=to¢\a1f
clongation of the steel rod, and & ., = "total
elongation of the wood beam,



8,,=1x10"*x60=6x10"%in, (or 1,52 mm)

3w, =3.33X107* x48=1,6x10"2in. (or 0,41mm)

The final length of the steel rod is thus(8Q+6 X

107%) in, The wood beam has a final langth of
(48—1.6x10°2) in,

Because the rod has point A as its center of rota-
tion and the beam has point C as its center of ro-
tation, plotting the new dimensions on a large e-
nough scale would give the deflected locatlon of
point B However,this is not practlcal because the
magnitude of the chosen scale necessary to reflect
the effect of the strains would be too large, There-
fore, graphically, only the changes of lengths are
plotted instead of the lengths themselves, Starting
with point B, the rod is assumed to deform down-
ward along the slope of the rod an amount d,,, The
wood is assumed to contract to the left, relative to
point B, by an amountdy,, The two ends of the
rod and beam must meet at the intersection of the
arcs that would be formed by the lengths, (This

.poisit may be approximated with perpendiculés Hnes

as shown in Figure b), The arbitrarily chesea scale
for sketehing the: deformatxons is 1 in, =10%x10"*
in, Therefore, ' v o AR A
0r=12,13x10"%in, (measured)



. 8,=1213%10%n

Figure.1 —18 (a)

1 -19‘ Given,The three wires shown in Figure 1-19
are of the same material and have the same cross
sectmn Assume the bar to be rlgld, that is, no

bendmg.
F :+ The ratio of the strains 6f'fhie'threewires,
ﬁmng ‘the- ¢hort wire as the basis of; ‘comparison,

Rwa W g
UL e o

) l . ] < -
: pi—

: io) .J
£t i

4§ NEEE NI Figure] —-‘rg .

«3k+-20 A'standard tensile steel specimen,,505.in,

sl d inmeter, shown.in.Figure 1—20 .is marked in
*4f2=ip; imcrements, as shown.in :Figure a before the
test, After the test, these increments are a little,
longer thaa.1/2-in, ,as showa in Figure b,

19



Determine the strain for each 1/2-in, length and

the average strain for the 2-in, gage length,

aP' é‘

&
L

&

PN
\ T

\

\

A\

Figure 1—20 (a) (b

1—21 The horizontal bar of Figure 1—21 is as-
sumed to be rigid, The two wires supporting the
bar are tightened so that when the strain in wire
DE is 1000x10"°, the strain in BC is 100 x10~% and
the bar is horizontal, Then the load P is added and
the strain in DE becomes 2000 x 10°%, Dectermine the

new strain in BC,

. LT
P —
R : Figure]—~21.

1—22 The force P in Figure 1—22 lowers the rig-
id arm,-which is hinged at the point A and sus-
. pended by a rod BUC ds%Wawh, Points D and E are
frictionless pin hinges, When the rigid beam :ACD

1



is horizontal the gap at point F is 0.1 in, Determine
the strain in rod BC when the gap is 0.2 in,

ft '.5'

l_}&__ Y

lih-——*l

€9

Figure 1—22

1—23 (Example)

Given; A concrete column 18-ft (or 5,49-m) high
- supports a 50-ton (or 444,82kN) load, Its square
dimension at the top is 14 in, X14 in, and at the
bottom 20 in, x20 in, as shown in Figure a,
Find, The total compressive deformation in the
column, neglecting the weight of the column, As-
sume that Ec=3x10° psi (or 20%X10° kN/m?) 2

14 in.

mtz-zgs' in.

il

a) Figure 1—23 b)

Solution, For an element of length dy,

12



