Tension and Compression in Bars
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Objectives: Mechanics of Materials investigates the stressing and the deformations of structures subjected
to applied loads, starting by the simplest structural members, namely, bars in tension or compression.
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In order to treat such problems, the kinematic relations and a constitutive law are needed to complement

the equilibrium conditions which are known from Engineering Mechanics (Statics). e Lyl ala 293
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The kinematic relations represent the geometry of the deformation, whereas the behavior of the material
is described by the constitutive law. The students will learn how to apply these equations and how to solve
determinate as well as statically indeterminate problems. 5 LssSu 5),30 pe 6,515 g8 8,30 Jilue 2kl gllay
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4 Single Bar under Tension or Compression

There are three different types of equations that allow us to determine the stresses & the strains in a
bar: the equilibrium condition, the kinematic relation and Hooke's law.

Depending on the problem, the equilibrium condition may be formulated for the entire bar, a portion of
the bar or for an element of the bar.

We will derive the equilibrium condition for an element. For this purpose we consider a bar which is
subjected to two forces F'; & I, atits ends and to a line load 2. = 1.(X), see Fig.a.
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The forces are assumed to be in equilibrium. We imagine a slice element of infinitesimal Iength dx
separated from the bar as shown in Fig.b.

The F. B. D. shows the normal forces N and N + d NN, respectively, at the ends of the element; the line

load is replaced by its resultant ndx (note that may be considered to be constant over the length dx).
Equilibrium of the forces in the direction of the axis of the bar
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In the special case of a bar (length [) with constant axial rigidity (EA = const) which is subjected only
toforces atitsend (11 = 0, N = F) the elongation is given by

Al = lF(:F—EAAl
" EA [

EA
Quantity — is the axial rigidity (Stiffness) of the bar.

[
The Inverse a is the axial f/exibility of the bar
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Statically Determinate Systems
Reactions & internal forces can be calculated using only

Statics: Eq. Eqs.

2 Unknowns (7,&T7,)
with 2 Eq. Eqs.
2F,. =0:
—T, cosf + Tccosf = 0
2F, = 0:
T, si Tesing — W =
4 Sin6 + Tcsind — W = 0 }AK\B(/;;
—T,=T,=T =W /2sind J
0,y = 0oy = W /24sinG l '
: : — 0 A

Behavior (Elastic) £gs.: & = E,A i A A

=& = Ecg = W /2EAsing
—A,, = A, = A= WL/2EAsin
Kinematic £gs. (displacement-elongation):

—=v = A/sinf = WL/2EAsin?6
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Statically Indeterminate (Redundant) Systems

Statics alone (£g. £gs.) is not enough to calculate
reactions and internal forces. ?P
D
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3 Unknowns (R, R; & RD ) with 2 Eq. Egs. (impossible)

>F,=0:Ry—Rc—Rp+P=0

SMA = 0: —R,(L/3) — Rp (2L/3) + PL =0

Additional compatibility equationis needed.
Ape = v/3=RC = EAS,./H = EAv/3H }_
Ay = 2v/3=Rp = EAS,, /H = 2EAv/3H

3Egs solution gives: R, = 0.8P,R; = 0.6P,Rp = 1.2P

—0p, = 0.6P/A & ap, = 1.2P/A.
—A.. = 0.6PH/EA,A,, = 1.2PH/EA & v = 1.8PH/EA
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Kinematics: E/ongation-Disp/acement of an axially loaded member.

-

The axial member /Jof length L, directed in x,y; by the unit vector €

moves under loading to /J’ by two small displacement vectors

getting a new length L'=L+A4,, and a new direction, to determine 4,,,
we observe from the figure that: 1J'=1J +J3"—1l"'

A, =(U; —u,)cos@+((v, —v,)sing

P
®
.
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Problem 3. AN aluminum truss ABCD is loaded at joint D by a

point load ~= 60 kN. The cross-sectional areas of the bars
are: A,p=325mm?, Az, =390 mm? , and A, =420
mm? . The modulus of aluminum is £=70 GPa.

Determine
1) the horizontal and vertical displacements of joint D, u, and v.
2) The axial stress in members AD, BD, and CD.
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Problem 4. The Fig. shows a freight elevator. The cable (of total

length is [ and axial rigidity K)) passes over a smooth pin C.Acrate
(of weight W) is suspended at the end of the cable. The axial rigidity

E A of the two rods BC and DC is given. Determine the
displacements of pin C and of the end of the cable (point H) due to
the weight of the crate.

Problem 5. To assemble the truss (axial rigidity E A of the three
bars) in Fig. the end point Pof bar 2 has to be connected with

pin C.Assume O << h.Determine the forces in the bars after

the truss has been assembled.
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Problem 6. Consider a rigid horizontal beam suspended
to the roof by three identical bars as indicated on the L
i i i < < <
flgure. Under_ the action of load, determine the s ¥ < J
internal force in each bar. ) O O '

| X
Solution: w
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Problem 7. Consider a rigid horizontal beam suspended

to the roof by two different bars as indicated on the N NN AN
figure, and rotates about the shown hinge by a small %4
angle 6, under the action of a moment M, applied at Ef 2z <
the hinge. determine the internal force in each bar. = Iy =)
© N .
20 k
Solution: - S
NS N N
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Moo
= '_‘_‘_’_"_’_'f_'_.j/zx/—r——-—% """" X
A ,
Ay
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