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Figure 5.8 Normal compressive stress
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Figure 5.9 Normal tensile stress through
section a-a.
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NORMAL KUVVET ETKiSINDE DEFORMASYON HESABI

Consider a homogeneous rod BC of length L and uniform cross sec- [ 9 B
tion of area A subjected to a centric axial load P (Fig. 2.17). If the
resulting axial stress o = P/A does not exceed the proportional limit
of the material, we may apply Hooke’s law and write
o = Ee E- ) (2.4)
(Nookc hnum)

from which it follows that
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FIG. 2-14 Statically determinate bar FIG. 2-15 Statically indeterminate bar

point C. As already discussed, the reactions R, and Rz cannot be found
by statics alone, because only one equation of equilibrium is available:

> Fyer =0 Ry—P+Rz=0 (a)
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STATICALLY INDETERMINATE MEMBERS

% R, As already discussed, the reactions R4 and Rz cannot be found
by statics alone, because only one equation of equilibrium is available:
A
p > Fyer =0 Ry,— P+ Rz=0 (a)
8AB - O (b)
B This equation, called an equation of compatibility, expresses the fact

that the change in length of the bar must be compatible with the condi-
}RB tions at the supports.

FIG. 2-15 Statically indeterminate bar
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Example 18.1: Stress and strain in compression

A square concrete column in an office building is shown in Fig. 18.3. The
column has cross-sectional dimensions 400 mm x 400 mm and supports 2000 kN
a total vertical load of 2000 kN. Calculate the direct compressive stress
at any point in the column.

If the column reduces in length by 3.5 mm as a result of the loading
and the column’s original length was 4 metres, calculate the strain in
the column.

\ 4

}-—» 3.5mm

Solution
The column is clearly in compression.

4000 mm

The column’s cross-sectional area, A = 400 x 400 = 160,000 mm?

Axial load P = 2000 kN = 2000 x 10° N

Force (P) _ 2000 x 10° 125 N/mm? A 400 mm
400 mm

Area (A) 160,000 2000 kN

Change in length (8L) ~ 3.5 mm (@) (b)

=8.75 x 10* = 0.000875
Original length (L) 4000 mm

|

Stress (0) =

Strain (g) =

Fig. 18.3 Compressive stress and strain (Example 18.1).

(Remember: strain has no units.)
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Member AC shown in Fig. 1-19a is subjected to a vertical force of
3 kN. Determine the position x of this force so that the average
compressive stress at the smooth support C is equal to the average
tensile stress in the tie rod AB. The rod has a cross-sectional area of
400 mm? and the contact area at C is 650 mm?®.

B«

(b)

Fig. 1-19
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SOLUTION .

Internal Loading. The forces at A and C can be related by considering
the free-body diagram for member AC, Fig. 1-19b. There are three
unknowns, namely, F 45, F¢, and x. To solve this problem we will
work in units of newtons and millimeters.

+13F, =0; Fap+ Fc —3000N =0 (1)
(t2ZMy =0 —3000 N(x) + F(200 mm) = 0 (2)
Average Normal Stress. A necessary third equation can be written

that requires the tensile stress in the bar AB and the compressive
stress at C to be equivalent, i.e.,

 Fap  Fc
g = ) = 5
400 mm 650 mm
FC = 1625FAB

Substituting this into Eq. 1, solving for F 4z, then solving for F, we
obtain
FAB = 1143 N

Fc=1857TN
The position of the applied load is determined from Eq. 2,
x = 124 mm Ans.

NOTE: 0 < x < 200 mm, as required.



