* Thermal Stresses

In many simatlons, such s in bolldings and rosds the ends of o beam or slab of
material are rigidly fixed, which greathy limits expansion or contraction, If the
temperature should change, large compressive or tensile stresscs, called fheemal
sireerey, will accur. The m.agn'ilu:lg of such iresses can be ealeulsted l.lsi:ng Ll
concepl of elastic modulus developed in Chapter 9. To calculnte the internal
stress, we can think of this process as oceurning o two steps, The beam tries 1o
expand [or contract} by an amount &7 given by By, 15=1; secondly, the solid in
conlact with the beam exerts a foree (o compress (or cxpand] it, keeping it at its
original length, The force Frequired is given by Eqg, -4
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where £ is Young’s modulus for the material. To calealate the internal stress,
F/ A, we then set AL in Eq. 13-1a equal to AL in the equation above and find
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Hence, the siress
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Stress in concrete on a hot day. A highway s 1w be

made of blocks of concrete 10m long placed end to end with no space

between them to allow for expansion. If the blocks were placed at a tempera-

tare ol 1000, whalt LU pTEssRIvE Slness wonld accur il the fermperilureg rizitehied :I: FPHYSICS APFLIED
40°CT The contact aren belween ench block is 0,20 m?, Will fracture occur? "~ Hizhwry brackling

APPROACH We wse the expression for the stress F/A we just derived. and
find the value of E from Table @=1. To see i fraciire occurs, we compare [his
stress o the ulbimate stremgth of concrete in Table 9-2,

SOLUTION
; a EAT = (12 x 107%C*)(20 = W0*N/mN30C) = 7.2 % 10°N/m’,

This stress = nol far from the ulimate strength of conerele under compression
{Table 9-2} and exceeds it for tension and shear, I the concrete is not perfectly
aligned, part of the force will act in shear, and fracture is kely. This is why saoft
spaicers ar l:'.-:;'.-.imnin:m j-;:uinlt [Fig. 13-3) are wsed o concrele sidewalis,
highways, and bridges.

The Gas Laws and Absolute Temperature

Eguation 13-2 5 nol very useflul for describing the expansion of a gas, partly
hecause the expansion can be so greal, and panly becanse gases generally
expand to Ol whalever container they are in, Indeed, Eg, 13=2 15 meaningful
onlly if the pressure is kept constant, The volume of o gos depends very much on
the pressure as well as on the emperature. T is therefore valuahle to determane
i relation between the volume, the pressure, the lemperature, and the miss of a
gar. Such a relation is called an eguatlon of state. (By the word surfe, we mean
the physical condition of the sysiem,)

I the state of o system is changed, we will always wait until the pressure
and femperature have reached the same values throughout. We thus consider
only equilibrinm states of a svstem—when the variables that deseribe it isuch as
temperature and pressure) are the same throughout the system and are not
changing in time, We also node that the resulis of this Section are accurate only
for gases that are not (oo dense (the pressure is not oo high, on the order of an
atmosphere or &0 and nol close o the liquefaction (boiling) point.
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