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مقدمه:
نیروهای وارد بر اجسام پرداختیم و اجسام را صلب  به بررسی  در بخش اول کتاب 
در نظر گرفتیم بدین مفهوم که جسم در اثر اعمال نیرو تغییر شکل نمی دهد که موضوع بحث 

استاتیک بود.
دراین بخش می خواهیم اثر نیروها را بر اجسام، بیشتر مورد بررسی قرار داده و رفتار 
آن ها را تحت تاثیر نیروهای مختلف تجزیه و تحلیل نماییم، که با این فرض که جسم صلب 
نباشد، یعنی تغییر شکل اجسام نیز مد نظر می باشد، که موضوع بحث مقاومت مصالح است. 
تحت  را  جامد  اجسام  رفتار  که  است  مکانیک  علم  از  ای  شاخه  مصالح  مقاومت  بنابراین 

بارگذاری های مختلف بررسی می نماید.
رفتار اجسام تحت بار های مختلف عبارتند از : 

1- رفتار کششی و فشاری

هدف های رفتاری

پس از آموزش این فصل از فراگیر انتظار می رود بتواند:
1-انواع رفتار اجسام را تحت تأثیر بارهای مختلف نام ببرد.

2-نیروهای محوری را شرح دهد.
3-اثر نیروهای محوری را بر اجسام توضیح دهد.

4-تنش را تعریف نماید.
5-تنش محوری را تعریف نماید.

6-رابطۀ تنش محوری را به کار گیرد.
7-تغییر طول اجسام تحت تأثیر بارهای محوری را محاسبه نماید.

P
= P

=
شکل 1-7
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7-1             نیروهای محوری  
)Axial Load(       

که  هستند  نیروهایی  محوری،  نیروهای 
در امتداد محور طولی اجسام و عمود بر سطح 

مقطع آنها وارد می شوند. شکل )5-7(
صورت  به  می توانند  محوری  نیروهای 
در  و  شوند  وارد  اجسام  به  فشاری  یا  کششی 

آن ها افزایش یا کاهش طول ایجاد نمایند.
دیده   )6-7( شکل  در  که  همان طور 
می شود، بارهای محوری ضمن افزایش یا کاهش 
طول، سبب کاهش یا افزایش ابعاد دیگر جسم 
بررسی  به  تنها  فصل  این  در  که  می شوند  نیز 

رفتار طولی آنها می پردازیم.

2- رفتار برشی

41110.3  DEFORMATIONS IN A CIRCULAR SHAFT
Consider a circular shaft that is attached to a fixed support at one 
end (Fig. 10.7a). If a torque T is applied to the other end, the shaft 
will twist, with its free end rotating through an angle f called the 
angle of twist (Fig. 10.7b). Observation shows that, within a certain 
range of values of T, the angle of twist f is proportional to T. It 
also shows that f is proportional to the length L of the shaft. In 
other words, the angle of twist for a shaft of the same material and 
same cross section, but twice as long, will be twice as large under 
the same torque T. One purpose of our analysis will be to find the 
specific relation existing among f, L, and T; another purpose will 
be to determine the distribution of shearing stresses in the shaft, 
which we were unable to obtain in the preceding section on the 
basis of statics alone.
 At this point, an important property of circular shafts should 
be noted: When a circular shaft is subjected to torsion, every cross 
section remains plane and undistorted. In other words, while the 
various cross sections along the shaft rotate through different 
amounts, each cross section rotates as a solid rigid slab. This is illus-
trated in Fig. 10.8a, which shows the deformations in a rubber model 
subjected to torsion. The property we are discussing is characteristic 
of circular shafts, whether solid or hollow; it is not enjoyed by mem-
bers of noncircular cross section. For example, when a bar of square 
cross section is subjected to torsion, its various cross sections 
warp and do not remain plane (Fig. 10.8b).
 The cross sections of a circular shaft remain plane and undis-
torted because a circular shaft is axisymmetric, i.e., its appearance 
remains the same when it is viewed from a fixed position and rotated 
about its axis through an arbitrary angle. (Square bars, on the other 
hand, retain the same appearance only if they are rotated through 
90° or 180°.) As we will see presently, the axisymmetry of circular 
shafts may be used to prove theoretically that their cross sections 
remain plane and undistorted.
 Consider the points C and D located on the circumference of 
a given cross section of the shaft, and let C9 and D9 be the positions 
they will occupy after the shaft has been twisted (Fig. 10.9a). The 
axisymmetry of the shaft and of the loading requires that the rotation 
which would have brought D into C should now bring D9 into C9. 
Thus C9 and D9 must lie on the circumference of a circle, and the 
arc C9D9 must be equal to the arc CD (Fig. 10.9b). We will now 
examine whether the circle on which C9 and D9 lie is different from 
the original circle. Let us assume that C9 and D9 do lie on a different 
circle and that the new circle is located to the left of the original 
circle, as shown in Fig. 10.9b. The same situation will prevail for any 
other cross section, since all the cross sections of the shaft are sub-
jected to the same internal torque T, and an observer looking at the 
shaft from its end A will conclude that the loading causes any given 
circle drawn on the shaft to move away. But an observer located at 
B, to whom the given loading looks the same (a clockwise couple in 
the foreground and a counterclockwise couple in the background) 
will reach the opposite conclusion, i.e., that the circle moves toward 
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41110.3  DEFORMATIONS IN A CIRCULAR SHAFT
Consider a circular shaft that is attached to a fixed support at one 
end (Fig. 10.7a). If a torque T is applied to the other end, the shaft 
will twist, with its free end rotating through an angle f called the 
angle of twist (Fig. 10.7b). Observation shows that, within a certain 
range of values of T, the angle of twist f is proportional to T. It 
also shows that f is proportional to the length L of the shaft. In 
other words, the angle of twist for a shaft of the same material and 
same cross section, but twice as long, will be twice as large under 
the same torque T. One purpose of our analysis will be to find the 
specific relation existing among f, L, and T; another purpose will 
be to determine the distribution of shearing stresses in the shaft, 
which we were unable to obtain in the preceding section on the 
basis of statics alone.
 At this point, an important property of circular shafts should 
be noted: When a circular shaft is subjected to torsion, every cross 
section remains plane and undistorted. In other words, while the 
various cross sections along the shaft rotate through different 
amounts, each cross section rotates as a solid rigid slab. This is illus-
trated in Fig. 10.8a, which shows the deformations in a rubber model 
subjected to torsion. The property we are discussing is characteristic 
of circular shafts, whether solid or hollow; it is not enjoyed by mem-
bers of noncircular cross section. For example, when a bar of square 
cross section is subjected to torsion, its various cross sections 
warp and do not remain plane (Fig. 10.8b).
 The cross sections of a circular shaft remain plane and undis-
torted because a circular shaft is axisymmetric, i.e., its appearance 
remains the same when it is viewed from a fixed position and rotated 
about its axis through an arbitrary angle. (Square bars, on the other 
hand, retain the same appearance only if they are rotated through 
90° or 180°.) As we will see presently, the axisymmetry of circular 
shafts may be used to prove theoretically that their cross sections 
remain plane and undistorted.
 Consider the points C and D located on the circumference of 
a given cross section of the shaft, and let C9 and D9 be the positions 
they will occupy after the shaft has been twisted (Fig. 10.9a). The 
axisymmetry of the shaft and of the loading requires that the rotation 
which would have brought D into C should now bring D9 into C9. 
Thus C9 and D9 must lie on the circumference of a circle, and the 
arc C9D9 must be equal to the arc CD (Fig. 10.9b). We will now 
examine whether the circle on which C9 and D9 lie is different from 
the original circle. Let us assume that C9 and D9 do lie on a different 
circle and that the new circle is located to the left of the original 
circle, as shown in Fig. 10.9b. The same situation will prevail for any 
other cross section, since all the cross sections of the shaft are sub-
jected to the same internal torque T, and an observer looking at the 
shaft from its end A will conclude that the loading causes any given 
circle drawn on the shaft to move away. But an observer located at 
B, to whom the given loading looks the same (a clockwise couple in 
the foreground and a counterclockwise couple in the background) 
will reach the opposite conclusion, i.e., that the circle moves toward 
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they will occupy after the shaft has been twisted (Fig. 10.9a). The 
axisymmetry of the shaft and of the loading requires that the rotation 
which would have brought D into C should now bring D9 into C9. 
Thus C9 and D9 must lie on the circumference of a circle, and the 
arc C9D9 must be equal to the arc CD (Fig. 10.9b). We will now 
examine whether the circle on which C9 and D9 lie is different from 
the original circle. Let us assume that C9 and D9 do lie on a different 
circle and that the new circle is located to the left of the original 
circle, as shown in Fig. 10.9b. The same situation will prevail for any 
other cross section, since all the cross sections of the shaft are sub-
jected to the same internal torque T, and an observer looking at the 
shaft from its end A will conclude that the loading causes any given 
circle drawn on the shaft to move away. But an observer located at 
B, to whom the given loading looks the same (a clockwise couple in 
the foreground and a counterclockwise couple in the background) 
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hand, retain the same appearance only if they are rotated through 
90° or 180°.) As we will see presently, the axisymmetry of circular 
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 Consider the points C and D located on the circumference of 
a given cross section of the shaft, and let C9 and D9 be the positions 
they will occupy after the shaft has been twisted (Fig. 10.9a). The 
axisymmetry of the shaft and of the loading requires that the rotation 
which would have brought D into C should now bring D9 into C9. 
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arc C9D9 must be equal to the arc CD (Fig. 10.9b). We will now 
examine whether the circle on which C9 and D9 lie is different from 
the original circle. Let us assume that C9 and D9 do lie on a different 
circle and that the new circle is located to the left of the original 
circle, as shown in Fig. 10.9b. The same situation will prevail for any 
other cross section, since all the cross sections of the shaft are sub-
jected to the same internal torque T, and an observer looking at the 
shaft from its end A will conclude that the loading causes any given 
circle drawn on the shaft to move away. But an observer located at 
B, to whom the given loading looks the same (a clockwise couple in 
the foreground and a counterclockwise couple in the background) 
will reach the opposite conclusion, i.e., that the circle moves toward 
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P applied at the centroid of the section and a couple M of moment 
M 5 Pd. The distribution of forces-—-and, thus, the corresponding 
distribution of stresses-—-cannot be uniform. Nor can the distribution 
of stresses be symmetric as shown in Fig. 8.3. This point will be dis-
cussed in detail in Chap. 11.

8.4 SHEARING STRESS
The internal forces and the corresponding stresses discussed in Secs. 
8.2 and 8.3 were normal to the section considered. A very different 
type of stress is obtained when transverse forces P and P9 are applied 
to a member AB (Fig. 8.7). Passing a section at C between the points 
of application of the two forces (Fig. 8.8a), we obtain the diagram 
of portion AC shown in Fig. 8.8b. We conclude that internal forces 
must exist in the plane of the section, and that their resultant is equal 
to P. These elementary internal forces are called shearing forces, and 
the magnitude P of their resultant is the shear in the section. Divid-
ing the shear P by the area A of the cross section, we obtain the 
average shearing stress in the section. Denoting the shearing stress 
by the Greek letter t (tau), we write

 
tave 5

P
A

 (8.4)

 It should be emphasized that the value obtained is an average 
value of the shearing stress over the entire section. Contrary to what 
we said earlier for normal stresses, the distribution of shearing 
stresses across the section cannot be assumed uniform. As you will 
see in Chap. 13, the actual value t of the shearing stress varies from 
zero at the surface of the member to a maximum value tmax that may 
be much larger than the average value tave.
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3038.3 Axial Loading. Normal Stress When U.S. customary units are used, the force P is usually 
expressed in pounds (lb) or kilopounds (kip), and the cross-sectional 
area A in square inches (in2). The stress s will then be expressed in 
pounds per square inch (psi) or kilopounds per square inch (ksi).†

8.3 AXIAL LOADING. NORMAL STRESS
The member shown in Fig. 8.1 in the preceding section is subject 
to forces P and P9 applied at the ends. The forces are directed along 
the axis of the member, and we say that the member is under axial 
loading. An actual example of structural members under axial loading 
is provided by the members of the bridge truss shown in Photo 8.1.

†The principal SI and U.S. customary units used in mechanics for stresses are listed in 
tables inside the front cover of this book. From this table, we note that 1 psi is approxi-
mately equal to 7 kPa, and 1 ksi is approximately equal to 7 MPa.

Photo 8.1 This bridge truss consists of two-force members that may be in 
tension or in compression.

 As shown in Fig. 8.1b, the internal force and the corresponding 
stress are perpendicular to the axis of the member; the correspond-
ing stress is described as a normal stress. Thus, formula (8.1) gives 
us the normal stress in a member under axial loading:

 
s 5

P
A

 (8.1)

 We should also note that, in formula (8.1), s is obtained by 
dividing the magnitude P of the resultant of the internal forces dis-
tributed over the cross section by the area A of the cross section; it 
represents, therefore, the average value of the stress over the cross 
section, rather than the stress at a specific point of the cross section.
 To define the stress at a given point Q of the cross section, we 
should consider a small area DA (Fig. 8.2). Dividing the magnitude 
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distribution of stresses-—-cannot be uniform. Nor can the distribution 
of stresses be symmetric as shown in Fig. 8.3. This point will be dis-
cussed in detail in Chap. 11.
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8.2 and 8.3 were normal to the section considered. A very different 
type of stress is obtained when transverse forces P and P9 are applied 
to a member AB (Fig. 8.7). Passing a section at C between the points 
of application of the two forces (Fig. 8.8a), we obtain the diagram 
of portion AC shown in Fig. 8.8b. We conclude that internal forces 
must exist in the plane of the section, and that their resultant is equal 
to P. These elementary internal forces are called shearing forces, and 
the magnitude P of their resultant is the shear in the section. Divid-
ing the shear P by the area A of the cross section, we obtain the 
average shearing stress in the section. Denoting the shearing stress 
by the Greek letter t (tau), we write
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 It should be emphasized that the value obtained is an average 
value of the shearing stress over the entire section. Contrary to what 
we said earlier for normal stresses, the distribution of shearing 
stresses across the section cannot be assumed uniform. As you will 
see in Chap. 13, the actual value t of the shearing stress varies from 
zero at the surface of the member to a maximum value tmax that may 
be much larger than the average value tave.
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is provided by the members of the bridge truss shown in Photo 8.1.
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tables inside the front cover of this book. From this table, we note that 1 psi is approxi-
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P applied at the centroid of the section and a couple M of moment 
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to a member AB (Fig. 8.7). Passing a section at C between the points 
of application of the two forces (Fig. 8.8a), we obtain the diagram 
of portion AC shown in Fig. 8.8b. We conclude that internal forces 
must exist in the plane of the section, and that their resultant is equal 
to P. These elementary internal forces are called shearing forces, and 
the magnitude P of their resultant is the shear in the section. Divid-
ing the shear P by the area A of the cross section, we obtain the 
average shearing stress in the section. Denoting the shearing stress 
by the Greek letter t (tau), we write

 
tave 5

P
A

 (8.4)

 It should be emphasized that the value obtained is an average 
value of the shearing stress over the entire section. Contrary to what 
we said earlier for normal stresses, the distribution of shearing 
stresses across the section cannot be assumed uniform. As you will 
see in Chap. 13, the actual value t of the shearing stress varies from 
zero at the surface of the member to a maximum value tmax that may 
be much larger than the average value tave.
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3799.10 POISSON’S RATIO
We saw in the earlier part of this chapter that, when a homogeneous 
slender bar is axially loaded, the resulting stress and strain satisfy 
Hooke’s law as long as the elastic limit of the material is not exceeded. 
Assuming that the load P is directed along the x axis (Fig. 9.33a), 
we have sx 5 PyA, where A is the cross-sectional area of the bar, 
and, from Hooke’s law,

 Px 5 sxyE (9.23)

where E is the modulus of elasticity of the material.
 We also note that the normal stresses on faces respectively 
perpendicular to the y and z axes are zero: sy 5 sz 5 0 (Fig. 9.33b). 
It would be tempting to conclude that the corresponding strains Py 
and Pz are also zero. This, however, is not the case. In all engineer-
ing materials, the elongation produced by an axial tensile force P in 
the direction of the force is accompanied by a contraction in any 
transverse direction (Fig. 9.34). In this section and the following 
sections (Secs. 9.11 through 9.13), all materials considered will be 
assumed to be both homogeneous and isotropic, i.e., their mechani-
cal properties will be assumed independent of both position and 
direction. It follows that the strain must have the same value for any 
transverse direction. Therefore, for the loading shown in Fig. 9.33 
we must have Py 5 Pz. This common value is referred to as the 
 lateral strain. An important constant for a given material is its Pois-
son’s ratio, named after the French mathematician Siméon Denis 
Poisson (1781-–-1840) and denoted by the Greek letter n (nu). It is 
defined as

 
 n 5 2

lateral strain
axial strain

 (9.24)

or

 
 n 5 2

Py

Px
5 2

Pz

Px
 (9.25)

for the loading condition represented in Fig. 9.33. Note the use 
of a minus sign in the above equations to obtain a positive value 
for v, the axial and lateral strains having opposite signs for all 
engineering materials.† Solving Eq. (9.25) for Py and Pz, and recall-
ing (9.23), we write the following relations, which fully describe 
the condition of strain under an axial load applied in a direction 
parallel to the x axis:

 
Px 5

sx

E
      Py 5 Pz 5 2

nsx

E
 (9.26)

†However, some experimental materials, such as polymer foams, expand laterally when 
stretched. Since the axial and lateral strains have then the same sign, the Poisson’s ratio 
of these materials is negative. (See Roderic Lakes, “Foam Structures with a Negative 
Poisson’s Ratio,” Science, 27 February 1987, Volume 235, pp. 1038–1040.)
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449Suppose that the member is divided into a large number of 
small cubic elements with faces respectively parallel to the three 
coordinate planes. The property we have established requires that 
these elements be transformed as shown in Fig. 11.9 when the 
 member is subjected to the couples M and M9. Since all the faces 
represented in the two projections of Fig. 11.9 are at 908 to each 
other, we conclude that gxy 5 gzx 5 0 and, thus, that txy 5 txz 5 0. 
Regarding the three stress components that we have not yet dis-
cussed, namely, sy, sz, and tyz, we note that they must be zero on 
the surface of the member. Since, on the other hand, the deforma-
tions involved do not require any interaction between the elements 
of a given transverse cross section, we can assume that these three 
stress components are equal to zero throughout the member. This 
assumption is verified, both from experimental evidence and from 
the theory of elasticity, for slender members undergoing small defor-
mations. We conclude that the only nonzero stress component 
exerted on any of the small cubic elements considered here is the 
normal component sx. Thus, at any point of a slender member in 
pure bending, we have a state of uniaxial stress. Recalling that, for 
M . 0, lines AB and A9B9 are observed, respectively, to decrease 
and increase in length, we note that the strain Px and the stress sx 
are negative in the upper portion of the member (compression) and 
positive in the lower portion (tension).

It follows from the above that there must exist a surface paral-
lel to the upper and lower faces of the member, where Px and sx 
are zero. This surface is called the neutral surface. The neutral 
surface intersects the plane of symmetry along an arc of circle DE 
(Fig. 11.10a), and it intersects a transverse section along a straight 
line called the neutral axis of the section (Fig. 11.10b). The origin 
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of coordinates will now be selected on the neutral surface, rather 
than on the lower face of the member as done earlier, so that the 
distance from any point to the neutral surface will be measured by 
its coordinate y.
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449Suppose that the member is divided into a large number of 
small cubic elements with faces respectively parallel to the three 
coordinate planes. The property we have established requires that 
these elements be transformed as shown in Fig. 11.9 when the 
 member is subjected to the couples M and M9. Since all the faces 
represented in the two projections of Fig. 11.9 are at 908 to each 
other, we conclude that gxy 5 gzx 5 0 and, thus, that txy 5 txz 5 0. 
Regarding the three stress components that we have not yet dis-
cussed, namely, sy, sz, and tyz, we note that they must be zero on 
the surface of the member. Since, on the other hand, the deforma-
tions involved do not require any interaction between the elements 
of a given transverse cross section, we can assume that these three 
stress components are equal to zero throughout the member. This 
assumption is verified, both from experimental evidence and from 
the theory of elasticity, for slender members undergoing small defor-
mations. We conclude that the only nonzero stress component 
exerted on any of the small cubic elements considered here is the 
normal component sx. Thus, at any point of a slender member in 
pure bending, we have a state of uniaxial stress. Recalling that, for 
M . 0, lines AB and A9B9 are observed, respectively, to decrease 
and increase in length, we note that the strain Px and the stress sx 
are negative in the upper portion of the member (compression) and 
positive in the lower portion (tension).

It follows from the above that there must exist a surface paral-
lel to the upper and lower faces of the member, where Px and sx 
are zero. This surface is called the neutral surface. The neutral 
surface intersects the plane of symmetry along an arc of circle DE 
(Fig. 11.10a), and it intersects a transverse section along a straight 
line called the neutral axis of the section (Fig. 11.10b). The origin 

y

A

C

B

x

x

z

M' M

M'

A� B�

(a) Longitudinal, vertical section
(plane of symmetry)

(b) Longitudinal, horizontal section

M

Fig. 11.9

y

y

 – y

A
J

D

O
O

C

B
K

E
x

y

y

c
z

A� B�

(a) Longitudinal, vertical section
(plane of symmetry)

(b) Transverse section

Neutral 
axis

�

� �

Fig. 11.10

of coordinates will now be selected on the neutral surface, rather 
than on the lower face of the member as done earlier, so that the 
distance from any point to the neutral surface will be measured by 
its coordinate y.

11.3 Deformations in a Symmetric Member 
in Pure Bending

bee80156_ch11_442-499.indd Page 449  10/8/09  4:29:08 AM user-s173 /Volumes/MHDQ-New/MHDQ152/MHDQ152-11

449Suppose that the member is divided into a large number of 
small cubic elements with faces respectively parallel to the three 
coordinate planes. The property we have established requires that 
these elements be transformed as shown in Fig. 11.9 when the 
 member is subjected to the couples M and M9. Since all the faces 
represented in the two projections of Fig. 11.9 are at 908 to each 
other, we conclude that gxy 5 gzx 5 0 and, thus, that txy 5 txz 5 0. 
Regarding the three stress components that we have not yet dis-
cussed, namely, sy, sz, and tyz, we note that they must be zero on 
the surface of the member. Since, on the other hand, the deforma-
tions involved do not require any interaction between the elements 
of a given transverse cross section, we can assume that these three 
stress components are equal to zero throughout the member. This 
assumption is verified, both from experimental evidence and from 
the theory of elasticity, for slender members undergoing small defor-
mations. We conclude that the only nonzero stress component 
exerted on any of the small cubic elements considered here is the 
normal component sx. Thus, at any point of a slender member in 
pure bending, we have a state of uniaxial stress. Recalling that, for 
M . 0, lines AB and A9B9 are observed, respectively, to decrease 
and increase in length, we note that the strain Px and the stress sx 
are negative in the upper portion of the member (compression) and 
positive in the lower portion (tension).

It follows from the above that there must exist a surface paral-
lel to the upper and lower faces of the member, where Px and sx 
are zero. This surface is called the neutral surface. The neutral 
surface intersects the plane of symmetry along an arc of circle DE 
(Fig. 11.10a), and it intersects a transverse section along a straight 
line called the neutral axis of the section (Fig. 11.10b). The origin 

y

A

C

B

x

x

z

M' M

M'

A� B�

(a) Longitudinal, vertical section
(plane of symmetry)

(b) Longitudinal, horizontal section

M

Fig. 11.9

y

y

 – y

A
J

D

O
O

C

B
K

E
x

y

y

c
z

A� B�

(a) Longitudinal, vertical section
(plane of symmetry)

(b) Transverse section

Neutral 
axis

�

� �

Fig. 11.10

of coordinates will now be selected on the neutral surface, rather 
than on the lower face of the member as done earlier, so that the 
distance from any point to the neutral surface will be measured by 
its coordinate y.

11.3 Deformations in a Symmetric Member 
in Pure Bending

bee80156_ch11_442-499.indd Page 449  10/8/09  4:29:08 AM user-s173 /Volumes/MHDQ-New/MHDQ152/MHDQ152-11

449 Suppose that the member is divided into a large number of 
small cubic elements with faces respectively parallel to the three 
coordinate planes. The property we have established requires that 
these elements be transformed as shown in Fig. 11.9 when the 
 member is subjected to the couples M and M9. Since all the faces 
represented in the two projections of Fig. 11.9 are at 908 to each 
other, we conclude that gxy 5 gzx 5 0 and, thus, that txy 5 txz 5 0. 
Regarding the three stress components that we have not yet dis-
cussed, namely, sy, sz, and tyz, we note that they must be zero on 
the surface of the member. Since, on the other hand, the deforma-
tions involved do not require any interaction between the elements 
of a given transverse cross section, we can assume that these three 
stress components are equal to zero throughout the member. This 
assumption is verified, both from experimental evidence and from 
the theory of elasticity, for slender members undergoing small defor-
mations. We conclude that the only nonzero stress component 
exerted on any of the small cubic elements considered here is the 
normal component sx. Thus, at any point of a slender member in 
pure bending, we have a state of uniaxial stress. Recalling that, for 
M . 0, lines AB and A9B9 are observed, respectively, to decrease 
and increase in length, we note that the strain Px and the stress sx 
are negative in the upper portion of the member (compression) and 
positive in the lower portion (tension).

It follows from the above that there must exist a surface paral-
lel to the upper and lower faces of the member, where Px and sx 
are zero. This surface is called the neutral surface. The neutral 
surface intersects the plane of symmetry along an arc of circle DE 
(Fig. 11.10a), and it intersects a transverse section along a straight 
line called the neutral axis of the section (Fig. 11.10b). The origin 

y

A

C

B

x

x

z

M'M

M'

A�B�

(a) Longitudinal, vertical section
(plane of symmetry)

(b) Longitudinal, horizontal section

M

Fig. 11.9

y

y

 – y

A
J

D

O
O

C

B
K

E
x

y

y

c
z

A�B�

(a) Longitudinal, vertical section
(plane of symmetry)

(b) Transverse section

Neutral 
axis

�

��

Fig. 11.10

of coordinates will now be selected on the neutral surface, rather 
than on the lower face of the member as done earlier, so that the 
distance from any point to the neutral surface will be measured by 
its coordinate y.

11.3 Deformations in a Symmetric Member 
in Pure Bending

bee80156_ch11_442-499.indd Page 449  10/8/09  4:29:08 AM user-s173/Volumes/MHDQ-New/MHDQ152/MHDQ152-11



124

P
R
O
B
L
E
M
S

2
3
8

 

6
.1

th
r
o
u
g
h
 
6
.1
8
 

U
sin
g
 th
e
 m
e
th
o
d
 o
f jo
in
ts, d
e
te
rm
in
e
 th
e
 fo
rc
e
 

in
 e
a
c
h
 m
e
m
b
e
r o
f th
e
 tru
ss sh
o
w
n
. S
ta
te
 w
h
e
th
e
r e
a
c
h
 m
e
m
b
e
r 

is in
 te
n
sio
n
 o
r c
o
m
p
re
ssio
n
.

1
8
0
0
 lb

4
 ft

8
 ft

3
 ft

A

B

C

F
ig
. 
P
6
.1

A

B

C

8
4
 k
N

3
 m

1
.2
5
 m

4
 m

F
ig
. 
P
6
.2

A

B

4
5
0
 lb

C

2
4
 in
.

7
.5
 in
.

1
0
 in
.

F
ig
. 
P
6
.3

D

C
A

B

0
.7
 m

2
.4
 m

2
.4
 m

4
8
 k
N

3
5
 k
N

F
ig
. 
P
6
.4

4
0
 in
.

3
2
 in
.

3
0
 in
.

CB

A

6
0
0
 lb

F
ig
. 
P
6
.5

4
0
0
 m
m

5
0
0
 m
m

3
7
5
 m
m

B

C

A1
2
0
0
 N

F
ig
. 
P
6
.6

A

C

D

B

3
 m

3
 m

1
.2
5
 m

2
 k
N

2
 k
N

F
ig
. 
P
6
.7

A

B

C

D

E

F

2
0
 k
N

1
2
 k
N

5
 k
N

5
 k
N

1
.6
 m

3
 m

3
 m

F
ig
. 
P
6
.8

A

B

C

D

E

F
1
2
 k
ip
s

1
8
 k
ip
s

5
 ft

5
 ft

1
2
 ft

F
ig
. 
P
6
.9

b
e
e
8
0
1
5
6
_
c
h
0
6
_
2
2
6
-
2
7
5
.
i
n
d
d
 
P
a
g
e
 
2
3
8
 
 
1
0
/
1
6
/
0
9
 
 
1
1
:
5
0
:
4
6
 
A
M
 
u
s
e
r
-
s
1
7
3

/
V
o
l
u
m
e
s
/
M
H
D
Q
-
N
e
w
/
M
H
D
Q
1
5
2
/
M
H
D
Q
1
5
2
-
0
6

P
R
O
B
L
E
M
S

2
3
8

 

6
.1

th
r
o
u
g
h
 
6
.1
8
 

U
sin
g
 th
e
 m
e
th
o
d
 o
f jo
in
ts, d
e
te
rm
in
e
 th
e
 fo
rc
e
 

in
 e
a
c
h
 m
e
m
b
e
r o
f th
e
 tru
ss sh
o
w
n
. S
ta
te
 w
h
e
th
e
r e
a
c
h
 m
e
m
b
e
r 

is in
 te
n
sio
n
 o
r c
o
m
p
re
ssio
n
.

1
8
0
0
 lb

4
 ft

8
 ft

3
 ft

A

B

C

F
ig
. 
P
6
.1

A

B

C

8
4
 k
N

3
 m

1
.2
5
 m

4
 m

F
ig
. 
P
6
.2

A

B

4
5
0
 lb

C

2
4
 in
.

7
.5
 in
.

1
0
 in
.

F
ig
. 
P
6
.3

D

C
A

B

0
.7
 m

2
.4
 m

2
.4
 m

4
8
 k
N

3
5
 k
N

F
ig
. 
P
6
.4

4
0
 in
.

3
2
 in
.

3
0
 in
.

CB

A

6
0
0
 lb

F
ig
. 
P
6
.5

4
0
0
 m
m

5
0
0
 m
m

3
7
5
 m
m

B

C

A1
2
0
0
 N

F
ig
. 
P
6
.6

A

C

D

B

3
 m

3
 m

1
.2
5
 m

2
 k
N

2
 k
N

F
ig
. 
P
6
.7

A

B

C

D

E

F

2
0
 k
N

1
2
 k
N

5
 k
N

5
 k
N

1
.6
 m

3
 m

3
 m

F
ig
. 
P
6
.8

A

B

C

D

E

F
1
2
 k
ip
s

1
8
 k
ip
s

5
 ft

5
 ft

1
2
 ft

F
ig
. 
P
6
.9

b
e
e
8
0
1
5
6
_
c
h
0
6
_
2
2
6
-
2
7
5
.
i
n
d
d
 
P
a
g
e
 
2
3
8
 
 
1
0
/
1
6
/
0
9
 
 
1
1
:
5
0
:
4
6
 
A
M
 
u
s
e
r
-
s
1
7
3

/
V
o
l
u
m
e
s
/
M
H
D
Q
-
N
e
w
/
M
H
D
Q
1
5
2
/
M
H
D
Q
1
5
2
-
0
6

 )Axial Stress( 7-2             تنش محوری
 P میله منشوری مطابق شکل )7 –7( را در نظر بگیرید که تحت تاثیر نیروی کششی

واقع شده است.
به نظر شما اثر نیروی P در یک مقطع دلخواه مانند )a-a( به چه صورت خواهد بود؟

P
A
±σ = )1-7( 

 )a-a( مقطع  در  ذرة جسم  هر  که  نمود  تصور  این طور  باید  این سوال  به  پاسخ  در 
مقداری از نیروی P را تحمل می نماید و اثر این نیرو در مقطع )a-a(، مطابق شکل )7-8(، به 

صورت نیروهای گسترده دیده می شود.

بنابراین  می شود.  گفته  تنش   )a-a( مقطع  در سطح  موجود  گسترده  نیروهای  این  به 
می توان گفت: 

»نیروی وارد به واحد سطح، تنش نامیده می شود« 
چنان چه نیروی وارده نیروی محوری باشد، تنش ایجاد شده را تنش محوری نامیده و 

با رابطه زیر تعریف می شود.

شکل 7-7

شکل 8-7

σ : تنش محوری )فشاری یا کششی(
 P : نیروی محوری )کششی با علامت + و فشاری با علامت - (

 A : سطح مقطع

So long as the resultant force at each end of the bar is applied at the centroid of the
end cross section, the last assumption—that the loads are applied as uniform nor-
mal stress distributions on the end cross sections—can be relaxed. As illustrated in
Fig. 2.2 a–d, the stress is uniform on every cross section, except on cross sections that
are very near the points of application of load. This is an application of Saint-
Venant’s Principle, which is discussed further in Section 2.10.

The uniform, prismatic bar in Fig. 2.4a is labeled as member ‘‘i’’ and is subjected
to equal and opposite axial forces Fi acting through the centroids at its ends. Its
cross-sectional area is Ai.

The normal stress on cross sections of an axially loaded member, like the one in
Fig. 2.4, is called the axial stress. Since, from the free-body diagram in Fig. 2.4b, the
resultant force, F(x), on every cross section of the bar is equal to the applied load
Fi, and since the cross-sectional area is constant, from Eq. 2.4 we get the following
formula for the uniform axial stress:

(2.5)

Example 2.3 shows one application of the axial-stress equation. You will find
several other examples in the computer program, MDSolids, which accompanies
this book.

Axial-
Stress
Equation

si �  
Fi

Ai
� const

29
Normal Stress

E X A M P L E  2 . 3

Two solid circular rods are welded to a plate at B to form a single rod, as
shown in Fig. 1. Consider the 30-kN force at B to be uniformly distrib-
uted around the circumference of the collar at B and the 10 kN load at
C to be applied at the centroid of the end cross section. Determine the
axial stress in each portion of the rod.
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d2 = 15 mm
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FIGURE 2.4 Uniform
stress in an axially loaded
prismatic bar.

c02StressAndStrainIntroductionToDesign.qxd  9/30/10  3:15 PM  Page 29

P

a

a

So long as the resultant force at each end of the bar is applied at the centroid of the
end cross section, the last assumption—that the loads are applied as uniform nor-
mal stress distributions on the end cross sections—can be relaxed. As illustrated in
Fig. 2.2 a–d, the stress is uniform on every cross section, except on cross sections that
are very near the points of application of load. This is an application of Saint-
Venant’s Principle, which is discussed further in Section 2.10.

The uniform, prismatic bar in Fig. 2.4a is labeled as member ‘‘i’’ and is subjected
to equal and opposite axial forces Fi acting through the centroids at its ends. Its
cross-sectional area is Ai.

The normal stress on cross sections of an axially loaded member, like the one in
Fig. 2.4, is called the axial stress. Since, from the free-body diagram in Fig. 2.4b, the
resultant force, F(x), on every cross section of the bar is equal to the applied load
Fi, and since the cross-sectional area is constant, from Eq. 2.4 we get the following
formula for the uniform axial stress:

(2.5)

Example 2.3 shows one application of the axial-stress equation. You will find
several other examples in the computer program, MDSolids, which accompanies
this book.

Axial-
Stress
Equation

si �  
Fi

Ai
� const

29
Normal Stress

E X A M P L E  2 . 3

Two solid circular rods are welded to a plate at B to form a single rod, as
shown in Fig. 1. Consider the 30-kN force at B to be uniformly distrib-
uted around the circumference of the collar at B and the 10 kN load at
C to be applied at the centroid of the end cross section. Determine the
axial stress in each portion of the rod.

d1 = 20 mm

d2 = 15 mm

30 kN 10 kN(2)

(1)

A
B

C

Fig. 1

C

xi

Fi

F(x) = Fi

σ

(a) (b)

Fi

Fi

FIGURE 2.4 Uniform
stress in an axially loaded
prismatic bar.

c02StressAndStrainIntroductionToDesign.qxd  9/30/10  3:15 PM  Page 29

P

P

a

a



125

P
R
O

B
L
E
M

S

2
3

8

 
6

.1
th

r
o
u
g
h
 
6

.1
8

 
U

sin
g
 th

e
 m

e
th

o
d

 o
f jo

in
ts, d

e
te

rm
in

e
 th

e
 fo

rc
e
 

in
 e

a
c
h

 m
e
m

b
e
r o

f th
e
 tru

ss sh
o

w
n

. S
ta

te
 w

h
e
th

e
r e

a
c
h

 m
e
m

b
e
r 

is in
 te

n
sio

n
 o

r c
o

m
p

re
ssio

n
.

1
8
0
0
 lb

4
 ft

8
 ft

3
 ft

A
B

C

F
ig

. 
P
6

.1

A

B

C

8
4
 k

N

3
 m

1
.2

5
 m

4
 m

F
ig

. 
P
6

.2

A
B

4
5
0
 lb

C

2
4
 in

.
7
.5

 in
.

1
0
 in

.

F
ig

. 
P
6

.3

D

C

A

B
0
.7

 m

2
.4

 m
2
.4

 m

4
8
 k

N

3
5
 k

N

F
ig

. 
P
6

.4

4
0
 in

.

3
2
 in

.

3
0
 in

.
C B

A
6
0
0
 lb

F
ig

. 
P
6
.5

4
0
0
 m

m
5
0
0
 m

m

3
7
5
 m

m

B
C

A 1
2
0
0
 N

F
ig

. 
P
6

.6

A

C
D

B

3
 m

3
 m

1
.2

5
 m

2
 k

N
2
 k

N

F
ig

. 
P
6
.7

A
B

C

D
E

F

2
0
 k

N

1
2
 k

N

5
 k

N
5
 k

N

1
.6

 m

3
 m

3
 m

F
ig

. 
P
6

.8

A
B

C

D

E
F

1
2
 k

ip
s

1
8

 k
ip

s

5
 ft

5
 ft

1
2
 ft

F
ig

. 
P
6

.9

b
e
e
8
0
1
5
6
_
c
h
0
6
_
2
2
6
-
2
7
5
.
i
n
d
d
 
P
a
g
e
 
2
3
8
 
 
1
0
/
1
6
/
0
9
 
 
1
1
:
5
0
:
4
6
 
A
M
 
u
s
e
r
-
s
1
7
3

/
V
o
l
u
m
e
s
/
M
H
D
Q
-
N
e
w
/
M
H
D
Q
1
5
2
/
M
H
D
Q
1
5
2
-
0
6

P
R
O

B
L
E
M

S

2
3

8

 
6

.1
th

r
o
u
g
h
 
6

.1
8

 
U

sin
g
 th

e
 m

e
th

o
d

 o
f jo

in
ts, d

e
te

rm
in

e
 th

e
 fo

rc
e
 

in
 e

a
c
h

 m
e
m

b
e
r o

f th
e
 tru

ss sh
o

w
n

. S
ta

te
 w

h
e
th

e
r e

a
c
h

 m
e
m

b
e
r 

is in
 te

n
sio

n
 o

r c
o

m
p

re
ssio

n
.

1
8
0
0
 lb

4
 ft

8
 ft

3
 ft

A
B

C

F
ig

. 
P
6

.1

A

B

C

8
4
 k

N

3
 m

1
.2

5
 m

4
 m

F
ig

. 
P
6

.2

A
B

4
5
0
 lb

C

2
4
 in

.
7
.5

 in
.

1
0
 in

.

F
ig

. 
P
6

.3

D

C

A

B
0
.7

 m

2
.4

 m
2
.4

 m

4
8
 k

N

3
5
 k

N

F
ig

. 
P
6

.4

4
0
 in

.

3
2
 in

.

3
0
 in

.
C B

A
6
0
0
 lb

F
ig

. 
P
6
.5

4
0
0
 m

m
5
0
0
 m

m

3
7
5
 m

m

B
C

A 1
2
0
0
 N

F
ig

. 
P
6

.6

A

C
D

B

3
 m

3
 m

1
.2

5
 m

2
 k

N
2
 k

N

F
ig

. 
P
6
.7

A
B

C

D
E

F

2
0
 k

N

1
2
 k

N

5
 k

N
5
 k

N

1
.6

 m

3
 m

3
 m

F
ig

. 
P
6

.8

A
B

C

D

E
F

1
2
 k

ip
s

1
8

 k
ip

s

5
 ft

5
 ft

1
2
 ft

F
ig

. 
P
6

.9

b
e
e
8
0
1
5
6
_
c
h
0
6
_
2
2
6
-
2
7
5
.
i
n
d
d
 
P
a
g
e
 
2
3
8
 
 
1
0
/
1
6
/
0
9
 
 
1
1
:
5
0
:
4
6
 
A
M
 
u
s
e
r
-
s
1
7
3

/
V
o
l
u
m
e
s
/
M
H
D
Q
-
N
e
w
/
M
H
D
Q
1
5
2
/
M
H
D
Q
1
5
2
-
0
6

شکل 9-7

مثال 1
ستونی کوتاه مطابق شکل روبه رو تحت تاثیر نیروی 

قرار دارد. P=250KN محوری
وزن  )از  ستون  پای  در  تنش  محاسبه  مطلوب است 

ستون صرف نظر شود(.

P KN N
dA mm

P N/ MPa
A mm

2 2
2

2

250 250 1000 250000
200 31400

4 4
250000 7 96
31400

= − = − × = −
π π×= = =

−σ = = ⇒ σ = − یا

PROBLEMS
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9.25 An axial force of 60 kN is applied to the assembly shown by means 
of rigid end plates. Determine (a) the normal stress in the brass 
shell, (b) the corresponding deformation of the assembly.

250 mm

5 mm5 mm

5 mm5 mm
20 mm20 mm

Steel core
E � 200 GPa

Brass shell
E � 105 GPa

Fig. P9.25 and P9.26

9.26 The length of the assembly decreases by 0.15 mm when an axial 
force is applied by means of rigid end plates. Determine (a) the 
magnitude of the applied force, (b) the corresponding stress in the 
steel core.

9.27 The 4.5-ft concrete post is reinforced with six steel bars, each 
with a 11

8-in. diameter. Knowing that Es 5 29 3 106 psi and Ec 5 
4.2 3 106 psi, determine the normal stresses in the steel and in 
the concrete when a 350-kip axial centric force P is applied to 
the post.

4    ft

18 in.

1
2

P

Fig. P9.27
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P=250 KN

200 mm

حل:

نیروی P فشاری است:

علامت منفی نشانگر آن است که تنش محوری ایجاد شده فشاری می باشد.
در صورتی که جسم دارای مقطع متفاوت باشد )شکل 7-9- الف( و یا بارگذاری در نقاط 
مختلف آن انجام شود )شکل  7-9- ب( تنش در هر قسمت از جسم متفاوت بوده و باید 
نیرو و مساحت هر قسمت را جداگانه تعیین و از رابطۀ )7-1( تنش را در هر قسمت محاسبه 

نمود.

)پاسکالPa( می باشد و بهتر است به منظور  N
m2 واحد تنش در سیستم SI با توجه به رابطۀ آن،

)مگاپاسکالMPa( استفاده شود. N
mm2 هماهنگی با آئین نامه ها در محاسبات از واحد

نکته: 
σ  مثبت می باشد. اگر نیروی محوری )P( کششی باشد تنش ایجادشده تنش کششی خواهد بود و

σ منفی می باشد. اگر نیروی محوری )P( فشاری باشد تنش ایجادشده تنش فشاری خواهد بود و
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P
rob.2.2-8.
A
 colum
n in a tw
o-story building is fabricated

from
 square structural tubing having the cross-sectional di-

m
ensions show
n in Fig.P
2.2-8b.A
xial loads P
A
�

200 kN

and P
B
�
350 kN
 are applied to the colum
n at levels A
 and

B
,as show
n in Fig.P
2.2-8a.D
eterm
ine the axial stress �
1
in

segm
ent A
B
 of the colum
n and the axial stress �
2in segm
ent

B
C
 of the colum
n.N
eglect the w
eight of the colum
n itself.

P
rob.
2.2-6.
T
he three-part axially loaded m
em
ber in Fig.

P
2.2-6 consists of a tubular segm
ent (1) w
ith outer diam
eter

(d
o)
1
�
1.00 in.and inner diam
eter (d
i)
1
�
0.75 in.,a solid

circular rod segm
ent (2) w
ith diam
eter d
2
�

1.00 in.,
and

another solid circular rod segm
ent (3) w
ith diam
eter d
3
�

0.75 in.T
he line of action of each of the three applied loads

is along the centroidal axis of the m
em
ber.D
eterm
ine the

axial stresses �
1,
�
2,and �
3
in each of the three respective

segm
ents.

50 kN

150 kN

A

d
1

d
2

B

C

(1)

(2)

P2.2-5

2 kips

(1)

(2)

(3)

2 kips

3 kips

0.75 in

0.75 in.

1.00 in.

P2.2-6

P
rob.
2.2-7.
A
t a local m
arina the dock is supported on

w
ood piling in the m
anner show
n in Fig.
P
2.2-7a.
T
he top

part,A
B
,of one pile is above the norm
al w
aterline;the m
id-

dle part,B
C
,is in direct contact w
ith the w
ater;and the part

below
 C
 is underground.T
he original diam
eter of the pile is

d
0
�
12 in.,but action of the w
ater and insects has reduced

the diam
eter of the pile over the part B
C
.(a) If the axial

force that the deck exerts on this pile is P
 �
200 kips,w
hat

is the axial stress in A
B
?
N
eglect the w
eight of the pile itself.

(b) A
n inspector estim
ates that the diam
eter of the pile in

segm
ent B
C
 has been eroded by 5%
.W
hat axial stress does

the deck load of P
 �
200 kips produce in this dam
aged part

of the pile? (c) If the m
axim
um
 axial stress allow
ed in the

w
ood piles is 7.5 ksi (in com
pression),w
hat is the m
axim
um

deck load that this dam
aged pile can support?

(a)

(b)
d
1 =

 d
0

d
2

(1)

A
P

B C

(2)

P2.2-7

(1)
(2)

A B C

P
B =
 350 kN

P
A =
 200 kN

200 m
m

200 m
m

150 m
m

150 m
m

t 1 =
 12 m
m

t 2 =
 15 m
m

(b)

(a)

P2.2-8

P
rob.
2.2-9.
A
 rigid beam
 A
B
 of total length 3 m
 is sup-

ported by vertical rods at its ends,and it supports a dow
n-

w
ard load at C
 of P
 �
60 kN
,as show
n in Fig.P
2.2-9.T
he

diam
eters of the steel hanger rods are d
1
�
25 m
m
 and d
2
�

20 m
m
.N
eglect the w
eight of beam
 A
B
 and the rods.(a) If

the load is located at x �
1 m
,w
hat are the stresses �
1a
and

�
2ain the respective hanger rods.(b) A
t w
hat distance x from

A
 m
ust the load be placed such that �
2
�
�
1,and w
hat is the

corresponding axial stress,�
1b
�
�
2b,in the rods?

A

B

C
P
 =
 60 kN

(1)

2 m

3 m

3 m

x

"R
igid"(2)

P2.2-9

P
rob.2.2-10.
A
 12-ft beam
 A
B
 that w
eighs W
b
�
180 lb sup-

ports an air conditioner that w
eighs W
a
�
1000 lb.T
he beam
,

in turn,is supported by hanger rods (1) and (2),as show
n in

Fig.P
2.2-10.(a) If the diam
eter of rod (1) is 
in.,w
hat is the

3 8
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P
rob.2.2-8.
A
 colum
n in a tw
o-story building is fabricated

from
 square structural tubing having the cross-sectional di-

m
ensions show
n in Fig.P
2.2-8b.A
xial loads P
A
�

200 kN

and P
B
�
350 kN
 are applied to the colum
n at levels A
 and

B
,as show
n in Fig.P
2.2-8a.D
eterm
ine the axial stress �
1
in

segm
ent A
B
 of the colum
n and the axial stress �
2in segm
ent

B
C
 of the colum
n.N
eglect the w
eight of the colum
n itself.

P
rob.
2.2-6.
T
he three-part axially loaded m
em
ber in Fig.

P
2.2-6 consists of a tubular segm
ent (1) w
ith outer diam
eter

(d
o)
1
�
1.00 in.and inner diam
eter (d
i)
1
�
0.75 in.,a solid

circular rod segm
ent (2) w
ith diam
eter d
2
�

1.00 in.,
and

another solid circular rod segm
ent (3) w
ith diam
eter d
3
�

0.75 in.T
he line of action of each of the three applied loads

is along the centroidal axis of the m
em
ber.D
eterm
ine the

axial stresses �
1,
�
2,and �
3
in each of the three respective

segm
ents.

50 kN

150 kN

A

d
1

d
2

B

C
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(2)

P2.2-5

2 kips

(1)

(2)

(3)
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0.75 in

0.75 in.

1.00 in.

P2.2-6

P
rob.
2.2-7.
A
t a local m
arina the dock is supported on

w
ood piling in the m
anner show
n in Fig.
P
2.2-7a.
T
he top

part,A
B
,of one pile is above the norm
al w
aterline;the m
id-

dle part,B
C
,is in direct contact w
ith the w
ater;and the part

below
 C
 is underground.T
he original diam
eter of the pile is

d
0
�
12 in.,but action of the w
ater and insects has reduced

the diam
eter of the pile over the part B
C
.(a) If the axial

force that the deck exerts on this pile is P
 �
200 kips,w
hat

is the axial stress in A
B
?
N
eglect the w
eight of the pile itself.

(b) A
n inspector estim
ates that the diam
eter of the pile in

segm
ent B
C
 has been eroded by 5%
.W
hat axial stress does

the deck load of P
 �
200 kips produce in this dam
aged part

of the pile? (c) If the m
axim
um
 axial stress allow
ed in the

w
ood piles is 7.5 ksi (in com
pression),w
hat is the m
axim
um

deck load that this dam
aged pile can support?

(a)

(b)
d
1 =

 d
0

d
2

(1)

A
P

B C

(2)

P2.2-7

(1)
(2)

A B C

P
B =
 350 kN

P
A =
 200 kN

200 m
m

200 m
m

150 m
m

150 m
m

t 1 =
 12 m
m

t 2 =
 15 m
m

(b)

(a)

P2.2-8

P
rob.
2.2-9.
A
 rigid beam
 A
B
 of total length 3 m
 is sup-

ported by vertical rods at its ends,and it supports a dow
n-

w
ard load at C
 of P
 �
60 kN
,as show
n in Fig.P
2.2-9.T
he

diam
eters of the steel hanger rods are d
1
�
25 m
m
 and d
2
�

20 m
m
.N
eglect the w
eight of beam
 A
B
 and the rods.(a) If

the load is located at x �
1 m
,w
hat are the stresses �
1a
and

�
2ain the respective hanger rods.(b) A
t w
hat distance x from

A
 m
ust the load be placed such that �
2
�
�
1,and w
hat is the

corresponding axial stress,�
1b
�
�
2b,in the rods?

A

B

C
P
 =
 60 kN

(1)

2 m

3 m

3 m

x

"R
igid"(2)

P2.2-9

P
rob.2.2-10.
A
 12-ft beam
 A
B
 that w
eighs W
b
�
180 lb sup-

ports an air conditioner that w
eighs W
a
�
1000 lb.T
he beam
,

in turn,is supported by hanger rods (1) and (2),as show
n in

Fig.P
2.2-10.(a) If the diam
eter of rod (1) is 
in.,w
hat is the
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A
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n in a tw
o-story building is fabricated

from
 square structural tubing having the cross-sectional di-

m
ensions show
n in Fig.P
2.2-8b.A
xial loads P
A
�

200 kN

and P
B
�
350 kN
 are applied to the colum
n at levels A
 and

B
,as show
n in Fig.P
2.2-8a.D
eterm
ine the axial stress �
1
in

segm
ent A
B
 of the colum
n and the axial stress �
2in segm
ent

B
C
 of the colum
n.N
eglect the w
eight of the colum
n itself.

P
rob.
2.2-6.
T
he three-part axially loaded m
em
ber in Fig.

P
2.2-6 consists of a tubular segm
ent (1) w
ith outer diam
eter

(d
o)
1
�
1.00 in.and inner diam
eter (d
i)
1
�
0.75 in.,a solid

circular rod segm
ent (2) w
ith diam
eter d
2
�

1.00 in.,
and

another solid circular rod segm
ent (3) w
ith diam
eter d
3
�

0.75 in.T
he line of action of each of the three applied loads

is along the centroidal axis of the m
em
ber.D
eterm
ine the

axial stresses �
1,
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2,and �
3
in each of the three respective

segm
ents.
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A
t a local m
arina the dock is supported on

w
ood piling in the m
anner show
n in Fig.
P
2.2-7a.
T
he top

part,A
B
,of one pile is above the norm
al w
aterline;the m
id-

dle part,B
C
,is in direct contact w
ith the w
ater;and the part

below
 C
 is underground.T
he original diam
eter of the pile is

d
0
�
12 in.,but action of the w
ater and insects has reduced

the diam
eter of the pile over the part B
C
.(a) If the axial

force that the deck exerts on this pile is P
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200 kips,w
hat

is the axial stress in A
B
?
N
eglect the w
eight of the pile itself.

(b) A
n inspector estim
ates that the diam
eter of the pile in

segm
ent B
C
 has been eroded by 5%
.W
hat axial stress does

the deck load of P
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200 kips produce in this dam
aged part

of the pile? (c) If the m
axim
um
 axial stress allow
ed in the

w
ood piles is 7.5 ksi (in com
pression),w
hat is the m
axim
um

deck load that this dam
aged pile can support?
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P
rob.
2.2-9.
A
 rigid beam
 A
B
 of total length 3 m
 is sup-

ported by vertical rods at its ends,and it supports a dow
n-

w
ard load at C
 of P
 �
60 kN
,as show
n in Fig.P
2.2-9.T
he

diam
eters of the steel hanger rods are d
1
�
25 m
m
 and d
2
�

20 m
m
.N
eglect the w
eight of beam
 A
B
 and the rods.(a) If

the load is located at x �
1 m
,w
hat are the stresses �
1a
and

�
2ain the respective hanger rods.(b) A
t w
hat distance x from

A
 m
ust the load be placed such that �
2
�
�
1,and w
hat is the

corresponding axial stress,�
1b
�
�
2b,in the rods?

A

B

C
P
 =
 60 kN

(1)

2 m

3 m
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x

"R
igid"(2)
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P
rob.2.2-10.
A
 12-ft beam
 A
B
 that w
eighs W
b
�
180 lb sup-

ports an air conditioner that w
eighs W
a
�
1000 lb.T
he beam
,

in turn,is supported by hanger rods (1) and (2),as show
n in

Fig.P
2.2-10.(a) If the diam
eter of rod (1) is 
in.,w
hat is the
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P
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A
 colum
n in a tw
o-story building is fabricated

from
 square structural tubing having the cross-sectional di-

m
ensions show
n in Fig.P
2.2-8b.A
xial loads P
A
�

200 kN

and P
B
�
350 kN
 are applied to the colum
n at levels A
 and

B
,as show
n in Fig.P
2.2-8a.D
eterm
ine the axial stress �
1
in

segm
ent A
B
 of the colum
n and the axial stress �
2in segm
ent

B
C
 of the colum
n.N
eglect the w
eight of the colum
n itself.

P
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2.2-6.
T
he three-part axially loaded m
em
ber in Fig.

P
2.2-6 consists of a tubular segm
ent (1) w
ith outer diam
eter

(d
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1
�
1.00 in.and inner diam
eter (d
i)
1
�
0.75 in.,a solid

circular rod segm
ent (2) w
ith diam
eter d
2
�

1.00 in.,
and

another solid circular rod segm
ent (3) w
ith diam
eter d
3
�

0.75 in.T
he line of action of each of the three applied loads

is along the centroidal axis of the m
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ber.D
eterm
ine the

axial stresses �
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2,and �
3
in each of the three respective

segm
ents.
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t a local m
arina the dock is supported on

w
ood piling in the m
anner show
n in Fig.
P
2.2-7a.
T
he top

part,A
B
,of one pile is above the norm
al w
aterline;the m
id-

dle part,B
C
,is in direct contact w
ith the w
ater;and the part

below
 C
 is underground.T
he original diam
eter of the pile is

d
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�
12 in.,but action of the w
ater and insects has reduced

the diam
eter of the pile over the part B
C
.(a) If the axial

force that the deck exerts on this pile is P
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200 kips,w
hat

is the axial stress in A
B
?
N
eglect the w
eight of the pile itself.

(b) A
n inspector estim
ates that the diam
eter of the pile in

segm
ent B
C
 has been eroded by 5%
.W
hat axial stress does

the deck load of P
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200 kips produce in this dam
aged part

of the pile? (c) If the m
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um
 axial stress allow
ed in the

w
ood piles is 7.5 ksi (in com
pression),w
hat is the m
axim
um

deck load that this dam
aged pile can support?
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rob.
2.2-9.
A
 rigid beam
 A
B
 of total length 3 m
 is sup-

ported by vertical rods at its ends,and it supports a dow
n-

w
ard load at C
 of P
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60 kN
,as show
n in Fig.P
2.2-9.T
he

diam
eters of the steel hanger rods are d
1
�
25 m
m
 and d
2
�

20 m
m
.N
eglect the w
eight of beam
 A
B
 and the rods.(a) If

the load is located at x �
1 m
,w
hat are the stresses �
1a
and

�
2ain the respective hanger rods.(b) A
t w
hat distance x from

A
 m
ust the load be placed such that �
2
�
�
1,and w
hat is the

corresponding axial stress,�
1b
�
�
2b,in the rods?
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 =
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P
rob.2.2-10.
A
 12-ft beam
 A
B
 that w
eighs W
b
�
180 lb sup-

ports an air conditioner that w
eighs W
a
�
1000 lb.T
he beam
,

in turn,is supported by hanger rods (1) and (2),as show
n in

Fig.P
2.2-10.(a) If the diam
eter of rod (1) is 
in.,w
hat is the
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P
rob.2.2-8.

A
 colum

n in a tw
o-story building is fabricated

from
 square structural tubing having the cross-sectional di-

m
ensions show

n in Fig.P
2.2-8b.A

xial loads P
A

�
200 kN

and P
B

�
350 kN

 are applied to the colum
n at levels A

 and
B

,as show
n in Fig.P

2.2-8a.D
eterm

ine the axial stress �
1

in
segm

ent A
B

 of the colum
n and the axial stress �

2 in segm
ent

B
C

 of the colum
n.N

eglect the w
eight of the colum

n itself.

P
rob.

2.2-6.
T

he three-part axially loaded m
em

ber in Fig.
P

2.2-6 consists of a tubular segm
ent (1) w

ith outer diam
eter

(d
o )

1
�

1.00 in.and inner diam
eter (d

i )
1

�
0.75 in.,a solid

circular rod segm
ent (2) w

ith diam
eter d

2
�

1.00 in.,
and

another solid circular rod segm
ent (3) w

ith diam
eter d

3
�

0.75 in.T
he line of action of each of the three applied loads

is along the centroidal axis of the m
em

ber.D
eterm

ine the
axial stresses �

1 ,
�

2 ,and �
3

in each of the three respective
segm

ents.

50 kN

150 kN
A

d
1

d
2

B
C

(1)
(2)

P2.2-5

2 kips

(1)
(2)

(3)

2 kips

3 kips
0.75 in

0.75 in.
1.00 in.

P2.2-6

P
rob.

2.2-7.
A

t a local m
arina the dock is supported on

w
ood piling in the m

anner show
n in Fig.

P
2.2-7a.

T
he top

part,A
B

,of one pile is above the norm
al w

aterline;the m
id-

dle part,B
C

,is in direct contact w
ith the w

ater;and the part
below

 C
 is underground.T

he original diam
eter of the pile is

d
0

�
12 in.,but action of the w

ater and insects has reduced
the diam

eter of the pile over the part B
C

.(a) If the axial
force that the deck exerts on this pile is P

 �
200 kips,w

hat
is the axial stress in A

B
?

N
eglect the w

eight of the pile itself.
(b) A

n inspector estim
ates that the diam

eter of the pile in
segm

ent B
C

 has been eroded by 5%
.W

hat axial stress does
the deck load of P

 �
200 kips produce in this dam

aged part
of the pile? (c) If the m

axim
um

 axial stress allow
ed in the

w
ood piles is 7.5 ksi (in com

pression),w
hat is the m

axim
um

deck load that this dam
aged pile can support?

(a)
(b)

d
1  =

 d
0

d
2

(1)

A

P

BC

(2)

P2.2-7

(1)

(2)

ABC

P
B  =

 350 kN

P
A  =

 200 kN

200 m
m

200 m
m

150 m
m

150 m
m

t1  =
 12 m

m

t2  =
 15 m

m

(b)
(a)

P2.2-8

P
rob.

2.2-9.
A

 rigid beam
 A

B
 of total length 3 m

 is sup-
ported by vertical rods at its ends,and it supports a dow

n-
w

ard load at C
 of P

 �
60 kN

,as show
n in Fig.P

2.2-9.T
he

diam
eters of the steel hanger rods are d

1
�

25 m
m

 and d
2

�
20 m

m
.N

eglect the w
eight of beam

 A
B

 and the rods.(a) If
the load is located at x �

1 m
,w

hat are the stresses �
1a

and
�

2a in the respective hanger rods.(b) A
t w

hat distance x from
A

 m
ust the load be placed such that �

2
�

�
1 ,and w

hat is the
corresponding axial stress,�

1b
�

�
2b ,in the rods?

A
B

C

P
 =

 60 kN

(1)

2 m

3 m

3 m

x
"R

igid" (2)

P2.2-9

P
rob.2.2-10.

A
 12-ft beam

 A
B

 that w
eighs W

b
�

180 lb sup-
ports an air conditioner that w

eighs W
a

�
1000 lb.T

he beam
,

in turn,is supported by hanger rods (1) and (2),as show
n in

Fig.P
2.2-10.(a) If the diam

eter of rod (1) is 
in.,w

hat is the
38
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P
rob.2.2-8.

A
 colum

n in a tw
o-story building is fabricated

from
 square structural tubing having the cross-sectional di-

m
ensions show

n in Fig.P
2.2-8b.A

xial loads P
A

�
200 kN

and P
B

�
350 kN

 are applied to the colum
n at levels A

 and
B

,as show
n in Fig.P

2.2-8a.D
eterm

ine the axial stress �
1

in
segm

ent A
B

 of the colum
n and the axial stress �

2 in segm
ent

B
C

 of the colum
n.N

eglect the w
eight of the colum

n itself.

P
rob.

2.2-6.
T

he three-part axially loaded m
em

ber in Fig.
P

2.2-6 consists of a tubular segm
ent (1) w

ith outer diam
eter

(d
o )

1
�

1.00 in.and inner diam
eter (d

i )
1

�
0.75 in.,a solid

circular rod segm
ent (2) w

ith diam
eter d

2
�

1.00 in.,
and

another solid circular rod segm
ent (3) w

ith diam
eter d

3
�

0.75 in.T
he line of action of each of the three applied loads

is along the centroidal axis of the m
em

ber.D
eterm

ine the
axial stresses �

1 ,
�

2 ,and �
3

in each of the three respective
segm

ents.
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d
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(1)
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(3)
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0.75 in
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1.00 in.
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P
rob.

2.2-7.
A

t a local m
arina the dock is supported on

w
ood piling in the m

anner show
n in Fig.

P
2.2-7a.

T
he top

part,A
B

,of one pile is above the norm
al w

aterline;the m
id-

dle part,B
C

,is in direct contact w
ith the w

ater;and the part
below

 C
 is underground.T

he original diam
eter of the pile is

d
0

�
12 in.,but action of the w

ater and insects has reduced
the diam

eter of the pile over the part B
C

.(a) If the axial
force that the deck exerts on this pile is P

 �
200 kips,w

hat
is the axial stress in A

B
?

N
eglect the w

eight of the pile itself.
(b) A

n inspector estim
ates that the diam

eter of the pile in
segm

ent B
C

 has been eroded by 5%
.W

hat axial stress does
the deck load of P

 �
200 kips produce in this dam

aged part
of the pile? (c) If the m

axim
um

 axial stress allow
ed in the

w
ood piles is 7.5 ksi (in com

pression),w
hat is the m

axim
um

deck load that this dam
aged pile can support?
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P
rob.

2.2-9.
A

 rigid beam
 A

B
 of total length 3 m

 is sup-
ported by vertical rods at its ends,and it supports a dow

n-
w

ard load at C
 of P

 �
60 kN

,as show
n in Fig.P

2.2-9.T
he

diam
eters of the steel hanger rods are d

1
�

25 m
m

 and d
2

�
20 m

m
.N

eglect the w
eight of beam

 A
B

 and the rods.(a) If
the load is located at x �

1 m
,w

hat are the stresses �
1a

and
�

2a in the respective hanger rods.(b) A
t w

hat distance x from
A

 m
ust the load be placed such that �

2
�

�
1 ,and w

hat is the
corresponding axial stress,�

1b
�

�
2b ,in the rods?

A
B

C

P
 =

 60 kN

(1)

2 m

3 m

3 m

x
"R

igid" (2)
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P
rob.2.2-10.

A
 12-ft beam

 A
B

 that w
eighs W

b
�

180 lb sup-
ports an air conditioner that w

eighs W
a

�
1000 lb.T

he beam
,

in turn,is supported by hanger rods (1) and (2),as show
n in

Fig.P
2.2-10.(a) If the diam

eter of rod (1) is 
in.,w

hat is the
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E
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X
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ST
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E
SS

m
em

ber.
(a) D

eterm
ine the coordinates y

R
and z

R
of the

point w
here the tensile load P

 m
ust act in order to produce

uniform
 tensile stress in the cross section of the structural

angle,and (b) determ
ine the m

agnitude of that tensile stress
if P

 �
18 kips.

2.15
PRO

BLEM
S

For all problem
s in Section 2.2,

assum
e unknow

n axial
forces to be positive in tension.A

s in E
xam

ples 2.1 and
2.2,label tensile-stress answ

ers w
ith (T

) and com
pressive-

stress answ
ers w

ith (C
).

P
rob.

2.2-1.
A

 1-in.-diam
eter solid bar (1),

a square solid
bar (2),

and a circular tubular m
em

ber w
ith 0.2-in.

w
all

thickness (3),each supports an axial tensile load of 5 kips.
(a) D

eterm
ine the axial stress in bar (1).

(b) If the axial
stress in each of the other bars is 6 ksi,w

hat is the dim
ension,

b,of the square bar,and w
hat is the outer diam

eter,c,of the
tubular m

em
ber?

M
D

S 2.1–2.4
▼

1 in.

(1)
(2)

(3)

b
c

t  =
 0.2 in.

bP2.2-1

P
rob.2.2-2.

T
he structural tee show

n in Fig.P
2.2-2 supports

a com
pressive load P

 �
200 kN

.(a) D
eterm

ine the coordi-
nate y

R
of the point R

 in the cross section w
here the load

m
ust act in order to produce uniform

 com
pressive axial

stress in the m
em

ber,and (b) determ
ine the m

agnitude of
that com

pressive stress.

10 m
m

z

P

P

75m
m

75m
m

y

y
R

120 m
m

15 m
m

(a)

(b) R

P
rob.

2.2-3.
A

 steel plate is w
elded onto each end of the

structural angle in Fig.P
2.2-3 so that a load can be applied

at point R
,w

here it w
ill produce uniform

 axial stress in the

P2.2-2

P
P

y

z

(b) R
4 in.

3 in.

0.5 in.

0.5 in.

E
nd plate

P2.2-3

P
rob.

2.2-4.
C

onsider 
the 

free-hanging 
rod 

show
n 

in 
Fig.P

2.2-4.T
he rod has the shape of a conical frustum

,w
ith

radius R
0 at its top and radius R

L
at its bottom

,and it is m
ade

of m
aterial w

ith m
ass density �.T

he length of the rod is L
.

D
eterm

ine an expression for the norm
al stress,

�
(x),at an

arbitrary cross section x
(0 �

x
�

L
),w

here x
is m

easured
dow

nw
ard from

 the top of the rod.

P
rob.2.2-5.

A
 solid brass rod A

B
 and a solid alum

inum
 rod

B
C

 are connected together by a coupler at B
,

as show
n in

Fig.P
2.2-5.T

he diam
eters of the tw

o segm
ents are d

1
�

60 m
m

and d
2

�
50 m

m
,respectively.D

eterm
ine the axial stresses �

1

(in rod A
B

)
and �

2
(in rod B

C
).

P2.2-4 and P2.3-6
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 ST
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E
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ST
R

E
SS

m
em

ber.
(a) D

eterm
ine the coordinates y

R
and z

R
of the

point w
here the tensile load P

 m
ust act in order to produce

uniform
 tensile stress in the cross section of the structural

angle,and (b) determ
ine the m

agnitude of that tensile stress
if P

 �
18 kips.

2.15
PRO

BLEM
S

For all problem
s in Section 2.2,

assum
e unknow

n axial
forces to be positive in tension.A

s in E
xam

ples 2.1 and
2.2,label tensile-stress answ

ers w
ith (T

) and com
pressive-

stress answ
ers w

ith (C
).

P
rob.

2.2-1.
A

 1-in.-diam
eter solid bar (1),

a square solid
bar (2),

and a circular tubular m
em

ber w
ith 0.2-in.

w
all

thickness (3),each supports an axial tensile load of 5 kips.
(a) D

eterm
ine the axial stress in bar (1).

(b) If the axial
stress in each of the other bars is 6 ksi,w

hat is the dim
ension,

b,of the square bar,and w
hat is the outer diam

eter,c,of the
tubular m

em
ber?

M
D

S 2.1–2.4
▼

1 in.

(1)
(2)

(3)

b
c

t =
 0.2 in.

bP2.2-1

P
rob.2.2-2.

T
he structural tee show

n in Fig.P
2.2-2 supports

a com
pressive load P

 �
200 kN

.(a) D
eterm

ine the coordi-
nate y

R
of the point R

 in the cross section w
here the load

m
ust act in order to produce uniform

 com
pressive axial

stress in the m
em

ber,and (b) determ
ine the m

agnitude of
that com

pressive stress.

10 m
m

z

P

P

75m
m

75m
m

y

y
R

120 m
m

15 m
m

(a)

(b) R

P
rob.

2.2-3.
A

 steel plate is w
elded onto each end of the

structural angle in Fig.P
2.2-3 so that a load can be applied

at point R
,w

here it w
ill produce uniform

 axial stress in the

P2.2-2

P
P

y

z

(b) R
4 in.

3 in.

0.5 in.

0.5 in.

E
nd plate

P2.2-3

P
rob.

2.2-4.
C

onsider 
the 

free-hanging 
rod 

show
n 

in 
Fig.P

2.2-4.T
he rod has the shape of a conical frustum

,w
ith

radius R
0 at its top and radius R

L
at its bottom

,and it is m
ade

of m
aterial w

ith m
ass density �.T

he length of the rod is L
.

D
eterm

ine an expression for the norm
al stress,

�
(x),at an

arbitrary cross section x
(0 �

x
�

L
),w

here x
is m

easured
dow

nw
ard from

 the top of the rod.

P
rob.2.2-5.

A
 solid brass rod A

B
 and a solid alum

inum
 rod

B
C

 are connected together by a coupler at B
,

as show
n in

Fig.P
2.2-5.T

he diam
eters of the tw

o segm
ents are d

1
�

60 m
m

and d
2

�
50 m

m
,respectively.D

eterm
ine the axial stresses �

1

(in rod A
B

)
and �

2
(in rod B

C
).
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m
em

ber. (a) D
eterm

ine the coordinates y
R and z

R of the

point where the tensile load P m
ust act in order to produce

uniform
 tensile stress in the cross section of the structural

angle, and (b) determ
ine the m

agnitude of that tensile stress

if P �
18 kips.

2.15
PROBLEM

S
For all problems in Section 2.2, assume unknown axial

forces to be positive in tension. As in Examples 2.1 and

2.2, label tensile-stress answers with (T) and compressive-

stress answers with (C).

Prob. 2.2-1. A
 1-in.-diam

eter solid bar (1), a square solid

bar (2), and a circular tubular m
em

ber with 0.2-in. wall

thickness (3), each supports an axial tensile load of 5 kips.

(a) D
eterm

ine the axial stress in bar (1). (b) If the axial

stress in each of the other bars is 6 ksi, what is the dim
ension,

b, of the square bar, and what is the outer diam
eter, c, of the

tubular m
em

ber?

M
DS 2.1–2.4

▼

1 in.

(1)

(2)

(3)

b

c

t = 0.2 in.

b

P2.2-1

Prob. 2.2-2. The structural tee shown in Fig. P2.2-2 supports

a com
pressive load P �

200 kN. (a) D
eterm

ine the coordi-

nate y
R of the point R in the cross section where the load

m
ust act in order to produce uniform

 com
pressive axial

stress in the m
em

ber, and (b) determ
ine the m

agnitude of

that com
pressive stress.

10 mm
z

P

P

75mm

75mm

y

y
R

120 mm

15 mm

(a)

(b)

R

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

P2.2-2

P

P

y

z

(b)

R

4 in.

3 in.
0.5 in.

0.5 in.

End plate

P2.2-3

Prob.
2.2-4. Consider the free-hanging rod shown in 

Fig. P2.2-4. The rod has the shape of a conical frustum
, with

radius R
0 at its top and radius R

L at its bottom
, and it is m

ade

of m
aterial with m

ass density �. The length of the rod is L.

D
eterm

ine an expression for the norm
al stress, �(x), at an

arbitrary cross section x
(0 �

x
�

L), where x
is m

easured

downward from
 the top of the rod.

Prob. 2.2-5. A
 solid brass rod AB and a solid alum

inum
 rod

BC are connected together by a coupler at B, as shown in

Fig.P2.2-5.The diameters of the two segments are d
1 �

60 m
m

and d
2 �

50 m
m

, respectively.D
eterm

ine the axial stresses �
1

(in rod AB) and �
2 (in rod BC).

P2.2-4 and P2.3-6
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80mm

15mm
مقطع 2-2

حل:
الف( تنش در مقطع 1-1

ب( تنش در مقطع 2-2
با توجه به شکل برآیند نیروهای وارد به مقطع )2-2( برابر است با:

P KN N
D /A / mm

P / MPa
A /

2 2
2

1 1

20 20000
3 14 50 1962 5

4 4
20000 10 19

1962 5

 = =

 π ×= = =

σ = = ⇒ σ = کششی

P KN N
D d / /A / mm

P / MPa
A /

2 2 2 2
2

2 2

15 15 20 10 10000
3 14 80 3 14 50 3061 5

4 4 4 4
10000 3 27

3061 5

 = − − + = − = −

 π π × ×= − = − =

−σ = = ⇒ σ = − فشاری

م مربوط به این موضوع را ببینید.
فیل
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مثال 3
قطعه پیوسته ای مطابق شکل تحت تاثیر نیروی کششی P قرار گرفته است، هرگاه نیروی 
P را به آرامی افزایش دهیم، احتمال گسیختگی در کدام یک از نواحی a وb وc بیشتر 

است؟ چرا؟

جواب: 

با توجه به این که مقدار P در هر سه ناحیه ثابت است، با افزایش تدریجی نیروی P مطابق 

P مقدار تنش در ناحیه c به دلیل سطح مقطع کوچک تر آن نسبت به نواحی 
A
±σ = رابطه 

a و b زودتر به تنشی می رسد که جسم دیگر قادر به تحمل آن نمی باشد.

P

P
rob.2.2-8.
A
 colum
n in a tw
o-story building is fabricated

from
 square structural tubing having the cross-sectional di-

m
ensions show
n in Fig.P
2.2-8b.A
xial loads P
A
�

200 kN

and P
B
�
350 kN
 are applied to the colum
n at levels A
 and

B
,as show
n in Fig.P
2.2-8a.D
eterm
ine the axial stress �
1
in

segm
ent A
B
 of the colum
n and the axial stress �
2in segm
ent

B
C
 of the colum
n.N
eglect the w
eight of the colum
n itself.

P
rob.
2.2-6.
T
he three-part axially loaded m
em
ber in Fig.

P
2.2-6 consists of a tubular segm
ent (1) w
ith outer diam
eter

(d
o)
1
�
1.00 in.and inner diam
eter (d
i)
1
�
0.75 in.,a solid

circular rod segm
ent (2) w
ith diam
eter d
2
�

1.00 in.,
and

another solid circular rod segm
ent (3) w
ith diam
eter d
3
�

0.75 in.T
he line of action of each of the three applied loads

is along the centroidal axis of the m
em
ber.D
eterm
ine the

axial stresses �
1,
�
2,and �
3
in each of the three respective

segm
ents.

50 kN

150 kN

A

d
1

d
2

B

C

(1)

(2)

P2.2-5

2 kips

(1)

(2)

(3)

2 kips

3 kips

0.75 in

0.75 in.

1.00 in.

P2.2-6

P
rob.
2.2-7.
A
t a local m
arina the dock is supported on

w
ood piling in the m
anner show
n in Fig.
P
2.2-7a.
T
he top

part,A
B
,of one pile is above the norm
al w
aterline;the m
id-

dle part,B
C
,is in direct contact w
ith the w
ater;and the part

below
 C
 is underground.T
he original diam
eter of the pile is

d
0
�
12 in.,but action of the w
ater and insects has reduced

the diam
eter of the pile over the part B
C
.(a) If the axial

force that the deck exerts on this pile is P
 �
200 kips,w
hat

is the axial stress in A
B
?
N
eglect the w
eight of the pile itself.

(b) A
n inspector estim
ates that the diam
eter of the pile in

segm
ent B
C
 has been eroded by 5%
.W
hat axial stress does

the deck load of P
 �
200 kips produce in this dam
aged part

of the pile? (c) If the m
axim
um
 axial stress allow
ed in the

w
ood piles is 7.5 ksi (in com
pression),w
hat is the m
axim
um

deck load that this dam
aged pile can support?

(a)

(b)
d
1 =

 d
0

d
2

(1)

A
P

B C

(2)

P2.2-7

(1)
(2)

A B C

P
B =
 350 kN

P
A =
 200 kN

200 m
m

200 m
m

150 m
m

150 m
m

t 1 =
 12 m
m

t 2 =
 15 m
m

(b)

(a)

P2.2-8

P
rob.
2.2-9.
A
 rigid beam
 A
B
 of total length 3 m
 is sup-

ported by vertical rods at its ends,and it supports a dow
n-

w
ard load at C
 of P
 �
60 kN
,as show
n in Fig.P
2.2-9.T
he

diam
eters of the steel hanger rods are d
1
�
25 m
m
 and d
2
�

20 m
m
.N
eglect the w
eight of beam
 A
B
 and the rods.(a) If

the load is located at x �
1 m
,w
hat are the stresses �
1a
and

�
2ain the respective hanger rods.(b) A
t w
hat distance x from

A
 m
ust the load be placed such that �
2
�
�
1,and w
hat is the

corresponding axial stress,�
1b
�
�
2b,in the rods?

A

B

C
P
 =
 60 kN

(1)

2 m

3 m

3 m

x

"R
igid"(2)

P2.2-9

P
rob.2.2-10.
A
 12-ft beam
 A
B
 that w
eighs W
b
�
180 lb sup-

ports an air conditioner that w
eighs W
a
�
1000 lb.T
he beam
,

in turn,is supported by hanger rods (1) and (2),as show
n in

Fig.P
2.2-10.(a) If the diam
eter of rod (1) is 
in.,w
hat is the

3 8
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P
rob.2.2-8.
A
 colum
n in a tw
o-story building is fabricated

from
 square structural tubing having the cross-sectional di-

m
ensions show
n in Fig.P
2.2-8b.A
xial loads P
A
�

200 kN

and P
B
�
350 kN
 are applied to the colum
n at levels A
 and

B
,as show
n in Fig.P
2.2-8a.D
eterm
ine the axial stress �
1
in

segm
ent A
B
 of the colum
n and the axial stress �
2in segm
ent

B
C
 of the colum
n.N
eglect the w
eight of the colum
n itself.

P
rob.
2.2-6.
T
he three-part axially loaded m
em
ber in Fig.

P
2.2-6 consists of a tubular segm
ent (1) w
ith outer diam
eter

(d
o)
1
�
1.00 in.and inner diam
eter (d
i)
1
�
0.75 in.,a solid

circular rod segm
ent (2) w
ith diam
eter d
2
�

1.00 in.,
and

another solid circular rod segm
ent (3) w
ith diam
eter d
3
�

0.75 in.T
he line of action of each of the three applied loads

is along the centroidal axis of the m
em
ber.D
eterm
ine the

axial stresses �
1,
�
2,and �
3
in each of the three respective

segm
ents.

50 kN

150 kN

A

d
1

d
2

B

C

(1)

(2)

P2.2-5

2 kips

(1)

(2)

(3)

2 kips

3 kips

0.75 in

0.75 in.

1.00 in.

P2.2-6

P
rob.
2.2-7.
A
t a local m
arina the dock is supported on

w
ood piling in the m
anner show
n in Fig.
P
2.2-7a.
T
he top

part,A
B
,of one pile is above the norm
al w
aterline;the m
id-

dle part,B
C
,is in direct contact w
ith the w
ater;and the part

below
 C
 is underground.T
he original diam
eter of the pile is

d
0
�
12 in.,but action of the w
ater and insects has reduced

the diam
eter of the pile over the part B
C
.(a) If the axial

force that the deck exerts on this pile is P
 �
200 kips,w
hat

is the axial stress in A
B
?
N
eglect the w
eight of the pile itself.

(b) A
n inspector estim
ates that the diam
eter of the pile in

segm
ent B
C
 has been eroded by 5%
.W
hat axial stress does

the deck load of P
 �
200 kips produce in this dam
aged part

of the pile? (c) If the m
axim
um
 axial stress allow
ed in the

w
ood piles is 7.5 ksi (in com
pression),w
hat is the m
axim
um

deck load that this dam
aged pile can support?

(a)

(b)
d
1 =

 d
0

d
2

(1)

A
P

B C

(2)

P2.2-7

(1)
(2)

A B C

P
B =
 350 kN

P
A =
 200 kN

200 m
m

200 m
m

150 m
m

150 m
m

t 1 =
 12 m
m

t 2 =
 15 m
m

(b)

(a)

P2.2-8

P
rob.
2.2-9.
A
 rigid beam
 A
B
 of total length 3 m
 is sup-

ported by vertical rods at its ends,and it supports a dow
n-

w
ard load at C
 of P
 �
60 kN
,as show
n in Fig.P
2.2-9.T
he

diam
eters of the steel hanger rods are d
1
�
25 m
m
 and d
2
�

20 m
m
.N
eglect the w
eight of beam
 A
B
 and the rods.(a) If

the load is located at x �
1 m
,w
hat are the stresses �
1a
and

�
2ain the respective hanger rods.(b) A
t w
hat distance x from

A
 m
ust the load be placed such that �
2
�
�
1,and w
hat is the

corresponding axial stress,�
1b
�
�
2b,in the rods?

A

B

C
P
 =
 60 kN

(1)

2 m

3 m

3 m

x

"R
igid"(2)

P2.2-9

P
rob.2.2-10.
A
 12-ft beam
 A
B
 that w
eighs W
b
�
180 lb sup-

ports an air conditioner that w
eighs W
a
�
1000 lb.T
he beam
,

in turn,is supported by hanger rods (1) and (2),as show
n in

Fig.P
2.2-10.(a) If the diam
eter of rod (1) is 
in.,w
hat is the
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P
rob.2.2-8.
A
 colum
n in a tw
o-story building is fabricated

from
 square structural tubing having the cross-sectional di-

m
ensions show
n in Fig.P
2.2-8b.A
xial loads P
A
�

200 kN

and P
B
�
350 kN
 are applied to the colum
n at levels A
 and

B
,as show
n in Fig.P
2.2-8a.D
eterm
ine the axial stress �
1
in

segm
ent A
B
 of the colum
n and the axial stress �
2in segm
ent

B
C
 of the colum
n.N
eglect the w
eight of the colum
n itself.

P
rob.
2.2-6.
T
he three-part axially loaded m
em
ber in Fig.

P
2.2-6 consists of a tubular segm
ent (1) w
ith outer diam
eter

(d
o)
1
�
1.00 in.and inner diam
eter (d
i)
1
�
0.75 in.,a solid

circular rod segm
ent (2) w
ith diam
eter d
2
�

1.00 in.,
and

another solid circular rod segm
ent (3) w
ith diam
eter d
3
�

0.75 in.T
he line of action of each of the three applied loads

is along the centroidal axis of the m
em
ber.D
eterm
ine the

axial stresses �
1,
�
2,and �
3
in each of the three respective

segm
ents.

50 kN

150 kN

A

d
1

d
2

B

C

(1)

(2)

P2.2-5

2 kips

(1)

(2)

(3)

2 kips

3 kips

0.75 in

0.75 in.

1.00 in.

P2.2-6

P
rob.
2.2-7.
A
t a local m
arina the dock is supported on

w
ood piling in the m
anner show
n in Fig.
P
2.2-7a.
T
he top

part,A
B
,of one pile is above the norm
al w
aterline;the m
id-

dle part,B
C
,is in direct contact w
ith the w
ater;and the part

below
 C
 is underground.T
he original diam
eter of the pile is

d
0
�
12 in.,but action of the w
ater and insects has reduced

the diam
eter of the pile over the part B
C
.(a) If the axial

force that the deck exerts on this pile is P
 �
200 kips,w
hat

is the axial stress in A
B
?
N
eglect the w
eight of the pile itself.

(b) A
n inspector estim
ates that the diam
eter of the pile in

segm
ent B
C
 has been eroded by 5%
.W
hat axial stress does

the deck load of P
 �
200 kips produce in this dam
aged part

of the pile? (c) If the m
axim
um
 axial stress allow
ed in the

w
ood piles is 7.5 ksi (in com
pression),w
hat is the m
axim
um

deck load that this dam
aged pile can support?

(a)

(b)
d
1 =

 d
0

d
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A
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A B C

P
B =
 350 kN

P
A =
 200 kN

200 m
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150 m
m
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m

t 1 =
 12 m
m

t 2 =
 15 m
m

(b)

(a)

P2.2-8

P
rob.
2.2-9.
A
 rigid beam
 A
B
 of total length 3 m
 is sup-

ported by vertical rods at its ends,and it supports a dow
n-

w
ard load at C
 of P
 �
60 kN
,as show
n in Fig.P
2.2-9.T
he

diam
eters of the steel hanger rods are d
1
�
25 m
m
 and d
2
�

20 m
m
.N
eglect the w
eight of beam
 A
B
 and the rods.(a) If

the load is located at x �
1 m
,w
hat are the stresses �
1a
and

�
2ain the respective hanger rods.(b) A
t w
hat distance x from

A
 m
ust the load be placed such that �
2
�
�
1,and w
hat is the

corresponding axial stress,�
1b
�
�
2b,in the rods?

A

B

C
P
 =
 60 kN

(1)

2 m

3 m

3 m

x

"R
igid"(2)

P2.2-9

P
rob.2.2-10.
A
 12-ft beam
 A
B
 that w
eighs W
b
�
180 lb sup-

ports an air conditioner that w
eighs W
a
�
1000 lb.T
he beam
,

in turn,is supported by hanger rods (1) and (2),as show
n in

Fig.P
2.2-10.(a) If the diam
eter of rod (1) is 
in.,w
hat is the
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P
rob.2.2-8.
A
 colum
n in a tw
o-story building is fabricated

from
 square structural tubing having the cross-sectional di-

m
ensions show
n in Fig.P
2.2-8b.A
xial loads P
A
�

200 kN

and P
B
�
350 kN
 are applied to the colum
n at levels A
 and

B
,as show
n in Fig.P
2.2-8a.D
eterm
ine the axial stress �
1
in

segm
ent A
B
 of the colum
n and the axial stress �
2in segm
ent

B
C
 of the colum
n.N
eglect the w
eight of the colum
n itself.

P
rob.
2.2-6.
T
he three-part axially loaded m
em
ber in Fig.

P
2.2-6 consists of a tubular segm
ent (1) w
ith outer diam
eter

(d
o)
1
�
1.00 in.and inner diam
eter (d
i)
1
�
0.75 in.,a solid

circular rod segm
ent (2) w
ith diam
eter d
2
�

1.00 in.,
and

another solid circular rod segm
ent (3) w
ith diam
eter d
3
�

0.75 in.T
he line of action of each of the three applied loads

is along the centroidal axis of the m
em
ber.D
eterm
ine the

axial stresses �
1,
�
2,and �
3
in each of the three respective

segm
ents.

50 kN

150 kN
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d
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d
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C
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0.75 in
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1.00 in.

P2.2-6

P
rob.
2.2-7.
A
t a local m
arina the dock is supported on

w
ood piling in the m
anner show
n in Fig.
P
2.2-7a.
T
he top

part,A
B
,of one pile is above the norm
al w
aterline;the m
id-

dle part,B
C
,is in direct contact w
ith the w
ater;and the part

below
 C
 is underground.T
he original diam
eter of the pile is

d
0
�
12 in.,but action of the w
ater and insects has reduced

the diam
eter of the pile over the part B
C
.(a) If the axial

force that the deck exerts on this pile is P
 �
200 kips,w
hat

is the axial stress in A
B
?
N
eglect the w
eight of the pile itself.

(b) A
n inspector estim
ates that the diam
eter of the pile in

segm
ent B
C
 has been eroded by 5%
.W
hat axial stress does

the deck load of P
 �
200 kips produce in this dam
aged part

of the pile? (c) If the m
axim
um
 axial stress allow
ed in the

w
ood piles is 7.5 ksi (in com
pression),w
hat is the m
axim
um

deck load that this dam
aged pile can support?
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P
rob.
2.2-9.
A
 rigid beam
 A
B
 of total length 3 m
 is sup-

ported by vertical rods at its ends,and it supports a dow
n-

w
ard load at C
 of P
 �
60 kN
,as show
n in Fig.P
2.2-9.T
he

diam
eters of the steel hanger rods are d
1
�
25 m
m
 and d
2
�

20 m
m
.N
eglect the w
eight of beam
 A
B
 and the rods.(a) If

the load is located at x �
1 m
,w
hat are the stresses �
1a
and

�
2ain the respective hanger rods.(b) A
t w
hat distance x from

A
 m
ust the load be placed such that �
2
�
�
1,and w
hat is the

corresponding axial stress,�
1b
�
�
2b,in the rods?

A

B

C
P
 =
 60 kN

(1)

2 m

3 m

3 m

x

"R
igid"(2)

P2.2-9

P
rob.2.2-10.
A
 12-ft beam
 A
B
 that w
eighs W
b
�
180 lb sup-

ports an air conditioner that w
eighs W
a
�
1000 lb.T
he beam
,

in turn,is supported by hanger rods (1) and (2),as show
n in

Fig.P
2.2-10.(a) If the diam
eter of rod (1) is 
in.,w
hat is the

3 8

90

 
 
c
0
2
S
t
r
e
s
s
A
n
d
S
t
r
a
i
n
I
n
t
r
o
d
u
c
t
i
o
n
T
o
D
e
s
i
g
n
.
q
x
d
 
 
9
/
3
0
/
1
0
 
 
3
:
2
2
 
P
M
 
 
P
a
g
e
 
9
0

a

b

c

P
rob.2.2-8.
A
 colum
n in a tw
o-story building is fabricated

from
 square structural tubing having the cross-sectional di-

m
ensions show
n in Fig.P
2.2-8b.A
xial loads P
A
�

200 kN

and P
B
�
350 kN
 are applied to the colum
n at levels A
 and

B
,as show
n in Fig.P
2.2-8a.D
eterm
ine the axial stress �
1
in

segm
ent A
B
 of the colum
n and the axial stress �
2in segm
ent

B
C
 of the colum
n.N
eglect the w
eight of the colum
n itself.

P
rob.
2.2-6.
T
he three-part axially loaded m
em
ber in Fig.

P
2.2-6 consists of a tubular segm
ent (1) w
ith outer diam
eter

(d
o)
1
�
1.00 in.and inner diam
eter (d
i)
1
�
0.75 in.,a solid

circular rod segm
ent (2) w
ith diam
eter d
2
�

1.00 in.,
and

another solid circular rod segm
ent (3) w
ith diam
eter d
3
�

0.75 in.T
he line of action of each of the three applied loads

is along the centroidal axis of the m
em
ber.D
eterm
ine the

axial stresses �
1,
�
2,and �
3
in each of the three respective

segm
ents.
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P
rob.
2.2-7.
A
t a local m
arina the dock is supported on

w
ood piling in the m
anner show
n in Fig.
P
2.2-7a.
T
he top

part,A
B
,of one pile is above the norm
al w
aterline;the m
id-

dle part,B
C
,is in direct contact w
ith the w
ater;and the part

below
 C
 is underground.T
he original diam
eter of the pile is

d
0
�
12 in.,but action of the w
ater and insects has reduced

the diam
eter of the pile over the part B
C
.(a) If the axial

force that the deck exerts on this pile is P
 �
200 kips,w
hat

is the axial stress in A
B
?
N
eglect the w
eight of the pile itself.

(b) A
n inspector estim
ates that the diam
eter of the pile in

segm
ent B
C
 has been eroded by 5%
.W
hat axial stress does

the deck load of P
 �
200 kips produce in this dam
aged part

of the pile? (c) If the m
axim
um
 axial stress allow
ed in the

w
ood piles is 7.5 ksi (in com
pression),w
hat is the m
axim
um

deck load that this dam
aged pile can support?
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t 2 =
 15 m
m

(b)

(a)

P2.2-8

P
rob.
2.2-9.
A
 rigid beam
 A
B
 of total length 3 m
 is sup-

ported by vertical rods at its ends,and it supports a dow
n-

w
ard load at C
 of P
 �
60 kN
,as show
n in Fig.P
2.2-9.T
he

diam
eters of the steel hanger rods are d
1
�
25 m
m
 and d
2
�

20 m
m
.N
eglect the w
eight of beam
 A
B
 and the rods.(a) If

the load is located at x �
1 m
,w
hat are the stresses �
1a
and

�
2ain the respective hanger rods.(b) A
t w
hat distance x from

A
 m
ust the load be placed such that �
2
�
�
1,and w
hat is the

corresponding axial stress,�
1b
�
�
2b,in the rods?

A

B

C
P
 =
 60 kN

(1)

2 m

3 m

3 m

x

"R
igid"(2)

P2.2-9

P
rob.2.2-10.
A
 12-ft beam
 A
B
 that w
eighs W
b
�
180 lb sup-

ports an air conditioner that w
eighs W
a
�
1000 lb.T
he beam
,

in turn,is supported by hanger rods (1) and (2),as show
n in

Fig.P
2.2-10.(a) If the diam
eter of rod (1) is 
in.,w
hat is the
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P
rob.2.2-8.
A
 colum
n in a tw
o-story building is fabricated

from
 square structural tubing having the cross-sectional di-

m
ensions show
n in Fig.P
2.2-8b.A
xial loads P
A
�

200 kN

and P
B
�
350 kN
 are applied to the colum
n at levels A
 and

B
,as show
n in Fig.P
2.2-8a.D
eterm
ine the axial stress �
1
in

segm
ent A
B
 of the colum
n and the axial stress �
2in segm
ent

B
C
 of the colum
n.N
eglect the w
eight of the colum
n itself.

P
rob.
2.2-6.
T
he three-part axially loaded m
em
ber in Fig.

P
2.2-6 consists of a tubular segm
ent (1) w
ith outer diam
eter

(d
o)
1
�
1.00 in.and inner diam
eter (d
i)
1
�
0.75 in.,a solid

circular rod segm
ent (2) w
ith diam
eter d
2
�

1.00 in.,
and

another solid circular rod segm
ent (3) w
ith diam
eter d
3
�

0.75 in.T
he line of action of each of the three applied loads

is along the centroidal axis of the m
em
ber.D
eterm
ine the

axial stresses �
1,
�
2,and �
3
in each of the three respective

segm
ents.
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150 kN

A

d
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d
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C

(1)

(2)

P2.2-5

2 kips

(1)

(2)

(3)
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3 kips

0.75 in

0.75 in.

1.00 in.

P2.2-6

P
rob.
2.2-7.
A
t a local m
arina the dock is supported on

w
ood piling in the m
anner show
n in Fig.
P
2.2-7a.
T
he top

part,A
B
,of one pile is above the norm
al w
aterline;the m
id-

dle part,B
C
,is in direct contact w
ith the w
ater;and the part

below
 C
 is underground.T
he original diam
eter of the pile is

d
0
�
12 in.,but action of the w
ater and insects has reduced

the diam
eter of the pile over the part B
C
.(a) If the axial

force that the deck exerts on this pile is P
 �
200 kips,w
hat

is the axial stress in A
B
?
N
eglect the w
eight of the pile itself.

(b) A
n inspector estim
ates that the diam
eter of the pile in

segm
ent B
C
 has been eroded by 5%
.W
hat axial stress does

the deck load of P
 �
200 kips produce in this dam
aged part

of the pile? (c) If the m
axim
um
 axial stress allow
ed in the

w
ood piles is 7.5 ksi (in com
pression),w
hat is the m
axim
um

deck load that this dam
aged pile can support?
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(b)
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B =
 350 kN
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A =
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m

t 1 =
 12 m
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t 2 =
 15 m
m

(b)

(a)
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P
rob.
2.2-9.
A
 rigid beam
 A
B
 of total length 3 m
 is sup-

ported by vertical rods at its ends,and it supports a dow
n-

w
ard load at C
 of P
 �
60 kN
,as show
n in Fig.P
2.2-9.T
he

diam
eters of the steel hanger rods are d
1
�
25 m
m
 and d
2
�

20 m
m
.N
eglect the w
eight of beam
 A
B
 and the rods.(a) If

the load is located at x �
1 m
,w
hat are the stresses �
1a
and

�
2ain the respective hanger rods.(b) A
t w
hat distance x from

A
 m
ust the load be placed such that �
2
�
�
1,and w
hat is the

corresponding axial stress,�
1b
�
�
2b,in the rods?

A

B

C
P
 =
 60 kN

(1)

2 m

3 m

3 m

x

"R
igid"(2)

P2.2-9

P
rob.2.2-10.
A
 12-ft beam
 A
B
 that w
eighs W
b
�
180 lb sup-

ports an air conditioner that w
eighs W
a
�
1000 lb.T
he beam
,

in turn,is supported by hanger rods (1) and (2),as show
n in

Fig.P
2.2-10.(a) If the diam
eter of rod (1) is 
in.,w
hat is the
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P
rob.2.2-8.
A
 colum
n in a tw
o-story building is fabricated

from
 square structural tubing having the cross-sectional di-

m
ensions show
n in Fig.P
2.2-8b.A
xial loads P
A
�

200 kN

and P
B
�
350 kN
 are applied to the colum
n at levels A
 and

B
,as show
n in Fig.P
2.2-8a.D
eterm
ine the axial stress �
1
in

segm
ent A
B
 of the colum
n and the axial stress �
2in segm
ent

B
C
 of the colum
n.N
eglect the w
eight of the colum
n itself.

P
rob.
2.2-6.
T
he three-part axially loaded m
em
ber in Fig.

P
2.2-6 consists of a tubular segm
ent (1) w
ith outer diam
eter

(d
o)
1
�
1.00 in.and inner diam
eter (d
i)
1
�
0.75 in.,a solid

circular rod segm
ent (2) w
ith diam
eter d
2
�

1.00 in.,
and

another solid circular rod segm
ent (3) w
ith diam
eter d
3
�

0.75 in.T
he line of action of each of the three applied loads

is along the centroidal axis of the m
em
ber.D
eterm
ine the

axial stresses �
1,
�
2,and �
3
in each of the three respective

segm
ents.
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150 kN
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0.75 in
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P
rob.
2.2-7.
A
t a local m
arina the dock is supported on

w
ood piling in the m
anner show
n in Fig.
P
2.2-7a.
T
he top

part,A
B
,of one pile is above the norm
al w
aterline;the m
id-

dle part,B
C
,is in direct contact w
ith the w
ater;and the part

below
 C
 is underground.T
he original diam
eter of the pile is

d
0
�
12 in.,but action of the w
ater and insects has reduced

the diam
eter of the pile over the part B
C
.(a) If the axial

force that the deck exerts on this pile is P
 �
200 kips,w
hat

is the axial stress in A
B
?
N
eglect the w
eight of the pile itself.

(b) A
n inspector estim
ates that the diam
eter of the pile in

segm
ent B
C
 has been eroded by 5%
.W
hat axial stress does

the deck load of P
 �
200 kips produce in this dam
aged part

of the pile? (c) If the m
axim
um
 axial stress allow
ed in the

w
ood piles is 7.5 ksi (in com
pression),w
hat is the m
axim
um

deck load that this dam
aged pile can support?
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P
rob.
2.2-9.
A
 rigid beam
 A
B
 of total length 3 m
 is sup-

ported by vertical rods at its ends,and it supports a dow
n-

w
ard load at C
 of P
 �
60 kN
,as show
n in Fig.P
2.2-9.T
he

diam
eters of the steel hanger rods are d
1
�
25 m
m
 and d
2
�

20 m
m
.N
eglect the w
eight of beam
 A
B
 and the rods.(a) If

the load is located at x �
1 m
,w
hat are the stresses �
1a
and

�
2ain the respective hanger rods.(b) A
t w
hat distance x from

A
 m
ust the load be placed such that �
2
�
�
1,and w
hat is the

corresponding axial stress,�
1b
�
�
2b,in the rods?

A

B

C
P
 =
 60 kN

(1)

2 m

3 m

3 m

x

"R
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P
rob.2.2-10.
A
 12-ft beam
 A
B
 that w
eighs W
b
�
180 lb sup-

ports an air conditioner that w
eighs W
a
�
1000 lb.T
he beam
,

in turn,is supported by hanger rods (1) and (2),as show
n in

Fig.P
2.2-10.(a) If the diam
eter of rod (1) is 
in.,w
hat is the
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P
rob.2.2-8.
A
 colum
n in a tw
o-story building is fabricated

from
 square structural tubing having the cross-sectional di-

m
ensions show
n in Fig.P
2.2-8b.A
xial loads P
A
�

200 kN

and P
B
�
350 kN
 are applied to the colum
n at levels A
 and

B
,as show
n in Fig.P
2.2-8a.D
eterm
ine the axial stress �
1
in

segm
ent A
B
 of the colum
n and the axial stress �
2in segm
ent

B
C
 of the colum
n.N
eglect the w
eight of the colum
n itself.

P
rob.
2.2-6.
T
he three-part axially loaded m
em
ber in Fig.

P
2.2-6 consists of a tubular segm
ent (1) w
ith outer diam
eter

(d
o)
1
�
1.00 in.and inner diam
eter (d
i)
1
�
0.75 in.,a solid

circular rod segm
ent (2) w
ith diam
eter d
2
�

1.00 in.,
and

another solid circular rod segm
ent (3) w
ith diam
eter d
3
�

0.75 in.T
he line of action of each of the three applied loads

is along the centroidal axis of the m
em
ber.D
eterm
ine the

axial stresses �
1,
�
2,and �
3
in each of the three respective

segm
ents.
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P
rob.
2.2-7.
A
t a local m
arina the dock is supported on

w
ood piling in the m
anner show
n in Fig.
P
2.2-7a.
T
he top

part,A
B
,of one pile is above the norm
al w
aterline;the m
id-

dle part,B
C
,is in direct contact w
ith the w
ater;and the part

below
 C
 is underground.T
he original diam
eter of the pile is

d
0
�
12 in.,but action of the w
ater and insects has reduced

the diam
eter of the pile over the part B
C
.(a) If the axial

force that the deck exerts on this pile is P
 �
200 kips,w
hat

is the axial stress in A
B
?
N
eglect the w
eight of the pile itself.

(b) A
n inspector estim
ates that the diam
eter of the pile in

segm
ent B
C
 has been eroded by 5%
.W
hat axial stress does

the deck load of P
 �
200 kips produce in this dam
aged part

of the pile? (c) If the m
axim
um
 axial stress allow
ed in the

w
ood piles is 7.5 ksi (in com
pression),w
hat is the m
axim
um

deck load that this dam
aged pile can support?
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P
rob.
2.2-9.
A
 rigid beam
 A
B
 of total length 3 m
 is sup-

ported by vertical rods at its ends,and it supports a dow
n-

w
ard load at C
 of P
 �
60 kN
,as show
n in Fig.P
2.2-9.T
he

diam
eters of the steel hanger rods are d
1
�
25 m
m
 and d
2
�

20 m
m
.N
eglect the w
eight of beam
 A
B
 and the rods.(a) If

the load is located at x �
1 m
,w
hat are the stresses �
1a
and

�
2ain the respective hanger rods.(b) A
t w
hat distance x from

A
 m
ust the load be placed such that �
2
�
�
1,and w
hat is the

corresponding axial stress,�
1b
�
�
2b,in the rods?

A
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C
P
 =
 60 kN

(1)
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x
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P
rob.2.2-10.
A
 12-ft beam
 A
B
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REVIEW AND SUMMARY

This chapter was devoted to the introduction of the concept of strain,
to the discussion of the relationship between stress and strain in 
various types of materials, and to the determination of the deforma-
tions of structural components under axial loading.

Considering a rod of length L and uniform cross section and  denot-
ing by d its deformation under an axial load P (Fig. 9.56), we defined 
the normal strain P in the rod as the deformation per unit length
[Sec. 9.2]:

P 5
d

L
  (9.1)

In the case of a rod of variable cross section, the normal strain was 
defined at any given point Q by considering a small element of rod 
at Q. Denoting by Dx the length of the element and by Dd its defor-
mation under the given load, we wrote

P 5 lim
¢xy0

 
¢d
¢x

5
dd
dx

 (9.2)

Plotting the stress s versus the strain P as the load increased, we 
obtained a stress-strain diagram for the material used [Sec. 9.3]. 
From such a diagram, we were able to distinguish between brittle
and ductile materials: A specimen made of a brittle material  rup-
tures without any noticeable prior change in the rate of elongation 
(Fig. 9.58), while a specimen made of a ductile material yields after 
a critical stress sY, called the yield strength, has been reached, i.e., 
the specimen undergoes a large deformation before rupturing, with 
a relatively small increase in the applied load (Fig. 9.57). An example 
of brittle material with different properties in tension and in com-
pression was provided by concrete.
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7-3             تغییر طول اجسام تحت تاثیر بارهای محوری

)2-7(

میلۀ BC به طول L و سطح مقطع A مطابق 
نیروی  اگر  است.  مفروض  الف(   -10-7( شکل 
کششی P به آن وارد شود، سبب افزایش طول میله 
( خواهد شد که مقدار آن از رابطۀ  L∆ به اندازة )

زیر تعیین می شود. شکل )7-10- ب(

در این رابطه E ضریب ارتجاعی )مدول الاستیسیته( جسم می باشد که به جنس آن  
بستگی دارد و در آزمایشگاه مقاومت مصالح مقدار آن تعیین می شود و واحد آن نیز همان 

و یا )MPa( است.
 

N
mm2

واحد تنش یعنی

L∆

)الف( )ب(
شکل 10-7
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نکته: 
اگر در شکل )7-2( نیروی P فشاری باشد، این نیرو سبب کاهش طول میلۀ می گردد 

که مقدار آن از همان رابطۀ )7-2( محاسبه می شود.
چنانچه جسم دارای مقطع و یا جنس یکنواخت نباشد و یا بارگذاری در نقاط مختلف 

انجام شود در این صورت آن را به بخش های مختلف تقسیم نموده 
و تغییر طول هر بخش را مطابق رابطۀ )7-2(  محاسبه می کنیم و 
برای محاسبه تغییر طول نهایی جسم آن ها را با یکدیگر جمع جبری 

می نماییم یعنی:
i i

i i

n

i

P . LL
A . E=

∆ = ∑
1

مثال 4
میله  ارتجاعی  ضریب  اگر  زیر؛  شکل  مطابق  فولادی  میله  طول  تغییر  مطلوب است 

باشد )از وزن میله صرف نظر می شود(.
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REVIEW AND SUMMARY

This chapter was devoted to the introduction of the concept of strain,
to the discussion of the relationship between stress and strain in 
various types of materials, and to the determination of the deforma-
tions of structural components under axial loading.

Considering a rod of length L and uniform cross section and  denot-
ing by d its deformation under an axial load P (Fig. 9.56), we defined 
the normal strain P in the rod as the deformation per unit length
[Sec. 9.2]:

P 5
d

L
  (9.1)

In the case of a rod of variable cross section, the normal strain was 
defined at any given point Q by considering a small element of rod 
at Q. Denoting by Dx the length of the element and by Dd its defor-
mation under the given load, we wrote

P 5 lim
¢xy0

 
¢d
¢x

5
dd
dx

 (9.2)

Plotting the stress s versus the strain P as the load increased, we 
obtained a stress-strain diagram for the material used [Sec. 9.3]. 
From such a diagram, we were able to distinguish between brittle
and ductile materials: A specimen made of a brittle material  rup-
tures without any noticeable prior change in the rate of elongation 
(Fig. 9.58), while a specimen made of a ductile material yields after 
a critical stress sY, called the yield strength, has been reached, i.e., 
the specimen undergoes a large deformation before rupturing, with 
a relatively small increase in the applied load (Fig. 9.57). An example 
of brittle material with different properties in tension and in com-
pression was provided by concrete.
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m
,respectively.D

eterm
ine the axial stresses �

1

(in rod A
B

)
and �

2
(in rod B

C
).

P2.2-4 and P2.3-6
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P
rob.2.2-8.

A
 colum

n in a tw
o-story building is fabricated

from
 square structural tubing having the cross-sectional di-

m
ensions show

n in Fig.P
2.2-8b.A

xial loads P
A

�
200 kN

and P
B

�
350 kN

 are applied to the colum
n at levels A

 and
B

,as show
n in Fig.P

2.2-8a.D
eterm

ine the axial stress �
1

in
segm

ent A
B

 of the colum
n and the axial stress �

2 in segm
ent

B
C

 of the colum
n.N

eglect the w
eight of the colum

n itself.

P
rob.

2.2-6.
T

he three-part axially loaded m
em

ber in Fig.
P

2.2-6 consists of a tubular segm
ent (1) w

ith outer diam
eter

(d
o )

1
�

1.00 in.and inner diam
eter (d

i )
1

�
0.75 in.,a solid

circular rod segm
ent (2) w

ith diam
eter d

2
�

1.00 in.,
and

another solid circular rod segm
ent (3) w

ith diam
eter d

3
�

0.75 in.T
he line of action of each of the three applied loads

is along the centroidal axis of the m
em

ber.D
eterm

ine the
axial stresses �

1 ,
�

2 ,and �
3

in each of the three respective
segm

ents.

50 kN

150 kN
A

d
1

d
2

B
C

(1)
(2)

P2.2-5

2 kips

(1)
(2)

(3)

2 kips

3 kips
0.75 in

0.75 in.
1.00 in.

P2.2-6

P
rob.

2.2-7.
A

t a local m
arina the dock is supported on

w
ood piling in the m

anner show
n in Fig.

P
2.2-7a.

T
he top

part,A
B

,of one pile is above the norm
al w

aterline;the m
id-

dle part,B
C

,is in direct contact w
ith the w

ater;and the part
below

 C
 is underground.T

he original diam
eter of the pile is

d
0

�
12 in.,but action of the w

ater and insects has reduced
the diam

eter of the pile over the part B
C

.(a) If the axial
force that the deck exerts on this pile is P

 �
200 kips,w

hat
is the axial stress in A

B
?

N
eglect the w

eight of the pile itself.
(b) A

n inspector estim
ates that the diam

eter of the pile in
segm

ent B
C

 has been eroded by 5%
.W

hat axial stress does
the deck load of P

 �
200 kips produce in this dam

aged part
of the pile? (c) If the m

axim
um

 axial stress allow
ed in the

w
ood piles is 7.5 ksi (in com

pression),w
hat is the m

axim
um

deck load that this dam
aged pile can support?

(a)
(b)

d
1  =

 d
0

d
2

(1)

A

P

BC

(2)

P2.2-7

(1)

(2)

ABC

P
B  =

 350 kN

P
A  =

 200 kN

200 m
m

200 m
m

150 m
m

150 m
m

t1  =
 12 m

m

t2  =
 15 m

m

(b)
(a)

P2.2-8

P
rob.

2.2-9.
A

 rigid beam
 A

B
 of total length 3 m

 is sup-
ported by vertical rods at its ends,and it supports a dow

n-
w

ard load at C
 of P

 �
60 kN

,as show
n in Fig.P

2.2-9.T
he

diam
eters of the steel hanger rods are d

1
�

25 m
m

 and d
2

�
20 m

m
.N

eglect the w
eight of beam

 A
B

 and the rods.(a) If
the load is located at x �

1 m
,w

hat are the stresses �
1a

and
�

2a in the respective hanger rods.(b) A
t w

hat distance x from
A

 m
ust the load be placed such that �

2
�

�
1 ,and w

hat is the
corresponding axial stress,�

1b
�

�
2b ,in the rods?

A
B

C

P
 =

 60 kN

(1)

2 m

3 m

3 m

x
"R

igid" (2)

P2.2-9

P
rob.2.2-10.

A
 12-ft beam

 A
B

 that w
eighs W

b
�

180 lb sup-
ports an air conditioner that w

eighs W
a

�
1000 lb.T

he beam
,

in turn,is supported by hanger rods (1) and (2),as show
n in

Fig.P
2.2-10.(a) If the diam

eter of rod (1) is 
in.,w

hat is the
38
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E
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m
em

ber.
(a) D

eterm
ine the coordinates y

R
and z

R
of the

point w
here the tensile load P

 m
ust act in order to produce

uniform
 tensile stress in the cross section of the structural

angle,and (b) determ
ine the m

agnitude of that tensile stress
if P

 �
18 kips.

2.15
PRO

BLEM
S

For all problem
s in Section 2.2,

assum
e unknow

n axial
forces to be positive in tension.A

s in E
xam

ples 2.1 and
2.2,label tensile-stress answ

ers w
ith (T

) and com
pressive-

stress answ
ers w

ith (C
).

P
rob.

2.2-1.
A

 1-in.-diam
eter solid bar (1),

a square solid
bar (2),

and a circular tubular m
em

ber w
ith 0.2-in.

w
all

thickness (3),each supports an axial tensile load of 5 kips.
(a) D

eterm
ine the axial stress in bar (1).

(b) If the axial
stress in each of the other bars is 6 ksi,w

hat is the dim
ension,

b,of the square bar,and w
hat is the outer diam

eter,c,of the
tubular m

em
ber?

M
D

S 2.1–2.4
▼

1 in.

(1)
(2)

(3)

b
c

t  =
 0.2 in.

bP2.2-1

P
rob.2.2-2.

T
he structural tee show

n in Fig.P
2.2-2 supports

a com
pressive load P

 �
200 kN

.(a) D
eterm

ine the coordi-
nate y

R
of the point R

 in the cross section w
here the load

m
ust act in order to produce uniform

 com
pressive axial

stress in the m
em

ber,and (b) determ
ine the m

agnitude of
that com

pressive stress.

10 m
m

z

P

P

75m
m

75m
m

y

y
R

120 m
m

15 m
m

(a)

(b) R

P
rob.

2.2-3.
A

 steel plate is w
elded onto each end of the

structural angle in Fig.P
2.2-3 so that a load can be applied

at point R
,w

here it w
ill produce uniform

 axial stress in the

P2.2-2

P
P

y

z

(b) R
4 in.

3 in.

0.5 in.

0.5 in.

E
nd plate

P2.2-3

P
rob.

2.2-4.
C

onsider 
the 

free-hanging 
rod 

show
n 

in 
Fig.P

2.2-4.T
he rod has the shape of a conical frustum

,w
ith

radius R
0 at its top and radius R

L
at its bottom

,and it is m
ade

of m
aterial w

ith m
ass density �.T

he length of the rod is L
.

D
eterm

ine an expression for the norm
al stress,

�
(x),at an

arbitrary cross section x
(0 �

x
�

L
),w

here x
is m

easured
dow

nw
ard from

 the top of the rod.

P
rob.2.2-5.

A
 solid brass rod A

B
 and a solid alum

inum
 rod

B
C

 are connected together by a coupler at B
,

as show
n in

Fig.P
2.2-5.T

he diam
eters of the tw

o segm
ents are d

1
�

60 m
m

and d
2

�
50 m

m
,respectively.D

eterm
ine the axial stresses �

1

(in rod A
B

)
and �

2
(in rod B

C
).

P2.2-4 and P2.3-6
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مقطع 1-1

N
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ST
R

E
SS

m
em

ber.
(a) D

eterm
ine the coordinates y

R
and z

R
of the

point w
here the tensile load P

 m
ust act in order to produce

uniform
 tensile stress in the cross section of the structural

angle,and (b) determ
ine the m

agnitude of that tensile stress
if P

 �
18 kips.

2.15
PRO

BLEM
S

For all problem
s in Section 2.2,

assum
e unknow

n axial
forces to be positive in tension.A

s in E
xam

ples 2.1 and
2.2,label tensile-stress answ

ers w
ith (T

) and com
pressive-

stress answ
ers w

ith (C
).

P
rob.

2.2-1.
A

 1-in.-diam
eter solid bar (1),

a square solid
bar (2),

and a circular tubular m
em

ber w
ith 0.2-in.

w
all

thickness (3),each supports an axial tensile load of 5 kips.
(a) D

eterm
ine the axial stress in bar (1).

(b) If the axial
stress in each of the other bars is 6 ksi,w

hat is the dim
ension,

b,of the square bar,and w
hat is the outer diam

eter,c,of the
tubular m

em
ber?

M
D

S 2.1–2.4
▼

1 in.

(1)
(2)

(3)

b
c

t  =
 0.2 in.

bP2.2-1

P
rob.2.2-2.

T
he structural tee show

n in Fig.P
2.2-2 supports

a com
pressive load P

 �
200 kN

.(a) D
eterm

ine the coordi-
nate y

R
of the point R

 in the cross section w
here the load

m
ust act in order to produce uniform

 com
pressive axial

stress in the m
em

ber,and (b) determ
ine the m

agnitude of
that com

pressive stress.

10 m
m

z

P

P

75m
m

75m
m

y

y
R

120 m
m

15 m
m

(a)

(b) R

P
rob.

2.2-3.
A

 steel plate is w
elded onto each end of the

structural angle in Fig.P
2.2-3 so that a load can be applied

at point R
,w

here it w
ill produce uniform

 axial stress in the

P2.2-2

P
P

y

z

(b) R
4 in.

3 in.

0.5 in.

0.5 in.

E
nd plate

P2.2-3

P
rob.

2.2-4.
C

onsider 
the 

free-hanging 
rod 

show
n 

in 
Fig.P

2.2-4.T
he rod has the shape of a conical frustum

,w
ith

radius R
0 at its top and radius R

L
at its bottom

,and it is m
ade

of m
aterial w

ith m
ass density �.T

he length of the rod is L
.

D
eterm

ine an expression for the norm
al stress,

�
(x),at an

arbitrary cross section x
(0 �

x
�

L
),w

here x
is m

easured
dow

nw
ard from

 the top of the rod.

P
rob.2.2-5.

A
 solid brass rod A

B
 and a solid alum

inum
 rod

B
C

 are connected together by a coupler at B
,

as show
n in

Fig.P
2.2-5.T

he diam
eters of the tw

o segm
ents are d

1
�

60 m
m

and d
2

�
50 m

m
,respectively.D

eterm
ine the axial stresses �

1

(in rod A
B

)
and �

2
(in rod B

C
).

P2.2-4 and P2.3-6
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مقطع 2-2

حل:
 2 1 و  تغییر طول کلی جسم برابر است با جمع جبری تغییر طول هر یک از قطعات 

یعنی:

الف( تغییر طول قطعه شماره 1:
tL L L1 2∆ = ∆ + ∆

1 کاهش می یابد. با توجه به علامت منفی، طول قطعۀ 

نیروی P فشاری می باشد.

P
rob.2.2-8.

A
 colum

n in a tw
o-story building is fabricated

from
 square structural tubing having the cross-sectional di-

m
ensions show

n in Fig.P
2.2-8b.A

xial loads P
A

�
200 kN

and P
B

�
350 kN

 are applied to the colum
n at levels A

 and
B

,as show
n in Fig.P

2.2-8a.D
eterm

ine the axial stress �
1

in
segm

ent A
B

 of the colum
n and the axial stress �

2 in segm
ent

B
C

 of the colum
n.N

eglect the w
eight of the colum

n itself.

P
rob.

2.2-6.
T

he three-part axially loaded m
em

ber in Fig.
P

2.2-6 consists of a tubular segm
ent (1) w

ith outer diam
eter

(d
o )

1
�

1.00 in.and inner diam
eter (d

i )
1

�
0.75 in.,a solid

circular rod segm
ent (2) w

ith diam
eter d

2
�

1.00 in.,
and

another solid circular rod segm
ent (3) w

ith diam
eter d

3
�

0.75 in.T
he line of action of each of the three applied loads

is along the centroidal axis of the m
em

ber.D
eterm

ine the
axial stresses �

1 ,
�

2 ,and �
3

in each of the three respective
segm

ents.

50 kN

150 kN
A

d
1

d
2

B
C

(1)
(2)

P2.2-5

2 kips

(1)
(2)

(3)

2 kips

3 kips
0.75 in

0.75 in.
1.00 in.

P2.2-6

P
rob.

2.2-7.
A

t a local m
arina the dock is supported on

w
ood piling in the m

anner show
n in Fig.

P
2.2-7a.T

he top
part,A

B
,of one pile is above the norm

al w
aterline;the m

id-
dle part,B

C
,is in direct contact w

ith the w
ater;and the part

below
 C

 is underground.T
he original diam

eter of the pile is
d

0
�

12 in.,but action of the w
ater and insects has reduced

the diam
eter of the pile over the part B

C
.(a) If the axial

force that the deck exerts on this pile is P
 �

200 kips,w
hat

is the axial stress in A
B

?
N

eglect the w
eight of the pile itself.

(b) A
n inspector estim

ates that the diam
eter of the pile in

segm
ent B

C
 has been eroded by 5%

.W
hat axial stress does

the deck load of P
 �

200 kips produce in this dam
aged part

of the pile? (c) If the m
axim

um
 axial stress allow

ed in the
w

ood piles is 7.5 ksi (in com
pression),w

hat is the m
axim

um
deck load that this dam

aged pile can support?

(a)
(b)

d
1  =

 d
0

d
2

(1)

A

P

BC

(2)

P2.2-7

(1)

(2)

ABC

P
B  =

 350 kN

P
A  =

 200 kN

200 m
m

200 m
m

150 m
m

150 m
m

t1  =
 12 m

m

t2  =
 15 m

m

(b)
(a)

P2.2-8

P
rob.

2.2-9.
A

 rigid beam
 A

B
 of total length 3 m

 is sup-
ported by vertical rods at its ends,and it supports a dow

n-
w

ard load at C
 of P

 �
60 kN

,as show
n in Fig.P

2.2-9.T
he

diam
eters of the steel hanger rods are d

1
�

25 m
m

 and d
2

�
20 m

m
.N

eglect the w
eight of beam

 A
B

 and the rods.(a) If
the load is located at x �

1 m
,w

hat are the stresses �
1a

and
�

2a in the respective hanger rods.(b) A
t w

hat distance x from
A

 m
ust the load be placed such that �

2
�

�
1 ,and w

hat is the
corresponding axial stress,�

1b
�

�
2b ,in the rods?

A
B

C

P
 =

 60 kN

(1)

2 m

3 m

3 m

x
"R

igid" (2)

P2.2-9

P
rob.2.2-10.

A
 12-ft beam

 A
B

 that w
eighs W

b
�

180 lb sup-
ports an air conditioner that w

eighs W
a

�
1000 lb.T

he beam
,

in turn,is supported by hanger rods (1) and (2),as show
n in

Fig.P
2.2-10.(a) If the diam

eter of rod (1) is 
in.,w

hat is the
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P
rob.2.2-8.

A
 colum

n in a tw
o-story building is fabricated

from
 square structural tubing having the cross-sectional di-

m
ensions show

n in Fig.P
2.2-8b.A

xial loads P
A

�
200 kN

and P
B

�
350 kN

 are applied to the colum
n at levels A

 and
B

,as show
n in Fig.P

2.2-8a.D
eterm

ine the axial stress �
1

in
segm

ent A
B

 of the colum
n and the axial stress �

2 in segm
ent

B
C

 of the colum
n.N

eglect the w
eight of the colum

n itself.

P
rob.

2.2-6.
T

he three-part axially loaded m
em

ber in Fig.
P

2.2-6 consists of a tubular segm
ent (1) w

ith outer diam
eter

(d
o )

1
�

1.00 in.and inner diam
eter (d

i )
1

�
0.75 in.,a solid

circular rod segm
ent (2) w

ith diam
eter d

2
�

1.00 in.,
and

another solid circular rod segm
ent (3) w

ith diam
eter d

3
�

0.75 in.T
he line of action of each of the three applied loads

is along the centroidal axis of the m
em

ber.D
eterm

ine the
axial stresses �

1 ,
�

2 ,and �
3

in each of the three respective
segm

ents.

50 kN

150 kN
A

d
1

d
2

B
C

(1)
(2)

P2.2-5

2 kips

(1)
(2)

(3)

2 kips

3 kips
0.75 in

0.75 in.
1.00 in.

P2.2-6

P
rob.

2.2-7.
A

t a local m
arina the dock is supported on

w
ood piling in the m

anner show
n in Fig.

P
2.2-7a.T

he top
part,A

B
,of one pile is above the norm

al w
aterline;the m

id-
dle part,B

C
,is in direct contact w

ith the w
ater;and the part

below
 C

 is underground.T
he original diam

eter of the pile is
d

0
�

12 in.,but action of the w
ater and insects has reduced

the diam
eter of the pile over the part B

C
.(a) If the axial

force that the deck exerts on this pile is P
 �

200 kips,w
hat

is the axial stress in A
B

?
N

eglect the w
eight of the pile itself.

(b) A
n inspector estim

ates that the diam
eter of the pile in

segm
ent B

C
 has been eroded by 5%

.W
hat axial stress does

the deck load of P
 �

200 kips produce in this dam
aged part

of the pile? (c) If the m
axim

um
 axial stress allow

ed in the
w

ood piles is 7.5 ksi (in com
pression),w

hat is the m
axim

um
deck load that this dam

aged pile can support?

(a)
(b)

d
1  =

 d
0

d
2

(1)

A

P

BC

(2)

P2.2-7

(1)

(2)

ABC

P
B  =

 350 kN

P
A  =

 200 kN

200 m
m

200 m
m

150 m
m

150 m
m

t1  =
 12 m

m

t2  =
 15 m

m

(b)
(a)

P2.2-8

P
rob.

2.2-9.
A

 rigid beam
 A

B
 of total length 3 m

 is sup-
ported by vertical rods at its ends,and it supports a dow

n-
w

ard load at C
 of P

 �
60 kN

,as show
n in Fig.P

2.2-9.T
he

diam
eters of the steel hanger rods are d

1
�

25 m
m

 and d
2

�
20 m

m
.N

eglect the w
eight of beam

 A
B

 and the rods.(a) If
the load is located at x �

1 m
,w

hat are the stresses �
1a

and
�

2a in the respective hanger rods.(b) A
t w

hat distance x from
A

 m
ust the load be placed such that �

2
�

�
1 ,and w

hat is the
corresponding axial stress,�

1b
�

�
2b ,in the rods?

A
B

C

P
 =

 60 kN

(1)

2 m

3 m

3 m

x
"R

igid" (2)

P2.2-9

P
rob.2.2-10.

A
 12-ft beam

 A
B

 that w
eighs W

b
�

180 lb sup-
ports an air conditioner that w

eighs W
a

�
1000 lb.T

he beam
,

in turn,is supported by hanger rods (1) and (2),as show
n in

Fig.P
2.2-10.(a) If the diam

eter of rod (1) is 
in.,w

hat is the
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P
rob.2.2-8.

A
 colum

n in a tw
o-story building is fabricated

from
 square structural tubing having the cross-sectional di-

m
ensions show

n in Fig.P
2.2-8b.A

xial loads P
A

�
200 kN

and P
B

�
350 kN

 are applied to the colum
n at levels A

 and
B

,as show
n in Fig.P

2.2-8a.D
eterm

ine the axial stress �
1

in
segm

ent A
B

 of the colum
n and the axial stress �

2 in segm
ent

B
C

 of the colum
n.N

eglect the w
eight of the colum

n itself.

P
rob.

2.2-6.
T

he three-part axially loaded m
em

ber in Fig.
P

2.2-6 consists of a tubular segm
ent (1) w

ith outer diam
eter

(d
o )

1
�

1.00 in.and inner diam
eter (d

i )
1

�
0.75 in.,a solid

circular rod segm
ent (2) w

ith diam
eter d

2
�

1.00 in.,
and

another solid circular rod segm
ent (3) w

ith diam
eter d

3
�

0.75 in.T
he line of action of each of the three applied loads

is along the centroidal axis of the m
em

ber.D
eterm

ine the
axial stresses �

1 ,
�

2 ,and �
3

in each of the three respective
segm

ents.

50 kN

150 kN
A

d
1

d
2

B
C

(1)
(2)

P2.2-5

2 kips

(1)
(2)

(3)

2 kips

3 kips
0.75 in

0.75 in.
1.00 in.

P2.2-6

P
rob.

2.2-7.
A

t a local m
arina the dock is supported on

w
ood piling in the m

anner show
n in Fig.

P
2.2-7a.T

he top
part,A

B
,of one pile is above the norm

al w
aterline;the m

id-
dle part,B

C
,is in direct contact w

ith the w
ater;and the part

below
 C

 is underground.T
he original diam

eter of the pile is
d

0
�

12 in.,but action of the w
ater and insects has reduced

the diam
eter of the pile over the part B

C
.(a) If the axial

force that the deck exerts on this pile is P
 �

200 kips,w
hat

is the axial stress in A
B

?
N

eglect the w
eight of the pile itself.

(b) A
n inspector estim

ates that the diam
eter of the pile in

segm
ent B

C
 has been eroded by 5%

.W
hat axial stress does

the deck load of P
 �

200 kips produce in this dam
aged part

of the pile? (c) If the m
axim

um
 axial stress allow

ed in the
w

ood piles is 7.5 ksi (in com
pression),w

hat is the m
axim

um
deck load that this dam

aged pile can support?

(a)
(b)

d
1  =

 d
0

d
2

(1)

A

P

BC

(2)

P2.2-7

(1)

(2)

ABC

P
B  =

 350 kN

P
A  =

 200 kN

200 m
m

200 m
m

150 m
m

150 m
m

t1  =
 12 m

m

t2  =
 15 m

m

(b)
(a)

P2.2-8

P
rob.

2.2-9.
A

 rigid beam
 A

B
 of total length 3 m

 is sup-
ported by vertical rods at its ends,and it supports a dow

n-
w

ard load at C
 of P

 �
60 kN

,as show
n in Fig.P

2.2-9.T
he

diam
eters of the steel hanger rods are d

1
�

25 m
m

 and d
2

�
20 m

m
.N

eglect the w
eight of beam

 A
B

 and the rods.(a) If
the load is located at x �

1 m
,w

hat are the stresses �
1a

and
�

2a in the respective hanger rods.(b) A
t w

hat distance x from
A

 m
ust the load be placed such that �

2
�

�
1 ,and w

hat is the
corresponding axial stress,�

1b
�

�
2b ,in the rods?

A
B

C

P
 =

 60 kN

(1)

2 m

3 m

3 m

x
"R

igid" (2)

P2.2-9

P
rob.2.2-10.

A
 12-ft beam

 A
B

 that w
eighs W

b
�

180 lb sup-
ports an air conditioner that w

eighs W
a

�
1000 lb.T

he beam
,

in turn,is supported by hanger rods (1) and (2),as show
n in

Fig.P
2.2-10.(a) If the diam

eter of rod (1) is 
in.,w

hat is the
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P
rob.2.2-8.

A
 colum

n in a tw
o-story building is fabricated

from
 square structural tubing having the cross-sectional di-

m
ensions show

n in Fig.P
2.2-8b.A

xial loads P
A

�
200 kN

and P
B

�
350 kN

 are applied to the colum
n at levels A

 and
B

,as show
n in Fig.P

2.2-8a.D
eterm

ine the axial stress �
1

in
segm

ent A
B

 of the colum
n and the axial stress �

2 in segm
ent

B
C

 of the colum
n.N

eglect the w
eight of the colum

n itself.

P
rob.

2.2-6.
T

he three-part axially loaded m
em

ber in Fig.
P

2.2-6 consists of a tubular segm
ent (1) w

ith outer diam
eter

(d
o )

1
�

1.00 in.and inner diam
eter (d

i )
1

�
0.75 in.,a solid

circular rod segm
ent (2) w

ith diam
eter d

2
�

1.00 in.,
and

another solid circular rod segm
ent (3) w

ith diam
eter d

3
�

0.75 in.T
he line of action of each of the three applied loads

is along the centroidal axis of the m
em

ber.D
eterm

ine the
axial stresses �

1 ,
�

2 ,and �
3

in each of the three respective
segm

ents.

50 kN

150 kN
A

d
1

d
2

B
C

(1)
(2)

P2.2-5

2 kips

(1)
(2)

(3)

2 kips

3 kips
0.75 in

0.75 in.
1.00 in.

P2.2-6

P
rob.

2.2-7.
A

t a local m
arina the dock is supported on

w
ood piling in the m

anner show
n in Fig.

P
2.2-7a.T

he top
part,A

B
,of one pile is above the norm

al w
aterline;the m

id-
dle part,B

C
,is in direct contact w

ith the w
ater;and the part

below
 C

 is underground.T
he original diam

eter of the pile is
d

0
�

12 in.,but action of the w
ater and insects has reduced

the diam
eter of the pile over the part B

C
.(a) If the axial

force that the deck exerts on this pile is P
 �

200 kips,w
hat

is the axial stress in A
B

?
N

eglect the w
eight of the pile itself.

(b) A
n inspector estim

ates that the diam
eter of the pile in

segm
ent B

C
 has been eroded by 5%

.W
hat axial stress does

the deck load of P
 �

200 kips produce in this dam
aged part

of the pile? (c) If the m
axim

um
 axial stress allow

ed in the
w

ood piles is 7.5 ksi (in com
pression),w

hat is the m
axim

um
deck load that this dam

aged pile can support?

(a)
(b)

d
1  =

 d
0

d
2

(1)

A

P

BC

(2)

P2.2-7

(1)

(2)

ABC

P
B  =

 350 kN

P
A  =

 200 kN

200 m
m

200 m
m

150 m
m

150 m
m

t1  =
 12 m

m

t2  =
 15 m

m

(b)
(a)

P2.2-8

P
rob.

2.2-9.
A

 rigid beam
 A

B
 of total length 3 m

 is sup-
ported by vertical rods at its ends,and it supports a dow

n-
w

ard load at C
 of P

 �
60 kN

,as show
n in Fig.P

2.2-9.T
he

diam
eters of the steel hanger rods are d

1
�

25 m
m

 and d
2

�
20 m

m
.N

eglect the w
eight of beam

 A
B

 and the rods.(a) If
the load is located at x �

1 m
,w

hat are the stresses �
1a

and
�

2a in the respective hanger rods.(b) A
t w

hat distance x from
A

 m
ust the load be placed such that �

2
�

�
1 ,and w

hat is the
corresponding axial stress,�

1b
�

�
2b ,in the rods?

A
B

C

P
 =

 60 kN

(1)

2 m

3 m

3 m

x
"R

igid" (2)

P2.2-9

P
rob.2.2-10.

A
 12-ft beam

 A
B

 that w
eighs W

b
�

180 lb sup-
ports an air conditioner that w

eighs W
a

�
1000 lb.T

he beam
,

in turn,is supported by hanger rods (1) and (2),as show
n in

Fig.P
2.2-10.(a) If the diam

eter of rod (1) is 
in.,w

hat is the
38

90

 
 
c
0
2
S
t
r
e
s
s
A
n
d
S
t
r
a
i
n
I
n
t
r
o
d
u
c
t
i
o
n
T
o
D
e
s
i
g
n
.
q
x
d
 
 
9
/
3
0
/
1
0
 
 
3
:
2
2
 
P
M
 
 
P
a
g
e
 
9
0

P1=120KN

P2=200KNP2=200KN

1

2

1

1

2

2

P
rob.2.2-8.
A
 colum
n in a tw
o-story building is fabricated

from
 square structural tubing having the cross-sectional di-

m
ensions show
n in Fig.P
2.2-8b.A
xial loads P
A
�

200 kN

and P
B
�
350 kN
 are applied to the colum
n at levels A
 and

B
,as show
n in Fig.P
2.2-8a.D
eterm
ine the axial stress �
1
in

segm
ent A
B
 of the colum
n and the axial stress �
2in segm
ent

B
C
 of the colum
n.N
eglect the w
eight of the colum
n itself.

P
rob.
2.2-6.
T
he three-part axially loaded m
em
ber in Fig.

P
2.2-6 consists of a tubular segm
ent (1) w
ith outer diam
eter

(d
o)
1
�
1.00 in.and inner diam
eter (d
i)
1
�
0.75 in.,a solid

circular rod segm
ent (2) w
ith diam
eter d
2
�

1.00 in.,
and

another solid circular rod segm
ent (3) w
ith diam
eter d
3
�

0.75 in.T
he line of action of each of the three applied loads

is along the centroidal axis of the m
em
ber.D
eterm
ine the

axial stresses �
1,
�
2,and �
3
in each of the three respective

segm
ents.

50 kN

150 kN

A

d
1

d
2

B

C

(1)

(2)

P2.2-5

2 kips

(1)

(2)

(3)

2 kips

3 kips

0.75 in

0.75 in.

1.00 in.

P2.2-6

P
rob.
2.2-7.
A
t a local m
arina the dock is supported on

w
ood piling in the m
anner show
n in Fig.
P
2.2-7a.T
he top

part,A
B
,of one pile is above the norm
al w
aterline;the m
id-

dle part,B
C
,is in direct contact w
ith the w
ater;and the part

below
 C
 is underground.T
he original diam
eter of the pile is

d
0
�
12 in.,but action of the w
ater and insects has reduced

the diam
eter of the pile over the part B
C
.(a) If the axial

force that the deck exerts on this pile is P
 �
200 kips,w
hat

is the axial stress in A
B
?
N
eglect the w
eight of the pile itself.

(b) A
n inspector estim
ates that the diam
eter of the pile in

segm
ent B
C
 has been eroded by 5%
.W
hat axial stress does

the deck load of P
 �
200 kips produce in this dam
aged part

of the pile? (c) If the m
axim
um
 axial stress allow
ed in the

w
ood piles is 7.5 ksi (in com
pression),w
hat is the m
axim
um

deck load that this dam
aged pile can support?

(a)

(b)
d
1 =
 d
0

d
2

(1)

A
P

B C

(2)

P2.2-7

(1)
(2)

A B C

P
B =
 350 kN

P
A =
 200 kN

200 m
m

200 m
m

150 m
m

150 m
m

t 1 =
 12 m
m

t 2 =
 15 m
m

(b)

(a)

P2.2-8

P
rob.
2.2-9.
A
 rigid beam
 A
B
 of total length 3 m
 is sup-

ported by vertical rods at its ends,and it supports a dow
n-

w
ard load at C
 of P
 �
60 kN
,as show
n in Fig.P
2.2-9.T
he

diam
eters of the steel hanger rods are d
1
�
25 m
m
 and d
2
�

20 m
m
.N
eglect the w
eight of beam
 A
B
 and the rods.(a) If

the load is located at x �
1 m
,w
hat are the stresses �
1a
and

�
2ain the respective hanger rods.(b) A
t w
hat distance x from

A
 m
ust the load be placed such that �
2
�
�
1,and w
hat is the

corresponding axial stress,�
1b
�
�
2b,in the rods?

A

B

C
P
 =
 60 kN

(1)

2 m

3 m

3 m

x

"R
igid"(2)

P2.2-9

P
rob.2.2-10.
A
 12-ft beam
 A
B
 that w
eighs W
b
�
180 lb sup-

ports an air conditioner that w
eighs W
a
�
1000 lb.T
he beam
,

in turn,is supported by hanger rods (1) and (2),as show
n in

Fig.P
2.2-10.(a) If the diam
eter of rod (1) is 
in.,w
hat is the
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P
rob.2.2-8.
A
 colum
n in a tw
o-story building is fabricated

from
 square structural tubing having the cross-sectional di-

m
ensions show
n in Fig.P
2.2-8b.A
xial loads P
A
�

200 kN

and P
B
�
350 kN
 are applied to the colum
n at levels A
 and

B
,as show
n in Fig.P
2.2-8a.D
eterm
ine the axial stress �
1
in

segm
ent A
B
 of the colum
n and the axial stress �
2in segm
ent

B
C
 of the colum
n.N
eglect the w
eight of the colum
n itself.

P
rob.
2.2-6.
T
he three-part axially loaded m
em
ber in Fig.

P
2.2-6 consists of a tubular segm
ent (1) w
ith outer diam
eter

(d
o)
1
�
1.00 in.and inner diam
eter (d
i)
1
�
0.75 in.,a solid

circular rod segm
ent (2) w
ith diam
eter d
2
�

1.00 in.,
and

another solid circular rod segm
ent (3) w
ith diam
eter d
3
�

0.75 in.T
he line of action of each of the three applied loads

is along the centroidal axis of the m
em
ber.D
eterm
ine the

axial stresses �
1,
�
2,and �
3
in each of the three respective

segm
ents.

50 kN

150 kN

A

d
1

d
2

B

C

(1)

(2)

P2.2-5

2 kips

(1)

(2)

(3)

2 kips

3 kips

0.75 in

0.75 in.

1.00 in.

P2.2-6

P
rob.
2.2-7.
A
t a local m
arina the dock is supported on

w
ood piling in the m
anner show
n in Fig.
P
2.2-7a.T
he top

part,A
B
,of one pile is above the norm
al w
aterline;the m
id-

dle part,B
C
,is in direct contact w
ith the w
ater;and the part

below
 C
 is underground.T
he original diam
eter of the pile is

d
0
�
12 in.,but action of the w
ater and insects has reduced

the diam
eter of the pile over the part B
C
.(a) If the axial

force that the deck exerts on this pile is P
 �
200 kips,w
hat

is the axial stress in A
B
?
N
eglect the w
eight of the pile itself.

(b) A
n inspector estim
ates that the diam
eter of the pile in

segm
ent B
C
 has been eroded by 5%
.W
hat axial stress does

the deck load of P
 �
200 kips produce in this dam
aged part

of the pile? (c) If the m
axim
um
 axial stress allow
ed in the

w
ood piles is 7.5 ksi (in com
pression),w
hat is the m
axim
um

deck load that this dam
aged pile can support?

(a)

(b)
d
1 =

 d
0

d
2

(1)

A
P

B C

(2)

P2.2-7

(1)
(2)

A B C

P
B =
 350 kN

P
A =
 200 kN

200 m
m

200 m
m

150 m
m

150 m
m

t 1 =
 12 m
m

t 2 =
 15 m
m

(b)

(a)

P2.2-8

P
rob.
2.2-9.
A
 rigid beam
 A
B
 of total length 3 m
 is sup-

ported by vertical rods at its ends,and it supports a dow
n-

w
ard load at C
 of P
 �
60 kN
,as show
n in Fig.P
2.2-9.T
he

diam
eters of the steel hanger rods are d
1
�
25 m
m
 and d
2
�

20 m
m
.N
eglect the w
eight of beam
 A
B
 and the rods.(a) If

the load is located at x �
1 m
,w
hat are the stresses �
1a
and

�
2ain the respective hanger rods.(b) A
t w
hat distance x from

A
 m
ust the load be placed such that �
2
�
�
1,and w
hat is the

corresponding axial stress,�
1b
�
�
2b,in the rods?

A

B

C
P
 =
 60 kN

(1)

2 m

3 m

3 m

x

"R
igid"(2)

P2.2-9

P
rob.2.2-10.
A
 12-ft beam
 A
B
 that w
eighs W
b
�
180 lb sup-

ports an air conditioner that w
eighs W
a
�
1000 lb.T
he beam
,

in turn,is supported by hanger rods (1) and (2),as show
n in

Fig.P
2.2-10.(a) If the diam
eter of rod (1) is 
in.,w
hat is the

3 8
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ب( تغییر طول قطعه شماره 2:

خلاصۀ فصل
• اجسام تحت تأثیر نیروهاي مختلف، رفتارهاي متفاوتي مانند رفتار کششي، فشاري، برشي 

و ... از خود نشان مي دهند.
• نیروي محوري نیرویي است که در امتداد محور طولی اجسام و عمود بر سطح مقطع آن ها 

وارد مي شود.
• نیروي وارد به واحد سطح را تنش مي نامند.

تعریف مي شود و بر سطح مقطع جسم عمود است.
 

P
A
±σ = • تنش محوري با رابطۀ 

. N
m2

• واحد تنش در سیستم SI عبارت است از 

• نیروهاي محوري در اجسام، کاهش یا افزایش طول ایجاد مي نمایند که از رابطۀ زیر به 
دست می آید:

• تغییر طول کلي اجسام از رابطۀ زیر به دست مي آید:

 E نماد  با  بستگي داشته و  به جنس آن ها  یا مدول الاستیسیته اجسام  ارتجاعي  • ضریب 

یا MPa مي باشد. N
mm2

نمایش داده مي شود و واحد آن، واحد تنش یعني

2 افزایش طول قطعۀ 
تغییر طول کلی جسم برابر است با:

با توجه به علامت منفی، طول کل جسم کاهش می یابد.
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محاسبۀ تنش محوری کابل.

2- ستونی مطابق شکل زیر تحت تأثیر بار محوری 500 کیلونیوتن قرار دارد. مطلوب است 
محاسبۀ تنش در پای ستون )از وزن ستون صرف نظر شود(.

181/5 kN

105/5 kN105/5 kN

مطابق  دایره  مقطع  با  بتن  جنس  از  ستونی   -3
شکل تحت تأثیر سه نیرو قرار دارد. مطلوب است 
محاسبۀ قطر هر یک از دو عضو فوقانی و تحتانی، 
در صورتی که خواسته باشیم تنش در هر عضو 
از MPa 8 تجاوز نکند )از وزن اعضا صرف نظر 

شود(.

P=500kN
400
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m

200 mm

4- باری محوری برابر kN 600 بر ستونی فلزی از لوله با ضخامت جداره 10 میلی متر و 
قطر داخلی mm 200 اثر می کند. مطلوب است محاسبۀ تنش فشاری در ستون.

10 mm100 mm
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5- نیرویی برابر kN 1000 بر یک صفحۀ کف ستون )Base Plate( وارد می شود. اگر 
تنش زیر صفحه MPa 5 باشد، مطلوب است محاسبۀ ابعاد کف ستون در صورتی که، صفحۀ 

کف ستون:
الف( مربع باشد

ب( نسبت طول به عرض آن 1/5 باشد
ج( دایره باشد.

به وسیلۀ  را مطابق شکل   80  kN برابر  نیرویی   100  mm به قطر  فلزی  6- یک ستونک 
صفحه کف ستون بر روی دیواری به ضخامت 200 میلی متر وارد می کند. در صورتی که 

در نظر باشد تنش در زیر صفحه، حداکثر به MPa 1 محدود شود، مطلوب است محاسبۀ:
الف( ابعاد صفحه کف ستون؛

ب( تنش در مقطع ستونک؛
ج( تنش در زیر دیوار در صورتی که طول دیوار m 1 باشد )از وزن دیوار صرف نظر شود(.

80 kN

7- در شکل زیر اگر مقطع میله دایره ای به قطر d و جنس آن از فولاد باشد و خواسته باشیم  
(E MPa)52 10= × .)d( باشد، مطلوب است محاسبۀ قطر میله L / cm1 592∆ =

200kN200kN

500 cm
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8- در شکل های زیر تغییر طول نهایی هر کدام را محاسبه کنید.
)مقادیر مدول الاستیسیته را از جدول )7-1( استخراج نمائید(

9- در شکل زیر چه مقدار نیروی P به انتهای میله ها وارد شود تا نقاط A و B به هم برسند؟
قطر میله ها 20 میلی متر و مدول الاستیسیته آن ها MPa 105 × 2 می باشد.

20
0 
cm

20
0 
cm

100 kN

6cm

200 kN

)الف(

)ب(

100kN

100 kN

100 kN

18
0 
cm

19
0 
cm

17
0 
cm

8 cm

12 cm

12 cm

6 cm

369

of the reactions at the supports from the condition that the elongation 
of the rod is zero. Using the superposition method described in Sec. 
9.8, we detach the rod from its support B (Fig. 9.30a) and let it elongate 
freely as it undergoes the temperature change ¢T (Fig. 9.30b). Accord-
ing to formula (9.20), the corresponding elongation is

dT 5 a 1¢T 2L
Applying now to end B the force P representing the redundant reac-
tion, and recalling formula (9.6), we obtain a second deformation 
(Fig. 9.30c)

dP 5
PL
AE

Expressing that the total deformation d must be zero, we have

d 5 dT 1 dP 5 a 1¢T 2L 1
PL
AE

5 0

from which we conclude that

P 5 2AEa 1¢T 2
and that the stress in the rod due to the temperature change ¢T is

 
s 5

P
A

5 2Ea 1¢T 2
  

(9.22)

 It should be kept in mind that the result we have obtained 
here and our earlier remark regarding the absence of any strain in 
the rod apply only in the case of a homogeneous rod of uniform 
cross section. Any other problem involving a restrained structure 
undergoing a change in temperature must be analyzed on its own 
merits. However, the same general approach can be used, i.e., we 
can consider separately the deformation due to the temperature 
change and the deformation due to the redundant reaction and 
superpose the solutions obtained.

L

(b)

(c)

L

A

A B

B

P

(a)
T�

A B

P�

Fig. 9.30

9.9 Problems Involving Temperature Changes
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of the reactions at the supports from the condition that the elongation 
of the rod is zero. Using the superposition method described in Sec. 
9.8, we detach the rod from its support B (Fig. 9.30a) and let it elongate 
freely as it undergoes the temperature change ¢T (Fig. 9.30b). Accord-
ing to formula (9.20), the corresponding elongation is

dT5a1¢T2L
Applying now to end B the force P representing the redundant reac-
tion, and recalling formula (9.6), we obtain a second deformation 
(Fig. 9.30c)

dP5
PL
AE

Expressing that the total deformation d must be zero, we have

d5dT1dP5a1¢T2L1
PL
AE

50

from which we conclude that

P52AEa1¢T2
and that the stress in the rod due to the temperature change ¢T is

 
s5

P
A

52Ea1¢T2
  

(9.22)

 It should be kept in mind that the result we have obtained 
here and our earlier remark regarding the absence of any strain in 
the rod apply only in the case of a homogeneous rod of uniform 
cross section. Any other problem involving a restrained structure 
undergoing a change in temperature must be analyzed on its own 
merits. However, the same general approach can be used, i.e., we 
can consider separately the deformation due to the temperature 
change and the deformation due to the redundant reaction and 
superpose the solutions obtained.
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