Chapter 1
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one end of a walkway
normal stress

A solid 14 mm diameter steel hanger rod is used to hold up of
support beam. The force carried by the rod is 21 kN. Determine the
in the rod. (Disregard the weight of the rod.)
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lar cross section, and its area is computed as

A %d’- i’-(u mm)® = 153.93804 mm’

where d = rod diameter. — 2
Since the force in the rod is 21 kN.menormalstrcssmthc

can be computed as .
- F _ QUKNYI000NKN) _ 43¢ 41852 MPa

o

21 kN A 153.93804 mm*
Free-body diagram  Although this answer is numerically correct, it would not be
of hanger rod. proper to report a stress of 136.418 52 MPa as the final answer.

A number with this many digits implies an accuracy that we
have no right to claim. In this instance, both the rod diameter and the force are given with | .
only two significant digits of accuracy; however, the stress value we have computed here
has 8 significant digits.
. In engineering, it is customary to round the final answers to three significant digits
(.nf the first digit is not 1) or four significant digits (if the first digit is 1). Using this guide-
line, the normal stress in the rod would be reported as:

o = 136.4 MPa Ans.l

L —

o We W= WS W 0

1\_1 m W

Th

™



P1.1 A stainless steel tube with an outside diameter of 60 mm and a wall thickness of 5 mm 1s used as

a compression member. If the axial normal stress in the member must be hmited to 200 MPa,
determine the maximum load P that the member can support.




A 50 mm wide steel bar has axial loads
apphed at points B, C, and 2. If the normal
stress magnitude 1n the bar must not exceed
60 MPa. determine the minimum thickness

that can be used for the I:ra.r._
Ao = G0t x 1 ;‘
1
= ,__E_- -1
L &SKkN 2t A
\2) (S KN 2 3
oo bO#l

(3) 25K0 e T TGt £ - 2,2mm



..,1.4 / Two SOlid‘C}VBDdﬁml rods (1) and (Ziam Jomed 'together at
flange B and subjected to Joads of P = 44 kN and Q"= 27 kN, as shown
-*n Figure P1.3/4. The diameter of rod (1) is 15 mm and the diameter of
- 0d (2) is 30 mm. Determine the normal stresses in rods (1) and (2).
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l:n.3 Two solid cylindrical rods (1) and'(2) are. joined together at
i geBandloadedw:tMoadsofP=70kNandQ.= S0 KN as shown
;12111 (I)*’igure P1.3/4. .If the nermal stress in each rod must be limited to

: MP§‘ determine the minimum diameter required for each rod.
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is are applied with rigid bearing plates 10 the
in Figure P1.5/6. The diameter of alu-
eter of brass rod (2) is 6 mm, and

ym. Determine the normal stress
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P1.6 Axial loads are applied with rigid bearing plates to the
solid cylindrical rods shown in Figure P1.5/6. The normal stress
i aluminum rod (1) must be limited to 125 MPa, the normal
stress in brass rod (2) must be limited to 140 MPa, and the normal
stress in Steel rod (3) must be limited to 175 MPa. Dete ine the
minimum diameter required for each of the three rods.
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P1.8 Two solid cylindrical rods support a load of P = 27 kN, as £
shown in Figure P1.7/8. Rod (1) has a diameter of 16 mm, and the o A
- 2 |

diameter of rod (2) is 12 mm. Determine the normal stress in each rod. X q A N X
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Shackle
Chain members (1) and (2) are connected by a shackle and pin. If the
axial force in the chains is P = 28 kN and the allowable shear stress

(1)
in the pin 18 7,w = 90 MPa, determine the minimum acceptable “ (2) P =28 kN

diameter d for the pin. P =28 kN ﬁ
7o\
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A punch for making holes in steel plates is shown. A downward punching force of 150 kN
1s required to punch a 20 mm diameter hole in a steel plate that is 6 mm thick. Determine

the average shear stress in the steel plate at the instant when the circular slug was torn
away from the steel plate.
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Shear stress acts on the
surface of the perimeter.



1.4 Bearing Stress

A third type of stress, bearing stress, 1s actually a special category of normal stress. Bearing
stresses are compressive normal stresses that occur on the surface of contact between two sepa-
rate interacting members. This type of normal stress is defined in the same manner as normal and
shear stresses (1.e., force per unit area); therefore, the average bearing stress o, 1s expressed as

where A, = area of contact between the two components.
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54 kN
A steel pipe column (175 mm outside diameter; 6.5 mm wall thick-

ness) supports a load of 54 kN. The steel pipe rests on a square steel £
base plate, which in turn rests on a concrete slab. /
. . . m‘ Outside diameter= 175 mm
(a) Determine the bearing stress between the steel pipe and the s Wall thickness = 6.5 mm
steel plate.
(b) If the bearing stress of the steel base plate on the concrete slab Square steel
must be limited to 0.65 MPa, what is the minimum allowable base plate

base plate dimension a?
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EXAMPLE 1.8

A 70 mm wide by 3 mm thick steel plate is connected to a support with a 16 mm
diameter pin. The steel plate carries an axial load of 8 kN. Determine the bearing
stress in the steel plate.
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P1.20 An axial load P is supported by the short steel column A: N’S‘ao M MZ
shown 1n Figure P1.20. The column has a cross-sectional area of

14 500 mm?. If the average normal stress in the steel column must o= 7_6 MPo.
not exceed 75 MPa, determine the minimum required dimension a

so that the bearing stress between the base plate and the concrete

slab does not exceed 8 MPa. Assume b = 420 mm.
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P1.23 The solid rod (d = 15 mm) shown in Figure P1.23 passes
through a hole (D = 20 mm) in the support plate. When a load P is
applied to the rod, the rod head rests on the support plate. The support

plate has a thickness of » = 12 mm. The rod head has a diameter of
a = 30 mm, and the head has a thickness of = 10 mm. If the normal

stress produced in the rod by load P 1s 225 MPa, determine

(a) the bearing stress acting between the support plate and the rod

head.
(b) the average shear stress produced in the rod head.

(c) the punching shear stress produced in the support plate by the

rod hPead. P P 7;37_6 :
— 22[5 - —_— = 0/ 8}\,
Q= 79 1_\1_,; \lS)-L
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P1.23 The solid rod (d = 15 mm) shown in Figure P1.23 passes
through a hole (D = 20 mm) in the support plate. When a load P is
applied to the rod, the rod head rests on the support plate. The support g )

Hole diameter D

plate has a thickness of » = 12 mm. The rod head has a diameter of
a = 30 mm, and the head has a thickness of = 10 mm. If the normal P
stress produced in the rod by load P is 225 MPa, determine p—

(a) the bearing stress acting between the support plate and the rod
head.

(b) the average shear stress produced in the rod head.

(c) the punching shear stress produced in the support plate by the
rod head.
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P1.35 A rectangular bar having width w = 36 mm and
thickness 1 = 8 mm 1is subjected to a tension load P as shown in

8mr Jis>
Figure P1.35/36. The normal and shear stresses on plane AB | k\er\

must not exceed 140 MPa and 55 MPa, respectively. Determine

. . . . ke
the maximum load P that can be applied without exceeding \
either stress limit. 7 2
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P1.33 Specifications for the S0 mm_by 50 mm square bar
shown in Figure P1.33 require that the normal and shear stresses
on plane AB not exceed 120 MPa and 90 MPa, respectively.
Determine the maximum load P that can be applied without
exceeding the specifications.
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P1.37 The rectangular bar has a width of w = 100 mm and a
thickness of + = 75 mm. The shear stress on plane AB of the
rectangular block shown in Figure P1.37 is 12 MPa when the
load P is applied. Determine

(a) the magnitude of load P.

(b) the normal stress on plane AB.

(¢) the maximum normal and shear stresses in the block at any
possible orientation.
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P1.37 The rectangular bar has a width of w = 100 mm and a
thickness of + = 75 mm. The shear stress on plane AB of the
rectangular block shown in Figure P1.37 is 12 MPa when the
load P is applied. Determine

(a) the magnitude of load P.

(b) the normal stress on plane AB.

(¢) the maximum normal and shear stresses in the block at any
possible orientation.
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P1.31 A steel rod of circular cross section will be used to
carry an axial load of 200 kN. The maximum stresses in the rod
must be limited to 210 MPa in tension and 85 MPa in shear.
Determine the minimum required diameter for the rod.
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