Stress

Friday, January 20, 2023 8:58 AM
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For the connection shown, the average shear stress in the 16 mm-diameter bolts must be limited to 14, = 230
MPa.Determine the maximum load P that may be applied to the connection. [Ty= 230 MPa]
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Normal Strain

Monday, January 23, 2023 8:58 AM

Skiniq’ in '\‘hn;,'h ol internal e boemation

Nomv\ 5'\'11.’0 s Ul’an e i lmﬁ"? (.S.)
:m'%'ﬂl IMS” LL) ri]

6 Lt ALy

A —[u
by Fiay ok A
As—— Y
L {—
AA+ A0y

-5 bk at

The load P produces an absolute axial strain of 1150 ym/m in post (2).
[L1=900 mm, L, = 1000 mm, a=b= 300 mm, c= 420 mm, gap= 1.6 mm]
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Determine the axial strain in rod (1).
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Aload P is applied at the end of a rigid beam that is just sufficient to close the gap between the rigid beam and the top
of the column (2) at C. Then, the load P is increased until e; = 1220 pe.fla=4ftb=6f, c=4f, Ly =5, Lo =3 ft, gap

=0.25in.]
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Shear Strain

Tuesday, January 24, 2023 3:05 PM

Intensity of change in the angle of the element. Deformation is parallel to the face of the element.
Sign convention:
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A positive value for the shear strain

means that the angle between the x and

The angle between the x and y axes
y axes decreases in the deformed object.

increases when the shear strain has
a negative value

A thin polymer plate PQR is deformed such that corner Q is displaced downward & = 0.5 in. to new position Q' as
shown in the figure.[a =31.25in.,b=20in.,c=25in.]

| a b

Determine the shear strain at Q associated with the two edges (PQ and QR).
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The rectangular plate is subjected to the deformation shown by the dashed line. Assume a = 550 mm, Ax = 2.4 mm,
and Ay = 0.7 mm.

t 04

A

a

[
[

[

|

Ax —| & e ——
Determine the shear strain y,, at point A.
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Mechanical Properties

Friday, January 27, 2023 8:59 AM
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Material Poisson's ratic

aluminum-alloy 032

cast iron 0.21-0.28
concrate 0102
copper 033
glass 0.18-03
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An alloy bar with an initial length of 10 in. and diameter of 0.76 in. is subjected 10 a tensile force of 13.75 kips. Due to
the force, the bar has elongated 0.02 inches, and the change in the diameter is measured as 0.0005 nches.
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Datermine the modulue of elasticity.
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Determine Poisson's ratio for this specimen.
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A 0.5 -in. thick rectangular alloy bar is subjected to a tensde load P by pins at A and B. The width of the baris h =3.5
in. Strain gages bonded to the specimen measure the following strains in the longitudinal (x) and transverse (y)

Mechanics of Materials Page 6

mm. [a =23 mm, b =23 mm, c =25 mm|

Determine the average shear siress in the rubber blocks,
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The 23 x 23 x 25 -mm rubber blocks shown in the figure are used in & double U shear mount 1o iSolate the vibration of
amachine from its supports. An applied load of P = 415 N causes the upper rame to be deflected downward by 4.5

strain increase of 1800 pe.

Determine the magnitude of applied load P.
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Rigid bar ABC is supported by member (1), which has a cross-sectional area of 2in.”. an elastic modulus of € = 10800
ksi. and a coefficient of thermal expansion of a = 12,6 *10°%"F. Assume thata = 50in.. b =25, and L, = 60 in. After
load P is applied to the rigid bar and the temperature rises 65 “F, a strain gage affixed to member (1) measures a

CTE values for different materials

alurninum-alloy 23.1x10°
castiron 118104
concrate Bx10#-12x10°
copper 17 x10%
glass 85x10°
Quartz 0.33x10°
stoal 115x 104
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Design Examples

Monday, January 30, 2023 3:32 PM

A concentrated load P is supported by two inclined bars as shown in the figure. Bar (1) is made of cold-rolled stainless
steel [0, = 170 ksi] and has a cross sectional area of 2.05 in.2. Bar (2) is made of 6061-T6 aluminum [0y = 40 ksi] and
has a cross sectional area of 9 in.2. A factor of safety of 1.67 is required for both bars. Dimensions of the assembly are

a=9ft b=23ft, andc=121ft.
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An axial element that is subjected to force P is connected by two plates and 4 bolts as shown in the figure. The
ultimate shear stress of the pins is T, = 21 ksi. The pins diameter is d = 0.75 in. The factor of safety is 1.59 .Determine
the maximum allowable force (P) that can be applied to the following connection.

95.4 kips (
72.9 Kips
# 46.7kips
168.2 kips
145.7 kips
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The bridge shown in the figure features a unique inclined single rib arch that holds the deck with cables and struts.
The cable connection of a cable-stayed bridge is shown in the figure. Determine the maximum allowable force that can
be carried by the connection by assuming the following parameters: Gusset plate: [wg= 18 in. , tg= 2.2 in., 0yg= 37 ksi,
FSg = 1.79 ].Cable connector: [D =5 in., tc= 1.2 in., Oyc= 61 ksi, FS¢= 2.4 ].Bolts: [d= 2.5 in., Ty= 27 ksi, FSp=3.1].

-

Main street bridge, Columbus, Ohio

Gusset
plate

What is the critical cross section area in the gusset plate for the calculation of the normal stress in the plate?
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Deformation in Axial Members

Wednesday, February 1, 2023 8:53 AM

Simple axial element
One element, constant force (F), constant cross-sectional area (A),

made from one material (constant €) ‘,
L
5= FL
“EA L

System of connected axial elements
Each segment has a constant force and a constant cross-sectional area

.\ Fili
B ZE,-A,-

Axial element with variable section/loading
where the force gr cross-sectio (A) are not constant

[t F®)
g fo ECAm

A steel [E = 130 GPa] rod with a length of L = 3.2 m is carrying an axial tensile force of P = 90 kN. What is the
minimum required diameter of the rod if the axial elongation of the rod is limited to dmay = 17 mm?

SR AL
e F- £ £

18.59 mm
29.14 mm
14.98 mm
® 1288mm
25.7 mm

The system shown in the figure consists of two bars and is subjected to a force at B and C.[d; = 53 mm, dz = 33 mm,
Ly=1.3m, Ly =1.3m, E= 120 GPa, P; = 29 kN, Pg = 39 kN]

T )
%

Determine the normal stress in rod (1).
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A rectangular bar of length L = 650 mm has a slot in the central half of its length. The bar has a width of 42 (b = 42
mm) and thickness of 5 mm (t = 5 mm). The slot has a width of b/3. The elastic modulus of the material is E = 79 GPa.
The average normal stress in the central portion of the bar is o = 190 MPa.

Determine the elongation in section (1).

S PL. oAl oult
1T __~ - —_— — ,
CA 5 A 2
A simple balance is made by a horizontal handle, a spring with a known spring constant, k= 340 N/mm and a ruler as

shown in the figure. After the force P is applied on on the handle, the downward movement of the pointer on the left
side of handle is measured by the ruler as &, = 1.2 mm. [b= 250 mm, a = 140 mm, x = 190 mm, k= 340 N/mm]

Mechanics of Materials Page 11



Indeterminate Axial Members

Friday, February 3, 2023 1:22 PM

A pipe-rod system with flanges at ends A and C was supposed to fit exactly between two rigid walls, as shown in the
figure. Element (1) is a steel pipe and element (2) is a solid steel rod. Bolts hold the flange at A against a rigid wall.
Other bolts are installed in the flange at C and are tightened until the gap is closed. [A; = 321 mm?, A, = 296 mmZ, L,
=61cm, Lz =41 cm, E; = Ez =200 GPa, 5 =0.25 mm.]

L ' ."._, Pl

Determine the internal force in element (1) when the gap at C has been closed.

F-F,

E La
ER =
Co\ —:'7.,_ gL L[?A.,_

The rigid element ABCD is supported by a pin at C and two rods at A and D as shown in the figure. A load P is applied
at B.[L; = 550 mm, A = 65 mm2, E; = 200 GPa, Lo = 170 mm, A, = 628 mm?, E; = 100 GPa, a = 550 mm, b = 250
mm, ¢ = 200 mm, and P = 97 kN]

Determine the axial force in rod (1).

A4 - -P- .. *g w(*£)~PZ.¢ Y _ §}
Cb G
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A prismatic bar AB of length 375 mm is held between immovable supports. The temperature of the bar is raised
uniformly by an amount 39. Assume the bar is made of steel [E= 200 GPa; a= 11.7 x10°8/C].

t )
a T

*.‘-' 1~ -
[A P -
What is the thermal stress developed in the bar? O/ s i E - L ﬂ- A \

-137.4 MPa
@ 913MPa
-181.3 MPa
-150 MPa
-108.8 MPa

A reinforced concrete column with four steel bars (d = 1 in.) is shown in the figure. The column is subjected to an axial
force of P = 189 kips.[Es = 29000 ksi, E; = 3600 ksi, b=13in.,,and h=9 ft]

'  HEEEEE 208

An aluminum tube with a cross-sectional area of As = 655 mm? is used as a sleeve for a steel bolt having a cross-
sectional area of A, = 325 mm?, When the temperature is Ty= 15 °C, the nut holds the assembly in a snug position
such that the axial force in the bolt is negligible. Assume that the temperature increases to To= 71 °C. [Aluminum
sleeve: E;= 73 GPa, a, = 23 x10°% /°C, A, = 655 mm?; Steel bolt: E, = 200 GPa, a, = 12 x10°° /°C, A, = 325 mm?]
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What is the elastic deformation for the sleeve in terms of the internal force?
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Torsion
Friday, February 10, 2023 9:21 AM

Shear Stress
Tc 1
Tmm — _( T = —p
i J

T: internal torque in the shaft

corp: distance of the point at which the stress is being
caleulated from the centroid of section

J: polar moment of inertia

Internal torque (T) is determined using free body diagram:

- Cut the element at section where torque should be determined
- Put internal torque (T) at the cut section outward from the surface
- Determine T using equilibrium equation of torques

Polar moment of inertia

Solid Shaft Tubular Shaft

T T g = Trpa - a4y = Trpa = g4
J 57 32d J 2[R r4] 32[D d*]
4 D
==

A steel shaft with an outside diameter of d = 100 mm is subjected to a pure torque of T= 2360 N-m. The shear
modulus of the steel is G = 79 GPa. Determine the maximum shear stress in the shaft.

16.9 MPa
14.7 MPa
® 2MPa
10.4 MPa
8.2 MPa

|
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d

b
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Twist

Wednesday, February 15, 2023

g 1L
3
Step (2): Determining angle of twist at end D
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Determine the magnitude of torque T¢.
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Step (2): Determining angle of twist at end D
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The solid steel (G = 80 GPa) shaft between A and B has a diameter of 34 mm and between B and C has a diameter of
27 mm. A 20 N-m concentrated torque is applied at gear B and a concentrated torque Tgis applied at gear C as
shown. The total angle of rotation at C should be equal to ®,= 1.8 °. [Ly= 1400 mm, L, = 1000 mm]
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A compound shaft drives several pulleys, as shown in the figure. Segments (1) and (2) of the compound shatft are
hollow aluminum [G12 = 4000 ksi] tubes that have a polar moment of inertia of J;» = 2.328 in.%. Segments (3) and (4)
are solid steel [Gas = 13000 ksi] shafts that have a polar moment of inertia of J34 = 0.508 in.*. The bearings shown
allow the shaft to turn freely. [L4 =75in., L, =30 in., L3 =35in., Ly =20 in., Tg = 925 Ib-ft, Tp = 525 Ib-ft, Tg = 170 Ib-
ft].

Calculate the rotation angle (including the correct sign) of pulley D with respect to pulley B.

-0.0289 rad
-0.0363 rad
-0.01062 rad
-0.02474 rad
-0.03226 rad

—

(pr
) T 3
o= T 111\; ’Tp

r} z {{', ’T,;

<
F

(Te-1,) 20 (1’54)33
Aguo ([ 1-37%) * 1 Yool §0%)

The compound shaft shown in the figure consists of a dy = 37 mm solid bronze [Gyranze = 40 GPa] shaft (1) and a 29
mm solid steel [Ggee = 85 GPa] shaft (2). The compound shaft is subjected to torques of 830 N.m and 350 N.m at B
and C, respectively. Let Ly = 750 mm and L = 1280 mm.

Determine the internal torque in shaft (2).
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Assume you are attempting to sharpen a pencil in a pencil sharpener when it becomes jammed causing it to act as
fixed support. A torque of T= 80 N-mm is required to free the jam. Assume the graphite and wood are fully connected
together. Pencil length L = 100 mm,

Pencil wood: G, = 14 GPa, D = 9 mm, J,, = 636.2 mm*
Pencil grap.hite: Gy =40GPa,d=3mm, J; =7.95 mm?*

What is the absolute value of torque in the the graphite inside the pencil rightbefore the pen is free.
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Centroid and Moment of Inertia

Monday, February 20, 2023 1:55 PM

Determine the following section properties for the section shown in the figure.
[Biy =70 mm, Iy = 14 mm, h =310 mm, Bz = 110 mm, fz=19 mm, t, =9 mm]
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g S——

Determine the distance of centroid from the bottom of the section.
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A W200x59 standard steel shape is strengthened by adding a b= 245 mm x t= 11 mm plate on the top of the section
as shown in the figure
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Given w =495 Ib/ft, P=1200 Ibs,a=14 ft, b=6 ft
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Determine the reaction force at A
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Bending Stress

\Wednesday, February 22, 2023 4:14 PM

A1

Algorithm of determining maximum bending stress in beams
Assume the meesent (M} 1S acting about the heeizontal axis (x-cxis in the figure) S a
Step 1: Analyze the structure and determine the moment diogram

As described in section 5-2: Equilibewm in beams

Jeomty ol
~ns
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Setermine centroid ard moment of irertia I ‘

As described in section 5-1: section propertey
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Algorithm of determining maximum bending stress in beams 3 iy s o
b=l .
Assume the momest (W) is aeting oot he harizontal ass (z.aws in the figure)
g

Step (3) Determine bending stress L

For symmetric sections:
m . . Sl
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A moment, M = B.5 kip-N is applied on two ends of the beam as shown in the figure. Point K & located & = 3.421in
above the centroid.
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For the cast ion beam shown, Bhe maximm pemissible compressie Biress is oy, = B0 MPa and ths maximum
parmissibie tensile strass I8 0= 135 MPa. Tha saction s WT265x37 which is a standard steel shapa[a=2m, b =3
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Composite Beam Transformation

Monday, February 27, 2023 11:13 AM

An aluminum bar is bonded to a stell bar to form a composite beam as shown.[ Ea= 7200 ksi, Es=31500 ksi, b= 2.6
in,h=1in]

Steel

b

What is the distance to the centroid of the transformed aluminum section from the bottom surface of the beam?
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A composite beam is made of a wood block and a steel plate on its bottom side. Determine the bending stress on the
top and the bottom part of the beam if the beam is subjected to a moment of M = 2.8 kN.m as shown in the figure.
[b=140 mm, h= 120 mm, t = 24 mm, E50q = 10 GPa, Egee = 210 GPa).
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t
T b
What is the distance of the centroid of the transformed section from the bottom of the section?
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A simple beam that is L= 4 yd long supports a concentrated load of P. The beam is constructed of two angle sections,
each L4 x 3 x 5/8 (4 in. side on horizontal face), on either side of a 12 x 2 in. wood beam. The modulus of elasticity of the
wood and steel are E o4 = 1800 ksi and E.o= 30000 ksi, respectively. Assume the allowable stresses in the steel and

wood are 16 ksi and and 1.1 ksi, respectively. (Note: Disregard the weight of the beam)

P 4
[+ 1 L4x3x5/8
3 ¥
3"
o ] h v
1 *L
|

L L
-

S S—

L
b
What is the allowable load P that can be applied on the beam?
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P. 11
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A wood beam (E= 16 GPa, 0y weee= 10 MPa) is reinforced with attaching steel plates (E= 210 GPa, 0y gpeei= 180
MPa) on top and bottom of beam. [hy= 170 mm, t= 9 mm, w = 95 mm]

Determine the

i,m,,!
1. - 7238l

é:' vV “el0

moment of inertia of the transformed section if the section is transformed to a full steel section.
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Mohr’s Circle

Monday, April 10, 2023 9:04 AM
/I\d_'s %
—

[+

L)

Mechanics of Materials Page 27

dll.'\‘ Lt&
(4 d";”
v TG - [ (A
5‘ 4’6" 4



