—

MECHANICS OF
MATERIALS

1  fetinand e /1. Wl iohoton, ./ Jh T OoWoll | Do Maesk

e TDiToN —

PETITIONERS' EXHIBIT 1040
10f7 Pri in@® Toys et al. v. Spin Master, Inc.
IPR2023-01461



MECHANICS OF
I\/IATE RIALS




Fifth Edition

MECHANICS OF MATERIALS

FERDINAND P, BEER

Late ol Lehigh Lineversing

E. RUSSELL JOHNSTON, JA.

Unrvprsity of Connodsticut

JOHN T. DEWOLF

Inkviyrsity of Connaclicul

DAVID F. MAZUREK

Unitesd Stntes Coast (Guard Acadany

xo Higher Education



Higher Education

W
Hill

MECHANICS OF MATERIALS, FIFTH EINTION

Published by ScGoaw-Hill, o tusiness it of The MoGroe- il Companics, inc., 1221 Avenue of ihe
Amsericas, New Yorl MY 10020, Copyright © 2009 by The McGraw-Hill Companies. Bnc. All rights reserved.
Previous edisticns @ 3006 2002, 1992, and 1981, No pert of this publication mey be sopeobiced of distribited
im any form oo by any mesns, of stored in o diabase o petnieval sysien, withoul (he prion wTisien coesent of
The Mot -Hill Companics. g, mcinding. b sl limied 1o in any sonwe of other clecironic slainge of
irimnsminason, o brnadéas for Sisiapce bearining

Somne atwcillaries, iclfing eloctnonic amd print comgonents, may ot be svaikible i cushomen owlide The
Unisedd Simies

Thin bewske 1= priniesd o0 acid-free paper
123450 TR90PVIIFYOUN

ISHN WTH-0-£7- 35938~
AIHITY (A1 - 2520500

Gilotal Pubdicher: Brghohares nneamm

Semanr Sp g Ediior: B Sienyol

Digecsor of Develooment: Kristine Fibbett
Developmenial Edior Lo Nevens

Senior Markeimng Mamiger Card Reovmeiols

Seriw Progect Musager Sheils AF. Froml

Semior Production Sepervisar Sherry L Ko
Senoor Miechs Progect Monsper el £ Rasnier;
Senior Designer: Deid W ok

Corver Demagner; Gorg NetbewSguurecns Design
(USE) Cover [mags: O (imemne Procok; Gosrsbood AGlleantss Bradge, it Ko guiom,
Liad Photo Reseaich Cosadinaiin: Carrle K Burger
Phoio Rescarche Seduna fael!

Supplement Producer: Mary Jane Lamps
Composiler: Apara, fac

Tvpelace: 1FT2 New Culeshionl

Pramer; (Perbecar binld Virnaifer KY

The phasics e the froat and hack cover show the Cialeshead Millennaam Bridge. connecting Mewcastle and
Gimesheal In Englmd. The bislge allows pedesrisis b cross the Tyne whea il s in ihe positlon showis i the
Frosmt cover, anadl it allows hoats theosaph when it is in the paition shissn on the Back cover

Thae credits section for this ook beging on page T6% amd i considened mm extension of (e copyright page.
Liteary of Unpgress Uatabogiog-in-1"ubsication [hais

Mechanics of maserials / Ferinond Beer  ev al | —5th od,

. €m.
includes ey
ISEN 9TA-0-07- 85820087 — 1SRN 0-07-3V32098-9 (hard copy : alk. papert | Srenpih of mmenak-
Tenibnoks. | Becr. Ferdinami Fiore, 19]5=
Tados i e
a0 |2k 22

40f7 W72



Energy Methods
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As the diver comes down on the diving board the potantial energy due 10 his slevation abowve
the board will be converted into strain energy due o the bending of the board. The normai
and shearing stresses resulting from energy loadinge will be determined in this chapter.
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11.7. IMPACT LOADING

Consider a rod B of uniform cross section which is hit at its end 8 by
o hody of mass m moving with a velocity v, (Fig 10,2300, As the md
deforms under the impact (Fig. 11.23b), stresses develop within the md
undl rench o maximum value o, After vibrating for o while, the mod will
come (o rest, and all stresses wall disappear. Such a sequence of events
s referred v as an iyt fowdiong (Fig. 11.24),

In onder o determine the masimum value o, of the stress occur-
ring it & given poind of a structure subjected (o an impact loading, we
are going o make several simplifying assumptions.

First, we assume thai ihe kinetic encrgy T = Lwed of the siriking
boady s ransfermed entirely 10 the structure and, thus, that the siran én-
ergy U, coresponding to the maximuom deformation &, is

U, = ymug (1137
This assumption lesds (o the following two specific requirements:

I. Mo energy should be dissipated duning the impact.

1 The striking body should not bounce off the structure and re-
taim part of its energy. This. i twm, necessitaies that the iner-
tia of the structure be negligible, compared 10 the inertia of the
siriking body.

In practice, neather of these reguarements ks satished, and only part
of the kinetic encrgy of the striking body 1s sctuslly transferred to the
strcture, Thus, assuming thai all of the Kinctic eocrgy of the striking
body is trunsferred o he suciene lesds oo conservative design of Ut
structure.

We furiher assume ihai ihe stress-sirain diagram obiained from a
static test of the material is also valid under impact loading. Thus, for
an elastic delfommation of the struclure, we can express the maximum
value of the struin energy as

o
- = 3
i, I IEW (11.38)
In the case of the uniform mod of Fig. 11,23, the maximum stress
o, has the same value throughout the rod, and we write U, = of W2E.
Solving fow or,, and substituting for U7, from Eqg. (11.37), we write

EU_E - m:nﬁf.:
"'E‘)_F \' e (11.39)

We note from the expression obtmned that selecting a rod with a large
voluome V oand a low modulus of elasticity E will resull in a smaller
value of the maximum stress o, for a given impect loading.

In most problems, the distribution of stresses in the structure is mol
uniform, and formula (11.39) does not apply. It 1s then convenient to
deiermine the static load P, which would produce ihe samie sirmin en-
ergy & the impact loading, and compute from P, the cormesponding
value e, of the largest stress occurring in the structure,
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EXAMPLE 11.08

A body of mass m moving with o velocity w, hits the end & of
the i form rod BCD (Fig, 11.25). Knowing that the oi-
ameter of povtion BC is twice tbe diameter of porion CI3, de-
bermine the musimism valwe o, of the stress in ithe nod.

Arra = A

Fig. P11.25
Making n = I in the expression ( 11.15) obtuned in Ex-
penple 1100, we find that when rod BCTD s subjected 10 8
sabic bomd P, its strain energy is
i 1140}

where A s the croas-sectional srea of portion O of the nod
Salving Eq. () L40) for P, we find thet the satc load thar

jprodivces. i the pod the ke straein coergy @ the given unpaci
loaaling is
[l U AE
Po=q
¥y L
where [f_ ix given by Eq. (11,371 The largest siress ocears in
portion £ of the mod. Dividing P by ihe area A of thal por-
lon, we have
P, [ 16 UE

B et
BSH O N5 AL
of, suhstituting for [, from Eqg. (11.37),

i 1141

- IEM"';..E r
" NS AL

Comparing this value with ibe value obiained for o, n
the case of the wadfioem nud of Fig. 11.24 axl making V' = AL
in Eg. (11 39), we nose that the maximum sress in the nod ol
varable cross section 15 26.5% larger than in the hghter -
Form powd. Thiss, os we observed cirlier in our discussion of
Exarnple 1100, increasing the diameter of portion 80 of the
maid results im o decreaye of the energy-ahsarhing copacity of
the rod

A block of weight W is dropped Trom o height  opto the Tree
enid of the camtilever beam AN (Fig, 11.26) Determine the ma-
i value of the stress in the beam,

Revalling the expressson ohisined for the strain energy of
the cantikrver heam AN in Example 1100 and neglecting the
elfect af shear, we wrile

F.’_.l.‘

U=

& Sobving this equatkon for P we find thet the ststic force that
& prosduces in the heam the same siram enengy is
L
(Bl Y
= [ i
K : v { Vg 11143}
Fig. 1126 The maximmm siress o, ocowrs ol the fixed end B and s
As i Falls through tive distance v, e poteniial encrgy Wh . I:":!l' E P__,.',-'
of ihe block is trasformed into kinctic cncrgy. As a resall of T T
the impact, the kinetic energy in urn i ranaformed inlo siaen
energy. We have, theretore. ¥ Substitating fior P, from (] 1.43), we write
U, = Wh (14D TS
= \ L) 111445
FThe tal distasce thoowigh ahich the block doops is scoally & + 5,
where y,_ s the macimem deflection of the end of the heam. Thus, s more  OF, Tocalling (11,42,
dccurale eaprossiod for L, (sor Smingle Prob 113} 5 —
U= Wik + ) iAar) - | GWhE
Hisseves, shita & 35 3., e mauy eghoit v, iind e B (11.42) " N urys
694 70f7
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