Errata for
Fundamentals of Structural Stability

G. J. Simitses and D. H. Hodges

December 3, 2010

Page Description

4 The first sentence in section 1.2.1 should read, “A mechasigstem is conservative if
subjected only to conservative forces.” (The word “onlymsssing.)

4 TheParenthesisat the bottom of the page should start out ass“tfenotes a surface in space
bounded by a space cur¢g then. ...

5 In the line just below Eqg. (4), the “and” should not be there.

6 A period is missing between “systems” and “Ziegler (19684ar the end of section 1.2.1.
38 The( and the associated arrow should be removed from Fig. 2.11.
41 The@ and the associated arrow should be removed from Fig. P2.1.

49 Thes in Egs. (3), in the two unnumbered equations before Egsaf)jn the text just above
them should be replaced withto be consistent with Fig. 3.1.

51 In the line just below Eq. (10),.., should be replaced by,...
56 In the text above the bottom two equations, replacsvith R,.
59 Eq. (19) should be exactly as it appears on page 53, i.e’dlshould not be subscripted.

62 The last equation on this page (unnumbered) should be

62 The symboly in all the text and equations on this page should be replaged (o be
consistent with the symbol in Fig. 3.10.



63 The symboly in all the text and equations on this page should be replaged (o be
consistent with the symbol in Fig. 3.10.

67 The symbotl in the left part of Fig. 3.12 (c) should ke

68 The3" line after Eq. (61), should start witm=1.2" instead of »=1,2."

69 The parenthetical term in Eq. (66) multiplied Byshould bey + ) instead ofy — 1.
70 The text above Eqg. (75) should be “...into Eq. (73) yieldstead of Eq. (80).

73 The text above Eg. (98), should be “...and the use of E@b-99e) leads to....”

83 Just before Eq. (136) should read, “.. . elements of thiediismn of C* can be expressed
as”

83 Immediately following Eq. (136), delete “for small strdi

83 Text starting with the last sentence before Eq. (139) thaistart of Eqgs. (140) should read,
“Starting with Egs. (123), (133), (134) and (136), togetivéh Eqs. (138) to approximate
C'as

o= (r-d+ a0 (Chi-%T) - i - Log-Lip) o (140)
B 2 2 2

one can obtain approximate expressions valid through skemater fore, 0y, 05, andi, given
byH

83 The first of Egs. (140) should be
. N R B R
e=(1+9) {¢1+5 (¢§+¢§)]
83 The last of Eqgs. (140) should be

- <I - %5) (é’ +%é)

C(d + ka)
1+¢

84 EQ. (141) should be
b=
86 Atthe end of the paragraph that starts, “Four beam (1-Babtes. ..” should read, “. .. midsurface,

and vectors are denoted with bold letters.”

86 In Fig. 3.19)b3; should bebs.
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At the lower-left corner of Fig. 3.19;, should be replaced hy;.
In Fig. 3.19n should ben.
In Fig. 3.19,;7 should ber.

Insert immediately following Eqgs. (157): “whefe), = 9( )/0z1 = O(1/0), ( )2 =
9()/0s ~O(1/a).”

Theuw, at the lower right portion of Fig. 3.20 should be.
The first line should read, “depend ohanduj, the rigid-body rotations. ..”

Just before Eq. (160), “circumferential coordinate”wdde replaced by “the contour coor-
dinate.”

Insert the following paragraph at the very end of the sactntitled “Shell Theory”: “At this
point we may substitute the expressions for 2-D shell depteents in terms of 1-D beam
displacements and the warping functions into the 2-D shirsmeasures. These tedious
expressions can be greatly simplified by making use of E§S)(@nd the small parameters.
Details can be found in Hodges (2006).”

Eq. (163) should be

1+0 0 o
A=2hu 0 % 0
o 0 1+o

The first sentence after Egs. (167) should be replaceddsettwo sentences: “Thus, the
assumption of Egs. (166) is seen to be equivalent to minimgithe energy with respect to

unknowns 22, 722 andpye, dominant terms of which contain only warping displacersent
and their partial derivatives with respectédoDominant terms of the other shell strains, i.e.
11, P11, andp2, contain only the 1-D beam variablesand# and their derivatives.”

TheB in the lower left corner of the matrix on the right-hand sideEqg. (168) should be
replaced with-B .

In Eq. (172) the definition for should have an in front of it, i.e.T' = h [ n*ds.

Replace “For a general cross section the strain energgtidldre written. . .” with “Choosing
x9 andxs to be principal axes for the cross-section but without retsg it to be doubly-
symmetric, we can still write the strain energy. ...

Just before Eqgs. (177), replace “. .. an equation of dayitiln of the form” with “. . . identification
of an equivalent distributed load per unit at@asuch that”

Replace Fig. 3.22 with Fig. 1.
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Figure 1: Replacement for Fig. 3.22



93 The three terms in Egs. (182) with triple primes shouldbalfjuadruple primes.
94 Replace “cruciform” with “doubly symmetric” at the top thfe page and after Eq. (183).

94 The sentence starting the paragraph just before Eq. ét@ti)ld begin, “For example, for a
restraint at the boundary....”

94 At the very end of the section, before the problems, addsHdbuld be noted that, for a cru-
ciform section such as shown in Fig. 3.23is very small, so that the critical load becomes
independent of the column length as in Problem 3.17.”

100 Problem 16 should read, “...show that = —¢" and that, for isotropic materials};; =

100 For Problem 17, the last two sentences should read, fAssine end is clamped and the
other pinned; warping may be neglected. Determine the saltithe ratioh/a. ...

111 The displayed function in Fig. 4.6b should be identioahte right side of Eq. (46), i.e.

H+%1ﬂ (141)
120 The three references to Eq. (97) should all be Eq. (100).

121 The three references to Eq. (97) should all be Eq. (100).

122 The two references to Eq. (97) should both be Eq. (100).

123 The two references to Eq. (97) should both be Eq. (100).

124 The reference to Eq. (97) should be Eq. (100).

142 In Fig. 4.4a, the upper set of rollers should have a suppats right exactly as the upper
support shows in Fig. 4.4b.

142 Figure 4.5 was incorrectly repeated on this page andccélig. P4.5. Actually, Fig. P4.5
should be as shown in Fig. 2.

165 The upper left of the unnumbered equations at the botttne page should read(E 1w .+
?’UJL = Ro.

167 There should be a plus at the beginning of the secondfiEg.q85).
170 The stiffness variation should be according to

Ilﬂf

El(z) = El, (1 + IO—L)
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Figure 2: Replacement for Fig. P4.5
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Figure 3: Replacement for Fig. 6.3

173 On10" line from the top, change “pounds per inch (force per lengthesed). .. ” to “force
per length squared....”

175 Replace Fig. 6.3 with Fig. 3.

176 Append the following to the end of the paragraph after(EQ): “It should also be noted
from Fig. 6.3 that the piecewise linear curve intersesi§3 whens = 1,16,81,.. ., i.e.
whengs = m? for integer values ofn.”

183 The large “1” in the numerator of the right-hand side efannumbered equation just before
EqQ. (48) should be sized normally.

194 After Eq. (44), the text should read: “Substitution oBE@4) into Eqgs. (34) gives...” (i.e.
34 not 43).

E'Ah2 *2
223 In Eq. (180), the last term should 6e(T;)

EAh?e* : ,
, and the term involving/

224 In the first of Egs. (181), the last term shouldab{

should be underlined.



3 %
224 In the second of Egs. (181), the last term shoul@® t(eﬂj{#) , and the term involving
should be underlined.
224 The sixth line of text following Egs. (181) should bedis’, << 1....

225 The second line of text following Egs. (190) should réad,one must restrict* = max(e, hks)
to be small....”

229 In Eg. (216), the next to last term on the right-hand sidéde the square brackets should
read—\a/>.

231 In Eq. (225), the right-hand side should be multiplied by ).

232 In Eq. (232)M; should bel/;.

232 In Problems 4 and 5, the reference to Section 7.4.2 siheuid Section 7.3.2.

235 The line of text just below Eg. (2) should refer to EqsL{8), not Egs. (3.115).

236 The first line of text should refer to Eqgs. (3.118), not.E§sL16).

237 The paragraph just before Eqgs. (19) should allude toBds10), not Egs. (3.137).

237 Inthe second of Egs. (19), the extra right parenthesisldibe removed.

239 The textjust after Eq. (26) should read, “d@@) being the matrix in Eq. (3.124). Thus,...."

243 The first line of Section 8.3.4 should read, “Regardirgdiection cosine§’;, ~ 4, and
(43 =~ uy as small perturbation. ...

244 Just below Eg. (39),4 is missing from 2.86058.

244 Just before Eqgs. (42), the expression¥ér= @b; should begin withQ(B; + ...) not
QB +...).

245 The firsttwo sentences immediately following Eq. (49) should be repldne thesethree:
“The critical roots forg are plotted against in Fig. 8.4 for—7/2 < o < 7/2. Note the
special symmetry reflected in the plgfn) = —¢(—a). At a = —0.824843, the nondimen-
sional critical load is 0.91553Awhereas. . .."

246 Fig. 8.4 should be replaced by Fig. 4.
247 Theu3 andu? in Eq. (59) should bé2 and 2.

247 The first sentence that starts after Eq. (59) should feadgexample, application of Hamil-
ton’s principle to a shaft with the same boundary conditiagsreated in Section 8.4.3 but
with rotation, leads to a weak form......”
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Figure 4: Replacement for Fig. 8.4

247 Fig. 8.5 caption should read, “Buckling boundary for angbed shaft loaded by a semi-
tangential twisting moment of magnitud&/ /¢ and an axial compressive forp&' 1 /(2.”

248 Problem 2 should be shortened to read, “Determine andh@anode shape for problem 1.”

248 Problem 5 should be shortened to read, “Show that thexastple in Section 8.4.2, when
worked using the intrinsic equations instead of by the gnapproach, still leads to a char-
acteristic equation of the form of Eq. (49). Find the critit@isting moment fora = —1

anda = 7/2, and show that the critical twisting moment versubehaves as depicted in
Fig. 8.4.

249 Problem 7 should read, “...and the= ¢ end free to displace but loaded....”

253 Replace all of Section 9.1.2 with the followih@:he Vlasov effect stems from the effect of
warping rigidity, generally appropriate only for thin-ed beams with open cross sections.
In Section 3.8.1 section constants for thin-walled, opectien, isotropic beams are derived;
see EQgs. (3.172). The consequence of introducing the Vlafesut in the geometrically
exact equations, Egs. (3.117), is simply a matter of intcoulythe warping stress resultant

Qi = ET%, (12)

1The second author is grateful to Prof. Noél Challamel fanfieg out the error in this section.



and everywhere in the first two moment equations replatingvith M, — Q' ; see Egs. (50)
below. The resulting equations, when perturbed about thleyakling state for the problem
under consideration, reduce to an expanded form of Eqsvi(6),

R 1 1\ -~ El
N ) My — =M =0
1@ (EI2 Elg) ey, 3
N — O 1Ny Q@ ET L, 0
2 GJ] EL) ' ELGJ !

We differentiate the first of Egs. (13) once with respectit@and use the second to eliminate
M2 to obtain a single equation if/; given by

ET - { Q2Er<1 1

= //// v =
o\ Y ELGI\EL  EL

)} M} + 32M, =0 (14)
where3? is given by Eq. (8). Sincé/,(0) = M,(¢) = 0, it is clear from the first of Eqs.

(13) that
. ET . ~ ET .
/ i ¥V — / ¥V _
N (0) = 75 M1(0) = NE(0) = 75 M7(6) = 0 (15)
For the other boundary condition we may either choose toteetmarping displacement
(proportional to)M;) or the warping stress resultant (proportional\fg) equal to zero. The

simpler solution is the latter, which results in
M;(0) = M{"(0) = M;(€) = M{"(£) = 0 (16)

Thus, a function of the form
M1 = acos (W?) (17)

with @ arbitrary satisfies the governing equation and all boundanglitions. Substitution of
this expression into Eq. (14) yields a characteristic dquaif the form

ET 7* Q> ET [ 1 1 , 1 1 1
SR P A + QP (== (m=—-=)=0
G.J 14 EIGJ \EI, FEI; E12 EL ) \GJ EIs

18)
Values of() satisfying this equations are the critical loads, for whioh solutions are
GJEI T EL
Qor=+7 GIEL (Y bgr) (19)
<1 B E_I§> [ El, (1 + ZQGJ)]

As expected, this correction raises the critical torquelatiwvbuckling occurs. The size of
the correction is strongly dependent on the cross-sedtommdiguration.

255 The line of text immediately following Egs. (22) shouttewith £ = 0, not £} = 0.

10



Figure 5: Replacement for Fig. 9.2

255 The subscript 3 on the cancell&glat the end of the second of Egs. (23) should be moved
closer to thef” so as to look like other subscripted variables.

255 Eg. (28) should read

(A+ B—2AB)a

Qor = Qo | £1+ or\/AB(1— A)(1— B)

256 Fig. 9.2 should be replaced by Fig. 5.

257 The first two sentences after Egs. (35) should be replagede: “Becausé/, = M, = 0
at the end where the load is applied, one finds that only tkmlftisolution exists, so that
buckling is not possible.”

257 The last line on the page should refer to Eqgs. (3.1403aasof Egs. (3.137).
260 Fig. 9.4 should be replaced by Fig. 6.
262 Atthe very top of the page, the text should start out “wigr= 5;

262 Inthe second of Egs. (54), the third term, which pregeatids) M;#4, should instead read
M;g/%g.

262 In the second line of text immediately following Eq. (5t¢|)eeF3(0) should be replaced by
eF3(0).

11



Figure 6: Replacement for Fig. 9.4

262 The first line of Eq. (56) should read

— P2
max (03) = 5Dn,
262 Equation (57) should read
5 _ P
O3 = ———=

263 The first term in the numerator of the second of Egs. (6@)tem as— Bk, should instead
be —Bk.

276 The problem statement for Problem 2 should start out, &Ranitially curved strip-beam as
formulated in section 9.1.3... "

276 In Problem 3, omit the parenthetical quantityt.01260.

276 Replace Problem 6 with the following: Consider a deeprbeéh rectangular cross section,
which is attached to spherical bearings at each end thateéd move closer to each other
and loaded at the; = ¢ end by a semi-tangential bending moment of magnitiJd® as
to bend the beam in the plane of its largest flexural rigiditgt the undeformed beam lie
in a plane parallel to tha;-a, plane. Ignoring pre-buckling curvature and rotation (boit n
bending moment!), determine the buckling load. Discussrtiications of your results.

276 Replace Problem 7 with the following: Consider a deeprbeith rectangular cross section,
which is attached to a fixed hinge at = 0 and to a spherical bearing at the = ¢ end.

12
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Thez; = ¢ end is free to move closer to the = 0 end, and the beam is loaded at the
x1 = £ end by a quasi-tangential bending moment of magnityd® as to bend the beam
in the plane of its largest flexural rigidity. Let the undefwd beam lie in a plane parallel
to thea;-a, plane. Ignoring pre-buckling curvature and rotation (battlmending moment!),
determine how the buckling load depends on the anghhich defines the direction of the
forces comprising the quasi-tangential moment. Discussntiplications of your results.

In the beginning of the second line before Eg. (54), tkegkould say “now become...”
instead of “how become. ...

The first term under the integral in Eq. (54) should®ei?.
The second term in Eq. (45) should be divided by two, stttieeequation becomes

Z_ QZ
5/§Pﬁﬁ_ﬁ54f3+m+ﬂn2¢mzo
0

Problem 3 should end with “. . .to that of Problem 2.”

The sentence starting on line 11 and the two followindn@ud read, “Then let; move
from zero tog; = ¢;. During this motion, the work done b¥ is P/(1 — cos §;) cos §2 —
Plsing sing, ~ PU(¢3/2 — G1G2). So, the total work done to get in this first way from
¢ =q=0toq = ¢ andg, = ¢, is approximatelyP((q?/2 — GiG»).

The reference to Section 2.2 just before Eq. (1) shoutd Bection 2.1.
The first of Egs. (3) should read

mi?

T =ml*¢ + 5

(& + 24142)
The first matrix in Eq. (5) should read
{2m€2 mﬁQ]

me:  me?

The first matrix in Eq. (7) should read

Eq. (8) should read

252+ (c1+c)s+2—P s2—cys+P—1

2

s°— s — 1 s+ cos+ 1 ‘:0

13
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Figure 7: Replacement for Fig. 11.4

300 Eg. (9) should read
' +2(3-P)s?+1=0

301 Eq. (10) should read

=P —3+/(P—2)(P—4)
301 Figs. 11.4 and 11.5 should be replaced as Figs. 7 and 8.
302 Figs. 11.6 and 11.7 should be replaced as Figs. 9 and 10.
305 Thel’s in the column matrix on the far left-hand side of Eq. (379l be replaced by 1's.

309 In the second line of Eq. (56), the first of the two occuremnofdz; should be changed to

d¢.

313 Just after Eqg. (74) and after “where” insert: “...the nmak is defined in Article 3.7.3
and....

313 The expression just before Eq. (77) showing ps%¢*/ET should reads? = us*¢*/E1.
315 The equation referred to above Eqg. (84) should be E4@3.hot Eqg. (3.137).

14
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Figure 8: Replacement for Fig. 11.5
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Figure 9: Replacement for Fig. 11.6
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Figure 10: Replacement for Fig. 11.7

317 Replace the last sentence just before Article 11.6.;b&gth: “The dimensionless param-
eterr is the ratio of the fundamental bending and torsion freqigsnaf the unloaded beam
with e = 0, and; = 1.87510 and~; = 7/2 are the separation constants for a clamped-free
beam undergoing free-vibration in bending and torsiomeesvely.”

323 Thel in the lower-right corner of the square matrix on the rightit side of Eq. (98) should
be: (to distinguish the cross-sectional inertia matrix frora ttentity matrix). To the text
below this equation append “amds the 3x3 cross-sectional inertia matrix.”

326 Problem 2 should read, “Determine the effect of viscoampming on the stability of a
clamped-free shatft....”

327 In Problem 4, the quantity(¢ — ;) should beP(1 — z;/¢).

327 In Problem 5, the word “loaded” is misspelled as “lodddeut the quantityl/, (¢) should
instead bel/;(¢). The next to last sentence should read: “Using Egs. (11%theg with a
Galerkin approximation with one term for each of the unknsydetermine the value of the
force at which flutter occurs.”

327 In Problem 6, the last sentence should read: “Using Hd®)(together with a Galerkin
approximation with one term for each of the unknowns, deteerthe value of the moment
at which flutter occurs.”
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