EMA 3702 Mechanics of Materials (3)

Professor: ‘ Cesar Levy

Office EAS 3462
Office hours: M and W 1300-1600
Tel: (305) 348-3643 (voice mail)

~ e-mail: levy@eng.fiu.edu

Textbook: Beer, Johnston and DeWolf, Mechanics of Materials, 3™ Ed., McGraw Hill

References: There are plenty of books at the FIU Library on the subject. Here

is a list of a few books on the subject available at the library.

Engineering mechanics of solids. Egor P. Popov. Englewood Cliffs, N.J. :
Prentlce Hall, ¢1990.

Mechamcs of materjals. James M. Gere, Stephen P. Timoshenko. 3rd ed.
Boston : PWS-KENT Pub. Co., ¢1990.

Problem solver in strength of materials and mechanics of solids staff of
Research and Education Association ; M. Fogiel, director. Rev. print.
Piscataway, N.J. : The Association, 1988, c1980.

Engineering considerations of stress, strain, and strength, Robert C.
Juvinall, New York, McGraw-Hill [1967].

Elements of mechanics of materiais Gerner A. Olsen. Englewood Cliffs, N.J.
Prentice-Hall, c1982.

Course Objectives 1. Identify mechanical properties and the characteristics of elastic behavior

for material types.
‘2. Calculate the stress and strain configuration at a point for a specific

loading arrangement. _

3. Transform plane stress and strain configurations and identify principal
stress and Principal Axes.

4. Use the appropriate failure criteria for dlverse situation and/or materials
(elastic behavior only).

5. Design prismatic beams.

Topics By Week

1. Introduction. Shear and Bending Moment Diagrams. Relation among load, shear and bending
moment Normal and Shear stresses. Bearing stresses. Stress on an oblique plane. Stresses
under general conditions Quiz 1

2. Stress and Strain — Axial Loading. Stress vs. strain. Hooke’s law. Fatigue and deformations
of members under axial load Thermal Stresses, Poisson ratio. Generalized Hooke’s law Quiz
2 :

3. Saint Venant’s Principle. Stress Concentration. Torsion. Stresses in a shaft Deformations and
angle of twist Statically indeterminate shafts. Stress concentration in circular shaft Quiz 3

4. Analysis and Design of Beams. Pure Bending. Stresses and deformations in the elastic range
Bending on members made of several materials. Stress Concentration. General case of
eccentric axial loading Quiz 4

5. Prismatic beams for bending. Transformation of Stresses and Strains Principal Stresses.

Mohr’s Circle: Plane Stress. General State of Stress. Quiz 5.






6. Stresses in Thin-Walled pressure vessels. Mohr’s Circle: Plane Strain. Strain Rosette.
Deflection of Beams. Beam deflection by integration. Statically indeterminate beam. Quiz 6

7. Superposition Method. Columns. Euler’s formula. Extension Euler’s formula. Design of
columns: centric and eccentric load. Failure Criteria

Homeworks will be assigned but not collected. These problems should be worked out at
home because you might see them again on your quizzes. Use the “Given, Required,
Solution” format and completely draw appropriate diagrams and coordinate systems. All
numerical answers should have the appropriate units. You must keep up with the
homework in order to do well in class

Grading

Quizzes (4 15% each) lowest two grades will be dropped 60%
Final Exam 40%
Total 100%

Grades will be assigned based on your performance on the activities above. Final letter grades will be
assigned as follows: '

100 - 90 A 77-79.99 B- 60-64.99 D
87-89.99 A- 73-76.99 C+ 55-60 D-
84-86.99 B+ 70-72.99 C Below 55 F
80-83.99 B 65-69.99 C-

Class will meet MTWR at 5:40 - 6:55pm and on Thursday there will be an extra hour from 6:55-
8:20 pm
FINAL EXAM (Cumulative): Tuesday 24 June at 540pm.

NOTE: This is a preliminary syllabus and it might be changed during the
semester. Any change will be announced in class.






Introduction to Mechanics and Materials Science

In structural engineering, one has to give dimensions to the particular members, such as
beams, floors, walls, shafis and the like, so that they can support the forces that act upon
them, both the known ones as well as those that could act upon them.

Therefore, the parts of a composite structure, must be able to withstand the forces, i.e., be
strong enough in order not to deflect much when the forces act upon them.

Thin wall members can buckle when they are loaded by small loads before they fail in
bending. '

One must also design bars and beams without waste of materials.

Our subject deals with strength, stiffness and stability of members of our structure that
carry the loads.

Galileo, in the 17" Century, first investigated the behavior of materials that were loaded
in a rational manner, bars, beams in both tension and compression.

From that time until now, there were many investigators such as Coulomb, Poisson,
Navier, St. Venant and Cauchy.

Mechanics and Materials Science crosses all realms-- from Civil Engineering, to
Aeronautical Engineering, mechanical Engineering, Aerospace Engineering and any field
that requires building structures of any kind. ' :

The behavior of bars and beams depend not only on the basic laws of Newton that require
equilibrium, but also upon the mechanical characteristics of materials that make up the
bars and beams.

Materials behavior are obtained from many rational experiments done in laboratories,
The knowledge has given us the information to choose the material that is proper to
design our structures.

We will begin with a review of statics and after that we will begin to learn our subject
matter.






Chapter 11
Deflection of beams

and the slope dv/dx must vanish. Henceat theend considered, wherex = «,

v@=0 v(@=0 (11-184)

(B) ROLLER OR PINNED SUPPORT: At the end considered no deflection
v nor moment M can exist. Hence :

Wa)=0, M(a)=Eh'(@)=0 (11-18h)

Here the physically evident condition for M is related to the derivative of
v with respect to x from one part of Eq. 11-14.

(c) FrEB END: Such an end-is free of moment and shear. Hence

M(a) = EIv'(a) =0, V(@) = —(EIv"),ey =0 (11180

(D) GUIDED SUPPORT: In this case free vertical movement is
permitted, but the rotation of the end is prevented. The support is not
capable of resisting any shear. Therefore

Yy

v(a)=0
8 (a)=v'(a)=0

(a) Clamped support

‘M (a)=El"(a)=0
V(a)= —El" (a)=0

(c) Freeend

x 0 %
v(a)=0
M(a)=Elv" (a)=0
(b) Simple support
$ Roller .
> x 0 ’;] - X
a A v

é(a) =»'(a)=0
V(a)= -—E_Iv’” (a)=0

{

-(d) Guided support

Fig. 11-4. Homogeneous boundary conditions for beams with
constant EI In (a) both conditions are kinematic; in (c) both are

static; in (b) and (d) conditions are mixed.
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11-5, ALTERNATIVE DIFFERENTIAL"
EQUATIONS OF ELASTIC BEAMS

il

In Chapter 2 a number of differential relations were shown among
shear, moment, and the applied load (Eqs. 2-4, 2-5; and 2-6). These can be
combined with Eq. 11-10 to yield the following useful sequence of

% equations:

v = deflection of the elastic curve

0= d_ v’ = slope of the elastic curve
dx
2y
M —_ o I 17
E[dx2 v (11-14)
2
v M _ -fi—(EI 13) = —(EIv"Y
dx dx\ dx* :
awv _ & d*v
=__=_EI_ =EIIII/
P dx dxz( dxz) (EIV")

For beams with constant flexural rigidity E7, Egs. 1 1-14 simplifies into
three alternative equations for determining the deflection of a loaded beam:

d%

EI E;c—é = M(x) (11-15)
3
E % = —V(x) (11-16)
d*v
EI 2;; = p(x) 11-17)*

The choice of equation for a given case depends on the ease with
which an expression for load, shear, or moment can be formulated. Fewer
constants of integration are needed in the lower-order equations.

11-6, BOUNDARY CONDITIONS

For the solution of beam deflection problems, in addition to the
differential equations, boundary conditions must be prescribed. Several
types of homogeneous boundary conditions are as follows:

(A) CLAMPED OR FIXED SUPPORT: In this case the displacement v

*If in Eq. 11-17 in accordance with the d’Alembert prirciple one sets p =

—mij, where m is the mass of the beam per unit length and ¥ = 9%/0r?, the

basic equation for the free lateral vibration of a beam is obtained. This
ae equation is EI 8%/[ox* 4 m 8*v[or* = 0.

385
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Boundary conditions
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100 Ib/ft akme Ok 4&3 k
2xansill 20X S 1]
7 0 . e, | T <«
< > e I < >
PROB. 2-3 PROB. 24 .PROB. 2-5
Rectangutar bar
100 Ib total wt
a R
; ) a 12"
Smooth support
i = 16
PROB. 2-6 ‘PROB. 2-7
V
%4
2 .
j 1 ROd
2 2"
2 Pin a
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Z a
ey ’ ] | 3¢ ll:.L 2
Lo 2 tons
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PROB. 2-10

3
2k/ft
remensill
10k
5':
!
B r_4*151 , 15
PROB. 2-11

101 .

PROB. 2-12

PROB. 2-13

2-14 through 2-19. For the beams loaded as
shown in the figures write general expressions
for the shear and bending moments for each
region over the length of the member. Also
plot the corresponding shear and moment

diagrams. Ans. Maximum moment in paren-
theses by the figure. '

For additional loading conditions see
other problems in this chapter.

P 20k 40k
Y ‘ y MI
. a
L _5’ 5 10’ J ' L2 ple L J
PROB. 2-14 -(PablL) PROB. 2-15 (250) PROB. 2-16 (—My)
kL
2 k/ft W (total)
IR Led o | I
PRdB. 2-17 (kL3f9 V3) PROB. 2-18 . (17.6) PROB. 2-19 (—Wal2)

55




Ser-goud | ©1-) ¢52°90¥d | 6O *~ (st 0ud ) {@rogoud | Esed) 12 °90¥d | (os+)
TR 0101 8 } | > o - ot
o edelelode TTETETE : R _
T | < Leter] : S z| £ . 1* ¢

Yy /g9

qrutoL+

|y o+

~,

&1--) 667°908d | (9ge+) Gerdoud | @t

Y-x 59+

. R £ W] ﬁ
€6-7°90dd | (o) T 6T e0¥d , y
Ol o _.dagw.e pivL i ;..
S L1 : : uoy 3 0f . e
rs S8l % k% apid :210u0) ™% =,<£N qGer
8/74F) 9¢'90dd | w+)  sezgodd | Ow-
AT, 8 L: 1| u1 |v1| _ . 8 [ v ~
B 1 U P . 7 4 2 Rz %
157 godd | (0s—) w T - _u:, T P m«
d8 d
_1|.o|LtJ . 18 .
. 3y
| ] - (®d9~) g7 qoud | (a+) ez goud | O
QN QN . 14 _ Qm
. 2 !
, ; % Z
y ’ —k
8y 'dodd | (ze-) _ﬁﬂ.uwmoﬁ (08+) 9T "90ud d d dv d
..sw re—09—] .w,vT v [-.b .v..tl...vnv* : o
iy . . 2 2y spie sweideip 185YS JO UOTJONIISUOD S JUIE) ‘urewr oy} 10§ swreis
& — — -00130p puodss oy jo suopenbs jo sjoid IoASIYM ‘PUR Jud
~|» » it »; i I “g1 ‘sejoqered juesarder saup poAINd IV , SRV
o) . WA 19 ] LDSPBO] Swieaq 955y} SIe MOH -soinSy oy . MOUS ‘UOBIPPE Ul
qroc q10¢ Ur UMOYS SB 218 g pue I j8 pautoddns sweeq “ISQUISW P
10} sweiderp juowow oY, *95-7 Y3noIy} pS-7 2 M072q Apjoamp su
: sord . d yo3ays ‘suoneinduuc
—— A 1ordeyo sty ur swejqoxd 19130 - PaJOBIIP SE OATOS
¢z ‘G0Ud ©O1+) W7 '90ud ®1F) &7 '90¥d 995 SUONIPUOd SUIPEO] [eUOHIPPE 107 Sunoopdou “samJy ¢
o . ‘woiqoad Ul PApEO[ Sweaq o
—p—> > ay} Jo sjun oy} ur saxndy oy £q sosoypuared :
: ur. woAld st juswour jsagIef oY eSO SO
i ,mEﬁwaE EoEoE pue 1edqs [V “sup
“5+ *3AIND oNSEYR oY) Jo adeys
oﬁ aoﬁ pue Uonodpur Mo syutod ot oupmy







“Iurerp ut ul.g2g70 21e sind 11y <o wid sy 107 sassanys
Supesq a1y pue Hg pue gy SISWIW 3Y), Ul §35sa1)S
[PULIOU 3Y3 put{ *3In3y oY) UL-UMOYS 2% SUOISUSWIIP 1USUNISg *(pox103) -
“PasINR[ 31e 5pUs req ot sasodnd wopssuucoraur 104 *sdiy € jo o 22103

Suuresys pue

B papeoy st ()z1-¢ <813 ur umoys yySiem 21qidnTou jo yexoerq v
£f ATANVXT

8L
o “uorssaxdwion uy st 1eq oy yery SIJEIIPUL U} UORN[OS A} UF JoMSUE aAREdou v
(uotsusy) I QLI = Al.llon 0XsT'0) = ﬁN.. = 8¥p "O[ISU3} I8 5300J UMOWUN. [[u. SUMSSE 0} JUSUSAUOD ST 31 SAIOMOUIRY]: U ¢
! ! P 7 i
S snosuelmuns. oMy woxy AeonAfeus putioy oq -os[e’ Aewr 530105 SSOYL
: ssox i Rt FEi
g 1eq urels Uf S5 d m:« ‘€ ‘71 520101 30 313uery v Suneduos Aq Areorgdexd paurrrsisp
o ko #Py s 99 Aeul 530103 353y, 4 wrerderp aq u1 9,1 pue 7.1 pejaqer sre puw wmomy
0=€- @)~ 1=d— " 2 o="% ~UR A5 §3010] oW JO sapmuSeur AILL, "A[Erxe POPEOL oXE D PUE gy
ey 4y o=T paD SIeq 3t PUE ‘Dg pue gy souly sy Suofe paoenp are sTeq I Wy se0I0)
0=z-1 C 4 4 . 0 g e yurof om ySnoxy sjou:90105 pandde sy pue sreq o3 uo Sunoe
Ay €87 = (T A _ oy S3010] SIRIPIULISNT OV 218 319 S (QZ1-€ 511 “paredard st spuo oty je

paumd s1eq oMy o4y Jo Suysisuos ‘wrerderp APOq-5017 PozIespr U ISy

p = = 50

wtodp] g— = "0F = #0y NO1LQATOS

woissaxdwos)  sdpy z— = "0

(uor ) sapi e . €8
0= (a4 + O+ ‘+ Co="wX

sdry 77+ = @ls M = Td

‘dpf 1 = gz = 2fTd =74
sdjz+ =74 0=~ O+ 97a+ ‘+O0="wX

: :J9qUUSUT [ENPIAIPUY UE JO
£pog 2015 © 3o swire vy Supymiyy ‘sowry jeseass pardde st 5-¢ "bg ‘sopmrs
£q poumuusiop sre 530101 oy 1oV ‘siurof wid sy ye Kressadou sre
010§ jo spmauoduios omy; *paredard st {(p)zi-¢ ‘81 ‘weiSerp Apog-se1y
pastaal 9 “s010) Furajosel Jo ampaooad saoqe sy Jmdopy

YTa="Tq pwe TN =Td

puey 3¢ wajqoid oy ur ‘D wo urede pue gy
IoquIsw 53 U0 S[3ueir; s v Aq UMOYS 1€ SUOISUWIP SALRRI Yong
*pasn o KBUI SISQUUSUI JO SUCISUDWIIP SALR[RI 90Uy ‘sonel o1e ga/aV
30 g@ /gy veq YUY Sj0u “TersmoH “Ta(galay) = Ta Lzepuns

Fagalay)="4

‘unowy ST ¥, Ji 9ousH] “(weadeIp sy Ui PIpEYs SIE 3oq)
so[3ueL Jejuns oxe g pue uyp sojSueiny oy ()Zi-¢ 13 up “sepSvein
9010} PUE TOISUSUNP JO AJIS[MNS Woly SMOJ0] SIYL "PouIaGp 39
Keur 319531 50103 SU3 “UMOID ST 9210 PR3P © JO Sueuodusos oYy Jo S0
Kue 31 *Kpps1oauo)y ‘()z]-¢ ‘St Ul se 47,7 pue F,7 ojuy paajosax aq Aew
¥y ‘spdurexe 104 syusuoduros o3u1 poajoser oq Aewr 90103 Luy

“areld =t {
*[00) UTBLT A} SOW03q § = WX Eld .CT0
‘0 = J'T JO Peajsur pue $pasn axe spusuodwos 110y “Apsenp 27 pue V4 P
s8010§ Supean Jo peaysu] *Kem jusIayIp © U1 Psacoad oy snosFejuepe . |
ssaus  PUNOYSq [[1A 3 A[[ENSN 953000 S U ‘Ioadmo] *afqssod ore mouwvouo.& v ‘
Suuipays aSpazay - 959N Ylog °f pue » ssiSue UMOWY OM) PUE ‘g 3010] UMOUY Q. pus P I
" pguoosg Ve SUMOWUN oY 70 SUIIZ} U1 GoNIIM °Q = 24 pue ¢ = %y suonenbe s




@

x=7

Q | b g W e

I8

‘sisk[eure o) ux KjSnOsuUEYNUIS PAISPISUOY 5q ISNUI STOEULIO)
-op sursjqoid Jereusd ezow uf ‘suope ¢-¢ by Suwsn pezdeue oq weo
swojqoad mey K10a Auo ¢-¢ *bg Suilidde poe (Qp1-¢ 513 ‘pus %0y
a3 2A0qE (¥ — 7) po1 oy Sumno £q Padjostfo. AjIses 2q UED J NSOl S,

Ax—T) =" pu =T+ Th— = (7)
xp

T e = &, =4 Jhac )
D + x4- 2 pue 0 + =p
SBY-5UO ‘SUONIPUOd AIepunoq oy woxy vorereju;
10 yurysuoo oy Suurunisiep pue “ Sunedisjur ‘uoiyenbo [enusepIp ©
dn Supes ‘siseq syl UQ 0 = (7)%2 POI AY} JO PUS 9515 Y3 Je UOIIPYOD
£repunoq oYz Josmuma g 4 = y 90105 Apoq oy, ‘soueAs[elsey ¢-¢ ‘b
30 red js3y oy juo pue ‘g = **+ ‘am3y oYy ur UMOYS SaXE U YIM
NOILNTOS

- -winuxqpnbs jo suonenbs renuszayp Syisn pox

SIY} UJ SSONIS [EULIOU 9Y) SUIULISIA(, 4 ST [BLISYR 313 JO ySiom y1on oYL
“©)p1-¢ "33 ur umoys se A[eonea papuadsns st Suof ‘ur 7 poI FW-I V
€ ITANWVXA

-syusuodwos
JUSIUSATOD OJUT WYY 0382 .232:% a3 uo muao« 3IB $3010] POUIOUE JI

€1-€ 311
@ -

. 4]

+

7/

A o m.uﬁv
mmu_ mquuonmzsoéyoﬁ.«o:ozaEuﬂaﬁ
671 0

105U} DY} 4+ = 421 $53135 JO 93EIS [RUOISUSWIP-0] T Ul urd oYy Sutsepisuo)

.muouo.« Jo noa«nacouov ayy oyo1dwios ‘uresderp .@on.uou.« sy-Juisn pue
“JaqUIowW TENPIAIPUT e 2[0Sk USYT, Q]qissod se Jey.se anoqe:se -posood
‘uiof & ySnoxyy joe j0u op sso10y pardde. ayy eIsyM sowely uj
¥ splatk-o = @y g jo-wongondde: ayr “F(4]x)
= 71 20u1s pue ‘p 1e pasjosel oq Kewr 77 35103 oy “AeAneUIdIY "UMOYS
stuouodwos om o1 £q peoeldar o1e. s3010§- 953y} Yoy} Seowpul 24 pue
¥ y3noays sau KaBp\ pasmoljoy oq. Leun-oInpsooid -sures ol ¢ p 18 9010§
stqy Surajosex Kg -1esurpos oq isnul.g pue 18 parjdde s95103 sy3 90UIs
g pue ¥ syurod ySnoxy; spoe g7 Isquisur PaAInD oY) £q pantwsyen ¥y
010§ Y, "€1-¢ "SI Ul UMOYS 2U0 oy} S Yons waqord v UL $SI00NS M
patidde oq osje ueo 1] ‘1usedde 9q mou pnoys s1aquisUL Uy $9010f Jurpuy
1oy oidwexs sroqe oY UL Pasn POYIIWL Y} JO mowﬁaﬁ%n YL

*sS9[ 10 ‘oaoqe poynditied St JUNOUTE SUrES SN} PISSILS:SIL ISEO STYI UT
suid 13110 oys yeip vonssdsur £q usssoq-Keir ) ‘I3AOMOH]. no«umsmgs
3q pnoys surd a0 4exorlq Sy JO w.mbacu sperdusos: v 307

EITEA ) N A

AS16TI = =g==
£8'C o4

:p uid. oY) ur Te0YS S[GNOCT

o rog = SEOGLED) _ ¥ _ o,

€877 ra
9yed wiewr oy pue) .En.. oY} usamiaq Jutreeg:
ZloTo)sie) _ MRy
8T Qg

=%

194881 =

ssuep pue ) uid usamysq Suitesg: *peonno sour st wid:oy; 1e ssolys
Suneaq oyg, "s9010§ jo Iojsueny- oYy 10§ (NI~ “Fpd 998 {pareSusoanr
9 JOU PIBU SIAQJO-3Y) JE UOIDIS Jou oY) Jaquistir uoissaxdiifos ays uf

(uorssordwion) sy ggp = SCOKLED _ ¥ _ o,
, €87 04

:0g Ieq urew uissong

Le0 — asoeroe Y _ auar,y

(uosusy) I TIL = ,
£2T ¥

$(E)TI-€ 31 ‘g 18 JO SIASIO-UI'SSINE




Hw #X 3
_ o PROBLEM 1.7 _ 1.7 Link 8D co'l":s_ism of a single bar 30 mm wide and 12 mm thick. Knowing that
"Shf . each pin has a 10-mm diameter, determine the maximum value of the average normal
(‘ é:;e ™ stress in link BD if (@) 8 =0, (b) 0= 90
safe:
Ac oA SOLUTION
Z se bar ABE 4ok
as Free lood - S .
' V' B
‘fe i
, EMA =0
2 " e . e . u’
b (a) 6= 0 (0.950 sin ,aof)Caoxlo’) - (0.300 cos,3£>) Feo = ©
Feo = 17.82%0° N |
? (b) & =%°  (0.450 cos 36°)(20m0°) - (0.800 cas 80° ) Ry = ©
| _ F'-Qp z -« 30 5‘,03 N
Arecs En |
(@)  densiom poudfncé Arx .(0. 030 - 0.0lo)(0.0l"{) = 240 !10-6 "'
; (b)  compression A = (O.:OSQ)(0.0IR): 360 %[0 m
Stresses | | .
e~ - o . 17.32%/0° | <
@ & - -Aeg- * mewiote T 132xlof 72.2 MPo.
() G = Y:Sc -30 k103 : € '
i = 360 » 10°¢ * - 8%.3x/0 - 83.3 MPao, =t
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PROBLEM 143 1.14 Two hydraulic cylinders are used to control the position of the rabotic arm ABC.

N Knowing that the control rods attached a1 4 and [ each have a 20-mm diameter and
happen to be parallel in the position shown, determine the average normal stress in {a)
member AE, (b) member DG.

1
. I SO0 N

SOLUTION
Use member ABC
oe Free Bobly. . 1’0‘3“
T | =
R
150mm 200 mm _ R
D TMg=0 (0.150) # Fae = (0. 600)(800) = O Fig= xS N

Avea of vool in mew ber AE i A= -}d".': %_r(szld-s)"- = 314.16 )t/c:;a mé'.

Stress in prod AE: 6",,5:—;!-‘-‘5 = SR = 12,73 /0 fa

gon | (@  Epp= 1273 MPa .

- Use com Ls‘ncd.membem AQC QMA BF-D as_'.{:»ee bcdy\
(060X E Fe) =~ (0.200)(4 K,
“(lLoso -0 450)(#e) = 0 Rex-l800 N

Arew i ood DS e A= b= F(2000*) = 31016 05

Stress in rod DG ¢ VG'DG = FX" = ;3"&5"::'0_‘ = -4.77%0° Pa

(k) 6ps = = 477 MPa -a
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PROBLEM ),31’

1.31 Two wooden members of 3 x 6- in_uniform rectangular cross section are joined
by the simp!e glued scarf splice shown Knowing that the maximum allowable shearing
stress in the glued splice is 90 psi, determine () the largest load P which can be safely
applled (&) the corresponding tensile stress in the splice

SOLUTION : » Wbu.\ oo SR
6 = 90° - 40° = 50"
A, = (3¥e) = 18 in'
= :?EA- Sin 289
= ~A.[~.,-=,. SL)gm)(qog ‘
? Siv 70 Sin |OO° . 3290

P= 3290 pb ~—

i
2290 cos“50 = 755

.6’—2'75‘.3_/)31' B
s o

PR (50
OBLEM '
/‘\/—2—2{

P

X
druur X'.h_. to %lw-

1.32 Two wooden: members of 3.% 6+ in, uniform rectangular cross section are joined
by the simple glued scarf splice shown. Knowing that £ = 2400 Ib, determine the normal

and shearing stresses itk the glued splice.

SOL_UTION -
F0° - 4o° = So°"
2 (3)(6) = 18 it

(2“!00) cos 622 = 551

| P = 2‘!0‘0 Ab,

>0
Q
T

-..E.. =
€ = g o8

6-: S5, | psi -~

(RU%0)3i4 J00° « g5
N N

= es.7 Ps[ -t

I

f*-% Siv 46

fou50" G- @'.‘19‘1) + (“1;_@)&»28 » Ty 5 20
LQU‘\- (’—J:‘O ‘rx ‘:.:O
0')( = g! 4 g_»f &f)(-HO) = 0;(_&')2(-@) =z ‘SS’.I’FSt'

- ﬁ@;‘.:;‘])Am 20 + "Cxa Cordf

]







Ned b
shtu ab .

I

DEMe=0 LU A, - ©IN28Y= 0 A= 15 kN
fZR =0 Aj-23:=0 Ay = 23 kN

142 - - . -
PROBLEM M 1.41 Members AB and AC of the truss shown consist of bars of square cross sec

LN made of the same alloy. It is known that a 20- mm- square bar of the same alloy
tested to failure and that an ultimate load of 120 kIN was recorded. Ifbar 4B has ¢
0.75 m —+f mm- squaré cross section, determine (@) the factor of safety for bar 4B, (h)
Fr‘: dimensions of the cross section of bar AC if it is to have the same factor of sately a
T PR AB.

SOLUTION

Lengiﬂ o} member AB

I.4m

Rag = —',/0.7514 04% = Q.85 m

Use entire tvwss as a Free Loaiy Ay m\Ay
ifommnnnid

Use Jou‘a‘f A o Pree L'ociy

&ZF;':"O F%SFAE"‘AX‘: C
i : _(0.85')(!5) -
e

+tZF7/ = O Ayi‘ Fac - %F‘m = 0
Fao® 28 -L08X17) o g5 4y
For the test bar A r (0.020) = Ho0% mt  §, = 1R0OxI0°

For +he mw\tef\a.p SR X = IQOY/03 = 300810‘ Pa,

B A '400)(10"‘
@) For bar AB  Fs, = Po . (Booxi ~2(° 015
| - P F';s 17 %10
= 3.97
(i For bar AC ES = B - SA | Ga |
. F“' FA(. FAc.
ot = FSYF _ (3.97)(20 x10%) s 2047 X0 mt
Su 300 X{DS S :
o= 16.272 %107 m C16.27 hem

(






Rw #3
1.59 For the truss and loading shown, determine the average normal st
PROBLEM 1.59 member DF, knowing that the ¢ross-sectional area of that member is. ”'SOO mn
L 8 SOLUTION
ISOEN :
2.95
: _J_m ’ Usmg Vhe‘H)oa\ o’F dom'fs 1o ﬁnd Membew 'row.cs
H D :
180kN ‘ l Joint B : AB aund BD ave zevo '?OV‘C-E Vhe’v'\d.‘é
T 225m

Joint A ¢ Ly = 3% 42257 < 3.78 i

. 180
— Yo
L-———Sm-———‘ [\ ‘30'2_,.
| A o Fae
B): Siw i Hew +v~~'av‘;3,pes " _ S
Fro _ lgo . Fao= 225 0b. 'F:famec
533: ) 32 e Ap © v . . ranqle

(compression )

87/ Sim .‘pq_r ‘hr\.a'qwgﬁe'sv.

2.25 - 3.78

’F;pv = 1385 &N (COMP)
= 135 x10% N

Ahea.i A * Q500 IMM“ v 2500*/0-6 "
. br

RS0 xige T T E#¢/0" Pa = -54.0 MP, -

= . g Mo 020 (ki) 5
. * e For Fpr = ~ 13S kA
180 ; : M;,M Qo abvit,
q,; “05 A

@D Fudsg rathins @w red Lume.
o %wc







Problem 1.67 1.67 Each of the two vertical links CF connecting the two horizontal members 4D
and EG has a 10 x 40-mm uniform rectangular cross section and is made of a steel
with an ultimate strength in tension of 400 MPa, while each of the pins at C and F
has a 20-mm diameter and is made of a steel with an ultimate strength in shear of 150
[\ 250 MPa. Determine the overall factor of safety for the links CF and the pins connecting
mm .
) them to the horizontal members.

Use member EFG as free ba“?"

[LLFM | T Fer

24 kN
DM =0
0.40 Fp ~(0.65)(auvi0®) = ©
Fer = 39%x10° N -

x

Based on fensisn in ,P.'nks CF
A=(b-d)t = (0.0% - 0.02)(0.010) = 200 x1O™° m* (one Sink)

Fo =26, A= (2(1400%10%) (200 ¥167) = (606 0 % 103 N
Based on doulkle shean in pins

A=Fd" = Too20) = 314.16 x16¢ m?

Fo 221,A=(z)(/5ox/oé)(3/4./éxzo“): 4. 248 x/0% N
Aetvad £, is smaller vadoe, ie. F,= qr.248vi0° N

i

n

3
Factov of s_aie"’?/ ES, = -% = . 7;*;'“:'80:/0 = 2,472 _ ~f

PROPRIETARY MATERIAL. © 2006 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced
or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers and
educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, you are using it without permission.







\ooxorme Jo-mm-diameter steel rod ABC and w brass rod €D of be same
diameter are joined at point C to form the 7.5-m rod ABCD. For the louding
shown, and neglecting the weight of the rod, delermine the deflection (a) of point
C, (b) of point D. : SR o S

Answer: bo =295 mm], §, = 5.29 mm|.

R A

T T 2m
Steel: E = 200 GPa :
U § .
j 50 kN : b L LT5m
- ] Areac= 500 mm® |t [1o0 kN
Jm a ’ .
Ji] L Steel core (E = 200 Gl
Le2sm .. Alummi )
dc wninun .
{"“;N,';- — - T Plates p “llg'ldl
Ll ) - (F =70 GPy) end plate
) §b{ Area = 500 12 75kN 1.5 m
Brass: £ = 105 G Pa g(iz‘ 2.5 m . . _ .‘J_
f-(;x} . !
."’r',’\; . |
fwﬁ oo 50 kN A
b—  Fig. P2.10
Flg. P2.9 100kN . . 200 nin

v
@ The rod ABCD is made of an aluminum alloy for which 12 = 70 Qpa.
FFor the loading shown, and neglecting the weight ol the vod, delermnine the de-

... flection (a) of point B, (b) of point D, DA
" Answer: §, = 0.781 mm], §, = 5.71 mm]. - o
B " . 'Y D . / Vi 5 4 >
‘\.\ @ An axial centric force of magnitude I’ = 385 kN is applied to the com- - -2().,...,\< \ 50 unn
! posite block shown by means of a rigid-end plate. Determine the normal stress in HURTIT I g / ¢ o
1 aor , - - . : - 20 iy o
) ((1) lhc_lslgel core, (b) the .\lunn__x}pn_) plates. . Fig. p2.26 ) o '
Answer: g = =116 MPa, o, = -61.3 M Pa. ) ‘
' : " ' e L e e
2.37 ‘Therigid rod ABC is suspended by three identical wires. Knowing that :
B HAR LA peced sl BvW s e
x = 4L, determine the Lension'in each wire dyc to the force I kSR B RAND|
Answer: T, = P/3 T.=P/6, T, =p/2. D AB
B / ) c / ? A / AT Ty ¢
Toen
P

Flg. P2,37 and P2.38




2,39 The r{gid bar ABCD is suspended from four idenlicnl wires. Dletermi'ne )

the tension in each wire caused by the load P shown.

Answer: Ty = P[5, T, = 2P/5, T, =P/10, T, =3P/10.

' @ Determine (a) the compressive force in the l)nrs'shown altera tempera-
ture rise of 200°F, (b) the corresponding change in length of the aluminum bar.

Answer: P = —52 kips, 5',” = 0.0124 in.

>

0.02 in,

Alnminum

Bronze
A =25in?
E = 15 % 10%psi
a = 11 x 1076/°F .
Fig. P2,45

A =3in?
E =10 x 100 psi
ca=12.8 % 106

v

(2.46" Atroom lemperature (20°C) a LB-mm gap exisls hetween the ends of
the rads shown. Ata later time when the temperature reachés 140°C, determine

{a) the normal stress inthe aluminum, (b) the exact length of the aluminum rod.

Answer: o, = —114.6 MPa, L =300.34mm.

{2.47 Knowing that a 0.5:mm gap. exists belween the rods shown when (he
temperature is 20°C, determine (u) the temperatire at which the normal stress in-

the stainless steel rod will be o = —150 MPa, (b) the corresponding exact length
of the.stainless stoal rods o

Answer: T' = 103:7°C, L ;:--250.18"mm. -

FE ettt UL 3B SN e

L]

Flg. P2.39

(L5

Aluninum
A 2000 11m?
I
L= M) B0
Fig. P2.46 and P2.47

maon

,~——-3()() nnn———-l '—*———.‘25() mm*—»]

He ]

mm

sl

PR

Stainless stoel
A =800 n?

T - Io= 190 Gl

o= 18 % 1) e




2.7, A straight piece of wire °Q lies along the line y = me as shown in IMig. 1'2.7.
The wire is strained dnd displuced Lo the line ¥ o= nx in such w way that a point.

originally at x is displaced to x2/2. Show that the extensional strain al any point
along the wire is given by

T
B l-l-m’J'

(where 2 is the original coordinnte of the point),

Flg. P2.7

2.16. ‘The point ¢ s displaced Lo C* as shown in Wig, P2.06. "The hovizontal and
vertienl components of thin displacement ave wand oo Boxpress the averipe ox-
tensionnd strnins of AC and BC i tevins of w, o and L. 1w and vare Smaldl, whad
are Lhe approximale expressions for these nveragie exbensiomd sbrnins?

A0
ar\

LN

Fig. P2.16 ) : Flg. P2.11

@ The p\-'l'll\‘l., 12 in Fig, 12,17 is disphced vertieally an muount 0UL. Oblain
tigapproximute (frst-order) nverage extensional strain of A D, BD, and CD.

2.213 The bar A B is rigid and is supported by two wires D3 and CB us shown in
Fig1’2.21. I the bar rolates through o small angle 0, detormine the avernge

“extensionad sbrain of D and CB,

. T 41
' ' Belore :
Fig. P2.21



7.l

a7
2.24
7.5

7,34

2.31

2.38

Flg. P232 .

t

N

w

Fig. P2.27

fiswere .

its hypotenuse as shown in IFig. 1°2.34,
€ = .004, ¢ = .003. Compule the approximale value of v,(P).

-
|
|
|

|

\

W

32/ A thin triangulnr plate is deformed as indiculed in Fig. '2.32. Compute

(323)
ap

oximately the shear strain v, (P).

503

L
Fig. P2.38

" - = -
EAc - \’L +(ZL(r+u) 2y tey? - L 5

Eap= Ecp = 0.00754

- Epp= &/2

("7.‘(0.04) |

0.0071S
~0,125

~ 0.04{3.

. €ca= 06O

1

S

& gp= 0.04

el

| I |

2.34. A thin plate is in the form of a 30°-60°-90° triangle and is supported along
It is subjected to the uniforin strains

2.37. A ihin rectangular plate is deformed uniformly into another rectangle as
. shown in Fig. P2.37. It elongates 10 per cent of ils original length and contincts
' 3'per cent of its original width. Compute approximately the shear strain v...

y

2.38. A thin rectangular plate is .(]e[ormed uniformly into anolher rectangle as
shown in Fig. P2.38. The extensional strain along its length is .02 tnd the width
remains unchanged. CompuLc.npproximntely tho shear strain y,q.

Eacn I (U+e)

fri(ﬁ‘-\b
2l



2.32,JA thin trinn‘gulm' plate is deforined as indicated in Fig. P2.32, Conipute
approximately the shear strain v, (P).

Flg. P23z . Fig. P2.34

-

2.34. A thin plate is in the form of a 30°~60°-90° triangle and is supported along
ils hypotenuse as shown in Iig. P2.34. It is subjected to the uniform strains
€ = .004, ¢ = .003. Compute the approximate value of 7,(P). ‘

2.3T. A thin rectangular plate is deformed uniformly into another rectangle as
shown in Fig. P2.37. It clongates 10 per cent of ils original length and conliacts
3 per cent of ils original width. Computoe approximately the shear strain Yot

t . s t R
\ / \ : /-

________ F— - =1
| |
i w ] W1 o {
] 45° 45° | . |
i _ — % -

' L P L !

Flg. P2.37 Flg. P2.38

2.38. A thin rectangular plate is ‘(le[orme(l uniformly inlo another rectangle as
! shown in Fig. P2.38. The extensional strain along its length is .02 dnd the width
rerains unchanged. Compule approximately the shear strain 7...

Answere s
2.l Eac = \’L2-+(-£'L(lr4u)4auvz'_1‘”) Enc R 7 (u+yv)
L YA
o L GoaElew
. : L
A41  Eap= Ecpm 0.00754 5 & gp= 0.04 <t
224 Epp= Oz 5 Ecp= O

AT T (0.04)
2,34 0.001%
¢31 -0.125
238 - 0.0{%



2.7, A stenight picce of wire 2Q lies along the line y = me as shown in Mg, 1'2.7.
The wire is strained and displaced Lo the line ¥ = nx in such o way that o point
. originally nt e s displuced Lo 22/2. Show that the extensional strain ul ahy point

along the wire is given by
- JIIE,
1 - n?

(where 2 is the original coordinale of Le point).

Flg. P2.7

2.16. The point ¢ s displaced Lo CF as shown o Fig, 72,060 The horizontal and
vertienl conpouents of Ui displacenient are woand oo Fxpress the averapge ex-
tensional strnins of AC wnd BC in Lerms of 1w, v and Lo 1w and e Smally, what
are the approsimale expressions fur these nvernge extensionad stiing?

7 A0
C'V \\ / ) .01 L\
LN , —L—\lD.
. v ct -
Flg. P2.16 ’ - Flg. P2.17

@ The p(.)in-(; I in Tig, 1217 is displuced vertically an miwount 017, Obtain
tieapproximute (Arst-order) uvernge extensional strain of A D, BD, and CD.
2.21} The bar A7 is rigid and is supported by two wires DI and CB us shown in

TFig2.210 10 the Lar rotates through o small angle 0, determine the averapge
exlensionnd sbrnin of DB and CB.

Fly. P2.21
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2.1 A steel rod is 2.2 m long and must not,stretch more than 1.2’ mm when a 8.5 kN
load is applied to it. Knowing that E = 200 GPa, determine (a) the smallest diameter
rod which should be used, (b) the corresponding normal stress caused by the load.

PROBLEM 2.1

SOLUTION

@ S

A

PL . _ PL _ (8.Sx0*)2.2) ca
AE A = ES ° 77.92 %]0 " m

(roox107)(1.ax107%) ~
t . . H(72.92700°%) - N
Fat o o yBE IR < ooty

= 9.9¢ mm - | F
. v
X
k) G = : i 7§g2i?o-c = 109.1%10° Pa = 10%.) MPa - |z
é.8 A cast-iron tuBe is used to support a compressive load. Knowing that £ = 10 x
PROBLEM%Y Joba 2.4 108 psi and that the maximum allowable change in length is 0.025 percent, determine
: R $p) (@) the maximum normal stress in the tube, (b) the minimum wall thickness for a load
SOLUTION of 1600 Ib if the outside diameter of the tube is 2.0 in. :
S _oos ‘ 2
&= B2 < (Jowo Yn.0002s) = 2.5 wo? psi S A& kse - |2
[ 13 - P - ,600 - . kX
(b) G-.Tl\E- s A“G‘-‘—W— 0.640 v
7 (N a 2
A = _"il- c}o -d ¢ ) .
R . 2 ) 2. 2 O. ‘*\ . a e .
&4 = Jg -’ %—.‘A- - 2,0 - &)%_E_ = 3.,,85‘ "\’L .. d‘: = ,- 7847 n,
T=£(do-d;)= £(20-1.7347) = 0.1077 in. - |/
® ' PROBLEM M 2.13 2.11 The 4-mm-diameter cable BC is made of a steel with E = 200 GPa. Knov_ving

that the maximum stress in the cable must not exceed 190 MPa and that the
elongation of the cable must not exceed 6 mm, find the maximum load P that can be

Cansio/em'nﬁ ollow b le stress 6 = 190%\0° Pa Ay
: - 2
A= BdY = E(0.004) = 12.56%07% |
6’ = .E.c ¢

C_on.sialem‘uq ‘cJ,po«) wbde "e}onja;f'é‘ov\ §= ¢ x(o‘s .

P: 0.9509 R = (0.9507)(2. 001X ) = 1.983x(°N = [, 988 k==

applied as shown.
SOLUTION ‘ ’ F F B
T Fao/@U .
Lg = —\/ C*+ 4% = 7.211) m Q_b:c: B o
Use bar AR as a free baJ\, : P<—-- \F
: . ‘ | Fee
VZIMy=0  35P - Elgks Ro)= © .

P= 0.9509 By ¥ r_A,,f

A Feem 6A = 090 #102.5¢6x10°) = 2.888%10° N ¢

Fae Lae . | 5[53 (12.566%07¢)(200 ¥107 )(.6 S®) _ voq' Lornd |
- . —&—-—-—- Py - o ~— . ¥y
s" AE H‘ Be » _ .21 , 2 Lxto” N
Swaller valve governs Res R.09Ix10° N







. , 4 on xan
~‘mwn nm:m mmn -m T,=180 C-% T1—30 C-n oo a0 Y CD 1owan v
: 0 F mm R !'l’W‘?'l vinm C r:: A Tl - mw LB '\wx:

. CD vm bw "mm'mnm wwn xaw EF -1 AB nwwma mai nR IR (x
uvrm‘mn 'nwn # mmn 125 mm Y nn now w1 MR Ho% iT9en tmwy EF -1 AB nwm
o - 375 mm? Sw qnn mow vt

oo L CD mm bW n’mo-x NISNORI/MSIRATA A A

. =7 ¢Pa o Gla

- 3 "'6 o
”Lo( 23)(/0/5 ho(; 1Ex/0 /Q‘

L. .G
J"'? ot =Ry -ResRgg ©
“i
rd m(saﬂﬂw Ej" '*LJ E'k L‘/l’
‘ Ad Fd A9" @ b“,
51:4 Aal deap “ffer CDMA‘JSF = “2[( + lek
23>uo'l;é AT 0.24 = Hcd AT L

= O Twm fe) wND steed @
AT =120, 81 _
3.9 -~ 15012k - s/cbp AT />[

-y b o
1-28Qxi0m= 230 x23.09 %0240 _ W ATSL'

! ’ ] " g :\'\’C’S’aNGA @
R s
X/ 7oX/o‘iN 2 125wI0~t ’) L%l
.2

E&ﬁ =z gél‘:,\j 3 2 F . 10x10

Rt =308 | K

st o8N - Pec, 5 @
w5 G yany ﬂ'),_'“[,{"!\ NEYS A .. [ Y .
o ’ % K\f.’. " gf v g ,'”f'_J == Koy, ..

R At bt S st @

A +.7%50 » e

=+_lh72x/m m +, X1 A I 14axia=? . amj’/"ﬁwﬁ D1ookpy

s /)"5







are. The total weight
he two hangers is 15 k.
g stresses in the 1-in.-
s A and B due to the
iglect the weight of the
that contact between
angers is frictionless,

the mast of the derrick
ul members are in the
id are joined by pins,
1an 8 in. standard steel
ser foot. (See Appendix
veight of the members.

teck the capacity of the
wn in the figure. All
iteel and have the same
f 8in.2 Determine the

/: ¥
10
sk |10
A 7
><—§—-—>
B. 3-11
b 2.

—_—30
312

maximum allowable load. F if the allowable
stresses are 20,000 psi in tension and 15,000 psi
in compression. All joints are pinned. Ans.
21.2 k.

3-13. A signboard 15ft by 20ft in area’is
supported by two frames as shown in the
figure. All members are actually 2 in. by 4 in.
in cross section. Calculate the stress in each
member due to a horizontal wind load on the
sign of 20 Ib per square foot. Assume that all
joints are connected by pins and that one-

uarter of the total wind force acts at Band at
C. Neglect the possibility of buckling of the
compression members. Neglect the weight of
the structure.

C
8l
\ B
(
s| UL X
A
S
Iz E
PROB. 3-13

PROB. 3-14

3-14. Two high-strength rods of different
sizes are attached at A4 and C and support a
load W at B as shown in the figure. What load
W can be supported? The ultimate strength
of the rods is 160 ksi, and the factor of safety
is to be 4. The rod AB has A = 0.20 in.2; the
rod BC has 4 = 0.10 in.?

3-15. What is the required diameter of the pin
B for the bell-crank mechanism shown in the
figure if an applied force of 12 kips at A4 is
resisted by a force P at C? The allowable
shearing stress is 15,000 psi. Ans. 0.60 in.

PROB. 3-15

" 3-16. Find the required cross-sectional areas

for all tension members in Example 3-6. The
allowable stress is 20 ksi.

3-17. A tower used for a high line is shown in
the figure. If it is subjected to a horizontal
force of 120 kips and the allowable stresses are
15 ksi in compression and 20 ksi in tension,
what is the required cross-sectional area of
each member? Allmembersare pin-connected.

120k
C

PROB. 3-17
91







worm f1& 22k 4 NP pOIP
——t j20 RN '

l +') ZMA= -120(5')4'5:!’3:0 E‘\j=20'DIQN
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SOLUTION

In this case P(x) is variable. It is conveniently expressed as p,x if the
origin is taken at 4. Here again Eq. 4-29 can be applied:

,"uWO«V dx 1
u =
(1]

Px) dx _1 pox
A0E T T 1E

24F

\ek &.vu =+ QH = -+ QH
0 :
At the boundary B, where x = L, the displacement is zero, i.e., (L) = 0.
This condition must be used to evaluate the constant of integration:
Cy = —p,L*24E. Thusu = —po(L? — x¥)[2AE and u(0) = —poL*2AE.
The negative sign indicates that the displacement « is in the opposite
direction to that of positive x. If W designates the total weight of
the rod, the absolute maximum deflection is WL/2AE. Compare this
expression with Eq. 4-33.
In this problem Eq. 4-32 instead of Eq. 4-29 could be applied.
With the gravity load acting downward and with the positive x axis
directed upward, the sign of the load in Eq. 4-32 must be negative, i.e.,
AE duldx® = —(—p,). As in the previous solution, one of the bound-
ary conditions is #(L) = 0. The second one is #'(0) = 0, where ' = du/
dx; this follows from the fact that at the free end P = 0. (See Eq. 4-30.)
If a concentrated force P, in addition to the bar’s own weight,
were acting on the bar 4B at the end A, the total end deflection due to the
two causes by superposition would be

PL WL _ [P+ (WL
AE ' 24E AE
EXAMPLE 410

A 30-in.-long aluminum rod is enclosed within a steel-alloy tube, Figs.

4-29(a) and (b). The two materials are bonded together. If the stress-
strain diagrams for the two materials can be idealized as shown, respec-
tively, in Fig. 4-29(d), what end deflection will occur for P; = 80
kips and for P, = 125 kips? The cross-sectional areas of steel 4, and of
aluminum 4, are the same and equal to 0.5 in.2.

SOLUTION

By applying the method of sections, one can easily determine the axial
force at an arbitrary section, Fig. 4-29(c). However, unlike the case in
any problem considered so far, the manner in which the resistance to
the force P is distributed between the two materials is not known. Thus,
the problem is internally statically indeterminate. The requirements of
equilibrium (statics) remain valid, but additional conditions are necessary
to solve the problem. One of the auxiliary conditions comes from the
requirements of the compatibility .of deformations. However, since the
requirements of statics involve forces and deformations involve dis-
placements, a connecting condition based on the property of materials
must be added. :

Let subscripts a and s on P, &, and o identify these quantities as
being for aluminum and steel, respectively. Then, noting that the applied
force is supported by a force developed in steel and aluminum and that

:Q.me /
\

A il
[l
i
]
“ “ 150
N
_

30" { “ : »%
I dx .
i + IT Alumit
1 H \
i [ 50
I [ s
|1 I j
i i1 %

¥ i I/ 1
« Hw 0 167 45 6.67 10 e

P P @
(a) ©

Fig. 429

at every section the displacement or the strain of the two materials is the
same, and tentatively assuming elastic response of both materials, one
has

Equilibrium: P, +P, =P or P,
Deformation: U, = U or
Material properties: &, = 0,/E, and g, = G,[E,

By noting that o, = P,[4, and o, = P,/A,, one can solve the three equa-
tions. From the diagram the elastic moduli are E, = 30 x 10° psi and
E, = 10 x 108 psi. Thus

Hence P, = [4,E,[(A,E)IP, = 3P,, and P, + 3P, = P, = 80k; there-
fore, P, = 20k, and P, = 60 k.

Applying Eq. 4-33 to either material, the tip deflection for 80
kips will be

PL PLL  20(10%30

= 0.120 in.
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deformation

This corresponds to a strain of 0.120/30 = 4 x 103 in. per inch. In
this range both materials respond elastically, which satisfies the material-
property assumption made at the beginning of this solution. In fact,
as may be seen from Fig, 4-29(d), since for the linearly elastic response
the strain can reach 5 x 1072 in. per inch for both materials, by direct
proportion the applied force P can be as large as 100 kips.

At P = 100 kips the stress in aluminum reaches 50 ksi. According
to the idealized stress-strain diagram no higher stress can be resisted by
this material, although the strains may continue to increase. Therefore,
beyond P = 100 kips, the aluminum rod can be counted upon to resist
only P, = A,o,, = 0.5 x 50 = 25 kips. The remainder of the applied
load must be carried by the steel tube. For P, = 125 kips, 100 kips must
be carried by the steel tube. Hence os = 100/0.5 = 200 ksi, At this
stress level &, = 200/(30 X 10%) = 6.67 x 103 in, per inch, Therefore,
the tip deflection

u = el =6.67 x 1078 x 30 = 0.200 in.

Note that it is not possible to determine » from the strain in aluminum
since no unique strain corresponds to the stress of 50 ksi, which is all that
the aluminum rod can carry. However, in this case the elastic steel tube
contains the plastic flow. Thus, the strains in both materials are the
same, i.e., &s = & = 6.67 x 1073 in. per inch, see Fig. 4-29(d).

If the applied load P, = 125 kips were removed, both materials
in the rod would rebound elastically. Thus if one imagines the bond
between the two materials broken, the steel tube would return to its
initial shape. But a. permanent set (stretch) of (6.67 —5) x 1079 =
1.67 x 1072 in, per inch would occur in the aluminum rod. This in-
compatibility of strain cannot develop if the two materials are bonded
together. Instead, residual stresses develop, which maintain the same
axial deformations in both materials. In this case, the aluminum rod
remains slightly compressed, and the steel tube is slightly stretched.
The solution of such statically indeterminate problems is considered in
greater detail in Chapter 12. The small effect due to Poisson’s ratio is
neglected in the above discussion.

4-18. STRESS CONCENTRATIONS

From the preceding articles of this chapter it is seen that stresses
are accompanied by deformations. If such deformations take place at the
same uniform rate in adjoining elements, no additional stresses, other than

! - . Soa PRI LR N
the cross-sectional area ot a member is interrupted or if the force is actually
applied over a very small area, a perturbation in stresses takes place
because the adjoining elements must be physically continuous in a’
deformed state. They must stretch or contract equal amounts at the ad-
joining sides of all particles, These deformations result from linear and
shearing deformations involving the properties of materials E, G, and »
and the applied forces. Methods of obtaining this disturbed-stress distri-
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PROBLEM 2.127
y|

2.127 The block shown is made of a magnesium alloy for which £ = 6.5 x 10° psi and

v =0.35. Knowing that g, = -20 ksi, determine (a) the magnitude of g, for which the
change in the height of the block will be zero, (b) the corresponding change in the area
of the face ABCD, (c) the corresponding change in the volume of the block,

SOLUTION

SY =0 EY = 0O Z
]

@) 6y = Gy = (0.35 W-20x/0?)

= —7*/05,),.‘ = =7 ke —
£z = '_,'__—_"'("'z)Gfr-?)(i,\): - VCG;* iy) 2
= (‘0.3535_;_2321605— 7 x10%) = 1.4538 %[0
Ee= 2(6,-vE,) - =2 (o8 )7xet)
= - 2,7 xj07?
A+ AA = LO+reNL,O+8) = L, Lz (1+e,+€, +8,8.)
But A, = L.L, |
AA = Ll (e, +5, +5,8)
= (4,0 Y 1.0)( 14538 %[0 = 27518 % + small e
= 4,98 2|0 jint = - 0.00H8 in’ Y -
Sinee L7 i's constaut
AV =

= Ly (AA )= (1.375°)(~ 4,98%10°2) = -6.85 w100 i’

i

-0.00€85 in® ) -
€2 2 1ySYx"

€y = ~2.2x/073
L‘ :Lg (""éx) A L L

e 2 : Ap = -L Z.
Lo 3l (146y) T T Aras ~bx

AV

’ -3
-V—:Q. = 6&#6\7 4'6@ s -/, Z(fé')_ )(/o"3 AV = V(“LZVALX/O

=( 1. ].37§. u) (—/.z.yézx/od/ )






2.125 A 250-mm-long aluminum tube (£ = 70 GPa) of 36-mm outer diameter and 28-
PROBLEM 2.126 mm inner diameter may be closed at both ends by means of single-threaded screw-on

covers of 1.5-mm pitch. With one cover screwed on tight, a solid brass rod (E = 105 -

36 mm 98 mm GPa) of 25-mm diameter is placed inside the tube and the second cover is screwed on.
im l Since the rod is slightly longer than the tube, it is observed that the cover must be

closed. Determine (a) the average normal stress in the tube and in the rod, (b) the

o forced against the rod by rotating it one-quarter of a turn before it can be tightly
deformations of the tube and of the rod.

i 250 mm | 2.126 In Prob. 2.125, determine the average normal stress in the tube and the rod,
assuming that the temperature was 15° C when the nuts were snugly fitted and that the
final temperature is 55° C. (For aluminum, ¢ = 23.6 x 10%°C; for brass, o« =20.9 x
NI
SOLUTION 107°C)

Ase = m (g =)= (36"~ 28") = 402,12 vam™ = 402. /2 %/0" m®

Awa = Bo* = £ (257 2 490, 87w = 490.27¢107 "
AT = 55 ~15 = 40 °c S
-
Spobe = abr— + Lolu, (AT) - P (o.250) + (5.250)(23.6 x15°° ) (4o0)
tobe T Eie Aae (70 ¥107)(402.12 %107%) N
= 8,88IS¥/0° TP + 236w%|o0”¢
- Pk A = - P (o0.250) 0.250)(20.2%15° ) (o)
Srod = End And + La.en (605¥10“)(4‘io,87*lo")+( °
= _q,850Cx)O"P + 209v|0° - 2
S¥ = Fhum x LS i = 0,375 mm = BIS X0 m
¢

S-’M S Spd * 5‘
| 8. 8815 x10°T P + 23¢ vIO-‘ = - 4,805 |0 P 4+ 20970 4+ 375 x/O-‘

12.732 210" P = 348 xlo - P = 25. 342 wio® N 3
3 .

=--E—:—.__35~_333_.’.‘L0_3-_ ° :..- -
Srod P TaosTwige = ~S51-6%I0 Pa 5.6 MPa
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PROBLEM 2.134

SOLUTION

Maximum stress at hode

Vse F\‘ﬂ. 2.64 6. ¥ov vadues of K

r __6 : i .
‘a  na.s-12 0.0SQ?) K 2.80
At = (2)N12.5-12) 7 1206 me = 1206 xIG "
k)
Sewr 7 KZ\E«— ) ('7-"?;3056(5?0{:0 Lo~ 1397 % 10° Fa 2

Maximum stress ot Fillets
Use Fig. 2.¢4 b

Lot =0, 2.12%5 .0, K= zio 2
A,... = 02Y78) = 900 rmm = 60 ¥ (0™ m™
- _E__ - (?-‘03(.':'8*103) 4 2
Soar = K = 700 ¥ (0 | 35.3 10" Pa
(@) Wirh hole cma/ Fillets Gonw = 134.7 MPe <
2
(b) Withoot hole Giax = 135.3 MPa -

e e — ey~ S e T

......

shown. (b) Solve i)e;n a, assuﬁliné that the hole at A'is not drilled.

PROBLEM 2.100

15 mm

P - Ahd 6""“‘ -

2.100 A centric axial force is applied to the steel bar shown. Knowing that g is
135 MPa, determine the maximum allowable load P.

SOLUTION
At the hole: V= 9 mm d= 9018 = 72 wmm

3: 0. 125 Frow Rj 2.¢64 a K = 2.65

At = T d = US)7RV= 1,08 X/CPrm" = 1.OBXIO "

(.08 W13 107 _ poy10® Ny < &5 N o

S

K

= 10 mm

= KB

“w " AMM

.68

M the Bt Dz 120 wm, d= 90w D=2 332

=12 = o111

- av F’\"‘“’\ F:l‘% 2-6‘! B K= 2.02

Auw = td = USY(F0) = [.B3S%IC" wim = [.B3EX[O™" m™

- Ahiw 6:"#- -
P = K

-8 3 -
(1.35;::«;3&'3040) = GoxidN = o kN 2

2

A
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Fig. 3-22. Thin-walled member of variable thickness.
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FIGURE 8.4.3. Thin-walled open sections, showing their shear stresses and torsional con-
stants J,. In (a) and (b), dimension b is the length of the midline of the cross section.

when a bar is bent to form a helical spring, some corrections to these formulas

may be necessary [8.3].

The membrane analogy permits a very useful generalization of the foregoing
results to other thin-walled open cross sections. Imagine that the narrow rectar
gular cross section of Fig. 8.4.2 is distorted into a C or an L shape, or attached

to another narrow rectangle to Bmwo a T or an I section. By visualizing the:
inflated membranes for these m:mwam we decide that ¢ surfaces of all of them

remain parabolic (excepting near ends and near reentrant corners, which we
discuss later). The total torque is the sum of torques carried by each part of the
cross section. Since Gf is the same for each part, Eqs. 8.4.5 and w.A.m still
w@Ev\ but with the Su\ 3 contributions summed to v;aE

1 < . .
=3 M (8.4.10)
where n is. the number of parts into which the cross section is divided for
purposes of calculation. Examples of this calculation appear in Fig. 8.4.3. In
angle and I sections, the part of greater thickness displays greater shear stress.
Where there is taper, as in the cross section of a turbine blade or-in flanges of
a rolled section, we can use

?n W\Nu % Am.a.:v
where ds is an increment of Jength along the medial line of the cross section.
More exact formulas are available [8.3]. These formulas, experimental results
[8.5], and coefficient Cg in Table 8.4.1 suggest that, for standard rolled struc-
tural shapes,J; may actually be some 10 percent higher than predicted by Egs.
8.4.10 and 8.4.11. Omission of this adjustment yields a conservative design
under either a stress limit or a deflection limit.

A HYDRODYNAMIC ANALOGY

There are several hydrodynamic analogies to the torsion problem [§.1]. In
section we outline one, without proof, and use it to draw useful conclus
about shear stresses in twisted bars.
If a fluid without viscosity executes motion in the yz plane with cons
vorticity, its motion is described by the equation
mwN mw
I«% + ll& = 2w . (8.
dy 922 -
where ¢ is the stream function and w is the {constant) vorticity. Fluid veloc
v and w in y and z directions, respectively, are
_d¢ ag

W= —— (8.

v .
az ay

Clearly, Egs. 8.5.1 and 8.5.2 are analogous to Eqs. 8.3.5 and 8.3.1, res
tively. Thus fluid velocities are proportional to shear stresses. Lines ¢ =
stant are streamlines. The fluid boundary must be a streamline, therefore
boundary condition d¢ = 0 of Eq. 8.3.6 is met. Thus the analogy is compl

Experiments have been done in the following way. Imagine that a sq
cross section is to be studied. A shallow square tank is painted black and plz
on a turntable. A camera, looking down onto the tank, is also attached to
turntable. The tank is filled with water (whose viscosity is low, if not g
zero) and aluminum powder is sprinkled on the water. When all is quiet,
camera shutter is opened while the tumntable is rotated about 10°. From
viewpoint of the photograph, the tank is stationary while the fluid rotates v
nearly constant vorticity. The aluminum particles show as streaks on the fi
Each streak is in the direction of a shear stress. The length of the streal
proportional to the magnitude of the shear stress. \

Experiments aside, the hydrodynamic analogy has other uses. One is in aid
visualization of torsion problems. Another is that known solutions for fluid f
can be applied to the torsion problem. For example, consider an elliptical
stacle (Fig. 8.5.1a). Far from the obstacle the flow is uniform and horizon
sow = 0 and v = v,, a constant. Points A are stagnation points, where v
w = 0. Fluid theory shows that at points B, where z = =*b, fluid veloci
are v v,(l + b/a) and w = 0. Applying these results to a twisted bar, F
8.5.1b, we conclude that stress is zero at the sharp external corners C. At
root of the small elliptical notch, shear stress is approximately

b

1 + - 8.5
a

T=7,
where 7, is the stress that would prevail near the boundary if the notch w
not there. The calculation is approximate because the undisturbed stress is

the uniform value 7, unless the notch is very small. The quantity in parenthe
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¢ in the xz plane

. ¢ in the xy Eusm
- B /\M .
FIGURE 8.4.2. Narrow rectangular cross section (b >> 1), with views of the
stress function (or inflated membrane). .

where C is a constant. Substituting into Eq. 8.3.5, we find

—2C = —-2GB S0 C =068 (8.4.4
The torque is
/2 b .
T =2 ez ddA =2 2 ¢b dz = Qm|u- (8.4.5
The maximum shear stress, found along the edges z = *1/2, is
d 4 )
r= |22 = 2cl=cp (8.4.6)
9z ==1/2 2 ' :
Substituting for B from Eq. 8.4.5, we find
. Tt 3T t :
T = Nﬁlw\cw = m w.ﬁ z = HM (8.4.7)
Equations 8.4.5 and 8.4.7 can be written in the forms
Jo T T
— s B == T=— 8.4.8
% B GJlg Jr ( )
where
b
Jg = 3 (for b >> 1) (8.4.9)

These expressions for 8 and 7 are similar in form to the corresponding expres-
sions for a circular cross section, Eqs. 8.1.2 and 8.1.3. However, Jg is ent-
phatically NOT the polar moment of the cross-sectional area about the centroidal
x axis. :

If (say) b/t = 10, Egs. 8.4.8 give B and 7 values that are approximately 6.5
percent low. Accuracy improves as b/t increases. Aspect ratios in the range
1 < b/r < 10 can be analyzed with tabulated data obtained by other analytical
or numerical methods (Table 8.4.1). If the centerline of the bar is curved, as’.

TABLE 8.4.1 Expressions for Maximum Shear Stress and Rate of Twist in
Selected Solid Sections [8.1, 8.4]

Maximum Shear

Cross Section and Area Stress Rate of Twist
Ellipse

! 2a .
2T 2+ B 4
_w T, = 5 (a > b) mﬂmwﬂmﬂlnm.w.
2 Tab ma’b> G dx

B B (Tmax at Bif b > a)
Area = wab

Equilateral triangle

— A

=38 QV , o2 pod62T _ db
4 P at G dx
Area = (0.433 a2
Regular
.rnxmwoz R
aday | s g 88T o db
A A _ A @ & G rm X
Area = (.86642
LT g L T .46
AT Cba? Ceba® G dx
b/a C. 7o/ T4 . Cq
Rectangle
_!Ivi 1.0 0.208 1.000 0.1406
” - 1.2 0.219 0.935 0.166
B, 8 IMI 1.5 0.231 0.859 0.196
2.0 0.246 0.795 0.229
2.5 0.258 0.766 0.249
Area = ab 3.0 0.267 0.753 0.263
4.0 0.282 0.745 0.281
6.0 0.299 0.743 0.299
10.0 0.312 ©0.742 0.312
o 0.333 0.742 0.333
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M= 1skN-m K
A ( R
—
4.1 and 4.2 Knowing that the couple shown acts in a vertical plune, deter. o

mine the stress at {(a) point A, (h) point B.

[o~}
s
[a]

Dimensions in mm

Fig. P4.1
4.9 and 4.10  Two vertical forces are applicd to a beam of the cross section

shown. Determine the maximun tensile wnd compressive stresses in the beam .

45 mm

r.—mo mm———l_—L

. I2 mm
g

_!_ 12 mm 75 mm
30 mm 30 mm Al

153 kN 15 LN

O

_________ Al ]
- A o
230 n\mJ

i
400 mmn 500 mm
Fig. P49

[ S

=373 nun=—f=250 nun

Fig. P4.10

4.26 A couple M will be applicd to a beam of rectangular cross section which
is to be sawed from a log of circular cross section.  Determine the ratio d/b, for

which (a) the maximum stress ,, will be as small as possible, (b) the radius of
crrvature of the beam will be maximum.

Fig. P4.26

hat ok bu fh width K fhe bewun 50 Fhat

, Hhe Gy, " Yensurn &0 3 hnse He
M“"’iﬁnw;"&m}’m? . . o

IR R ¢ Kz_._t
' . o
‘ R 'F ) : \/\ =10 G
M (L_ — 4_¢ b Li2Som.
S : s . €2
X
E it
" e e e e DR RN 3 et - 195 % 10 nm; ~m———e
4.28  The 150 X 250 mm timber beam has been strengthened by bolting 4 & -]
two stecl strips to form the compositc member shown.  Using the data pivtm o y )
below, determine the largest permissible bending moment when the member g N

bent about a horizontal axis. 250 mm

Wood.,- Steel

P X
. : - ) A
¢ - Modulus of elasticity - 13GPa 200 CPa 1 / -
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Problem 4.7

4.7 through 4.9 Two vertical forces are applied to a beam of the cross section
shown. Determine the maximum tensile and compressive stresses in portion BC of the

@ | 600 kif-fn

!

3
ka -l

M= Pa

M
D)

-

3in. 3in. 3in. beam.
Jo - -
o Al Y| A
®©ij18 | & 9o
) @18 | 8
% 3|36 log
Y -
P Yo = 22 = 30 (@
g ' Neutvad axis Jies 3w
2 o bove the base.
— = 2

I, = bbbl Ad?= &R+ (2)XR) = 126 i
I,= kbl Ad = H R0 = 73 00"

I= I,+I, = \26+78 = 204 in” 0,
y.hr-‘- 5'"1. ‘\jho‘l' = “3;(\.
M- Pa = O

(5)(H0) = 60O kfp-fn.

@

6"*‘? = = —%‘Xt? = —i%‘%z@' = - 4.7 ksr (compwe.ssc‘on\ =)
_ _ Myt _ _ (6o0)(-3) _ . , @
6[,,-}- = T = = —'—"““‘“20‘_, = 8.82 Ksi (+cm5:on) =

PROPRIETARY MATERIAL. © 2006 The McGraw-Hill Companies, Inc. All rights reseived. No part of this Manual may be displayed, reproduced
or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers and
educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, you are using it without permission.




"Problem 4.39 4.39 and 4.40 A steel bar (E, = 210 GPa) and an aluminum bar (, = 70 GPa) are
» : bonded together to form the composite bar shown. Determine the maximum stress in

(@) the aluminum, (b) the steel, when the bar is bent about a horizontal axis with M
8 mm =60N-m,
8 mm] Vse cdvminum as H\“e veference wmeteviat.
L_2 —>| Fow a/pc)wu‘nuwx n= 1\
4 mmi
For steel n=EJ/E, = 2l0/70 = 3 @
. . . TV‘O\.V\S’VO\I‘MQ&{ Seo-h‘c;m
® n=3 | - i
@' \ A).’“Mt hA)""""z Yo, DASI'J e
n=
j—— 24x3272 —I ® | 192 57¢ 2 | 6912
v@i l______l | @] 1avn 192 4 763
| — 24—1 z 7673 7680
\?,, = 72?; = lOw\m@ T“\e neU’{‘vmj oS /ies IO M a.éove +he bo‘H‘om.

TR AL + n,A, dlz = %(7\‘”(8)3‘*(3;74 3(2)1 = 5.376%10% pam'

2 b bt AT 1 (24)B Y (1926 = T.a3¢ x16% it @)

I =TI +I,= 133210 mm' = 12.32%(0°7 m?

M= GO Nem

gu_‘.ﬂ_’v_‘i

I
() Adv i nom n= 1 ) y=~IOmM= = 0.010 m
- _ 0Yeo)o.010) 6 ) Y
G,= B Eax o = 45.0712%10° Pa @ Gos 45.1 MPa

(b Steel n= 5 =

y y- Emm = 0,006 m

= _ (&) (t0)(0.006) _ 120 % [0° P G -
o sRoT o ol 1sorleT e O, ®

2 =3l MPa -t

PROPRIETARY MATERIAL. © 2006 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced
or distributed in any form or. by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers and
educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, you are using it without permission.




5.123 and 5.124 () Using singularity functions
PROBLEM 5,124 mum b CSLL8 Singularity

40 kN/m

SOLUTION

s310x52 OM, =0
18 - 3.¢R, + (l.z)(z.‘l)(#a) ~27 = o
Ra= 29.85 iy

V= 29.8 - 4o (x- 25 kv

Point D V=o 7.8 - 4o (x5 - 1.2) = © wrhen V:'—E.L.L"
Xo = 1. 92875 dx

M= -18 + 29.5% - 0%~ n.z)"‘ kV-m M et e

Ma = =18 kNem

My =

=18 + R9.5X1.937¢) ~ (z0)(0.737¢)* = 28.27% KkN.m

Me = - 12 +(29.5%(2.c) ~@X2.4) =

=27 kNem
Manimom |M] < R8.278 kM-m  of X= L9375 p, | - -
For S 3l0 x 52 V‘oa”ed steed section S= 6325 x10% mm®
| = 6AS % 10"% p 3
Normad stress G = aud = z:siiztlfs T H.2%10° Pa = 45.2 MPs e

V:O







Problem 570 B .~ 5.69 and 5.70 For the beam and loading‘:shown, deﬁign the cross section of the
. beam, knowing that the grade of timber used has an allowable normal stress of 12
MPa,
2.3 kN 2.5 kN
A 6 kN/m 4 100 mm
B =C

By symmetvy
B+C +2.5+25-B)c) = ©

+TZ /=0
B=C=: 6skw (O
Shear>z A +te R V= 25 kv
Vgt = 25+ 6.5 = 9 kV
Ve = 9 =(3%e) = =7 kV
‘C +o D VT =9+ 6.8 = =25 kV
Aveas under shean Au‘qgwam

AteB  SVdx =(0.6)RS) < 1.5 k¥N-wm
Bh E  SVa=@YS)Y) = 6.75 kN-m

Eto ¢ Svdx = -6.75 kN-m
C + D SVA)( = ~1.5 kVN-m
Bev\a‘(hﬂ moments Mp= O
MB = O 4+ L& = |I.§ kvum
/.5 1.5 ) Mg = LS +6.75 = 8.25 kNowm
' X M = 8.25-6.75 = LS kN m
Mp= LE-1:5 = O

Mayimum |M] = 825 kV-wm - 8.25x10° N-m

G = 12MPa = 12xl0¢ Pa
Moo - B25x102 | g0 6416 = 682.5%10° pm

Snln= 6111 " \2% |0 ®
S= # bh?
687 3) , :
ce2.8x10® = (F)(100) h* h'= (Q(,OO O 25 x10% e
h - 203 mm @

For a r*ealLanﬂu far section

C -l
€ ME

o ab

PROPRIETARY MATERIAL. © 2006 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced
or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers and
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E,

PROB. 6-37

180,000 ft-1b around the “strong” axis. The
miaterial of the beam is nonisotropic and is
such that the modulus of elasticity in tension
is 114 times as great as in compression, see
figure. If the stresses do not exceed the
proportional limit, find the maximum tensile
and compressive stresses in the beam. Ans.
16.7 ksi, —13.6 ksi.

6-38 and 6-39. Determine the allowable
bending moment around horizontal neutral
axes for the composite beams of wood and
steel having the cross-sectional dimensions
shown in the figures. Materials are fastened
together so that they act as a unit. E, =
30 x 10%psi; Ey, = 12 x 108 psi. The allow-
able deing stresses are o5 = 20,000 psi and
Oy = 15200 psi. Ans. Prob. 6-38. 450 k-in.

1/2// x 2 l/,,” |/2//

8" < 8’”

12" C |2//

1" X 6"

PROB. 6-38 PROB. 6-39

6-40. A S5-in.-thick concrete slab is longi-
tudinally reinforced with steel bars as shown
in the figure. (a) Determine the allowable
bending moment per 1-ft width of this slab.
Assume n = 12 and that the allowable stresses

for steel and concrete are 18,000 psi and
900 psi, - respectively. (b) Find the ultimatc
moment capacity per foot of width of the sk
if for steel oyy = 40ksi and for concrele
S = 3,000 psi. (Note: #3 bars are 34 in. in
diameter having 4 = 0.11 in.2 each.)

# 3 bars
3" on centers

PROB. 6-40

6-41. (a) A beam has a cross section us
shown in the figure, and is subjected to i
positive bending moment which causes
tensile stress in the steel of 18,000 psi. 1t
n =10, what is the value of the bending
moment? (b) If oy, = 50 ksi, and fo = 4,000
psi, what is the ultimate moment capacity of
the section? Ans. (a) 131.6 k-ft.

3// l 2r/ 3 "

fs

28//

Total A;=3.6 in.2
PROB. 6-41

6-42. Rework Example 6-12 by changing 4 to
4 in.

6-43. Derive Eq. 6-23.

6-44. What is the largest bending moment
which may be applied to a curved bar, such
as shown in Fig. 6-25(a), with 7 = 3 in., if it
has a circular cross-sectional area of 2-in,
diameter and the allowable stress is 12 ksi?
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Chapter 7
Shearing stresses
in beams

oceur in the plastic zones, no unbalancé in longitudinal ».083.' oceurs

and no shearing stresses are developed. )

. This elementary solution has been refined by using a more
carefully formulated criterion of yielding caused by the simultaneous
action of normal and shearing stresses.* Some fundamental aspects of
the interaction of such stresses will be considered in Chapter 9.

EXAMPLE 76
An I beam is loaded as in Fig. 7-14(a). If it has the cross section shown

in Fig. 7-14(c), determine the shearing stresses at the levels indicated.
Neglect the weight of the beam.-

SOLUTION

A free-body diagram of a segment of the beam is in Fig, 7-14(b). It is
seen from this diagram that the vertical shear at every section is 50 kips.
Bending moments do not enter directly into-the present problem. The
shear flow at the various levels of the beam is computed’in_the: table
below using Eq. 7-5. Since = = g/t (Eq. 7-6), the shearinig stresses are
obtained by dividing the shear flows by the respective widths of the beam.

_SU2F _Gsant -
5 T - 254 int

For use in Eq. 7-5 the ratio ¥/I = —50,000/254 = —197 Ibfin4

Level

»
Aas®

7 QC=AJy (g=VOIl t ..‘.v.mm

1-1

0 6 0 0 6.0 ‘0

2-2

_ 6.0 ~570
©56 =300 | s75 | 1725|3400 &9 —6.300

33 |

0.5 =300 575 |1725

©.5)0.5) = 025 | 525 _Eu_w& —3,650 | 05

17,300

44

0.5 =3.00 5.5 :.NJ ~4,890 0.5

©5)55) =215 | 275 | 7562481 —9,780

* \A\-Z
- .vu is

is the partial area of the cross section above a given level in square inches.

the distance from the neutral axis to the centroid of the partial area in inches.
s

T The negative signs of r show that, for the section noamaonnm. the

stresses act downward on the right face of the elements. The sense of

the wr&mzw..wc.ama acting on the section coincides with the sense of the

shearing force V. -For this reason a strict adherence to the sign convention

mmomn:u::oo&mwnw.~me_¢<»wmnn,=o§wn .‘. ._.kmmmomﬁ:o.w\wnav»m
the same sense. ) 4

*D. C. Drucker, “The Effect of Shear on the Plastic Bending of Beams,”
Journal of Applied Mechanics, 23 (1956), pp. 509-14.

Hence o PR

100k
T
I
k ’
4 . -
g = 4.890 Ibfin. Tmax = 9,780 psi
. o 1 = 570 psi ab
S
d Fave = 71— ©.
i i (e) Shearing stress
(€) Section A-4 L distribution
Fig. 7-14

.Zoﬁ that at the level 2-2 two widths are used to determine the

shearing stress—one just above the line 2-2, and one just below. A
width of 6 in. corresponds to the first case, and-0.5 in. to the second.
This transition point will be discussed in the next article. The results

. obtained, which by virtue of symmetry are also applicable to the lower

half of the section,-are plotted in Fig. 7-14(d) and (e). By a method
similaf to the one used in the preceding example, it may be shown that
the curves in Fig: 7-14(e) are parts of a second-degree vw_.,wdoi.

The variation of the shearing stress indicated by Fig. 7- _.AA& may
be interpreted as is shown in Fig. 7-14(f). The maximum shearing stress
occurs at the neutral axis; the vertical shearing stresses 931%.55 the
web of the beam are nearly of the same me:::a.o. The shearing stresses
occurring in the flanges are very small. uuo.n this reason .nr.o maximum
shearing stress in an I beam is often wvw..ox.awﬁa by n:.;n:.mm the total
shear ¥ by the cross-sectional area. of the Sn_u @.u...w .n?i in Fig. 7-11(f)).

‘ L _ . ,Aﬂ-..:..«.v..._vv—.on " w\\ .,AiucA a9

In .5« example considered this gives

- 50,000 .
22 8330
o912 ps!

ﬁ*ﬂﬂ—xvﬂ_ pprox

This stress differs by about 15 per cent from the one n.o_.:&.cw mvo
accurate formula. For most cross sections a much closer approximation

237




(12 o
and 5.17  Forthe wide-Mange heam and loading shown, determine ina - 1 1

detion located halfway between points 1-and £, (0) the Tugest nornal stress, “1¢ R. RE
I? the largrest shearing stress, - ,

S -

i

[ 125 kN . v )

100 KN/ 0 kN/m 1 kN S
E

D B D _
Al B || _ A —1E ]l
W40X60 e l W 410 X 39.8
' l'.‘.l-._—- 2.5 m t 21 m aa'|

0.6 m 1.5m 1.5 m .
| ilm | -y e e -
Fig. P5.16 J Fig. PS.17 ¢
8- Twa rectangular plates are welded to the 310-mm-wide-{lange heam as
s . " . ) W310 x 52~
Determine the Targest allowable vertical shear i the shearing stress in 12 mm x 200 mm

. Fig. P5.18

Flange ; . e e
1 Web Axls X-X ‘ T
o Thick- | Thick- S Y
Area  Depth | Width  ness ness 1, S, r e |y
Designationt A,mm? d,mm | bymm t,mm | f, mm | 10°mm! 10°mm®  mm A T—‘_—:]_r_:
W30 x 52 6bSO 3T | 467 32 | 16 A18.6 : d ),(___T_” X
W410 x 114 14600 420 261 193 11.6 462 2200 177.8 j———
85 10800 417 181 18.2 10.9 316 1516 170.7 Y
060 610 407 178 128 , | 7.7 216 1061 1684 b
46.1 5880 403 140 11.2 7.0 156.1 775 162.8 -
38.8 4950 399 140 8.8 6.4 125.3 628 159.0 i

For a timber beam having the crass section shown, determine the dimension w
if the maximum allowable vertical shear force is 7.67kN, and the shearing stress
tEis not to exceed 1.MPa. ' _ - 7

; " Three boards, each of 40 mm X 90 mm rectangular cross section, are nailed

ogether to form a beam which is subjected to a vertical shear of 1 kN, Knowing
t the spacing between each pair of nails is 60 mm, determine the shearing force
nail.

t A
) | o ,
' ERIYEEIERIEIT R
" ";"A..‘ . . . .
|—- 12 mm ' —‘|§f5|—-l2 mm
[ RTTITR BOY [N S P 1 Dimensions in nun




Florida International University ,
Department of Mechanical and Materials Engineering

EMA 3702 v QUIZ 2A March 28, 2007

You are allowed three sheets of 8 %2 x 11 inch paper with whatever you wish on the sheet
Print your name and Sign the following statement:

" I'will not give nor take any unpermitted aid during this quiz. 1understand that violation of this
statement will lead to automatic failure of the quiz.

PRINT NAME SIGN NAME

Problem. The member, having the cross-section shown, is to be formed from the sheet metal of
0.06 in, thickness. If the member is fixed between two walls and has an applied torque, T, of 2500
lb-in., determine the smallest dimension d that may be used if the shearing stress is not to exceed
750 psi. The Young’s Modulus, E = 30 x 10° psi and that the Poisson ratio, v =0.3.

-}






Problem. Determine the allowable bending moment around the horizontal neutral axes for the
composite beams of wood and steel having the cross-sectional dimensions shown in the figures.
Materials are fastened together so that they act as a unit,

Given; Es=30x 10° psi; Ew=1.2 x 105 psi. The allowable bending stresses are 0s=20 ksi and
ow=1.2 ksi

) 1/2” x 2!/
8
R A
12”

e

l /2" x 6’/






R
1. 71NN min
9 on yn
6 and 5.17  For the wide-lange beam and loading shown, determine ina
setion Jocated hulfway hetween points D and £, (o) the hogest normal stress,

s larggest shearing stress, -

123 kN . '

100 kNAn 70 kN/m 160 kN B
oY E ' ! l I ls D
Af

A
- |

A
. ) J I W 410 x 60
DR L
. N R 2.5 11—t

3.6m 1.5m » 15m

=41lm ey e it e —

I
I
Fig. P5.16 ) J Fig. P17  «

518" Two rectingular plates are welded to the 310-mm-wide-flange beam as

W3i
hown,  Determine the Tugest allowable vertical shear it the shearing stress in 0 52 12 mm x 200 mm ;
he héam is not to exceed 90 MPa,
¢ o Fig. P5.18
Flange /;,‘l/k Letnppn . e
; Web Axls X-X T
e a0 thicke | Thick- = vy
- Area Depth | Width ness ness 1, S, r o jr/
Designationt A,mm? d,mm | b, mm t,mm |, mm | 106mm* 103mm?® mm A T‘ﬁF
WA x B2 66O 3T | 467 Bz | 76 | lae - d X X
S T e - . - N ——— RO _ jt o
W410 X 114 14600 420 261 19.3 11.6 462 2200 177.8 J—
85 10800 417 181 18.2 10.9 316 1516 170.7 Y
50 7610 407 178 128 ,| 1.7 216 1061 1684 - b,
46.1 5880 403 140 11.2 7.0 156.1 715 162.8 -
38.8 4950 399 140 8.8 8:4 123.3 628 159.0 i

3 Fora timber beam having the crass section shown, determine the dimension w
if the maximum allowable vertical shear force is 7.67kN, and the shearing stress
is not to exceed 1.MPa. :

'5,1  Three bourds, each of 40 mm X 90 mm rectangular cross section, are nailed
'ogelhf?f to form a beam which is subjected to a vertical shear of 1 kN, Knowing

that the spacing between each pair of nails is 60:mm, determine the shearing force
T each nail. .

Dimensions in mn

5,32 An extruded beam has the cross section shown. and is subjected to a
crtical shear of SOKN. - For# = 6 nun, determine the shearing stress at (a) pointa,

b) point b, . :

=12 1m

N Dimensions in mm
Bl T ®
30 mm . Fig. P5.1

60 mm

.
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O et Yyt
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R+, = 378

ZMA} 20 RS(4)+ 2% (2.85) - Ry (1) 20
Re: 1901l Ry = H3EA

_B& = i.g_ x;/q), '
% 2.5-m
. { ’} My g
Lhead : T
i T ) ) mT
" 183 (8=t ho+58(1) 2z = ﬁ]é)(/(—‘ novs

EN-w (IWJ’ )( 2«—15) = (741 Mﬁ Al -

T we”
. @4 3096 k. -
% -
T= \L@. S '(L_"“ )
"

Q = ‘ tl({A = ’_’\ ‘{]p ZVJ 3 ]/ i 53/‘/“, mmj
2
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I The stress distribution on the rectangular cross-section shown in
Fig. 1 is given by 7, =1000y-5007+800 kPa, 0, =200z kPa, o,,=0.
What is the net internal force system on this cross-section ?

Answer : F= 1920 N, v =V, =0 _ Fig.
M, =-1600 N-cm., M, =-7200 N-cm.,,T=-640 N-cm.
2. Suppose the stress distribution on a cross-section -of the circular
cylinder of Fig. 2 is given by o, =0,.=0, o=kVr, where k is T/ . L
R T - - (ERNR S R .{ - @ ——— . —-—

unknown. What is the value of k in this case? A _ /! /{ﬂ N Y.

Answer : k.= 7T /4xR7/2 ~ | ‘ - S y 7P i 2

———— ) . B ) ] . r Z

. 6.4 For the given state of stress, determine the normal and 5 _
shearing stresses exerted on the oblique face of the shaded triangular element. _ 0 MPa
shown. Use a*method of analysis based on the equilibrium equaations of that ) — e 60 AP
element, as was done in the derivations presented in Sec. 6.2. :
6.6 For the given state of stress, determine (a) the principal .
planes, (h) the principal stresses. ’ 40 MPa

‘ 6.12  Forthe given state of stress, determine (a) the orientation o Fig. P6.4
of the planes of maximum in-plane shearing stress, (b) the maximum in-plane
sheaving stress, (c) the corresponding normal stress. o
6.14  For the given state of stress, determine the normal and
shearing stresses after the element shown has been rotated through (a) 40° coun-
terelockwise, (b) 15% clockwise. : 30 MPa

————

. . 130
6.56 Tor the state of plne stress shown, determine the range of values of 8 i . N

£ which the novmal stress o ds equald to o less than +63 M Pa.

— 1= 80 MDPa

Fig. P6.6 and P6.10 -

- A0 Py |
20 MPa T ; |
i

et 30 MPa

‘ 60 MDPa

PG6.55 and P6.56

I

R R T VITH

P
H

et 33 M

,;ig P6.14 Fig. P6.8 and P6.12 |







g 150
180

ay = 150 Mla
Ty =30 M Pec
Txy = %0 M&,

v\
x\\‘

aJ Yo mfa
. N0 Ml

w

ey M‘OHP&

0x = IIOHP«
Uy=-4o MPa

ij z- 4o M Pa

i

70 Hfa

L1y
dAs
‘ 55 MPy

_..1..-7, 35M Po‘

Uy -55Hfa
qj = 70 HP&

Tuy ® - 35 mfa

’ =z L\Tz/ J=
128 = 2y
T- Gy

(150:30) + [(/5» D (80)] ‘J&
: _ g = 190.— MG
= got foo = . _7,0'4’_,. P

G, =

E_(;"_}S}, = ~[.33%

Yam 20 =
150~30
20 = 5303 B =265 B -0+90"= 345
. T T T o /.
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fen2o = ﬂw(crx"'o“j) ["" ()] - :...gi” = 108.18°
- -2

Zij 2("“”’) X on'NE A

= |04.09° 'f‘fo 'Tffw fle lan

o«+90” 2[9v.09%= 14.04°

= 0’+0‘
Oy’ g (Ux Uﬂcpzo( - (x.j/ﬁov»Zo(

? '—)—0——5@ + (”U (‘f"ﬂc‘n 208,18 4 ( }lfo)M% 208, /X
= 35 4 750 208, /‘Z*I‘!UAW-ZOX B=q 3 Ml @M[J\/&
ho' PRUNON | fin mfim soles e 2aban ple o3l (e o
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(s fN'\U p13nken) YLD 38
.1\7% \n'ya IS° aion ﬁ\'\ mwfm Sk -rf\y J\;lc (» ‘f on
M= 400

crwa N (@—@,)wzd + T o 20t
(-55:70) e B0 + (-35) ko

T =

it

—SEHO
= 18 h—éZbc.;fio—BgAng - -37.82 M
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= —1426-'//»35

z(:w)

Txy = G\‘V = "'“X/o’(?nxlﬂ.‘), Q077 /”f

G’M)Ml;s < (0;%5) ij(’%’_@)"-ﬁ '&;

= (e ~lvatv)2 (20 ::424&95 (3077
= =21071.5 2 3. = {-mc psi = )

-lmze . T -32418 P~ 4
7 0-G), ¢ =126.8b°




, | S"‘PP“" éx = - 8 X/D-‘ M/M
57 = -200 >lIO"6 #/m
YXJ s 8”"/0-‘

WHAT ARE THE MAX d miy DiRecT STRAMS (€,,€,) v
WHAT ARE THE PRINOPAL DIgGcnions PR €dé&y V7
SUPPOSE THESE STRAINS accup.oN A PATE OF STEEL

W) Bz 295xi0°psi & V203 | WHNT ARE THE HAX
sneésses (0,0,) 6 WHAT A2 peincipae. DiescTion's G

Emacymin = é"z-—:f7 7 (-éy) thy

= {01 0 24 o () w)x

-6 ° -
{ -So £ 500}7(,0 s {'lm”0 ,.._.ez

Gby b€y -mo-(ue) T4
Q | | ' _53.4°
+ 20 :“ ’
k [0S 260 204 18 - 126,86
B = 63.43°
961 > 153'."3‘
€'z &rby o (enly)th2D + Ex en2
2 2 \'&Y
2

ton 26; = 26y by . S0 = PP



I The stress distribution on the rectangular cross-section shown in : : '
Fig. 1 is given by 9= 1000y ~-50024+800 kPa, 7, =200z kPa, 0,,=0. '
What is the net internal force system on this cross-section 7

Answef: F= 1920 N, Vy==,V,=O'
— "My, =-1600 N-cm., M,=-7200 N-cm., T=-640 N-cm.

2. Suppose the stress distribu(ion‘on a cross-section of the circular

cylinder of Fig. 2 is given by O ™0xe=0, 0,,=kVr, where k is T/ o oo
unknown. What is the value of k in this case? A _ ! /7]7 -

/

Answer: k.= ‘7T0/4xR7/z i

6:4 For the given state of stress, determine the normal and

" shearing stresses exerted on the oblique face of the shaded triangular element 80 MPa

shown.. Use a method of analysis based on- the equilibrium equations of that
‘element, as was done in the derivations presented in Sec. G.2.

6.6 ° For the given state of stress, determine (a) the principal
planes, (h) the principal stresses. '

—t— (0 MPa

v 6.12  Torthe given state of stress, determine (a} the orientation
of the planes of maximum in-plane shearing stress, (b) the maximum in-plune
-sheaving stress, (c) the corresponding normal stress. R

. 6.4 Tor the given state of stress, determine the normal and
sheuring stresses after the element shown has been rotated through (a) 40° coun-

Fig. P6.4

terclockwise, (b) 13 clockwise. - .30 MPa

vt

: : . _ ) ' 1 150
6.56  For the state of plane stress shown, determine the range of values of @ - A ) ‘

v which the wormal steess o is erpal to or less than +63 M Pa.

— 80 NPa

Fig. P6.6 and P6.10 |

A L o . , 40 MPy
20 MPa | 0 MPy N ,
e g0 MPa o » |
-t : 55 81) ) o Mpg
: v _ : S5 M1y . Lo :
J | l 60 MPa ‘ ’ . ‘ , l .
- s 25 M1 —t 140Ny
-t ———— EINY RN ) .
‘ - Fig. P6.8 and P6.12 |
: Fig. P6.14 !
P6.55 and P6.56 . o AR :
L)
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29t e 28-,80
29: = 160 + 28.18° = 2080120
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clement, equal stresses must be exerted on the horizontal faces of the
same element. We thus conclude that longitudinal shearing stresses must
exist in any member subjected to a transverse loading. This can be ver-
ified by considering a cantilever beam made of separate planks clamped
together at one end (Fig. 6.3a). When a transverse load P is applied to
the free end of this composite beam, the planks are observed to slide
with respect to each other (Fig. 6.3b). In contrast, if a couple M is ap-
plied to the free end of the same composite beam (Fig. 6.3c), the var-
jous planks will bend into concentric arcs of circle and will not slide
with respect to each other, thus. verifying the fact that shear does not
occur in a beam subjected to pure bending (cf. Sec. 4.3).

While sliding does not actually take place when a-transverse load
P is applied to a beam made of a homogeneous and cohesive material
such as steel, the tendency to slide does exist, showing that stresses oc-
cur on horizontal longitudinal planes as well as on vertical transverse

planes. In the case of timber beams, whose resistance to shear is weaker

between fibers, failure due to shear will occur.along a longitudinal plane
rather than a transverse plane (Fig. 6.4).

In Sec. 6.2, a beam element of length Ax bounded by two trans-
verse planes and a horizontal one will be considered and the shearing
force AH exerted on its horizontal face will be determined, as well as
the shear per unit length, g, also known as shear flow. A formula for
the shearing stress in a beam with a vertical plane of symmetry will be
derived in Sec. 6.3 and used in Sec. 6.4 to determine the shearing stresses
in common types of beams. The distribution of stresses in a narrow rec-
tangular beam will be further discussed in Sec. 6.5.

The derivation given in Sec. 6.2 will be extended in Sec. 6.6 to
cover the case of a beam élement bounded by two transverse planes and
a curved surface. This will allow us in Sec. 6.7 to determine the shear-
ing stresses at any point of a symmetric thin-walled member, such as
the flanges of wide-flange beams and box beams. The effect of plastic
deformations on the magnitude and distribution of shearing stresses will
be discussed in Sec. 6.8.

In the last section of the chapter (Sec. 6.9), the unsymmetric load-
ing of thin-walled members will be considered and the concept of shear
center will be introduced. You will then learn to determine the distri-
bution of shearing stresses in such members.

Fig. 6.4

o)

Fig. 6.3

6.1. Introduction

373
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16 and 5.17  For the wide-flange beam and loading shown, determine in a
n located balfvay between points D and E, () the Tagest normal stress,
) the largest shearing stress, .

125 kN .
_ 100 KN/ ’ TORN/mM 160 kN
D E

s X .ml: liL X

—! -W 410 x 60
1 m .
N e 2.5 m ——]

0.6 s 1L.5m 1.5m :
. - e

————
1

|
I .
Fig. P5.16 o Fig. P5.17  «

2.lm

15,18 Two rectangular plates are welded to the 310-mm-wide-flange bheam as

; > 31U W30 x 52
howno Determine the Tugest allowable vertical sheir if the shearing stress in x5 12 mm x 200 mm ,
he beam is not to exceed 90 MPa,
: L _ Fig. P5.18
Flange # HL . e a— v,
i Web Axls X-X -
3 '
: e | wms rhSke | Thick- !y
: Area  Depth | Width = ness ness 1, S, r, 2|
" Deslgnationf Aymm?* domm | bymm  f,mm | {,mm | 105mm* 103mm? mm A T%(:'
W3Iax B2 6650 3] | 67 3z | 76 A18.6 : d X X
- W410 X 114 14600 420 261 19.3 11.8 462 2200 177.8 -l—
- 85 10800 417 181 18.2 10.9 316 1516 170.7 _ Y
60 7610 407 178 128 ,| 1.7 216 1061 1684 b,
46.1 588_0 403 140 11.2 7.0 156.1 775 162.8 -
38.8 4950 399 140 8.8 6.4 125.3 628 159.0 i

3. For a timber beam having the crass section shown, determine the dimension w
if the maximum allowable veértical shear force is 7.67kN, and the shearing stress
is not to exceed 1.MPa. ;

.1 Three bourds, each of 40 mim X 90 mm rectangular cross section, are nailed
ogether to form a beam which is subjected to a vertical shear of LkN. Knowing

at the spacing between each pair of nails is 60:mm, determine the shearing foree
i each nail. - . )

. T 1 . '. . I3
“2%f532 An extruded beam has the cross section shown.and is subjected to a
PR

ortical shear of 50N, Fort = 6 mm, determine the shearing stress at (a) pointa,
b)point b. : :

b 12 1

3]

“Dimensions in nuu

30 nem

Fig. P51

B

I

/7 . . 1K mm

1wt







O, FMWSWN{:»\M
©), Wghwiw&h%wa.
@ fud shin 4 nowenk ok sk

wiklos. |
@ A TChlz.skh' teo kN/m §F9=O R +B-125 - 160(2.8)=0
' J.é__.—. p+B = 85 kN

| N - 125 () - oo (26 2.89)

< _
A + B(41)=0

“1.6 1] I 2.5 B= 2. kN A=IB3KN

i { ,
V (m) | g -X ’QZo'm

M2 L 25K e
X S

— 1E+4 (SE)(:58)= 184.82
(g " '/\ %L: Ly
M M . ' M= S—\M?‘
192
l——’-’{'@ = -(16.82 kN-m) (Ji_%lm)

" 1 -3
206%105 nm* « (tx10”m )

mm
= 1.1 Mfa
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V=-50kN ‘\%M«MD—E

; I > 178 mm 7,1‘

Y EZ{ 27 RS _ gz - —_
M0 %’ JA —HI l
L jA 7

* Q
) [tm-z(:z.s]

2035 -123= 1§o.Fmm

@G = [128] [178] [ H01+64] + Dvo?]lfn][my] = SE903H Mni®
2 5.99 X )0"m

Tp = 2610w = 21010 bt ety M 0m
T = .Q_l/ @ml\l)(fﬁxw '“) = 205y MF
Toty 21001078 (-0077m)
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A\Qf

Nod suppnts "x'N (l‘_
| 3







uonnquIsIp

L£T

soneunxoidde 1550]0 YONI € SUOND3S $5010 SOUT 10 ‘B[N0 218IND0E
osm £q punoj auo sy1 WO} JUAD 1ad ¢ noqe £q s1dyIp ssaNS SIUL

ZI(S0) _ xoadar xom
sd ocg'g = —— = (<o)
1sd 0g€'8 e
sanid sy pa1apisuod adwexs a1 uf

. ao.&vx\ 4 = MS%.:..AM_:: ...v
6L -
. -{ 91 w1 pago ©21¥) GIM AU} JO EITE [LUOLIIS-SSOID oy £q 4 JeaYs
_MWW” Mh.u m._ﬂn?wv Mn parewnxoidde uajo S| weaq J Ue Ul SSans Suneays
WINUNXEUT 5} UOSEAI SIY3 JOJ “[[EWS K1on oae saduey sy ui Surrnoso
sassaxys Sunreays oYL -ppnyuSeur sures 3y Jo Kizeou a1e weaq sY3 Jo g3M
o3 noySnoTy) sIsSINS Supreays [eorIsA 1) Sixe [erneu 3y I® SIN320
ssoms Sunreays wmunxews YL “(I¥I-L 314 u1 umoys st se parasdiayul aq
fear (B)pi-L “Sig Lq paredipul s3I Surzeays oY} JO UOLELIRA L
~gjoqeyed 90135p-puodas e 3o sired a1e (W1-L Sy ul SAINO Y2
Je umoys 3q Aewr # ‘oidurexs Suipasard ays u pasn auo uj 03 IejUnS
poyew ® kg () pue (PHI1-L Gi1g ur ﬂuﬁ.o_m 218 ‘Uondds o:w Jo ey
1amo] ay3 o1 sjqeandde ospe a1e £1ppwrwiks Jo aniia Aq Yoym ‘pauleaqo
si[nso1 oY, ‘2[oRIE 3XAU Y Ul PISSNISIP 3q 1 jutod vomsuels ST
-puosss a1y 01 "Ul §°Q PUE ‘ased 181y Ui O spuodso1109 Ul 9 JO YIpI
v -mojeq jsn{ suo pue ‘T °UY A aaoqe Isnf SuUo—ssaLs Juureays
) SUILIZIAP O} PIsn 312 SYIPIM OMI T-T 1oA3] a1 3¢ 3e11 A1ON

$1-L B9
y- uons ) @

ssons Suueays (3)

..W”vh = Baey] (2]
4] @
108
e
|||||| ®
4
L “wfq 068 = b 106
154 08L'6 = ™2 ; !
y/
y/ —w
§
1
1
7

3 001

“v1-605 “dd «(9561) €2 “somvyoapy panddy Jo jouinor
Jswesg Jo Suipuag onseld Ay UO JeS JO 109PTF YL, A D ‘A .

¥ -asuas sures Y3
mmnv:«\no:s:mum_vis \‘w “aﬁoaumhak_«m_:..0398::::8.«0&

uonusAL0d uSIs 9y} 01 IUIINYPE IDLI)S B UOSLII SIY) 10 4 3210 Suneays
o173 JO I5UIS IYJ YIIM SIPIOUI0D UONIIS AY) Lo Sunoe sassanis Suuresys ay
JO 35USS SYJ, “SUSWII|S Y} JO 308] IYSLI Sy UO PIBMUMOP OB SISSINS
oY) ‘PaISPISUOD UONIIS ) 10 YB3 MOYS £ JO suSis saneSou sy

*sayout ut eate [ented Sy1 JO PIOIIUSO Y} O3 SIXE [RIINSU JY) WOl SOUTISIP Y 1 £ e
*sayauf axenbs Ut [243] U2AIS B 2A0QE UG9S SSOID 3y} Jo BAIE renzed aqy st ¥y

oscs- | so | oesv- | wweflSl | SET | SLT= G| oy
ot~ | so | osse— |osmflE | TS| £TOZ oD | eg
oog9— | S0 o | ) e oo | 2
oLS— 09 00t'€ sTLY sLs o0g= 950 | TT
0 09 |o 0 9 0 11
15d 1 {1DA=H £ =D | ot Sy 1947

yUYql 61~ = $5Z/000°0S— = 7/4 ower oy s-£ ‘b urasn 103

kT S i

-ureaq sys Jo syIpim aanoadsar ayy £q smoy resys syi Suipiaip £q paureiqo
a1 sassonis Suneays ayy ‘(92 -ba) 16 = + somg *g-f “bg Juisn moaq
ajqes oYy u1 pandurod s1 wreaq Syl JO SI9AI] SNOLIBA I} 1B MOY JBaYS
syy, “wajqoid jussaxd syy our ARsa11p I Jou op sjuswow Surpuag
-sdiy 0 St uonoas K194 1€ JESYS [BO1ISA SY1 Jey) wresSerp Sy} Wo13 uds
st 31 *(Q)¥1-L “S11 ut 51 ureaq oy Jo Juawdas e Jo wreiderp Apog-0y v

NO1LN10S

“ureaq a3 yo yTiam a1 391N
‘pajestpui SpPAS] oY) 1 $3ssa11s Sutreays Y3 surmIaep ‘O I-L Sig uw
UMOYS UOII92s SS039 343 2y 31 JT "(e)p1-L “S1] ut se papeoy sl weaq J uy

9L ATdNVYXI

-6 1o1deyD) Ul P3ISpISUOD 3q [JIM SISSINS YINS JO UOIIORISIUT 93

Jo s1vadse jejusurepuny surog ,°s3ssaxs Suiresys pue [BULIOU JO TONOE

snosueynuns sy Aq pasnes Juiperk Jo uonmd parejnuLo} Ajnjares
atow e Susn £q pouyss useq sey uonnjos Arejusumis SNYL

-padojeasp are sassans Suireays ou pue

SIn3oo s3010§ pewipnnguo] ur souefequn ou ‘ssuoz onseid sUy Ul MO

swmaq ut
sassauys Snapays

£ 421d0yD




untr ut sussuawng

ww 00z x wu gy

66 X 01F A\

T

. unu gy P‘"‘:
l ;\"»':
e
Ly
unu gy 3 .,2‘
Xy
[

Wi z[—J

, - ere i

W, g

1
.l.

: : -qa0p0d ),
"2 3ug0d () 10 $50.08 TULIRINS O DUIULINAP ‘W g =4 104 *NY 0 Jo oS (AL
¥ 0} POROfqNs S pu UAOUS UORIDS SSOID DY) SI| WD PIPIIED UV Ze's

ssoxs BuLreals oy pue ‘NpIL9°L ST 9010} Teays [EQTHIOA 2[qEAOf[E WTUITXELX off)
M UOISUSWIP 9} SUTULIDIOP ‘UAOYS UONOIS SSDID oY) FuiAy ureaq Isqum e 10,7 *

. e 'lp'\!b%'
22105 FULIRIYS DU} AUULINIP *willt g 81 s[reu o aped youa uda9q Fugonds g
Buisouy Ny T Jo 2uoys oo v o POafns st pIYm wivaq v wo) 0} Jéll‘a_s
Paju aae fuondos §8010 Jenfurddl w g X wul op Jo yora ‘spaog aaqlL -4

. _ _ "BJN'] P299XD O} JOU ST:

' oeet 829 £'a2l P9 88 1}4] 66¢ 086V 8'8¢
§WL 0 SL TSL | 0L | TIL  OW[ | €0v 0885 DY
7’891 1601 913 L | * g3t 811 LO¥  0T9L 09
L'OLY 918t 91¢ 6°01 Z'81 181 L1F 00801 S8 _
8'LLT 0073 [4%14 9’11 £'61 193 0% 009¥1 PIT X OTPAMA -
P o ewrr | oL | z® L | Df 0899 29 X oigAL
W, W W0l wweol [ ww Ty | wwy wwte | ww'p guwty luo|3eu6|saa‘_
(r] % s t s8au ssou ypim | yidea ealy R
P HOfUL | -YOIL ;
XX SIXY qam |4l A L
welpaylf [11#/_ oBuei

81'Sd Bld

28 X 01T AL

» L1'Sd 'Bi4

wey w gy
i ; wig
Il v
a q
NY 09l WeNY 0L

N 06 'p.wnx.) 03 Jou sp o
UL SSO0S BULIIIS DY) J1ARDYS [ED1DA DEMO][it 38R QIR ITTUAE 3 ETe BT
SE U] DR -IPIN-WII-OTE DY) 01 PAPIA aae sajepd enitiiang om], g

( 91°5d "By

L., WP i
wegy

I .T‘"
~7

lv
3 10
"N O '
: NY LTt

©EaNS Supaays wnﬁ.iu] ol
SSEANS praon sadaeg o ()t pue ¢ sugod usdmag Armgjey paean) lil"d
¥ U DUIRLNIP fuamoys Buprop pus weag atueg-opis A 10 210G pue 9EGh

UL ¢o 6
UL Cuiiz ©

09 X 0TF A\

2




Moy avays
£-L uonoag

LT

‘w-34 oY} Jo Suroeds oy Agioedg "(¥)L-L “Sry ur se sooord uspoom pazis
-[INJ [E19A9S WIOIJ SPEW 3 O} ST UONISS SSOID WIeaq Sy, 1ySom umo sy
Surpnpour 3003 10d qf 00T JO PEOJ B SILXIED ueds 1J-07 & uo ureeq opdws v

L ITdINVXE

-uo nd se001d ‘ur-z-Aq-"ur-1 9} UAY} pue ISIY
1 USALIP 9q PNOD S[IEU ASIY, "g-q SUOHOIS YI0q U 1Iesq Y3 Jo y18uey
1) Suore sjeassjul ‘- ‘eonvead ux Jo U Ty = 9°$€/0ST Ye SR aoedg

167 I
maedqogE = ———=——-=b
’ are (sD06s 04

WS = ) ="y =D

:g-q 90BJINS 31} Je PILISJSURIY
5q JSIE YOIYM 90I0F PIOUB[EqUN JY} SISNEO JBY) ESTE J[OYM SIY) U0’
(syind 10) soysnd Jo 95UdIAYIP U3 S1H] "0 SUIULINIP 03 PIsT 3 Jsnulk ea1e
“ut-z-Aq-"ul-g sjoym A ‘sadard "ur-z-Aq-"ul-g 24} JO U0 IS pue s0ard
[eonIoA "WI-QT-q-"UI-Z 9T} USOMISq MOY Te9lS S} SUNIISGP OF,

’ “p-p suonoes ioq o3 sardde
Juwpreu sty rede up 171 = g'11/0s1 2q Kew £eu ‘a00rd “ur-z-Aq-urg
a1py 03 9931d "ur-z-Aq-"ui-| a3 wiof 01 Pasn a1e 310Jaq SE S[rEU SUIES SYL JT

urxed qf 811 = ﬁ“lﬁ"@

()69 04
cus = () = £y = 5

: A[TowLIOf Se Jouuew Jures Sy} ul dn jping s1 JUSWAYS UL

uo ind 10 ysnd oYy "210J9q Se Sures oy} I axnpasoxd oY) JeOISA SI D-0

39eyIms 19BIN0D 3Y) YSnOyI[B put ‘punoy SI uresq 9y} o Jopulewar 31y pue
saoand ‘up-g-AqQ-"Ui- SY3 JO SUO TIdMISG MO[Y 123YS Y} ‘uideq oL

' ‘paxmbai oq pnom S[npaYds

Suipreu Juszoyp © (Q)9-L ‘11 ‘sooard QA WOIj SpEW 1M UONOSS

$SOIO JUIES JY} JO WIBdq B “DA0qE SB syuerd om} ay) Suisn Jo peassul JI

SANVId 40 INIWIODNVIILY
ALVNIAALIV NV 404 NOILNTOS

“pasn 3q Ajqeqo1d pinom Suroeds ‘ur-s'] © wojqoad
reonoexd e uf ‘sfeAIsjul ‘u-66°1 3¢ noySnoay) paoeds aq pnoys sjreu
a1} “wreaq Y JO SUOIIOIS SATINOOSUOD SY} J& JULISUOD SUIBWISI 1E3YS SV
“ureaq ay3 Jo ySusy oy3 Suoye sayour 1eaulf 65°L = $6/0ST JO ITEI B} UED
Jreu auo 20udy ‘q[ S [ JO 99103 € Junsisal Jo ajqedes st jreu yoes ‘usaid
BJEp oY) WO} “IoAmOH "treaq oy Jo yusy oy Suofe your resul] e cres
ur 15130 913 03 Yue[d SUO WO} PIIIYsuEI) 9 JSAUL g 6 JO 30103  ‘SNYL

cutop = (1 — §'08@) = &y =0

(4} 44

UL 16T = oS + + (s =

¥ UL 16T = o(S"0)8(2) <ot «5D8() + oy I
g = ®z + @) _ .0

oz + 18T

SI sIxe Jerynou ot 03 doy 2y} woxy °4 sour)SIp SYI, "PIUNLIASP
2q Aews b “sixe jexynou o1y) punore yueyd zaddn oy 3o eore oy Jo JuswroUr
[EOLE)S O} S8 PIUYSP SI  PUB UMOUY SI 4 ST USYL "PUNO) aq Isni
SIXE [EIINSU 93 PUNOIE BUISUI JO JUSWIOW S} PUB UOHOSS S[OTM S JO
SIXe [eNNSU 9y} SIY1 op O -eueld SIY} UI MOJ IBSYS SU} SUILISIP O}
pandde oq isnwr ¢-£ ~by isyueid omy a1y Jo 1000 Jo suerd ay st
a10y] ¢ Jopureurar ay) woyj AjjeurpnySuo] opys .

03 fouspusy v sey ureaq e jo 1red yeyp :yse
jsnuwt yshjeue oy swajqord yons Sunpoene uy

NOILNATOS

S s e e s QOGS TR
3od 20105 Sunresys S[qeMO[e oY} JeY) JWNSSY -

IR B SE jor iresq oy oxjeut 03 syueld om) ai ST=4
U23M1aq. S[1eu ay): Jo_Juroeds-Aressaosu-suy3- pury. )

‘1 069 JO  Iedls [LONISA JULISUOD © S}USUBRI} ’ NN._ NN_ m_ T m.m,ua = 74
! - : } u._:._i_ T ._.|v_.Mw

Juresq’ sy 31 (8)97L Y Uy uMoYs se-ureaq -
~2.J0-00103s 7 urxof syuejd uspoom Suof om],

ravara

L ITdNVYXH p

‘sopdurexs £q parensaqq
3q Jiia swyL "weaq e dn Funjewr SIUSWSP A1) UIMISQ UONPILTOIISNUI
fressooou oyy Sumumuisep wr qmyesn K19A s1 G-, uonenby ‘suonepl
PaYysIqeIss oy} Jo uiSHO 9 SYSBUI SN} pUR ‘Xp[pyp— I0] PIIMISqns
SemM A Iedys YL 4 Jedys Sy yim pajuy st Kjuenb 1one] oy pue
‘paIapIsu0d 3q 0} pey suonoas Sururofpe oy je sjuswow Jwipusq syp ur
a3ueyd sy A[uo Jey) 108) 9y) WOy paynsal iYL ‘suorssaidxs [euy oy wr
sreadde juswow Sulpusq e 10§ WIS} OU INQ ‘BJNWLIO) SINXAY OHSE[d Ay)
Jo s1seq ay3 uo paAlIap sem G- b 1ei Aingareo sjou 9oadsonyar uy

: ‘pa1ednsaaut st b yorgm e
BAI® SIY) JO 9PIS U0 0} WILaq Y} JO BAIR [BUOIOIS-SSOID 3} I9A0 AJuo
spuapxs § Jurupuirsiep 10§ pp 4 Jo [eiSoyur ayy pue 4 Aq pajussaidal st
Ppaje3nsoaur uonods oY1 1e 910§ SuLEAYS [10] AYL SWED 31 YOIYM WO
BINULIOJ JINXJf 3Y3 UL S30P 31 S& Isul ‘SIXE [2XN3U 9y} PUNOIE BIE [BUONIAS
~SS0I0 JIUS 3} JO BIIAUI JO JUSUWIOW By} 10) spuels ; uonenbs sup uf

f Ly}

I 1 wuel | Xp xp
|"|l”vxﬁk. .‘.1|||.|”|"
I P Aqp
SSWB3q Ul MOy Jedys 3y} ..uo.“ :Ommmoumxo wE?o:o.w Y] surejqo

duo ‘4 — = xp/pp veys Suipressr ‘woyy -your 1od spunod jo syun sey b
Moy 1eays ‘spunod ux painseaw AJ[ensn s1 9010J 9OUIS Koy 4DaYs Y} SE 0}

(]

9-L 31y
@

swwaq up

sassans Survayg

£ 4adoy)







BN L
(M9 286 14

y 2.8§=1b &Y
® 3z 208
| "I 7‘ :22_8;‘.5"
¢ T:= V8 32
L.b

. ] I%ao A d Ie! =I§%‘*A‘Jt

@ “"'ie»Za 2.8z -2.5 5334+ ‘.zg(“):'o:'n”n"

@ |28 Bk 2 s
12
291"
A z2x8s16 ;

Y IZAZZL Q= Ak
] et

1§ ]

- V& _ (golb- yom’ < aclb
q' I L m* ?sm

shay load/fred - 15006 - )59 "
R 75 Win

o1

1 @=jte2 252050 N/
] ?-'-—-‘.?2..5.-;1.8)6 |21




4 .

! : f

) . .

s
P .
. ‘ -
, . : '
5 : . . . v
a
o
- Co
»
. +
. N . :
.
N
B
. « a
Pt R o
P
.
. - . . .
. 4 - 1
)









(144

*K8urp10ooe umoys axe (¥)6-L
‘814 ur sassans [euLou 5y jo sspyuSew oy pue Yy < Y uoseas swy3 104
AP A— = WP Jowow ur s5ueys ay1 4 sAmsod & I0j 4 — = xp[p oouig ,

~18uoy oy jo owerd sy wr padofeasp st Jp Sunerqrbs ss10 ey,

1 I sl |
e

gy L =,
-0 77 £y WP ypd 7 qp

ST Xp 25UBISIP B UI $3010] [BUIPNIIZUOY 3y} WY S0USIIPIP oY)
‘a1032q se ‘pue ‘Idyto oy uo uey fiyS/ eare ayp Jo aprs suo uo padopasp
s1{md 10 ysnd axour sousy ‘g 38 ULyl p U0ndas Te SI08 Juswow Swpuag
JUSIYIP B “wesq ayf YSnoI1y) suoijods Y3 I8 ISIXS $9010] Surreays Jy
"(9)6-L "8I U UMOYS S| W3] Y] JO BOIE [BUOIIONS-SSOI0 SYL, 4 SIXE [E1INoU
oy} wouy ™4 souElsIp B 18 9peUI S Ind feuipnySuo] AremSewn oy 1oym
“(€)6-L “3L.] UT UMOYS ST JUIWIAID UE YoNS JO MIIA IPIS Y "SUONTALID JOI[IEa
au3 ur pasn  yued,, suo Jo juswWoR 3y 03 spuodselIod YoIym pauIEIqo
SI JUSWIS MU B ‘Wesq 9y} Jo sixe a1 o} [a)jered juourspe siyy ySnoxy
uonoes ArewBeurt yoyiour Sussed £q usyL ‘weaq Iy Jo sie oy 03
renorpuadiad uaxye) suonoss Sururolpe om usamiaq payelost aq Aeu UIeaq
® JO JUSWII[3 Ue “aIpaoo1d I1s1[1es a1} 0 A[snoSo[euy -B[nuLIO] MOfj 1E3YS
Y3 woyy paurelqo 9q Avw sweaq oy BULIO) ssaxs Juiresys sy,

SINVId 404 VINWYOA
SSTYLS ONIYVIHS FHI VL

*J9AH U3 JO BalE [BUOI03S-8S0I0 Y3 Aq
(s1om11 o1 Jo Suroeds sown moy Ieays) oAl o3 £q papIWSUED) 300§
' Sunreays Je103 oyl SuIplAlp Aq PAUIULISISP ST J9ALI
e ur ssoxs Sunresys [euiwou oyj, “Aprepus paysiy

*sorefd gum paorojurel wesq 7
(Q) “ropnd arepd (¥) :spusuoduwos [esaass jo

-qeiso are sjuewanmbar Suipppy pourwIsiep 9q

Sunsisuod suonoes wesq [eaidAL g-L 91y Kew ‘g-, 814 ‘saed pue sojSue snonunuos woiy

PPM

swwaq Jof vpnuiof
ssaaps Survays sy
pL uonoag

SPEW SUIBSq PAJBILIGR] UI §1[0q 10 S$)aAU Jo Suroeds
® ) ‘oaoqe 9y 01 snofojeue Jouusw B Uf

*p-D UOTIIS
oY} 18 SB ¢-¢ UONO3S 9Yl JB Pasn 3q PNOYS
smasos Fef jo Sumweds owres oyy -swaiqord
awos Uy s[qeltsap aq Aeur Isyjoue 0y sSurusise;
Jo Sumeds suo woiy uomsuen oy Sunjew
ul juswouyer Iojesid y wesq sy Jo Jley
S|ppiwr 3y} 10} "ut [ e pue suzoddns oy yroq
ISOIESU 3 G JO SOUBISIP ® 10] SISYUID UO Ul 34§ & smo1os TFep “ur-g4 jo
asn ay) Apoads 03 sedoad sty snyy ur z1'[1 = $p/O0S SoUr09aq SMads
ep oy jo Furoeds ayy pue ‘your 18d qf ¢y = b soMIS q 000°T = A oIOYM
UON03S ¥ 10] SUONR[NOed 1RIWIS °q] 000°T 01 [enba sI 4 18aYS oY) a15yMm
uondas e je L[uo sandde smoios ey oy jo Suroeds sy yrede -ur 9g'¢
= 06/00S 2q ysnwx sma10s Jef o1 yo Suoeds oy sproddns oy 1y

T Rt oo

090°9 I b

(TL)o00'c o4

‘ur 10d qp 05 =

sUETLT = 6(8)T + WDz =
Wy + Y=y { = % =

19X9Y} OB QI 000°T JO 4 SIBOYS [BOT)I0A
1s981e] o se ‘spoddns oy 1 sIN0%0 Mog Teoys 1sadre] ogr aoerd
“w-g-£q-"ui-z 93 10y Ainuenb requs  3onpoxd sy 03 Suippe pue wresq
911 JO SIXe [e13nOU 3Y) 01 PIOIJUSD J(SY) WOy 2ouelsIp o Aq sooord “ur-p
-kq-"ut-g om} 511 Jo vare oy Surkidnnu £q payndwos Apusrusauos jsom
ST BaI® SIY} JO JUSWOW eonels oYL (¥)L-L ‘314 ur v-0 o o Jo opis
U0 0} BaIe PAPEYS o) SULIOPISHOS Aq SUOP SI SIYY, "PouILIe)ep aq JSnTr
O ‘epnuioy mop xeays syy Adde 03 ‘uoyy -(9)z-; “Srg ur pajonnsuos st
urexdelp Teays oyy ‘wresq oyy Suole 1woys A} JO UonEIIEA 2y} moys 0}
*(Q)L-L 313 ur umoys sy wresq uaAid o wo Surpeo] sy, ‘peumieiap 9q
IS 5-p WOIO3S 18 MOY 1E3YS a1} ‘smaxos Jef oy jo Suoeds ay; puy o,

NOILNIOS
»UI 090°9 03 [enbo st J uonass a1yus o3 104 poom ELH
Jo ures ayy ot joyrered peoj [exvrel @ Sumnusuen usym qf gog 10J pood

st “sys93 Kxoyeroqe £q paurmuiolep se ‘moros Sey ‘URZ4 QU0 JEY} SWINSSY -
‘18yj080) ureaq SIY) ud)sEy 0) ATESSI0SU SI YOIYM UMOYS SMBIOS Sy &

I

e

rr

-2

LL .u_r.m.
©) .
078
eooqv ] 910007—
- |
910007 _
! @ &
le ] |
007 _
a1 000° “ 91000 ﬁ -0t
Z | Z2 74
1 4
Y ‘
/a1 00z q







G AT e e

:';,‘23'5.8‘, A:lu')x;\é);';cnco& plate .A‘l}CD.is subjected 1o'n biaxial loading which
Tesults in the normal stresses @, = 150 MPa and o, = 100 MPa. Knowing that the
platois made of steel for which E = 200 GPa and v = 0.30, determine the change
I length’ of (1) edge AR, (b) edge BC, (c) dingonal AC,

Answer: (a)d,, = 60j0m, (0)6,c = 20.Gpum, ()6, = GO.Ap0m
1/4m z 107 ‘m .
1,237 The homogencous p!

hown, [Tt is known that ¢, = a,
v dircction must be zero, that is,
'gnd.by v Paisson's ration, deferm
JO/CI--‘-:L-'- ‘,A‘, et .

ate ABCD is subjected to a biaxial Ioading as
nn(l'llml the chunge In length of the plate in the
€ = 0. Denoting by E the modulus of elasticity
ine (a) the required magmitude of a, (b) the ratio

', vy

Auswer: (a)a, = vay, ((,)%Q - ]'IJ‘T
z -v

4.12. A steel member (I = 30 X 10° psi, » = .13) is subjecled Lo Uhe sticsses
oe = 15,000 psi, o, = —5000 psi, o, = 0,
Toy = —8000 psi, 750 =0, 71, = 0. .'

Jelermine the principal straing and the principal direclions.

Answer: €y = 6.66 107", ¢ =—4.34 104, 0 = 70.7°, 160.7°
4.13. For a steel, B = 30 X 10® psi, » = §. Determine the stale of stress which
rresponds Lo tho following stale of strain if the malerial obeys ooke's lnw:
e = .001, ¢ = —.005, ¢ =0,
Yy = ~ W25, vy = —.0025, 7,. = 0.

\nswer: o,

iy )
4.17. A stato of plane stress (sco Prob. 4.7) exisls ab the free surface of n hody.
Strain measuremenls are taken ak o point P on such a frec surface by the 45° slrain

rosclle shown in Iig. P4.17, 1f the mnlerinl obeys looke's law, compule the
principal sbresses in Lerms of e, €, €, I, and v,

Answer: ay5 = m—r_’}q(ﬁ +e3) & ;U—'fm ((e1 = €3)? + (265 — £, — £3)?]'/?

4.18. Repeat Prob, 4,17 for the GO° sbrnin rosetle shown in Fig. P4.18.

.

e =8 [adetes . 2 27
swert gy =5 e 1-|-u\/(€' |

- |~
e
THmm 100 i

’/

Fig. P2.56 and P2.57

z

y =0y = =28010%, 0= =6.7510", @y, = -20.25 10", a,, = -9 10" |

45°,

45°

o \
\_~
ST
o . T

~{ G nun

A

P47

Fig. P4.18






\ ' _ 6.96. Shafts AB and BC are made of different materials and unstressed wien
' welded together at B as shown in Fig. P6.96. The twisting couples at A and ¢
““are equal in magnitude when the couple Tg is applied at B. Dectermine the rela-

tion hetween the elastic moduli of the two materials. ,

»

Answer: G, = 0.592G,,

3

Zq d
t L2 - | f A _pBin_ g ¢ of
4A . !-""’ o:C 4 T ],
1 I U R g
| 3t b ¢ k- 3k Fo— 2 ft e 2 1t —]

Fig. P8.98 o Fig. P8.OT :

6.97. An aluminum shaft is rigidly restrained at each end and loaded by eouples
as shown in Fig, P6.97. If T} = 12,000 in.-lb and Ty = 10,000 in.-lb, compute
the maximum shear stress in each section and the rotations of cross sections at B
and (", . '

Answer: 7., = —2300 psi, Tpe = —433 psi, 7, = 1840 psi

AB

3.108  Each of the two aluniinum bars shown is subjected to a torque of m
nitude T = 1800 N » . Knowing that G = 26 GPa, determine for each bar't
maximum shearing stress and the angle of twist at B. I

hé‘%

Avgwery @) 4, | WP ¢ 50
&) Sc MPe ©.qu1°

3132 A thin-walled tube has been fabricated by bending a metal plate of
E-krtlpc:kness tinto a cylinder of radius ¢ and bonding together the edges of the plate,
stitorque T is then applied to the tube, producing a shearing stress 7) and an angle

twist ). Denoting by 7o and ¢s, respeetively, the shearing stress and the
le of twist which will develop il the hond sudide
and ¢/ in terms of the ratio ¢/t.

uly fails, express the ratios /7,

Yefg, = > (%)g

- Fig. P3.132

f

¥ o _603”!f:-__/(<

a

3122 A 3.5-m-long steel member with a W30 X 143 cross section is sub- -
ected to a 4.5 kN m torque. Kuowing that G =77 GPa und referring 1o ; gl
Appendix C for the dimensions of the cross section, determine (@) the maximun ' '
shearing stress along line a-a, () the maximunm shearing stress along line b-b, {¢) the
mgle of twist.  (Hint: Consider the web and the flanges sepirately and obtain o
relation between the torques exerted on the web and « flange, respectively, by
expressing that the resulting angles of st are equall) '

o - . W30 X 143 § .
G777 M D, 4.7 M. A L Datrn s 10dme a2
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0’ = G‘_r - s =421\, | —30:1”&
2 (L‘r‘/) J q-21.4 =
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% 2 . L %
Ge ® & [(Get)+ -0 -G * TGTa)

= L{re) (o) (o) 46 (30 et
: 39.04 Mfe .
B, sTegss s GoGwfL 124714 N0V
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488 ' ' BEAM-COLUMNS, BUCH

NG, AND NONLINEARITY

'

Fee 4 Axial strain after a small 1. : 200 ~
Y } - ' lateral deflection is added : ’ N N
I . 3y . 175 /
N Ho 150
A 4( 42 N /
i Sl Pl bo 3 ¢ 12
Bliilc & [ ~ A 3
I 3 3 E : . S 100
11 5 2 i : 3 3 =~
\ N g I=34 REATTE) <
1 1 1 4 ™y = 7
\ L . . 50
A 8 Cc B [
P 25
S @ (b) (© @ :
FIGURE 12.4.1. (a) Buckling of a pin-ended column under centroidal axial load. FIGURE 12.4.2. Tangent modulus E, versus - 000 400 400
(b) Compressive stress—strain diagram, showing loading and unloading paths from compressive stress o for a particular steel, ob-
point D, which no:.nmvo:am to inelastic c:nEEo. (c) Distribution of axial strain across

tained from a stress—strain plot. : o (MPa)

the column at increasing load levels, according to double-modulus theory. (d) Possible :
distribution of axial strain across the column in tangent modulus theory. 1077 kN, or o,, = P./A = 898 MPa. This stress i
higher than the proportional limit stress, which appears to be a
in Fig. 12.4.2. Therefore, buckling is inelastic, the effective
pends on load, and an iterative method of calculation is need:
as follows. ) , :

Assume that o, will be, say, 600 MPa. At B.«m stress, Fig
E, = 160 GPa. Hence e ’

cross section. Therefore, the column must bend before reaching the double-

modulus load. But this is in contradiction to a basic assumption in double-

modulus theory. The contradiction is resolved by noting that lateral deflection.

may occur simultaneously with application of the last increment of load. There
" need be no unloading on the convex side, and modulus E, may prevail all across
the section (Fig. 12.4.1d). Under near-perfect test conditions the collapse load
slightly exceeds the theoretical tangent-modulus load, but it does not reach 50
double-modulus load.

In summary, inelastic buckling of a straight, axially loaded column does not
occur at a unique value of axial load P. Instead, buckling begins at the tangent-
modulus load and is complete (meaning that collapse takes place) before the

 theoretical double:modulus load is reached. Tests of real columns, which have
larger imperfections than laboratory specimens, are in excellent agreement with
tangent modulus theory. -
" Euler did not realize that bending stiffness EI could be calculated rather than
obtained by experiment. However, he anticipated Engesser by remarking in 1757
that EI represents a resistance to bending that need not pertain only to elastic
coa_om [12.4].

= —= = 740 MPa
A2 888 kN "
As P_ /A exceeds the assumed o, of 600 MPa, another trial i
Assume that o, = 660 MPa; then
2EIC p

= — = 65TM
412 788 IN A
Now the assumed value of o, agrees well enough with the nmm.
~and P, = 788 kN is accepted as the tangent modulus bucklin

E,=142GPa P, =

" Creep Buckling. As the name implies, creep buckling theor:
material that creeps, that is, a material whose strain changes with ti
stress. A creeping column may display a small but gradually inc
deflection, then fail suddenly by buckling. The phenomenon is
examination of, [CTeep curves (Fig. 12.4.3). One may enter the ¢
a certain time, say f;, and read the strain for each of several
Stress—strain data thus obtained is then plotted as a stress—strain ¢
the curve labeled 7; in Fig. 12.4.3. Repetition of this procedure at
produces a set-of isochronous stress—strain curves (stress versus str.
time). These curves show. that at a given stress _n<o_ the tan
mmoammnm with time. ._.Em usw:om Emﬁ however Fﬂ: En 33 acre

mxm::..__m 12.4.1. A column has a solid rectangular cross section, 40 mm
by 30 mm. It is 200 mm long, free at the top, and fixed at the base. Material
properties are shown in Fig. 12.4.2. What centroidal mx_& compressive load
at the top will make the column buckle?

~The-appropriate-equation-is P;=—#2El /4L?; where

i3 3 ‘ L
e == Aoaov oo ooo mm* GN.PNV.

20 120

e E,HESW will .S_S lace al
R e e R

e weaker m&m. .o». the cross section
e A

A oL OLR
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Let 12
beam is
(a) Stem down (as shm\'n)
() Stenyup?

120 kN “"'F
7P

ll 1LSm i

e
1.5 W ——'-l

of the cross section. The allowable stresa in tension or compression is 130 MPa.
- 200 GPa. What transverse foree /7 can ln, applicd al midspan i the

J- 120 kN

L Write thq second-order differcential equation for the bending of the column <
shown in Fig. P1-2 and use it to dctermine the critical load of the column. P
At its lower end the column is completely fixed. At the upper end the column N
is prevented from 1‘otating,' but free to translzttc latcrally. (ans: Po=m’El/L?) - [" e
l
!
2 Find an wpms;.on —fm‘ The, magimum stress whm o ball wo.;qhmg W Newtms Lo/
35 dr"[’?’“‘ onto & fixed - fixed \oe.a,m l 1
o - [ R
J~— :L/Z —l \ . AN Y
/\ : ! . V/ 8]
2 Y
i L s Fig. P52
3. . A lincarly clastic beam bolumn?lmving a flexural rigidity EI, is subjected to a thrust P and a moment Mg
* as shown in Fig. A below, j . . :
(a) Dclcrmmc the laxcral dxsplaccmcm v(x)
L(b) From part (a), wrilc the soluuon fox the syslcm .,ub_;ct.lcd to a force P acling as showu in Fxg B
(c) Ducrmmc A,_, the horxzomal dxsphccmcn( of pomt C, assummg small rotations. (Assume also that! the oot
: hon/om.xl d:sphc.um.m of point B is negligible). ’
(d) Detcrmme the bcndmg moment M(x)

(g) Explain why, (\llhough the beam lS made of a. lmc'xrly clasuo m'\lcnal the rcsull., of parl (c) arc non-

""-l 100 l»—- Fo

12 mm~epe- 10U mm

lincar. 14-3 .
Figicl —/(J o
Y " “1 9 e |
P BT 5 P Mo EIN ,
—)e - 45- — : - = — -’" B had
. _ﬁ_ A—\ @
1 . { : -
S { L —
Answers i Erone M E_li__é_
Mg f SINKX X ] P X
. ) e et . 2 px e
@WyW=F | FwL - T N TE :
ac ‘ac N
© A4 =T 1Il- LV'P/EI cot (LY P/EI) ] = 7~ (1 KL cothL )
(d) M(x)=M sin kl/sin kL
#2.00 A l SLLU()H cagrics an axial tensile foree of 120 kN, applicd through the u.nllold
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1. Write the second-order differential equation for the bending of the column

- . e . . .. ~ x
shown in Fig. P1-2 and use it to dctermine the critical load of the column. P
At its lower end the column is complctely fixed. At the upper end the column B oL
is prevented from rotating, but fice to translate laterally.  (ans: Po=n?El/LY) - 'l~ 1
/
/
2. Fnd an wpression for The moximum stress whm o ball weighing W Newlms Lo/
i drorfzu\ onte & fixed-fixed Voeam, l ]
o - - ’ L d—
|— L /Z ———I h AN Y
Y, P
7 —
[ L e - Lig. 112

3, . A lincarly clastic beam- column hnvmg a flexural rigidity EI, is subjected to a thrust P and a moment My
as shown in Fig. A bclow. . .

(a) Dclcrmmc the lnlcral dxsplaccmcnt v(x)
,(b) From part (a), writc the solution fon the systeim ..ubjcucd to a force P acling as shown in I‘xg B

(¢) Dclermine AL, the honzonlal d\splaccmcnl of pom( C, assummg small rotations. (Assume also that; the o
: hon/on(.xl dxsphc.um.nl of point B is negligible). - ‘

(d) Detcrmme the bending moment M(x)

() Explain why, :\l(hough the beam s made of a lincarly clasllc mnlcrml. the rcsul(.. of pm (c) arc non-

lincar. ' . P*fl o

P\'1 ETq | ‘PlM" : ' .E.,_ £y .—r\,\ = ;-x
> - ”“‘x A-\l\ T R g
Answers ¢ ;:';2. A _ E_‘i_é.
Mg [ sinkx X 1- N P A ’ . ' .
O ‘5();):'? [ sinKL ~ T J 3 E_l - ~ l

v

J— — ac s
(©) A -_--91—? [1 - LVP/EI cot (LYP/ED) ] =7~ (1- KL cotkL )

(d) M(x)=M sin ki/sin kL

#1210 AT su..uon carics an axial tensile force of 120 kN, applicd through the u,numd
of the cross section. The allowable stres. in lension oF compression is 130 MPu.
Let £ - 200 GiPa, What transverse loree I can lu, applicd al mul\pan il the
beam is '
(a) Stem down (as .shm\'n)

(h) Stemy up?

"'l 100 m l—- 12 mm

120 kN =& — o L0 KN S

Ve l e 12 nuu‘“ - 100 s
} LS m i 1§ m -—*‘ ' e

mMRAnL AR AN AN
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Florida International University
Department of Mechanical and Materials Engineering

EMA 3702 : QUIZ 1A | February 19, 2009

You are allowed two sheets of 8 Y2 x 11 inch paper with whatever you wish on the sheet
Print your name and sign the following statement:

I will not give nor take any unpermitted aid during this quiz. Iunderstand that violation of this
statement will lead to automatic failure of the quiz.

PRINT NAME SIGN NAME

Problem.

a) For the truss shown, find the maximum elongation that the bar BC will see if the bar is a solid
cylinder of 12.5 cm diameter and the Young’s Modulus, E = 206 GPa.

b) Link AB is connected to the support at A and to Link BC by 1 cm diameter pins. All the pins
are in single shear with ultimate stress in shear of 200 MPa. Determine the shearing stress in the
pins and whether the pins will fail.

c) For part b) if the pins don’t fail, what is the safety factor?

d) Find the strains in the non-loaded directions for AC when, on top of the axial load, the truss sees
a temperature increase AT of 40 °C.

You are given that the shear modulus, G = 78 GPa and the coefficient of thermal expansion, o, is
12.8 x 10 in/in-°C :

B 100 KN
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i s
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a) For the following beam determine the shear and moment diagram.

b) If the beam is 50 cm high and 50 cm wide, determine the bearing stress on the pin, if the pin
has a 5 cm diameter and the Young’s modulus is 200 GPa :

1 KN-m 1 KN/m
—F L |
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Florida International University
Department of Mechanical and Materials Engineering

EMA 3702 | QUIZ 1B Febtruary 23, 2007

You are allowed two sheets of 8 /2 x 11 inch paper with whatever you wish on the sheet
Print your name and sign the following statement:

I will not give nor take any unpertmtted aid durmg this quiz. I understand that violation of this
statement will lead to automatic fa.llure of the quiz.

"PRINTNAME - SIGNNAME

Problem.

a) For the truss shown, find the maximum elongation that the bar AB will see if the bar is a solid
cylinder of 10 cm diameter and the Young’s Modulus E =206 GPa.

b) Ifthe axial direction is called the “x axis”, ﬁndtthe strains in the “y- and z-directions” for AB
when, on top of the axial load, the truss sees a temperature increase AT of 50 °C,

You are given that the shear rrlodulus, G=78GPa andfthe coefficient of thermal expansion, a, is
12,8 x 10°° mm/mm-°C
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Problem 3

For the following loaded beam, determine the location and magnitude of the maximum shear
stress and maximum direct stress using the following formulas.

The maximum shear stress is given by 7 = 5V where the shear stress is in MPa (=10° N/m?) and
the shear Vis in KN

The maximum direct stress is given by 0=3M where the direct stress is in MPa (=10° N/m?) and
the moment M is in KN-m

. ' .k'."."f" 1N/

t=Bm—d 3m I— 3m—]
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Problem 2

a) For the plate shown, find the maximum stresses (0" max, Tmax ) if the plate is acted upon by
the loads shown and has the dimensions shown. The plate has a Young’s Modulus, E = 100
GPa,

b) What are the directions that will produce these stresses? Show the directions clearly on a
diagram of the plate.

You are glven that the shear modulus, G = 38 GPa and the coefficient of thermal expansion, a, is
12.8 x 107 in/in-°C

ISR T T

«,!-..

Py- 10 KN

PX=30 KN

ERT

L Tem
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- | Chovos Halvovos 9:00PM | Costumes and a lot of fun! Megilah reading
, { Rabbi Yachnes t9_ 10:00 PM
" Eruv Hotline . L ' Comedy Night _' Saturday, March17 © Young Israel
305.249.8939 An evening with Yisrael Campbell ' 9 00PM ' :
_ $15 in advance, $18 at the door '
_— i?\ - Shul Dmner Sunday April 29°,'" Beth Torah -
‘: A ? Honoring Dr. & Mrs. Kenneth Israel ' -
IN_#N ,
A NOUNG ISRAEL
/ of Greater Miami 1 We need drivers on Sunday (Purim Day) to deliver Shalach
Manos. To volunteer; for more information, or if you have
e any questions please call Debra Weitz @ 305-613-2888 or
Young Israel of Greater Miami | | Sarah Bauer @ 305-653- 9646.
990 NE 171st Street
N. M?rgbgeggl;;;gf 162 Look inside for DLweL Torah, Rashrus information, commumtg
F: 305.651.3601 news, Youth activities and more.. :




Pl"Cl’l'A’PENNV T PINCH-A-PENNY POOL. PATIO & S 05/04/2007 page
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"‘."The Perfect People For A Perfect Pool

305-944-6555 v8.0.6 - 8.0.6 3054931906

- Actual Level Ideal Level High/Low

Total Chlorme :

" Free Chlorine

= Cdmbined Chlorine‘:
. pH

“Acid D'emand";

Base Demand

; ” T = ) | A. Maintain Chlorine Lvl
TOtaI Alkalmlty: o0 1O 2120 ppm 4 B. 2.8 gals Suncoast Gold
Calcmm Hardness: CTO 400 8 C. 112025 All In One
| " Stabilizer

Total Dlssolved Solids , 3,000 ppm

Salt; o o pom | _______J
* = Not Tested ‘ '

SN Analysis for: 28080 Gallons Marcite/Gunite Pool Analyst:
88 Prescription for: LEVY, CESAR on Mar 4 2007

l STABILIZED CHLORINE:
8 Add Suncoast Stabilized Chlorinating Tablets to your Automatic Chlorinator or Float Feeder.

LIQUID CHLORINE:

@ Shock your pool by pouring 2.8 gallons of fresh Suncoast Gold Liquid Chlorine around the perimeter of your swimming pool
B while the circulation system is operating. Do not swim for 24 hours after shocking.
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»l

[ |

rAy ?B’
IM=By9-3(2.5) ~1z0 By:B5, mny
ZF = A7+87 -3:0  Ay= 39N 1@

]
.39 2.61 ﬁ"@ SV ey * Frax $xio - 26k0 2130/ / M @)
2 =/ 2.6t

/ow
_ x WOTn 3M < Gy SX10° - Wl < A ()
M # @

 PLEASE SEE ADDITIONAL INSTRUCTIONS AND PRECAUTIONS ON THE BACK OF THIS PAGE.



WATER COMPONENT SYMPTOMS/INDICATIONS

LOW

Low levels of Chlorine promote the growth of
algae and bacteria, which causes the pool to
look bad and be unhealthy to swimmers.

HIGH -

High levels of chlorine result in higher sanitation
costs and can cause certain types of stains.
High Combined Chlorine will result in reduced
effectiveness of Free Available Chlorine.

Low pH means your water is too acidic, which
can cause burning eyes and skin irritation. In
addition, Low pH is corrosive on the finish of
most pool surfaces and equipment. Your
pool will also consume chlorine/bromine

at a faster rate.

High pH means your water is not acidic enough,
causing burning eyes and skin irritation. High
pH also causes chlorine and bromine to be less
effective and promotes the buildup of scale.

| Low Total Alkalinity causes rapid deterioration

| of some types of pool surfaces and fittings, and
| may result in metal stains. Low Total Alkalinity

| can also cause the pH to change rapidly when

| acid is added and prevent the pH from

| being balanced.

High Total Alkalinity can cause the buildup
of scale and stains. This can also cause your
equipment to run inefficiently. High Total
Alkalinity can also prevent the pH from being
balanced.

B Low Calcium Hardness levels cause pool

TP \\ater to be corrosive and may result in
CALCIUM - e . yresat

» M staining and etching of your pool finish. Low

. HARDNESS ' : .

i s Calcium Hardness levels are also corrosive on

¥ cquipment and metal fittings.

High Calcium Hardness levels can lead to the
buildup of scale and promote stains. This could
also lead to having your pool or spa equipment
run inefficiently. The only way to reduce your
Calcium Hardness level is through the addition of
fresh water.

Low Stabilizer levels will cause your pool to
use more chlorine than is necessary. A correct
Stabilizer level makes chlorination simple and
more effective by slowing down the release of
| chlorine and providing continuous

gl chlorine residual.

STABILIZER

High Stabilizer levels can lead to stains or spot
etching. If you are having problems you believe
are associated with High Stabilizer levels, you
may need to drain some pool water and replace
with fresh water. Always consult with a pool care
professional before draining pool water.

The higher your TDS levels, the more difficult it
There are no chemical drawbacks to having is for the chemicals to' dissolve ir th d
Low TDS. However, a TDS level that reads 5 (th © cbelgllca i thggol ve 'ln the Wateli an
TOTAL o their job. Elevate evels can result in
DISSOLVED lsllgzl?clgizr;tlgéﬁ;vsr;fhﬁga?/;?;I;Gj?(ﬁ%iﬁ? ‘pelrsisten_t algae rblo?qms, cloudiness, staining, or
SOLIDS backwashing, splash-out, or a possible leak - - salty tasting vyater. T © on’ly way to lower TDS
(TDS) . L o .. |is to dilute the pool with fresh water. Always
in the pool due to the frequent addition of It with I ‘ | bef
new source water. - .consult with a pool care. pro eSSIona etore
' draining pool water.
Salt is only needed for pools sanitized by Salt- g;';;;:;g;::gfjf; Pools saniized by Salt
S Chlorine Generators. For:such systems to work y '
ALT roperly and produce erough chlorine, the excessively high level of salt may damade thé
Eooﬁ ust maFi)ntain a certain level of séllf Salt-Chlorine Generator and can increase scale
' build-up. ‘

NOTE: The instructions provided by this computer water analysis report are a summary and only for your convenience. For
more information on each of the chemicals recommended in your analysis, please read the entire label on each chemical,

which includes instructions, warnings, and precautionary statements.

For more information about maintaining proper
water balance, ask your pool care professional. To
find the store nearest you, call 1-800-234-1616 or
visit www.pinchapenny.com.

NNR_E_EON-0

PINCH-A-PENNY
POOLPATIO-SPA

The Perfect People For A Perfect Pool




EMA 3702 SPRING 2008
FINAL EXAMINATION-B
April 22, 2008

DR. C.LEVY

General Instructions -- This examination is 2 hours long. You are allowed your help aids from previous
quizzes, your notes but not your book, and any help aids attached to the examination.. SHOW ALL

WORK!!!

Please sign the following:

I certify that I will neither receive nor give unpermitted aid on this examination. Violation of thls w111

result in failure of the course and possibly other academic disciplinary actions.

Print your name Sign your name

This examination consists of 3 problems with several parts to each of the problems. You are to answer all the

problems!

GOOD LUCK!
Problem # Breakdown by Score
Problem
1 30%
2 ~ 40%
3 30%

TOTAL




Problem 1B.
Knowing that a factor of safety of 2.6 is required,

a) Determine the largest load P that can be applied to the structure shown.
Use E=200 GPA.

Calculate the load under the following conditions:
The rods are pin connected at both ends for buckling in the plane of the page and are

considered fixed at both ends for buckling in the out of page direction.

b) For the load found in (a), find the cross-sectional area in the other two members -
so that their allowable stresses meet the safety factor. Assume that oy, = 360 MPa

14
- diseter

oo dlameter A
v A




Problem 2B.

The T shaped beam is made of 2 wood planks 200 mm x 30 mm which are joined by
nails. If the allowable bending stress is 12 MPa, and the allowable shearing stress is 0.8

MPa, fiqd:

a) what is the equation of the elastic curve

b) if the beam is able to support safely the loads shown in the picture
¢) the maximum spacing between the nails if each nail is able to support safely 1500 N
of shear force.

b 6l »
- ftj o M0van

} i 0.2r

Wran—od e




Pr'oblem 3B.

Consider a hollow cylindrical tube of outer radius Ro = 140 mm and inner radius R; = 125
mm. The tube has a flat end cap. The tube is fixed at one end and subjected to a torque
of 35 kN-m together with an axial compressive force of 68 kN as shown in the diagram.
If the tube is also pressurized to a pressure of 2.1 MPa:

a. Determine the principal stresses and where they occur

b. What would the length of the tube have to be for the tube to buckle?




762 Appendix. D. Beam Deflections and. Slopes
. Maximum
Beam and _Lo_ading Elastic Curve Deflection Slope at End “Equation of Elastic Curve
y
DR PI? _pr
X —— % - 3Lx2
1w | 3m 21 ye 6EI( ).
vl
L 4 3
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1o | 2 _ W y=-= (x —4Lx3+‘6L2x2)
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oms»«m_m.m.o_" Common Shapes of Areas and Lines

Shape X ¥y Area
IR h bh .
- - Triangular area - =
. 3 2
’ Or»amn.ownaﬁwnom & 4r P
e 3n 37 4.
‘Semicircular area 0 A Hm
TR 3m 2
. m.mﬂmvm_.m_uomo area 2a 3k 2ah
. abone 8 3 .3
.,..m»ﬁvomo area 0 Eld + 4ah
P . 5 3
 Parabolic spandrel 3a 3k ok
Do . 4 10 3
S e
nE“Ew_. m.nnnon sina 0 ar
B wn .
Quarter-circular arc 2r 2r . ar
: ) T T 2
Semicircular arc 0 2r
- = ar
. 7
S o
o.». ono_o wmw @ 0 2

I, = 3ok
I, = &b
Rectangle L= WE.U
L=
Jo = 5bh(B* + K7
MK = w.wvww
jangl
Trizngle L= Lo
. L=l =i
Circle Jo = bt
Semicircle L=l =gm'
Jo = m*
Quarter circle k=1, = et
Jo = T_Q 4
I, = nab’
Ellipse , = dmas




Florida International University
Department of Mechanical and Materials Engineering

EMA 3702 QUIZ 4A April 2, 2009

You are allowed five sheets of 8 ¥2x 11 inch paper, with whatever you wish except solutions

Print your name and sign the following statement:

I will not give nor take any unpermitted aid during this quiz. Iunderstand that violation of this
~ statement will lead to automatic failure of the quiz.

PRINT NAME SIGN NAME

You are given 3 problems: CHOOSE 2 of the 3 problems and indicate which you have chosen.

If you decide to do the third problem for extra credit, indicate the extra credit problem by
EC. Extra credit problem is worth 25 points. '

Problem 1 (50 points).

a) Given the following beam loaded as shown, find the deflection v as a function of X. Leave
results in terms of EI

b) What is the moment as a function of x? Evaluate it at x=4.5 m. Leave results in terms of EI

¢) What is the shear as a function of x? Evaluate it at x=7.5 m. Leave results in terms of El

Y akn

[ | z 1 KN/m
fl‘ . e "'_Ik e x
Frd o

—— A
- 3m¢ 3mJ[ 3m |




Problem 2 (50 points).

The member, having the cross-section shown, is to be formed from the sheet metal of 0.06 in.
thickness. Also d=0.95 in. If the member is fixed between two walls and has an applied torque,
T, of 2500 lb-in,

Determine the maximum shearing stress in sections AB and BC and the maximum angle
of twist.

The Young’s Modulus, E =30 x 10° psi and that the Poisson ratio, v =0.3. Remember, this isa
closed thin walled section.

B

A,‘ - e T. - ; ¢

5 - . — — - — —

a5k -H5R-]




Problem 3 (50 points)

a) Given the following beam loaded as shown, find the location of the maximum moment.

b) What is the maximum stress o, and where can it be found, given the following information:
Eqeel = 206 GPa, Ey00a = 10.3 GPa, for the cross-section below.

KN, KD

M

¥
5m |1im|2.5m|  3m ] wood 28 cm

1 KMim

4

}
fl.' 2

staal 4cm

| 16em |






5.97 Determine the largest permissible uniformly distributed load w for the beam

PROBLEM 5.97 shown, knowing that the allowable normal stress is +12 ksi in tension and - 19,5 ksi
in compression. @
w SOLUTION
‘ l Recactions: B +C -36w=0 B=C 8w
P B C Sh eav s \/A = 0
f—20 in.— Vg-= 0~ 8w = -8w
8in. 8in.

Vgt = -8w + 13w = (0w
Ver: 8w - 20w =-10W
Vet = <low + 18 w = 8w
Vo= Bw - 383w = O

1o

Aveas: A+ B (3)@)48w) =32 w S
Bt £ (F)Xe)low) =S50w ~
Bena‘in3 moments Mp = O
Mg = O - 32w = -32w
Mg = ~32w tSO0 w = 18w

{
{

{

{

i

Centroicl and moment of inertra S
f

{

\

\

\

Purt] A Grt |7 (0 ) A Ga¥d| o int. | Ad*Gn)

® |1.6825|2.c25 H.u297 | 0.75 .| 0.9492
® |1.e875{V1.125] 12984 | 0.1 || 09492
2 '

(3.378 3281 | .. I. 898%
o 6.2281 .
. Y= —-———“3‘373 = 1.875 in
T 1° 1.875 in e = C ¥
T=2Ad* + ZI = 26894 in
.28
l Ll
0,75 te -
. - . p - 3 -~
Top = y= 1128 I{y- 23906 = Sechon wordidi, g

Bottow?  yr=-/-875 Iy = -1.4343 ind = Sechen molubis

Beno{{noj moment Limits M= - G'I/y = —%S
Tension at B aud C - (12X Z.3906) = - 28.687 kip-in
ComP_ at Bawd C - (-ICI.S\(—- LY343) = - 21, 9¢9 ‘GP- in. =2
Teusion ot E -(12X-1.4343) = 17.212  kip- in =]
Compressiow ot E - (-19.§)(2.390¢ ) = Yeé. ¢ k:r. v
A owahle boud w BscC - 32w T - 27 964 w= 0.87% kp/in
= 18 w= 7. 212 W= 0.95¢ kp lin
(ow
v A / Smellest w= 0.874 -‘{c'p lin = 1049 k\‘P /Bt - Q

-ow . —8 ’ :






PROBLEM 5.91

3 ft —

M (kip-11)
H.35
1N\
A [l e c

For Sea‘h’m Consa‘s‘“ns o'F +wo ang les

\:oV‘ e«,ci\ emjpe
| Amﬂe section

5.91 Two L 4 x 3 rolled-steel angles are bolted together to support the loading shown.
Knowing that the allowable normal stress for the steel used is 24 ksi, determine the
minimum angle thickness that can be used.

SOLUTION

B)l Symme‘h‘y A=2¢C

tZRK=o0 A+ C - 2000 - (€)(z00) = O
A= C = 1900 fb.
Shear: V4 = 1900 fb. = 1.9 kips

Ve = 1900 ~@¥302Y = joco fy = | kip

v Vgt = Jooo - 2000 :—jabO)L’-lk“p
Ne= ~1000-(3)¥300) =-l9004 - -1L9 kp
Areas: A+ B QU3 (1LG+1)= 4.35 kipft WJ
Bl € (LXSK-1-1a) > - .35 ko £} s

Benoﬁna moments Ma= ©
Mg = O+ %385 = 435 kip.- Pt
MQ = ".35-- ‘f. 35- = O

Maximom [M 1= 4.35 kp-Br = 52.2 kp-in

L 4%x3 x %
L 4v3 x4
L 4v3 3

6-,,[,( = 24 ks @,
- M) . S22 . 3
shin * E”_‘ 1 © 2.175 in
Swm * (-QL:YQ—'7$) T 1.087% ..nS
S G
Smallest allowehle +hickness
.84 3
.46 =3 in -
\.00
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SOLUTION

20mm-—\ r-lOOmm->\
A

6.33 Two 20 x 100-mm and two 2
PROBLEM 6.33 form a 120 x 200-mm box beam.
shear of 3.5 kN, determine the av

0 x 180-mm boards are glued together as shown to
Knowing that the beam is subjected to a vertical
erage shearing stress in the glued joint (a) at 4, (b)

@ =%ty

y
I = L020) (2000 - iy (80)icol = 52.¢93 /o7 o’
180 mm = &2. 693 %[0 m?
T (@) QF @0)ao)90)= [44%10% mm
i - A = 14Y %0 m?
20 mm ’ l .
T BB tA = (2)(?0\= YO mm *= 0.040 m
- YGQa . (3.5Io™)(144x 10 )
T » CEA T ta (52.6a3%107€) (0. 040 )
€ —/_t: | - 239 %)0° Pa = 239 kPa —a
) Qg = (120)0)70) = 216 %1% mm® = 216x10° "
te= R)(20) = 40 wm = 0.040 w
. VQe (3.5x 0%)(20¢x 108D _ 3o
Yo = 5 ° S = 359x10° Pa
8~ Tte ($2673I0 Y(0.040) . 'acq kPa -
Y
7 A ) - . . - _S:.
1 véx%vl Q= 10220 90 _46{4a1mc
\ l '£A= 0.030 m 48
® 1 \ = _\_/__-QA = F Ta abwve ¥ ”Aé
3 s ] ItA 4
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| 6.3 A square box beam is made of two 20 X 80-mm planks and- twof
;20 X 120-mm planks nailed together as shown. Knowing that the spacing
between the nails is s = 50 mm and that the allowable shearing force in each

nail is 300 N, determine (a) the largest allowable vertical shear in the beam,
(b) the corresponding maximum shearing stress in jhgﬂbganﬁl. .
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6.97 Three plates, each 12 mm thick, are weldea' fdgéther to form the !
section shown. For a vertical shear of 100 kN, determine the shear flow through
the welded surfaces and sketch the shear flow in the cross section,
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Problem 9.6 | 9.5 and 9.6 For the cantilever beam and loading shown, determine (a) the equation
of the elastic curve for portion AB of the beam, () the deflection at B,%(c) the slope
~atB. . .
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am and loading shown, determine the reaction at the
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 Problem9.13  9.13 For the beam and loading

shown, determine’ i i
229 105 pe e the deflection at point C. Use E
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PROBLEM 6.24 6.23 and 6.24 For the beam and loading shown, determine the largest shearing
: stress in section n-n.

SOLUTION

15, Fa T Re = 25 kips
1.5 in.
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6.3 A square box beam is made of two % % 3.5-in. planks and two % x 5-in.
planks nailed together as shown. Knowing that the spacing between nails is s =

1.25 in. and that the vertical shear in the beam is ¥ = 250 Ib, determine (a) the
shearing force in each nail, (b) the maximum shearing stress in the beam.

PROBLEM 6.3

SOLUTION
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PROBLEM 6.59 6.59 and 6.60 A steel bar and an aluminum bar are bonded together as shown to form
) a composite beam. Knowing that the vertical shear in the beam is 4 kips and that the
modulus of elasticity is 29 x 10° psi for the steel and 10.6 x 10 psi for the aluminum,
determine () the average stress at the bonded surface, (b) the maximum stress in the
beam. (Hint. Use the method indicated in Prob. 6.56.)
SOLUTION
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Department of Mechanical and Materials Engineering
EMA 3702 QUIZ 3A April 10, 2008
You are allowed five sheet of 8 ¥2 x 11 inch paper with whatever you wish on the sheet
Print your name and sign the following statement:
I will not give nor take any unpermitted aid during this quiz. Iunderstand that violation of this
statement will lead to automatic failure of the quiz. /
gé ZNARL ﬂ PLASTE N /gf/v/—c/VM ,’,OM/&
PRINT NAME SIGN NAME
Problem 1.
a) Given the following beam loaded as shown, find the elastic curve of the beam in terms of E
and I,. DO NOT DETERMINE I, for this problem.
b) Determine the slope of the elastic curve at x=6m, just at the start of the distributed load.
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Problem 2
a) For the beam given below, what is the maximum shear stress T,y and where can it be found,
given the following information:

Egtee1 = 206 GPa, Eyood = 10.3 GPa, for the cross-section below.

b) Find the shear stress T,y at the interface between the wood and steel
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Problem 7.162 7162 The cylindsical tank AB has an 8-in. inner diameter and a 0.32-in. wall

; : thickness. Knowing that the pressure inside the tank is 600 psi, determine the
maximum normal stress and the maximum shearing stress at point X located onthe
top of the tank. ’ P - ‘

V.= %—" = Y, | v, V\;‘*t -‘_‘V".‘l‘-&zlhn‘
6; . B%o @—’g-o—)iﬂf: ..7505.'[:5[ = 7.850 ks¢

Tt 0.32
‘\ [} |
* 6,= 26, = .3.785 ksi

Torsion = No b.’),sl ied torque
{ L\ 9kips - ) |
, 10in._\| Bema‘;‘mj : Pon'/\'f‘ K Aies on neu')'tfaj aAXIS.

= .q -.vk.'r s : : Fow ‘S"“GMI‘Ct'th

Transverse s heav: Y

4]

Q= Q- Q 2l %00 -
t = (2)(0-32) 0.64 in
1= Ent - s Flast-4") - 12481

”

_ova o _@(uesny _
T = 1t °= (zu)(o.64) 2.!5 ks:.

Sum;vmaw\/ o'r 5+V‘CSSGS  Le Lonﬁ_,\"“oat‘n«) , 6;; = G; = 3.75 ks¢
A 7.50 ksi ) c . C;/\ct)m"'\eweﬂ*lidﬂ 6\1 = G;_ - :7. 50 k$f
—] 2.'5 k‘:u Shecc-.v ,Z:J - 2-/5 ksl.

D;mﬂ"“ "‘} K {—’ 3,75 ke v
. Suve * % (6, 46,)=50645 ks
R: (&Y + Ty

= RBEE Ksi

6o Cumet Rz 8,48 ksi
6.2 Gue-R = 2.77 ks;

3 (ksi)

6-7_ = O
Smm = 848 ks —-
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Problem 8.44

2.584¢ kips

O —2.5846 —/.07¢q

" 8.44 A2.8-kip force is applied as shown to the 2.4-in.?dia1neter cast-iron post ABD.
. At point H, determine (a) the principal -stresses and principal planes, (b) the
maximum shearing stress.

DE = fEE4 1t = (3 in.

A+ Fof/\‘t'A‘D Fx:O
By s 228> 5 -z.5840 kips
Fo= =(5)@2.8) = -1.0769 kips .

Momen+ of equ[v«/pe"h‘f‘ 1tol‘ce-CaU/)/e 555+ém
&k C‘) +he centrwidl. .D-P the section

contain x'na' Paiv,\"' H o

o | 7 Bies L reuezj -16.508k kipein

6.H6R Kip - iw Section properties

. L. .
1.0767 k 715, 508 kipin d= RH in. Shi L LD
-0 (ps ) . - . )
L 8165 kip-in A = ECZ = §,5229 iwn
H IT=%c"= leage in*
J = 2I = 32572 in*
For a semicircle Q = %C3 = | ]51.,7'»13/
AL - P Me -~ A58 _ (5.50%)0.2) . _ .
At point H 6y = AT T ieras TTY: 11.99¢ kei
s o Te , VN (e.4e2)(1.2) | (1.0769)(1.152) - _- .
Ty T Y1z T 32572 0 Y(ezge( 2.4 .98 ks
i1l.996¢ ksi 7 &
@ ©.= F* -85498

s 2-6‘18 kS{

Ll

'

==

R=J/@V 2" < 5677 ke
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6. 6. +R < 0.579 ks —=a

1 t \AG

——t
>/X

&= 6-R - Iz.szé«gﬁl
2% . 4 A
+0.V\ 29[}‘ I‘a.‘;ﬁ < 0,’4‘4‘77
ea_: 12-'0 3 eb: l02~\°’ -zl
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7.161 The state of plane stress shown is expected to occur in a east-iron machine

Problem 7.161
_ . base. Knowing that for the grade of cast iron used g, = 160 MPa and 0y, =320
MPa and using Mohr’s ctiterion, determine whether rupture of the component will
l' 150 MPa occur. ' -

€, = O &y = - 150 MPa %y = 100 MPa
7§ (MPa)
1 6@.«""%’_(6{\' 6‘3\ = =785 MPa : J— ‘ (
: : ~
T R= _{(_G%‘;@‘y)z 4 ’I’K; . \\
o : :ﬂgﬂ +' '007_ - IZSMPQa 4 ) H \ .

: 8| C 0 \'A 6
6~" gm‘\'ﬁ = 50 MPFa : Gy, (MPa) {(mPa
6. Gue—R ™ =200 MPa —{  \

| ’ L e T, e ./. "X »
) '.7-‘00 '-I(;o +1o0 1 “-.(Mp‘\
dood 200 MPs

l

=00 o 1 gr———————
1

q

150

Equox 1om of ?"LC q'HI 7"“‘0";""\*- boundary s —g—%;- %‘i = |

go _ (-200) _ A
= 200). = 0.9315 < N No woptuve.
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sy

10.20 Knowing that P = 5.2 kN, determine the factor of safety for the structure
shown. Use E =200 GPa and consider only buckling in the plane of the structure.

s P

Joint B ¢ From force ‘I’v’*’n‘avxejle)

Fae - Fee - 5.3

929-mm diameter 5in25° - gin20° T sin 135°

3.10719 kN (co-«r)

4

"

Fac = 2.5152 kN (coup)

5 153x/0 " mY

Ul

Member AB: IA-‘- I,_',‘(%)“ = g(-}?—)" o 5,]53"[03 e}

ey
Faaen = E{E.:l@ - itf(zoOx lg"%(j_SJS.Suo“‘? - 7.0636x 0* N = 20636 kN
AR .20

- Eaper . 10636 2
FS. E.—;:"‘ 21074 2.27

Membor BC: " Too = F(E)! = B(Z)! = 1499 /0% m” = 11499 %107 0"

Lol = L2% 12% = 288 m"
—_—2 -4

Foer = Tflif“ . T(200 "Z’Og;)(”"”?’/o ) . 1.83130°N = 7.8813 k¥

. Fecsen _ 7.88l3

F. S. F& - 2-5',52'

Sma}jcs* E.S. a'we»rws. FS. = 2.27 —~k
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Florida International University
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EMA 3702 QUIZ4C April 8, 2004

~ Youare allowed three sheets of 8 Y2 x 11 inch paper, two new sheets and one with whatever you
wish except solutions

Print your name and sign the  following s'tatemeﬁt'

I will not give nor take any unpermitted aid dunng this- qulz 1 understand that v1olat10n of this
statement wﬂl lead to automatic fallure of the quiz. _

PRINTNAME SIGNNAME

Pfobler__n 1.

a) Given the following beam loaded as shown, find the deflection v as g_fﬁmction of x.

b) What is the moment at x=L ?

(%) = +P<>(‘3\l-. L v

y : ETu"= 4=—P<X 2L> o )
| ETv™ = P <x- 2L> +Cy @

l P Erv -P<x~2t,> +Gx+C )
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FIo =-p )
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L — @x=0 Vo & G0 . O
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Problem 2c.

a) The figure gives the beam with the loads applied to it, as well as its cross-section. Find the
maximum shear stress on the beam and where the maximum shear stress is located on the
cross section. Units of length for the cross section are in cm.

b) What is the shear stress one meter from the left end of the beam and at a distance of 45 cm
from the top of the cross section ?

104 40—
1000KIN )
v L 1
{ f / 90
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/ 0]
| —90 —
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Florida International University
Department of Mechanical and Materials Engineering

EMA 3702

QUIZ 4A April 8, 2004

You are allowed three sheets of 8 2 x 11 inch paper, two new sheets and one with whatever you

wish except solutions

Print your name and sign the following statement:

I will not give nor take any unpermitted aid during this quiz. I understand that violation of this
statement will lead to automatic failure of the quiz.

PRINT NAME

Problem 1.

SIGN NAME

a) Given the following beam loaded as shown, find the deflection vasa ﬁ.mctibn of x.

b) What is the moment at x=0 ?

y
P
A l 4
/ X
“ 4
1215 -
L —
08

s “£<x—2.,1->;+.!»r91’x3 ~.072 X )
6 5 &

(x20 M :ELv" = G = - ¥/PL )

N=Nt
X= 08
T=18.86

ql)= Px-2gS
E‘IV"’:-—? 2 -P<x-.2;}>" . m

" ' °, ¢
Exv" =-V = ..P<x~%>+ | (2)
EIv'=M = -P&-22'+Gx+ G (3
exv’ = -Pex-2 SELEA NTT AN

3 .

ELv = "2<>¢~%> +GxY -+C27<7z+6§<+ (s)

@x=20 v=o =y G, =0 m

X=0 vizo =) G ro : o

, 3 :
@ x:L V=0 => ~_§ (aé) *C'LZ *ClLZ =0 M

Vso S -p (A)+G4 saL=0 W

3
G = (: o z) L LS P
%« Vs L/ v sm _ g
(L’/‘ A 2t - %—" ~g
L72_ L
= 3y (2)

Y Ay s
) T g
b R (%)) = cnm T W = s
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- LY - LY LY
/1"- t2) /’2 {2







Problem 2a.

a) The figure gives the beam with the loads applied to it, as well as its cross-section. Find the
largest shear stress 2 meters from the left end and its location on the cross section. Units of
length for the cross section are in cm.

b) What is the shear stress at a distance of 5 cm from the top of the cross section ?
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Florida International University
Department of Mechanical and Materials Engineering

EMA 3702 QUIZ 4B April 8, 2004

You are allowed three sheets of 8 % x 11 inch paper, two new sheets and one with whatever you
wish except solutions

Print your name and sign the following statement:

I will not give nor take any unpermitted aid during this quiz. I understand that violation of this
statement will lead to automatic failure of the quiz.

PRINT NAME SIGN NAME

Problem 1.

a) Given the following beam loaded as shown, find the deflection v as a function of x.

b) What is the shear at x=0 ?

ere" =9 = - i, <’<“2L> | O
Y EIU' :.-\/ = —hfa<X"2-y> "'C' * ()
W ETv"=M = -w;,<x 2y5> +Cx+G - o
o
1 TP T TE BTV = -, <=<—2V.,~>‘+<’.’</ *Gx e )
x ELv '
y 7 = *Wo 2 . 5
1 915 I lf =% <% ys> +C,x/é+czx/z +/,3/><.% {s)
L ! (@ X=0 '=o =5 G, =0 . ' D)
v'zo =2 (3 =0 - : (O]
. ; .3 @ x=L o =) .._U‘o(BL) _,,clL/ +C,_L/Z=a 1))
| [ - 2 vao
U= "éf{ o<x-2L> IIIZ%LX -, o;e,'w;,L } = wy (3%) + 5,1/ +GL =0 )
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Wy . 8‘ (S g
" ! . 2% 2 WSl (7~ We 27,5
Elv" ==V -t O(~2's£>+c' ==./02uL @xzo ¢ = (a:,, gl gL W /zSL
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B .‘_d_q,?l L.' ’ . (!.)
ne R 4 we, 2y I3 Mo 27wl wlg
X=63.73 ST = 3ns hpag
0.9y ~ LY — = .0033 u)o
12 L = 0g33LY






Problem 2b.

a)  The figure gives the beam with the loads applied to it, as well as its ¢ross-section. Find the
maximum shear stress on the beam and where it is located on the cross section. Units of
length for the cross section are in cm.

b)  What is the largest shear stress two meters from the left end of the beam and where is it
located?

2| 4 |3 24_7—20—(@5
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O A
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Florida International University
Department of Mechanical and Materials Engineering

EMA 3702 QUIZ 4D April 8, 2004

You are allowed three sheets of 8 12 x 11 inch paper, two new sheets and one with whatever you
wish except solutions

Print your name and sign the following statement:

I will not give nor take any unpermitted aid dunng this quiz. [ understand that violation of this
statement will lead to automatic faiture of the quiz.

PRINT NAME SIGN NAME

Problem 1.

a) Given the following beam loaded as shown, find the deflectionvasa function of x.

-¢) What is the shear at x=L ?

EX lr'v=—gr=-w°<x- %)’ )
¥ Ve EIv™ s ~uh <x-,z_5L>' + G (2)
Wo M= EX v . ui{x-—?gl_.’)z'.a. QX+ G (3
2
¥ \L L {' {/ ¥ X ' EX vt 2 -HWo <X"g.l‘>;+ Clx/,;_*czx"'% )
p , - S 5
1 EL v = -wo ¢x-2L5t0 (0 +GA +6X4 54 ()
2L/5 Mo ¢x~2L 5"+ (X7 + Q%
4 I——L | 28 3 (A
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r=.1L {"_‘fe <x—2_l_.> L7? 2! ul;,L" } (3)
2 s % 1

l)) Sluv\. =0 @ X= )

n=lo
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Problem 2d.

a) The figure gives the beam with the loads applied to it, as well as its cross-section. Find the
maximum shear stress and its location on the cross section. Units of length for the cross
section are in cm. '

b) What is the largest shear stress six meters from the left end and where is it located ?

10 40—

S gm\} 90
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' | 0o ]
units of length in meters 20
= [ — 90 —
Im, = -toxz4+Ryd Ryz2mg AT A
222 Rp=Tovv4 O] 0 6§ S¥So0 5 228.33cm
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Florida International University
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EMA 3702 QUIZ 2B February 25, 2004

You are allowed five sheets of 8 % x 11 inch paper with whatever you wish on the sheet

Print your name and sign the following statement:

I will not give nor take any unpermitted aid durmg this quiz, I understand that violation of this
statement will lead to automatic failure of the quiz.

PRINT NAME SIGN NAME

a) For the plate shown, find the maximum elongation that the side AB will see if the plate is
acted upon by the loads shown and has the dimensions shown. The plate has a Young’s

Modulus, E = 100 GPa.

b) Find the strain in the Z direction when, on top of any loads, the plate sees a temperature
deécrease AT of 20 °C.

You are glven that the shear modulus, G = 38 GPa and the coefficient of thermal expansion, q, is .
12.8 x 10 in/in-°C ,

Z P .

‘ U = Px = o2 -

Pg=10 KN
Py=30 KN

4 Ex=0Ox - ¥ (0—’%) > Jox/o 316 (24x/0 ) 24ux 0
|  pooxso? iooxm —
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Problem.

The member, having the cylindrical cross-section shown, is to be formed from the sheet metal
of 0.06 in. thickness. If the member is fixed between two walls and has an applied torque, T, of
2500 Ib-in., determine the maximum angle of twist and its location. The Young’s Modulus, E =
30x 10° psi and the Poisson ratio, v =0.3.
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Ao . . €7
g i ‘ 1. Write the second-order ditfercntial cquation for the bending of the column -~

shown in Fig, P1-2 and use it to dctermine the critical load of the column. P
At its lower end the column is completely fixed. Al the upper end the column i
is prevented from rotating, but free to translate laterally.  (ans: Pe= 2E‘I/Lz) : 'l* i e
]
2. Find an wpression for The maximum steess W\Mm o ball weighing W Newlms L ,’/
1s dropped onto o fixed - fixed boeam. l ]
o - ' Ll —
=L —I |, Yo
- Y, a
) -t

p—— L L Figri2

3, . A lincarly clastic beam- column having a flexural rigidity EI, is subjected to a thrust P zxnd a moment My
as shown in Fig. A below, . .

(a) Dclcrmmc the lnlcr:\l dxsplaccmcnl v(x)
L (b) From part (a), write the solution fox the sysxcm ..ubjcucd to a force P actling as shown in Fxg B

(¢) Dclermine A‘_, the horxzonlal displacement of poml C, '1ssummg small rotations. (Assume also that lhc@
‘ horuonml dxapl'u.um.nl of point B is negligible). ' .

(d) Detcrmme the bending moment M(x)

(g) Explain why. allhough the beam is made of a lincarly clasue xnmcrml. the rcsullu of pnrl (c) arc non-

lincar. ' ' P—ﬁ .
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ac —— —_— ac | s
© 4 = Ii- LY'PIEI cot (LVP/ED ] = (1- KL cotkL )

(d) M(x)=My sin kl/sin kL

A0 AT \L,L.(l()n carrics an axial tensile foree of 120 kN, applicd through the cummd
of the cross section. The allowable steess i tension or compression is 130 MPa.-
Let £ - 200 GPa. What transyerse foree PP can ln, applicd lnhlsp.m il lh\.
beam is
(a) Stem down (us shm\'n)'
(h) Stens up?
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