1.2-1 |

Circular Pogt in Compre.ss'lon

A lp | P, = 16001h.
1 B dae= 1.2 in.
B+ dw 24w
c P LLe S //
!g) Mormdl Sm .in_ Part AB
= Ry = It—s(ﬁ:q‘ = 1415 psi «—

(b) Load B for Equal Stresses

— Pn."‘.pa_
O = " Ao

— lbOOL* Pz_
Fas
= Opp= 1413 psi

Solve for B: P, =48001, €—

Alternate Selution

_P+Py  _ BeF

O R " Fad
P . "R

SR
Oae™ Gan
F RN
Bef R o p=el{lef1]
C_L‘C'_-:.l
Rt ]

S, B= 3P = 4300 h€——

2-2 ]
L-ong Steel Red i Tensioa

3

P90 N

P=9%00 N
L= 30m

Az 6mm v
chisiwt Ben.s'd—y :¥=710 Wmﬂf
W= Wc'tahl- of Reod
= ¥ (Yolume. )
= ¥AL

;-(.TT.bvk“/m‘)(SO m)* %(_L.Q&-

== 2.3 MPa + BLS MBs
= 4.1 Mp,

3T

f.:é.c--kocl? Disavam of Brake Pedal

2.0

- P=l0%

F= Compressive force in Piston Rod
d - Dismeter of Pigton Rod
=022 m :

_Eq piliﬁ‘orw”“ Q_g j Brake Pedal
£M, =0 . G
F(2.0im)-P(LoI) =0
0o Lo .\
F=P(42%)= (on) (4ei)= 55 %

_.§,gmg egsive Strees n Piston RoA_

T
Ce= A ZE(orzm)

= 1450 psi - —




1.2-4 |
Aluminum Tube in Con!:rcgsion

P

Q-

P

Solve. the E.qpml-ims:
Tae=9.672 & Tee =12.324 b

Teasile Shresses 0 +he wives

....--.»( o
\ st suse P T
€= 540 & 10™®
dla Gom
26 ]
d;' SOmm

Concrete Pier in Compregsion

Tao Steel Wires Supporting alamp

Free ~body biaamm of Poik B

A=35°

p=50"

Taa Toc
o 8 d= 28 mils =0.025 in.
A'%é' =490.9 207" |p*
Y
I x W=ISh
0

Equations of Eavilibriom

LF=0 ~Trscwnc + Tae a;sp =0
(P20 ThesmA +TesmB-W=0

Substitute. numerical valves:

~Tas (081918) +Tae (0.642.79) =0
Tae (0.57258) + Tac (0. 76604 ) = (Sl

(a) chning Sog +the bar Y /A; A,
$= eL.=(540 *107°)(500mm ) = O-270 mui— .\7/ Lead:
g r=0.5wm —
(b) Compressive. Load P 09 ‘_L'.!.j pel P="15MN
G= 40 MPa ¢ Ts
A=3{d3-d] =T [Ccomm)*- (Somm)* ] o e
ol 4 \As
= 8639 mm* L 1.2
P=cA ‘(40 MPQ)(SG-S‘) hlll") US& 'H’)C, FO“DNI“S areas
=54.6 kN A= A, = ovter rectangle
L2-5 | =(1.2m)(0.9m)= |.08 m2

A;‘-‘Az,f-q'mﬂ-c.r-cimvhr SPuwAr&l

(Appendix D, Case 12)
A=Az = (- F)v? = 0.019314 m?
A:E...Q.LPE

A=A," Ax-Ay = |.0414 m?
(&) Averase Compressive atress
P __75Mn _
Oc =K = Totigm = (-20 MPat——
Sh) Coordinaies 0{' C&’n‘trbid _Q_
From symmebry, §= 4 (0:9m)
= 045m4—

X= .Z}.ﬁ_:'.ﬁ_"’. (See Chagter- 12, Seckion 11.3)|

For Avea 1: X,= (1.2m) = 0.6 m

GONT,




.2-6 CONT, |

F;v' Am Zov- T, 3
§1=R3= O.Qm +

2r
3(4-w)

= 0.9m + 0.23299
= |.13299m

X= 4 [RA—2%,A]

= (o 0-em)(Lop )
=2 (1.1329 m) (0019314 n")]
= 0.530 w

T2-7 |
Car _on inclined truck

ree - v diaﬁrrm of car
N N: wc‘ﬂk‘ta O‘F cayxy
T Tensile forze In

Coble
o&=Ana‘e. of mcline

.%:T
Ra

R, R,=
1 O\O-Edﬂhvﬂ .qu
betwieen wheels

and raik)
Equilibrivm i the inclined divection

iFTHOA'/ T-Wsinat=0
T=Wsml

Tensile shress in the cable
Cp = L= Wnd

Ao it ==

A A
Substitute numerical valves:
W=18k A=30° A= 047 in?
Or= G = 19 kel 4—

.2.-8 |
_C,ar' on iholih&i track

ﬁu-bc:l:; dia.gmm a‘c car

l . W= Weight of car

T-C'T:hn?l‘e. {:ovu:. in

A =-ﬁmalr. of weline

A= Effective avea
of cable

ﬁ}'_'r
R " R, R, =Wheel veackions
] w (mfﬂd.‘m fwuc‘
between wihesls
and vails )
Eauilibrium _in the melined diveckion
£F=0 {7 ™~ T-Wsink=0
T= Weink
Tensile shress In the cable

- = Wsink
s i

Substitvte. numerical walvess
W=10 kN A=22° A=480 mm*

= (o kn)(sin 22°) _
O 480 mm? = 12| MR ——

2-9
Retaining wall braced by wood shores

Asavea of one
shore
A=(6.0m)(6.0 in.)

= 36 In2




.2-9 CONT. | \.2-10 CONT.|
_I':"r_ugg,-l:\p‘:[q'r dm&mm of wall and shore Eq',uil‘ubriUm
C=Compressive LM, =0 P>
{;o‘:z w wood | T, (3.0m) - (32 kN)(4.5wm) = O
e Ty= 48KN
T L, _30m © Tas T, (32)
"I'"‘ 1.6 m eo Tu® dvie
Ay “@5"“)( )
Cu= horizontal aomronowl' of C | Tensile force ncable ik
Cv= vevtical component of C T Jni+ 1 = [Gowats (a3 = |02 kN
a 30° Cvalsn3d0’

Cu=Cos a (d)A\e.ch. tensile Stress in Cable
Equilibrivm o= L= Tlozkl 212 Mp, —
zM‘.GD /—D O A 45' 4 g A .

(b)A vernae Strain In cable

F(sH) + C(12 ) +Ca15R) =0 L= leagth of cable LRTILE = 3.4m

-45 k)(s 'G'l') + Clsin 30.)(11&') $= stretch of cable £= 5.1 mm
+C (s 30°)(1.5 #+) =0 € '_5_ - Slmm  _ 1500 «10~"% .

.. C=3083k L . @Am

L2-11 |

Compressive. styess in §hore
_c 30.83 k g Loadim% crane With q“iwie.v- and coble
=R 10 He=9%s L,=128

O =K = "R mE = o
Ce= 856 psi +— H i A ™
42 8 cA=0ATH n2
1.2 -10 |
l 'I P=9000 b

crane. with qivdev-and cable
LOQA‘M:’ 43 Free ~body diaﬁvm of giv'dcv*

H=1Lém L,=3.0m . “f
n
C :

D | 5=1.5m Aselfective areq) o L -
of Cable — o =
H 2 s A=4Blmmr = Pe9000 s
Equilibrivm

—; —
. L2 lpazan £Ma=0 > 7

¥
To (26 ~(9000 ®) (16 ££) =O

Free -body dia&ra.m oc qivder
SI‘C ’ch Tv=12,000b

T T 'T

A un cable n_ L‘ &k . 12
_/_érﬁf—ﬂn'ﬂc Tf ‘m P Tﬂ T\f( )

"(I:ooob)(-g-)

i 5™ | b3z
= l6,000®

[ConT. | [CONT.

£




12-11 CONT. |

Tensile force n coble

T /T2+T: = Jueoon)*+ (1z,0008)*
= 20,000 I

ﬁ)Aw Tensile. $hess in cable

= 42,500 p6' frm—

QAwrmae strain i cable
L= length of cable LeJHReLr = 15§
§ stvetch of cable §20.382- .

1.2-12 CONT]
Equilibrivw
£.Fer =0 T-r l-"
W-4T, =0

- W
T,—“_

Combine. 515 () & ()

(e2.2)

H W
T(JH‘aL’fz); 4
=¥ JLH*T_L:;. = X

H o= Hlt% :
8 %“lf:f

Free ~body diagram of ook ot point A

vl — D2B2W o-®. Tensile Stress ma cable
™ T USHI(2 ™) e 8 A« &ffectve Cross-cecktonal avea of a cable
E
12 -j2 O;-ﬂt-ﬁ-‘— -.:.-4—“: ’.,.Lfma. oo,
A !d‘o v arl’tA .
by % cables Substitvbe Numerical valves and obtain 0%
Ma H'hc.iahi’ of hook Hzlétwm L=225m U*225 wmm
Cable. above. slab Y+ 24 kN/ s A =190 wm*
),‘b L= Length o{i' tidv- of
ve. clal
) = - KM/ Swm)* (225
8 DA e i of lab i ichibe ol Yt diaant X
¥= weight densidy =233.75 kN
GF!Binf-vcdm G"ﬁ"l*"‘/z.al = bb.2. M?A‘—
s ‘;:-_;3:* o} slab 12-13 ]
D length of diagonal of sleb fotdunbe . womtuiy e
= - =Lyoes - 5 avea,
LvZ c %:l: X= weight density
Dimensions of cble AB ___S.JL‘_S: X . mass densﬁy

e—bt——f

we wish 4o find the axial force P in the
bav- af Section D, distance X from the
Midfo‘m‘l' 48

The fovee Fx equals the imevtia force. of
the part of the votating bor from D4+ & |

A w T=tensile force i a cable Comcider i Blowint ot “%jm ar ::i‘h?.
o § from the mdpoint C. var \able.
L e . I-II.“ mnae.s from ¥ 4o L..
Ta N Ea
W - T(m) (%) dM=A dS
CONT. CONT.

5



1.2-13 CONT. |
dF slnevtio force (cemtrifvgal force)of

element of mass dM

dF = (dM)(Sw?) = F Aw?gdS
o _¥Au>
Fx idF § SAwtsds =508

@) Tensile siw.sc m bav at distance x

(L*-x*)

.3 -2

Tensile tests of Hhvee matevials

P | 1Zmm P

 —
5C wm

Fevcent donag:ﬂon

Lo = 50mm

= -""!:TL'*—(ioo} = (%- | Yoo

Fetensile foro:. ot top of Wive

F= (3c-¥w)AL o;.,--ﬁ-(‘&.- Bu) L
= Twx _ 25,0004 O,
L max ,‘.‘_";:‘ = e ‘3_;;%’(?1* h‘ 7;* )

=7310 fi e

Pocent elongation = (ki 1) (100) (Ea.i
Fx < : A 50 )
Ox= % (L’ -x*) where L, is in milimeters.
D) Ma.xlmm tensile shess -
X=0 G = Ygl L Revcent reduction in Qrea = A"AOA‘ (100)
8 = (1- 22 ) Ctoo)
13-11]
Hana; e of lenath L dy = final diameter
A A do= initial diameror
W= totol weial'd- of copper wire
L Y= weight density of copper _A_|_=(d. ):. 8 e
= 55 IB/F*J
szwgiﬁlﬁ- densit af- seawatey | Percent reduvction W armr-[l ( 1) J(iao)
=63.8 b3 wl.mrc. d. is in
A > cvoss - seckonal area, of wive e (=a.2)
@) Wire hanging in giv- -
-y A Cll T 7o Britle
W=¥cAL Material )] (mm) |B II)OI"I %lsn b\";—!‘ﬂ?’
Ganx "=—\E =¥ L A |fA5{h4e| 90 % 8.8 % |Briitle '
‘__g"mg' 25 poo pei 02/ o B 6321948 26.94% | 371.6 % | Duchile
Lo X 55¢ Wp,3 (144 é* ) = )19.4- 6.06| 38.2% | 74.5 9, | Dudtile
=470 f+r ¢—
Kb) Wive hanqmq n Sea wiatev ; 1.3-3

Mﬁ — to -waiqhi' vatic

'Fﬂm. Table

Rgpn =

Y

OI':S

(lB! 3

The vitimate stress 05 for each material

is obtained 'Frvm Table H-3 Arpuulcx H
and the wo:?h{- nsAY ¥ is olrhumad
The shvenath -+o - uue!ahi- ratio (feet) is

(10 I/ )(taa mi/pea)

CONT.




[13-3 CONT] .3-4 CONT.

Valves of G5 ,%, and Rsp ave listed §= elongation of barlh

M the table.
o ¥ Rywi{| 3=Ls-L,=00653L
kel) ) ”“%r Sh’“in m bar CO '%=%=OM

2

Alvminom alloy Z0W-Te | 70 (15
Sovthern pine W"%) W |375 Mo’ Prowm the ctress- strain dhﬂmm of
Ny lon 9 b21.5 2 %(0° F'ﬂ’ 1-12.:

Strvctural steel AsTM-AZ6 |60 | 490 |18 %107

1.3-5 |
-—h«-wels‘k‘l‘ Symmetrical framewsrk

Tianiom has a high §

ratio, which is why i 1s used in space
vehicles and Wi h—rcv‘fomme. alyplanes. Alyminuem alloy
Alvminum i€ m highexr than ovdinary he 48°
gteed ,which wukes i+ destrable for _ €g=D0T13
commercial aivevaft. Nylbn and some P
woads have a hisher vatte thawn Use. stvess- shrain diaﬁmm
ordinary steel of Figure 1-13
B L e
1.3-4 I A L= lemai-h of bar BD
_S_\J'_MM&'}rical fromework ks L= distance BC
3
Mm‘ Stee) 3 ..—.L s L(m&') =0.5004 L.
A B @ ota50" ;
Er = 0.0839 3 l-;“kﬂﬁﬂno‘:bdrcb t
D ™ F el cgeot = L (csc48") =[. 34561
Use ~stvmin di
;!' e rrone 112, | Elonastion of bar BD =Ggpl
L Eep L=0.0TI3L
L “I C L=lev\aﬂ: O; lﬂ" Bb L =dls§mm:¢. CE
3
P L,= distance BC [ JiE ~ _ — =t
= | cot ek = (c+50%)=0.83q|L 3'\/""! +LrEgl)* = JEM) +L{l+00
D, Ll'levhsﬂ""{‘ barCD =1.3994 L
3, =] cscal = L(c50") 212054 L S‘Olbﬂaﬁ’ﬂon of bav CD
Elongation of ba- BD= Egol $=Ls-L, =0.053eL
€w L = 0.0839L Stvamn in barCD = l;s.:; 'Bo-r—"?::z:l_ =D.0400

Ls= distance CE
La=JL2 + (Lr€gol )" -J&-mmfn}(mmﬁﬁ»m t+he s+vu's_ abvicin dhﬂ“”‘ o@
F’nﬂum 1-13:

=].3707 L
O 32 ks) g

CONTT.




1.3-6 | 1.3-7 CONT. |
Tensile tect °£ a fl'“"*'i‘- Leod P | Elonaationd| Stress O [Stvain €
Uslva He Shress -stain Ch‘tnhﬁwsn M the Cie) (in.) (psi)
\r'vhe.m Statement, PM ® ~6lvain ,ooo |0.0002. |Soco 0.00010
2,000 |0.0006 |io,000 |0.00030
Stress 6,000 |0.0019 3o, 000 |o.00l00
e 0,000 {d.0033 |50.000 (0.00166
12,00¢ [p5.0029% 0,000 [0.00196
12900 |0.0043 4,500 |0.00215
13,40 |0.0047 |67,000 [0.00235
a 13,400 |0-0054 |68,000 [0.00270
13,800 |0.0063 ©9, 000 [0-00315
l+.°°° 0’.0090 704 OOQ iOOMsD
4,400 |0.0102 72,000 [0.00510
28 {5,200 |0.0130 |76,000 [0.00680
16,8600 |0.0230 |84,000 [0-0llBO
18,400 |2.0336 |92, 000 [0-0BO
20,000 |0.0807 |l00,000 |0.02535
22,400 | 0.1108 ||12,000 |0.05640
e PE 0.02. 003 o.o4 kil 52T ) ik ] e
S+rain Stress-strain diagram
= pro nal limi+ 22 47T M P, = A
Modolus of elasticty (slope) 22 4GRam—| o,
oy = \!ic.\d stress ot 0.2% offset (p39)
o-‘ < 53 M, - - ——K
Material is brittle. becavse the shmin inescoe
i M
q@fw +he Proporhom\ livnit exceeded
is velatively evall, €—
50,000 |
L3=T
Tensile test of high-sh'tnﬁﬁn steel
d,=0.5'025 . Lo=2.00 in. o o.t'm.oo 0.10400 0.06 0O
A= .1%1-_ = 0.200 in* Strain
g + = "
Conventional _stress and siain Enlargement of part of the gtress-stram curve
- P Stress
s € '“*-SL_—,, (psY) [
|
s Cyp= 69,000 pni
oa. (0.7 oFFseT)
Op % 65,000 pei
60,000~ 0.1% offc=t
50,000 psi
Slope ¥ 500165
i ox\0*
5&0000 . iz .."“5 30%10%pe1
0,0020 0.0040
CONT. Stvein |CONT.




i.3" 7 CONT.
Resvlts
ional (imit 265,000 pet

Medulvs °‘r' d“*‘@*’i (SlDPC-) =30 «10° Pul
Yicl stvess ab 0.1% of {set 2 69,000pci 4=

j4-TconT |
Ferwanent- 3¢t = €nl =-(0.0021)(coOm.)

:-O-l3 in.
Final lcanaH\ 1s O\3 w. lmacv- +han
the original bnﬁHﬂ o~

Ultimate stress (maximuom stvess)

1.4-2 |

% 113,000 Ps'n f—

Percent c.hmaad-ion W 2.00 in.

o

— O.IZ‘OH. p—
oot (ibo) =G

Rercent vedvcHon in avea

Stezl bar n tension

o 208 m = BOOmm
Fl=====5 Slope. = 200 GPa

l $=22.5mm
£/ gNEN

Steel bar in tension

Le5% 260w,

Yield stvess 0y=42 ksi
Slope = 30 *10? ke
S= O0.21 m.

Stvecs and shriin ot point B

-A o En €s €
= \
Ao (1e2) tvess and Strain at point B
0.200ine - 2(0-421‘.)" S - 4
e (100) O = Oy = 250 MPa
) - .A 2.5 mm
- 31 % 4—— € L= oo = 0.003128
X E.I«h_c.avzwvovz Ec
o ) =08 50 Mfx
6 Tive ™ Zootw T 00025

Recidval Straim Ev
Ex=€Ep —Ep =0.003125~0.00125
=0.001875
Permavewt set =€l = (0001876 ) (800 wim)
=|.bmm

Firal |enath is L5 wm louﬁcr +han
+Hhe or@ihal lena'rh. g

O H? ety - ‘ﬂ?lun' bar in tension
Can S _02lm. _, Aluminuin bar |
0 oo m. G005 o L= 16 in.
Elagtic recovery €e d=0.70 .
Ee= _ A2 ks - 06014 P=12.5k
lepe 20w 10% ksi Sa.Fia.l-ngf::msﬁ_rm-
Recdual styain Er Slope from O 1o A 15
€e=€g-€Eg =0.0035 ~0.0014% |0 % 10% pst.
= 0.602)
CONT. __[CONT.




|.4-3 CONT.
Siress aad strain ab point &

w  JRS K
G =x X(oow)

= 32..5 ki

From Fig t~13 : €4 5 0.06

Elastic recovery €x
o OB 32 .5 ks)
£a “MS‘OPG‘ - Smis o
Recudual shmin Ex
Ex 5 €~ €45 006 —0.00328 = 0.047
(Note: +he Ocanrdey m +his resulr K ¥
pror besavs s €s is %PPW&%M&GTY)
(Q) Peromnent et = Exl{0.047)bin)
0,75 . el
(L) Proportional Limit when reloaded =0g
Og ™ 32.5 ke e

=0.00325

1.4-4 CONT

Residoal Ghrain Ex
£ = €576 =0.00670.00364 =0.00236

Q) Permanent ot = €41 = (0.00286 ) 750mm)
=L 77 mm  r——

Q?ﬂgf__ﬂoﬂd Iyt wWhen veloaded = (O3

1

&gv_\g]v_q bar in tension
' Le TEO mm
§= 4. 5me

(0‘,._],_: por-tional Umit
T wihew Hhe bar is
reloaded

P v e

O éx & 3
kel dope of stvees ~shvain curve
from O=€ diagram’ »

A¥ Poiw“ A (a'p;_),gga MBa

€s= 0.002,

’ = On)y _ 88 MPa
S‘?& gs‘” .002,

Strece and Shrain abt point B

Ee 58 o 4 5mm ey
8T ™ Teomm - OP0C

Fom o -€ diusmmi Tu» (Op ), =60 Mp,

=44 G

{COMB,
A——————————. . - 4
= 44 6P 0.003¢6

o
nj':;ﬁm?:alm)

=160 Mh, angpm—
14-5 |
Wire gtestched by forcee P
L28f =9 n. 42 0.0625 w.
P=150 14
Copper alloy
18, 0006 . =KE3
d‘zm— 0£E£4£0.03 (o=Kksi)
(q,. 1)
(8) Stress - shrain dioaram

P o -

o
&

so2

3
O sor .

initial tlope of Stress~&hyain corve
Take the devivtive of o= with vespect w62
4o~ _ (1+300€)(18,0600) = (18,0006 ) (300)
de Civ3006)

= _18,000

{1+ 3poe)"

At €=0, ",',% = 8,000 ksi
< Initial slope = 18,000 i

CONT.

CONT.

10




[i#=5conT.]
Aervative form of the ghvess-sivmin relationship

1.4 -G CONT: |

Sohwe. £4, () for € tn erms of o7

_—g——- a ) 3
€= iBr000r 3005~ 04 0L 54kss  (gremsi)
(Eq.2.)

This edwation may also be used when plotH
-rhcss?uc- s+mtv:' dhﬁmm. plotting

o) Elongatton § of the wive

P _1500 ; _
a-: A ch‘%zs M,z ’45,900 F‘l =489 ksi
Fom EQ.(2) or from the sivecs-stain di-ﬁmu‘.
E=0.0147
$26L = (0.047)(3%6 In) = 1.4 in

Stvest and ghain at point B
Eg= 00147

F

Os=48.9 ksi

(diagram not 4o scale)

OC& €Eg ¢
E c ery €
ot i O i 9 ke

Resdual Stvain €
€= Es-€x = 0.047-0.0027= 0.0120

€) Permanent set = Ex L = (0.020)(96 in.)
= LI5S in. af—

19) Proportional limit when reloaded =0s
Og =49 ksi

@) Stvess - stvain _diagram

h ———————————
|
|
A 1
(MA) :
200" |
|
|
|
oo f
|
1
!
O R s ¥ o L
€
Ini { Styess. - in cUrve
Begin by hklnq e derivative of € with
ra.fve.d' 4o 012

12 = e[ 0ot] +[1+ 365) Joms)
)]

s -z~ Ty

At o°=0 , %%'= 70,000 MPa,

. Inihal Slope. = 70,000 Mf

(b) Elonaation S of the bar

0= -E. : &’ﬂ—. =
A E’(lﬂﬂ-)" 285 MR

From the shess - shrain dia.anun or from EQ.01) %
£+ 0.0045¢

$ 2L (0.00456)(25m) 5 1. fwmm <

S S - -
-1°|m[l -70-(

270

14-¢ | pur stretched by forces P

L=25m d=lomm P=20kN
i inum .
€= 70,000 Lir J':l' (2:%') ] EA(})
where o =Mm

Stvees and Struin af point B

c

O [—>F
! (Dia.ar'.n net 4o scale)
! 0y =255 M,
('./—— €e  &4= 000456
0 ex éa 6
CONT.




1 4-6 CONT. .5-2 CONT.|
Elastic. recovery €5 Axial gtress o=E € =(706P)(0.002303)
2 255MPa . a4 = 212.1 MPa (TEnsion)

€e= 5o “Bom MPa
Becavse 0°< 0y, Hooke's law s valid .

Residval stvain 6
€Ex= Eg~ E4 =0.0045(~ 0-00364 =0.00092. T'Ie;silo ) L'%) (Lzmm) ™
| - - 9 - =0"A=(2_I2-l M u
(€) Permapent Set 162..1?., ior 2)(z5") = 24.0 KN (Temsile fore) <—
@) Proportional lwmit when reloaded =0 {.5-3 | Nylon cylinder nside. steel tvbe
2255 MR e Compression

d,= 215m Ad =001 in.
d, d,= 2.67 .

Nylon:E=450kss V=04

1.5-1 | Steel bar m Compression

Seel barr E=29%{0F pri P =0.20
d=2.25 m.  Max.Ad=0.00| m.

i ' . ,
Lﬂw ghain e:’ _%ﬂ, G in dew) teval S“'ﬂuh A %—(Wm in digueter)

Al somin o __e'__ad Aial Srvain, €% 15 = A%
Minvs decrm )
(Mamvs means decvease hlﬁ"gﬂ\) Acsuns. Hod:‘?r:u is vdi‘: ?or nylon |
Assome Hooke's laws ¢ valid for vhe waderial, EAd:
Axial streas. Aval shvess  0=Ee = “Srg-
o=E. =_%%é_ (Miws means ompressive Shress.)
(Mines means com ve Sfvecs) [Compressive force p=lolA 'TE'A Ad,
J F’KG V
i issible Wi ..n' 2
szld‘lA.EAAfmm“ — AnSd i fli;
it ":: i Subehitvte numerical valves:
L2 Numeri ves - - Kksi)(2.75m.) (0.0l in.) .
P = @10tp) (§)(2:25 ]2 (0.001in) e EIAE3 :uﬁ) Sltoe =24 sk
(003'0)(1-2.5 h-} -E-
PMote: 0= L = 4| ksi, which & less than the
= 17l k —-— ' yield stecs fov viylon.
Noh:.:O"-E 243 ki , which is less Hhan the 15=4 | Aluminum _bar in fension
Vield stvecs for hiaﬁ'Shru\afk cteel. L=3.0m d=20mm
E- 13GPa V=13
1.5 -2 AMusmtinuom bar in tension §= 7.0 mm § !
d12mm Ad=0.012 mm (4TE%E ) |Axial Strain  €2p = SRR < 0,002.333
£06!1-T4 Lateral givain &'= -0£=-—( )(0.002333
Table H-2: E=T0GP  72)=0.33 rfm_”_,b )
Table H-3. 0y= 270 MFa (Minvs means shortening )
al Strain €= Ad _0-012mwm _ ~0.00160 Decrmase in diameter
Lateral Stvem, ' P2 e Ad =1€ld = (0.0007778) (3O Mm)
Axial Strain €= =€ -90_??:°° =0.0233 mm g—
=0. ooaoa (Elongation)
CONT.
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P=gA={(170.

(This stress 1s less than the
3o Hooke's law Is applicakle. )

| §-4 CONT. | 15-6 ] High - Stvenqth_Steel wive in tonsion
Iﬂﬂﬁi‘c loads d= Zmm sz 37.lwmm L=i5m

Axial shress O0=Ee = (73GFa)(0.002333)}

=170.3 Mfa

3 MPa) () (30mm)?

yield stvess,

P2 2.5k Ad=0.0022 wm

@) Modulus of elastiocity

= - 3.5 kn N
ox R e e = 4952 M
hssume this stvess 16 belowy the vHonal
limit 30 that Hooke's law Is \fnd‘ldl

€=.%_- = Fl.lwmm _ 5002473
1I5m

1.5=5 | Bar of monel metal n tension

L={Sm. 4=

Axial Shvess

Hooke’s
Axial Stvain

crease i

Lahml Strain

0.20in. P=2500 lb.

E= 25,000 ke¢i V=092

P 2500 _
a _E " X (030 )" 5,3 %

(Tis sivese ic less than Hhe yield stvees, so

law s applitable.)

g 2337008 _p001418

th

s EL=(0.001415)(I15in.) =0.02!2inat—

g'= VE
= ~(0.32)D.001415)

=-0.0004528&
ameter

Decrease in diametes

Ad =lg'

Decreage in

id = (0.0004528) (0-30 W)
= 0.000136 0,

Crocs - Sechional avea

Oviainal area, A= g-d"
Final faven A,= }(d-M)‘-}[d*—zdw WY Axial stvess =2 A=L(42.4%)
Decrense in area =AA= A.~Aa i X

=% (ad)(24- ad)

Por cent decrease. inavea "‘i“ (100)

= (Ad) (.;d-Ad) (100)
={(0.000136 in.) (0.599% .}

- § = FYRU = 200 GR ——

G) Poisson's yatio
T fnm Minve means
Laternl shain: €'=-De (l m

Aaneran )
Ad=le'ld = PEJ )
% - _0.002.2 mm _
Veed = (0.002473 (3 mm) OB

.5-7 I_Hgllou bronze cyindes m compression

(0.30 in.)*
=0.091 7 ——-—

( 100) |axial 2.8 BLI4 ksi -¢
. Axial shvain € W:z&zﬁwlo "

di=1.85m. da=2.15n

E= 16,000 ksi. P= 35k

Ady »0.0047 in. (increage in diameter)
~0.0017 In.

Loteral stvain €'sSCaz
x 2.15 h.

2740.7 *10™% (Incrense)

m}lnc i inney diameter
Ad, = €'d, = (Mo 720 ™) L.B5 in. )
= 0.00I5 in. ==p———

Inc in i
At =€t 2(190.7#107%) (0.15in)
=0.00012in.

= }((z.nsu.)"-(i.ﬁ r.rﬁ
=0.9425 in*

a.’g.ﬁdl';.g,h:. =314 ksi ((pmrreﬂﬁion)

Assome that this stvess (s less than the
feld stvess dﬁi)e bronze. So that Hooke's

law is V&ﬁr

[ Poissons Ratto
I T ATl NV Qa—

232 *|0~*




.5-8 I Plate in tension .-\ IBmcz connected to A column

It V=V &
: A oisgon's yurio 3 bolts In sinale shear
b g_ _g"’ E-M"ltﬁq{: P P—com!amulvc loed in brace
O={tensile stvesg in © =5.5k
L X ¥ diveckion _ © dg diameter oF belts
Ex=shmin in % =5 in.
By S t= thickness of plates
@) Stope of diagonal line OA =4 m.
Elongation in X divection = AL {0) Avevage shear shese in bolts
Shortening in y dwection = Ab Taves = %. PaS.5k
AL=ExLETL  Ab=Véxko= 2ZE A= avea of three bolts
E =3(3)dd =0.9264 >

5.5k
ke D soq - 5980 pei

SIOPC - - Ab = o (E-Vo)
Lral L (& +«0)
(Nete that +he slope decreases) () Bearina_ stress betwoen plates and bolts
Q) Increase in area of the front face o—,Pv & ¥ 2
Inhal area= bl A Ay 3dglm 0ALEE b

Rinal area = (b-Ab)(L.+AL) 0. 55k _ _ )
=b(I- %‘?)(LJ(_“%) © " D.4ces tu.ﬂ-"”‘?ao P .
=bl—(“%-—%¢-%z) 1.6~ 2. | Anale bracket bolted to a column

Increase in aren = -Fm.,l aren~ inital area hd Too bolts
= a wo

b (E)N1-v-%2) d= 15 mm
Becavse % iS small compared to ﬁ‘c_ othey L= Hhickness oF A»%la
terms, we way disveqrd the last torm, = |Zmm
5 lnerease i avza = bl () (1-V) = t= fOnm

= |50 mm
n -sects L
4+ = thickness oFa;‘l:re, ol 27O, P= :"‘l::mbaahn on top
At = decrense in thickness 2.0 M@ "
= = o -

At=Vext %_'t F-r-re.sulhnl- ree Mﬂnl'an the bracket
Initial area sbt = pbL= (2.0 MPa)(60mm)(150 mm) = 8.0kN

Final area = (b-Ab)(t-at) E)unm\ pressore. betwicen bracker and bolts |

= {b- %g‘b) (& - ZZe) Ay bear "
- i O bol‘f“
=bb (1-28) ot [[-282+ %'3111 =dt= 915 mm)(rim:)cﬂ 18O wmm2

Decrease 1n area =initial area~ Final area (o F o 180okM
=bt ) (2 -37) LA 2(180msd)
Becavse £ is  small c.pmfu.md. to the  |Average ghear shvess i the bolts

othev: terms, we may Akream‘d the lact feved A o shear ane.q. of one bolt+
Trdﬂ- — (|5m ]L 2
'y " 176-7 mm

= 50.0 Mfh <l

Illl’

Decvease I cruss-sectional area >

= bt (2XL) a— — _F __ _18.0ku
e Cnven 2As — L(17b-Temm>) Ll

' = 50.9 Mfa -a—




Lhu]lgc_el&s Joined by twe vivets 1.6-4 CONT.
; o (b) Maxawium bw»nq stvess
ﬁ:#?_. of plates Faax == mﬁ::: force arrhe-d by a plate
I t =5}B n. J
% [ ) d’=didn\c*¢r h = 3000 N
pe—=s» | +—=p  of rivers
i O =1/, In. GL--——?: = |00 M. e
P=10.0 &
Cox=32 ke (for shear i the rivets) €75 § Hollows box beam
{a) Maximum hearin:; stvess on the vivels A 8 c f
Maximuw shress oacuvs at the middle plate. ’?‘:}—_ e
A= bearing area for one rivet ¥ ws | 23
P 0.0k
Op= = i
PTAT 2GmGm P bl 3000,
(b) Ultimate load tn shear d=g;mmr of pin
Shear «Fm on two rivets= -E- t= wﬁu‘?-hms o{.‘ box beam
Shear force on one viver= % =2 in.
., @ Ave shear shress in pin
Let A = Cross -sijom;, areo o{‘; one vivet [~ le Shw_“
= = = LP =r g
T e | e o
oR, P= md*tT b)Averaae beaur.nq stress on pin
at the vitimate load : aG= =P — (860 -
2 P
Por = T4 Tur = Tl'(r%_ h.)t(e.'.’_ ksi) 2(ds) dv
= 25] k -t— Le-6 Bolt in tension
TC-4 ] Plares jowed by a bowr 4 p d=iZem
d=diameter 0{' bolt == omm ﬂ 19 -l;; bmm
t= thickness of plates= 5mm vy I-‘— P=9.0 kN
‘&mdbﬂd‘{ J.Mrm of- okt r  Avea of one qvi\niﬂnl triavqle
18con Section A-A: V=1800 N @’)& s s r"" 3
e—1 Section B8-8: V=]200M 3
i S EENBON | o Lt e 20
N8B socon W el i
a3 gl = 300N Lﬂmrm Stvess between bolt lw»daulpldc.
soon L
A;-—-bw area
ko) Maximum ghear stress bolt- =area o h“:im winvs area of bolt
— Vi V = 3r*]3
T = ot = ‘:r;‘;" o3 TMR -— | AT ST
4 %(lo-.}"f:*-_ - E('z“"')
[CONT: CONT|
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[[6-C conT._|

Ap= 259.8 ma - [13.1 wm*>

= {46 T mm=
= =P = LI M —-—
() Shear stvess m head of belt
As =shear avea
-.n'dt.
A; e T (12.mm)( & mm)

=29.8 MPa, e

Epoxy Joint between concrere slabs

h=100 mwm
t= Zwmm
L= LOwm

d - 0.048 Raalon]
G= 960 MPa

h

@) AV&TM‘\'C shear strain

YMI-: %:0.00‘\' S

|®) Shear forces V

Average. shear shress: Tave = G Y¥ave=3.84 Ma,

—(4 0 m.){(0.70 H)—Zogon

a—-:; RIS _

ToonE = (170 psi e

.l'6-—7| Steed plate holsted by a Shhg_ V=Taw{hl) = 384 kN -——
Free -body diaqram of Sling )
tp S o 1 o Bearing pad subjected 4o shear:
si@:w oF devis PIHS O.ﬂ:: v V=120<‘>"|l.
=0.70 n. T Wid'l'h “:
W= weight of steel plake ozt R Cal LN hP
Weight oF stecl !.iq_-l-g ; b =‘-.-—40h LI::?H ;‘- pad:
% W-—.vaahi- density }(volume) 1200t ke
=¥V 3 §=490 /g3 Tm_.qb m =40 psi
V=(100in}(50in.){4in) 0.24
. = 20,000 in3 Ve = 1.50 n 0.160
W= (4% */ps) (575 &) (20,000 w2) o
=5671 b 3=?=-—"-—0_l6 = 250 psi—_—
Tescile force T m cable II.G%" IO | Rubber pads bonded to gteel plates
T 3.&} ZFW '—'-0 T'i" l— -— Hhickness £
i st
— Teos30° - - 'L
H fi Rubber pod
ly = T"&F =35
2 w30 Rubber pads: t= 12mm
=3274 % Length L= 200 wm
Shear stress in the pins (double shear) :::‘:3::&150.““
Tgn= - T = 3274 P= ISkN
" 2Apa @3 )(o.70 w)* hiiShenr sirecs and e A
= 4250 psi -t— pu P/:,.“ 15??‘“ n the vvbber fds
AvS = e = =250k
Bearing stress between steel plate ¥ pins o= Ustmsizct i) .
A —-(#\ ¢ Yavw — Taven . 250 ki _
b icknegs o la&t-)(&mi:r of pin) G 830 Lf 0.%0| -t~

Ib) Horizontal displacement
§ =% psrt=(0.301) (12mm)= 3.5} mm -t

1&e




tm:% =060 psi wetl——

j_b) Bearing_ Stvess between pin and shackle
=2d't = 0.2.500 lﬂ-"
T

Oy =g

= 9520 i s

1.6-11 Submerqed buoy FLG'IZ. CONT. |
T ' mere. between the wremch and the koy
NG ,//; d=diameter of bwnf is un.fo dtsw.ba.-l'ed the force F acts
S =40 in. at the midzfm- of the ke. yway .
J"d, T=tensile force in chain (Widvh of WA - b/z_)
—f‘.b d,:diquam of Pin ﬁ'Ma"‘"O ¥ pPL- F('i‘ 0%.)-0
=05 - F=_4°PL
l t= H;-igcms o} shackle 24 +b
=0- -ln- >
¥ W= wr.tﬂhi- of bvoy byse 3iuady dsfqmm‘ﬁ-_m
= 1800 U 1 e & Vs
Yu-:lezahi;‘f:;;.&y of seawaer] T[T _I.b Taran = -bfd'
— 3 8 i -
k =_4PL
il fe bCarh)
i qram Of ‘WW ‘-
W R= bm wt #oru. of water pressorg- L6-td I_QB.."‘P Svpporting a load P
a.lt the weight of the Free -body diagram of clamp
lplac&d sea wa.h:r) e i .
valuu-c. of buoy ] 2=f":)i:"
IT -.-"I-— =65.45 f+* ' 4 S,
= “" Ym0 b AC/ { B ™ From vertical equilbriom:
Eaqvilibri v.l’.:-_z_aoolo
Sm 1oriumt 7
T=FR-W = 2380 d=diameter of pin o+ C
Average shear Stresc n pin =0.5 in.
Ap=avea of pin  Ar=Td" =0.1963 in?

J P

Free -body disgram of arms A and ©

L6-1Z | Wrench with keyway

ﬂ-béﬁ &ia%rm o('- wirench

; z
: 7
R T4
4 Fru.—bodg_diq.%ram of pin
L - h—f*% f-,_ % (from half of arm B)
i Wiz,
W ickion dicreqarded the bearin 4 H (from ArmA)
;::wt: wb“e.i-w‘;:\eﬂ‘m wrench l lﬁt A (from half of arm 8)
ghah ave vadid. Becavse the bearing ;
CONT. | CONT,

17




L6-I13CONT.
Shear -porc-e. F in pin

g F

=1077 b

v

+|

1.6-14 CONT.]

Note : Both T and Tave ave proportional

o the vatio L/R which in this
Case eq,uals 162./90 or .80 .

= S00N

F= Force applied +o Pe.dal

L=Le of exank arm
R = Radive of Sprocket

Meaguvements (for avthor's bicycle)
W L=162 wmm (2) R=90 wm

Note +hat L/g =18 T 1T
@ Tensile force T in chain ‘%’
ZiMaxle =0 FL=TR T= %4— o X L
Substite. numerical valves: Shear force acting on element dx *
(80ON) (16Z mw) dF =T (1rd dx)
- L L = (nd) (o) (413-9Lx ¢ 6x3  dx
(b) Shear shress in ping P = total shm- force
Tw=2Z= T - ZT P={dF S (md)(F4e)a’-a0e +ox*) dx
Aﬁu 2.(1_!33') Ta:
2FL =T ek - (5 0 ()]
= dz.g_ - P= 51\'6‘&-%
vas-]-r;-u?:wn:;::iml \;m‘l}c&; l T = %%T—.‘_
TA“:_'_I\' (2.5....)’-(::-): ww ) =14TMP < Svbshitute numevical valves
TM“ = 340 P‘S'\ o ——

H
> .__ll"’-'s “Pull -ouvk test" of veinforcing bav
Avr.mqqg. shear stvess !
Tsug:Ai“ = TF;., = 5490 psi =—— | @) Assome GlLemr Shess T is  Conshant
' T
Le-14 I : (=TT =W } ——i P
¥ P
2 T -
A Asnear. TAL

Subshitute numerical valves *
P= 4000b d=0.5i. L=12in.
Taver = 212 psi --—

|b) Assume slrlmqr al-rass varies a.lom the

%g%:l—*&

™
(i ’Um X (412 -9Lx* + 6%*)

ICONT.
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Shock wount

) Shear stress T a- radial disghwee v
As = shear area at distance
=2nrh

. R
T A;—?.Irh‘

() Downwiard displacement §
¥ = chear stvain at distance v

Y= T P
G 2wvrhg

d% = downward displacement for element dr

Pdr
= Xdr =0 27wrh4

P p
8= Sd'& jz.mrhﬁ

= 'i
S 1%;3 ¥ l‘nhath Y]dh.

1.7-| CONT. ]
0.02 in.

Cnm = s:": T = 0.002.0

M ox imowe SM_‘s_bMGA vpon &\wur.*ba
Ouax = E Emu = (6.2 %10°ps1) (0.002.00)
= 12,400 ps

Maximvm Stress based uvpon tension
Casong = ‘3.000 pei

Ebng‘aﬁm ﬂovems

Parow = O A= (12,400psi )(§)(0.25 in}
=60% b -—

1.7~ % Bolt 'ihmq_h ‘Fiberqhss

- : ; ﬂ.
3

dw
\ oad based v in
Sfiberulags
Tanow =2.1 MPa
Shear avea As =TTdwb
?i- = Taow As = Tasow (TTdwt)
={2.1 M) () (22 mm} {10 mm}
= 1451 N
P=2(1451M)=2900N
|Allowable load based '-'POM__bcarin& PresSSUre.
G= 3% M
Bearing area Ab =%(dd-43)

da= Gmm
ﬁhrslﬂs dw = Z2mm
t = 0mm

=13,000p% Soanx =0.03 b,

[CONT.

g b = 0 Au = (8] (F) ez mm~(omm? ]
b= z.mna ‘3" - =1337 N
L7 -1 | ﬁ%mﬁon bar i _tension B=2(1337n) e 2670 M
L=15.0 . | Allowable load
p P , d=025% Beariy pressove qaverns.
@C—: G E=62+10° s Patiows = 2670 N ep——
4
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[L7-3 | Shafis with {langes

To =torgue Hransmitted
by bolts

da = bol+ diameter =0.75 in.

d = diameter of bolt civcle
=6 in.

Tasiow = W ksi

F=ghear force in one bolt
To=4F (4)= 2Fd
Allowable sheav foce in one bolt

Fa Tauow Aper = (1 ksi)(F)(0.75 )2

= 6.185 k

Maxiwwm fovque
To=2Fd =2(0.185%)(6 ) = 74.2 K~in e

1.7-5 CONT.

?'4 | Aluminum +ube th compression

% Fons SO Ru=Twel5” =0.2659T
£iFveer = O Ry=T-Tsns"= 0.74127T
V= shear force in pin

V= [(Ru)E +(Rv* = L2176 T
A ree in based

In_the pins
V= Tauon Avpu = (4000psi }['E"—)(o.so n)t=201 1

V=1.205T  T=pges = '¢52b

Total allowable load =4T=6608 b

Allswable. load lmeA vpon _allowable. teasion
cables

Total g,!lomﬂr, Voad = 4 Tiuion = 41800W ) = T200M

Shear In +he ping qoverns
Total allovmble load = 6608 1
Maximum load +hat sheold be carvied =
=¢60% ¥ ~ |Soob
= 5100 b il

shaar

\7-6_| Wive hanqihq {vom a balloon

t d=25mm
t=2.5mm
do = innev diameter
=20 mm
d Arele = }'(d‘-d.‘hl'rs.?“*
Oy =270 MPq Cu=3loMP
F.s.= 4 FS=5
3 5
= (1.5 MPa = b2 MPa

The vltimate Stvess 3o~'ems.
Howable compressive torce

Puvow = Tron At = (624) (1767 muit)
=N1.0 KN ~-t—

1-5 | Lifeboar supported by cakles
Free -body diaqram of polley
Pin diameter d=0.20 in.

Pin E T T= 4engile -?oru inone
7 Cable :
Ry Touem =1800 %
'Pvle, T"M = 4000 psi
Rv W = weight of lifeboat
T = 1500 b

CONT,

d= 2.0 mm
L=75m
L O¢= 350 Mfa,
Margin of safery =15
F'ac.br of safety=n=2.5
—*'- 140 Mfa

We\s\ﬂ- dcnsr!-»f O‘ gteel: X=77.0 *NW?
Weight of wire 2 W, =¥AL=Y (E) (1)
=(77.0 )  F X2-0mm) (75}
=181 N
Total load =W *We
Woa *Wo = O A = G, (57
-3
Wit = Caiom (&d— ] ~Wo
= (140 ma) (§) (2.0 mm)* - 181 N
=439.8 - 18 N
Wiag =422 N ~-t—

20



A= (d*-d?) = F[(45m)-B.7m)* ]
=5.152 in*

Fi= Allowable load on one pier
=0, A= (12.5 k) {5.152 in?)

=6440 k
Total [oad = 4P, = 4{s4.40 k) = 258 k @~
V.1-8 | Forces w plievs
Free ~body d%mm of one arm

P C=d4mpln5 force
i R=reaction at pin
a=90 mm
P e b=40mm
. &b K d =diameter of pin
e e - =omm
LEMp=0 B =
cb~-Pa=0
N
£iFper =0 fi-l"
Pre~-R =0

R=Prc =p(1r$) =c(ivk)

Plate

L. T~ i Cast iron piers w Compression 1.7-8 CONT. |
: ol
£ Fovr piers Parow = p;“ = 2;? = 795 N g—
Ou =50 ksi
n=4 Note: An applied force P= 20N produces
Onusows = 12..5 ksi a clowmping force C=45M.
-g::'.it. LT7-9 | Pin comnection for a thip's spar
! do=3.7in.

o P Spar: dy=3.25in
4, =2.750 .
Stacc  Pin: A =LOin
# P Plates: £ =0.5 in,

A?ﬂ“ﬁsk‘ load P based Upon Cowspre s§iom w

+he

Spar

Oc = 1.0 ket

=],7303 %>

Ac=F(a2-42) = E[(s128my (2750 w1 ]

f = 0uAc = (ows){L13031c>) = 19,03 &

Altowable {oad P based upon shear in the pin

(double sheav)

Tsiows = 1.0 ksi

1
A= z,(‘.‘;.‘:_)ﬁ L (Lomy = I.5708 i
P = Taiow As = (10 kai)(1.5708 1u2)=1l.00k

Allowiable. load P based vpon 'be.q.riu&

O, =17.0 ksi

AL:Z dt = 2([.0 ﬁl-) to.s h.) =10 nE
fa= OvAL= (17

Allowsble compressive (oad in the Spar
Shear 1 +he pn 3ovcms_

Fatlows =110 K agpms

O ka)(l.oinZ)=17.00k

L.7~1O | Beam ACB supported by a st CD

V=R~ shear force in pin
Maximum_possible. C-lanpina force Cume
Tne = 320 MPa
Vour = Tour Avwe = (320M8)(F) (6 wmi*
= 9.048 kN

Coe = Vour 9,048 N

e w83

Maximuwm allowable load Pauews

kend
Pm'—" Vo = e = 2.7%4 kN

= (.26 kN —

(Rely

LM, =0 P>

lf SS |+ B0 e g
I(:ONT'.

Free -body dia.grm of Shrveture

-P(de) + {(Re)y (O.ﬁ!-) =0
(Re) = % P

[CoNT. |

zl




1.7-10 CONT. |

Reackion ot joint D
e, 0
____](m.

Lm

0.
o 1.5m

Feo = Compressive -rovu n Strut
o = (Ro)u (%) = (%)(%F) = l%?
Shear- in bolt (dooble shear)

= md?
Ao 2

Valow = Tatows Asats

= Taww (%)
Allovable Compresiive force in Shrut
(Foadations = 2 Vatow =2 Tt (%§7)

Allowable load P

Patone ‘%(Fa)q“ = ;‘:} Catons 4 et

L7-12. | Pistons and Canngd-:na ved

:P*Qj‘@i/
| i
A‘\ys .

P
—

o -

Free -bedy din&mu of piston
er

-~

s

D ad

A

4
P=applied force (constant)
C=compressive forve n Connecting vod
Rp=resoltant of reaction forces between
Cylinder and piston (ne 'Frid-ton)

£ Faowz =0

> v P-Cost=0

Ultimate. load baged upos tension in the bars
Cross - Seckiomal area of bars: A=bt
b=0.815 in.
£=0.375 in.
A= Oue A = One bt = (601 )(0.875m)(0.375in.)
=[9.69

Ultivmate load based upon shear in the vivets
Dovble thear d=diameter of vivets
=0.5 in.

A, = avea of ome river

= 1%:' =0.19%32 >
Po*2ZTue Ar= 2 (30ksi) (0.963 m2)=[1.78 k
Ultymate load based vpon !e.gﬁna
Ay =bea avea =dt
Pi=03 Ay = (80ksi)(0.514.)(0.3751n.) = 15.00 k
Ultimate loqd
Shear 30“7"!5 i

Allowable load

Patow = R'-T’-mllz'-'?-%- =47 ket

Pow = 11,78k

P=Ccosx

S‘h__;ﬁiwi-_e_éor::cr:m; w:.:‘oc.s s Moximons _Compressive Lovee C A conneching ved

':....‘ - a = =T 4

Crox =G A
Fatwe = 10.9 W8l Masimom allowable. force P

L7-11 l Splice between two flat bars P=Coax 050¢

p i ] SO A osaA

- e - N T P The waximum allowable. force P occors when

cos A hag s Swmallest valve, which weans
that ot has irs largest valve .

L&g«%’a‘“e—“‘_
The

AaEF—-1=- valve of of
XR occors ‘When point B is
the farthest distance
B from line AC. The

distance is the radivs R of
.the cvank arm,

Therefore,

N6, KE=TE

ws & =-E—:E‘r“ = [1=(2)*
Q) Maximom_allowable Lorce P
Paw= A /|- (£)* ~t—
|3 Substirute wvumerical valveg:

&= |1SOMPa
A = £3.62 mu* R =0.28L

Paow = 916 kN p—
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L7-1371 Bav with a hole

Cross gection of bav
From Case 15, Appendix D
A= 2vr (a4 -25)

a=4_

-4 asd
b={vi-Gr =4 4w

atsam-.cas%

=arccos (Y4)
A=2(4)* Larcons § - BUEIE)
(412}

L - Ji_‘% )= 0.53804*

ﬁ
@ Allowaable load in tension

Baaow = Gl A = 0.53804% O,
1(b) Substdvte iumerical valves

Cuon = Oksi d= L5n.

= d:;(a.mc.ps

1.7-14 CONT.|

Lenath of String ACR
= h-b =2h-b
Ls=wet siné — sine
2h-b= | g 5ind (3)
Frow Equations (2) and (3)3
Ltan® =L ¢Sin® on L=lgcos®
cos 8 =r (%)
Angle 8 (Dmw a right twianqle)

L
L

Forces
From Ea. (1) 7 P=2ZT sin®

sin® adbs ~LF

Ls
==& (&)

a2t T-(ET (%)

Allowable +ensile force T n the $tring

S=bre akina S{'re.uaﬁs of 5+ﬁ"j
h = factor of safety
(%)

Tﬂ""|4' F!exilo}g._&iﬁng Suppertivg O load P

et . "I L=10m
A
M

Ly=Length of
S
=1.25m

Tt =3
Allowable load P
From Eq. (@) 2 P=2T[1-(E)"
-+ Fatlows = ZTmJ |..(_E]a.

A

[
be =R R —-—
Free-body diagram of point C &@;m numerical valves =
T ‘fl" T=tensile force in Strin $=200N  n=3
Al Lr.n0 3l L=tom Lg=125m
s iy c Paoe = BON
P P=27T sm® )
Geometry of the ghring B-1 | Tobular Compression member
}.._.#___— G 1 5 P=49k
A 5 —( O t=04m.
h B fd Ol #9500 g
8
e A=%1d*-d-2602]= T (ae¥d-+)
Horizontal distance between svpports A andBl =Tt (d-t)
L=heot® +(h-b)cot® A2 h~b) cot 8 P =Cuua A = TE(d-L) Titen
2h-b =Ltan® (%2) Solve. for 4 P
v s el
CONT. CONT,
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L.8-1 CONT. 1.5~ Bolted connection
Subghitvte numerical valves:
dun = =30% S0 I g, O
. (0.4%.Y(3500 ¢si T = g P
ret) "f,—" - [ ) T ===
=4.105in. + 0.4 m. s Ligr— |
duin = 4.50iy, l—— Sinﬂlc bolt in dovble shear
Y. - = P= \8oo b
! Qkﬂ-l&_ﬁ pipe with a brace Datons = 12.,000 p3i
DR —y—>P=I5N O, = 20,000 pst
8 ‘h t =5/16
; _'ai‘h‘ h=1l.bm Find minimowm diameter of belt
el ;’*;::*c ¢ Based vpon Shear in the bolt
fad o i
=P  md*__P
Thiow = 55 MPa, i
T 2P
Free -body diagram of column CD b
Pttt d=/Eor = 2r =030
_P= T= ; . T (12000 ¢si ¢ ".
b a:;"' ‘ =:::§:‘_E {:Ez:bm AR Bosed vpon bco.ﬁf% between plare and bolt
T -
LB gMeo P Asg=F  de=F
T h Tulk) ~P(2h) =0 d---.,‘t?_F d,=_1800%
E‘I'_,,_s. BT“ =2P =30 kM b = (% in.)(:m,ooo P‘.'} S,
L - [ Minimowm diameter of bolt
e : L=J/b*+h? =34m |Qi.n qoverns Qe =0.209 by, w—
1.B8-4 | Tibe hoi
L L 3.4 m e hoisted by a Cvavne
== T=Ti{F)«30™" = 34 kN X
:& b "(5){ )(3“““) *#4 T’ T  Tetensile force mcable
Shear in_the bolt at gupport A ég W=weight of s"fl tube
Shear force = T =34 kN Fi— dzémwo‘: P
Nouble thear | 1 b= ;a;r dimension of tvbe
l = ™M
Ahﬂ- - 1{_ 4a* i ; b, zovier dimension of +vbe
=250 mm
ZAb‘::.’tdbu =T L= lena+':\ OF +ube
2 (55 Mfa) = 34 kN C misiO
() ss e l"J& B Tz COMEY
d*= 393,55 mm? Oy = 0Mra
dmin= 19.8 i g Weight of tube
Y = weight dewsity of steel
=77. kﬂl.-’!
A =avea of tuvbe
=bZ-h* =18,400mm>

CONTJ
24



18-4CONT]

W= YeAL=(T77.0 kM/y3) (18,400 mm=) (6.0m)
=8.50{ kM

Diameter of pin based vpon shear

Dovble. shear. .Z TCaewApin =W
2(comra)(%)d% =8 501 kN A*=90.20 mm™

d=2- 49T mrm

Diameter of pin based vpon baqr’mq
01(5 -b)d =W

(90 MAR)(40mm)d = 8.501 kN
Minimom_diameter of pin

Shear SWCY"'IS. dn‘ln = 950 wim W

d,= 2,360 vum

1.8 =5 | Svspender tie on a suspension bridae
F
\ / & F=tensile
above tie
() 8 P=tensile force in cable
A bw tie
Cigens = allowiable {ensile
P l l P

in +he tie
Free - body diagrum of half +he tie
Note : Incl #dc. a s?:ild ;m;::ng-moﬁ‘ the cable

LF T=tensile -Forc.e. in the tie

n:r_hnq

in cable

Tie

cd' =5 v
T=Pcot &
le
L@)Mm.mom requ'ed avea of tie
Anin = —L . _Pet© é

O—M Caton

IB)Substitvte Vivmerical valves:

P=30% 0275° Ouyen =12,000 ps;
Amin=0.670 >

1.8-1

1.8-6 CONT. |

Fatotal force acting on the cover plate from
+he internal pressuve

-
Fep (5)
Nuwmber of bolts
P= tensile force in one bdt
P=£ = 1293
Ag=avea o{ one bolt =F ds
Og = tensile stress in a bolt

P nwPD* 4 Pp*
O = = = D
s s ‘M Tl'd.) rids-
bﬂ.
n- s
Callane

Substitute numerical valves:

P=1900kfa D =250mm ds = 1Zmm

Oallows = 70 MPa
n=I1.8

Sr Pmin =12 belts

| Tobolar post with guy calole. s

d, =ovtev diameter
i i d, = inner diameter
T --..L_J\_!_ + = wall thickness
P B = 0.5 in
l T = +ensile force in a cable
=32k
-égo o:bw= 6000 psi
- == P=’ca~apt-e.ssive. force in post
= 2T cos 20°
Requived area of pest
A=P . 2Tas30"
oahl O-M
Area of post
A= }(d:-d,’-) = 1‘:*_ [dZ-(d,-2£)* ]
= “t (dz _t-)
Equate aveas aud Solve for dat

30. - wﬂ

- -

i
1
i
1

.8 =6 | Pressurized cylinder
P= 1900 kiy
D= 250 mm
Bolt de= 1Z mm
Camw= 70 MPa
N = umber of bolts

5t

CONT. |

27T we 20°
S Y

d = 2T ces 30°

Substitvte rivmerical valves:
(dedmin =6.38 in, *—

L
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L8-8 | Bar with a hole

1.8-9 CONT.|

Qioie = 2% mm
P=125kN
Oy = 250 Mfa
h=2.0
Odtow = 125 M

l dwoke |
Case 15  Appendix D
A= diee /2 = 14 mm r=%
ok =arccos & = qrcc.as-%-a—“ =arccos
(d=millimeters)

b=Jy2-a* =J(4)*-19
A=2r2(t _é'%_]

=2(%)* [arecos i - Z7 (D7 -6 ]
=42 avrcos 28 -
A=dpareces P - 28 JlEF-me ()
ived area
Azt =25 BN 650 w2 (22)

Odlow ~ 125 MP
an&e. (1) and (2)3

2
d-i-arccos?aé—za (4)*-196 =1000 wm?*
Rearvange the eq uakion -

d*arccos 2 - 28 JdT-Te4 -2000 =0
(A=milimeters)

Solve for +he winimum diameter d *
dwin = 56.6 MM o

[(Note: The diametev of the cable can wot be

Geometry of a cable

B

length= 1 F.

h h=height )
9 | hie(4 >+ (6f)5= (14 %
h=12
A 44 eh. f

Force in a cable

T= force in one cable
T Tv=vertical component of T
Each cable cavvies the same
load

_ W _ 0,800 _
3= = Z700lb

af _ af _ 7
h 24 &

Requived area of cable

Ty

v

lcvlated from this area , becavse a cable
$ not have a solid civevlar Cross Sectin,

A cable consists of Several stvands wound

ther. For details, see Section 2.2.)

I.Q-lo l Bar with pin connection
Width of bav-:b=60mm

167 p t=10mm
l 1{ . O:hz KO MFPa
i d fe Tollw = 80 MR

.8-9 | Cage hoisted by o crane
" B Dimensions of (of x 126

Lﬂp‘ﬁ of a cable s \q £
w;ié:\' of cage and contersts :

= 10,800 W
Breakioy stvength of a cable
Ooaxr= 84 kst

Factor of safety W=35

A

d=diameter of pin
Allowable foad based upon tension i bar
B = Ortom Avet = Gty (b-d)E
=(140 Mfa) (COmm—=d) ({0 wmm)= 1400(60~d)
P=Newtons d=millameters
=84000 - Kood (%)
Allowable load based vpon shear in pin

O"Mr._qr.iﬂ'=5 .Si = 24,000 ps:

Double ghear 2 N
P—,_’Z'Cdm(% )= 't&n(lé' )
=Bo MA)(Z) 42 o newtons demillimerers

=40md* )
ICONT.

z

[CONT

2
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.8 -10 CONT]
Gruph of Equations(t) and (2)

1.8 -12 CONT. |
Area of cColvmn
A=Z[d*-(d-2t)" ] = me{d-t)
Equate areas and solve for- d:
TE (d~t) = 3000 wm?
=i+t ()

Plot a qraph of Eq.(I)

UntTs tmiflimeters

= mass density of arm

w
Sion
o-—"—-l Find required area A.

F, = inertia force of mass M (ML w?)
f;_c.mcrho. force  arm (S (‘m)xml)

#a0) Alto plot ti
w] N il et
84,000 -14004d =40wd? [} 1o - T Note that the
Solve quadratic eqpation: d=20.88 wm i3 © largest d occurs
dm:l 20 9w e 90 - wit ‘% =l2,
l(b} Max imom load © - . . . . ' s Use %ﬂz
Prax= 84000 - 1400d =40ud * T 8 9 b 0 1z 13
= 54,300N = 54.8 kil h(ﬂm!
I_5 -1 | Ro-l'ahnq arm Subsi-fhrie. 3 "n or t= -— , into E.a' (1) and

Solve fov-d:
d%= 432,000

= 2 =1l
T 12,500 mw dm HLB i

s"‘f) Binont = 1120 0ia el

t= % =9.317 mm
A= nit(d-t) = 3000 wmm> (Check)

t = wall thickness S 412
Column +o have +he least w:isht

Area of column for least welght-

A"o;h "'-%10:: = 3000 wm*

0= £ « ZIOME . = BoMR (Check)
But dM= -
’—'-fﬁlﬂ‘g‘\(dx ._.,_lz_:PAwaL?- {.8 "'i! l Pipe colvmn W compression
: P=60O
Total inertia force at the pivot =F, +£, Catons =‘:2. kst
A= Firfe _MLw? + ﬂ‘o—A“’sz d= ovter diaweter
= O 0% t=wall thickness 4 212
Solve. for A% 2o Colomn 1 have +he least wmshi'.
“Iacam e f oo fe bt g
18 ~12 | Pipe column w compression A= o:a.... = ke = 2.0 in
P= 240 kN Avea of colvmn
Citone = 30:\& A=%Ld -(d-26)*] = wk(d-¢)
4 = ovter diameter {Eavate and_solve. ford

mt{d-t) =5.0 m.2

d"""%ﬁ +t (.‘s“) Unrest inches

CONT.

[CONT.
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L.B-35C |.8-14 CONT.

(t;.)

Also plot limes for 4= 12,108 . Note that the
largest-d occore with %= 2. &Use %-ﬂlz.

i d 4
Substihte S =12 or =55, into Eg.0) and
Solve *"_ d:t ! 1z B"

4= ':f‘: d2220.835 W%  dua=4.56 int—

Plot a araph of Eq.(1) : Shear tn_pin
e nee B> % () ()
= (¢4 MPa)2} (4% )(7e5% )
sl =0.l0053d*
Sheor on planes b and {c
(i : 4 dun A= T, (2) () (hed)
N 8 =43 MPa)(2) (6 mm)(25mm "%:) (78s7)
=0.2580 (50+4)
2t Graph of Egs. (), (2),and (3)
8L 03 04 05 ob -«
. Load ?
e PTONES

i

-

T
s

. ap 28

Diameter d (wmm)
@) Maximvm P when P =Py

t= %,-_ = 0.3804 .
A=wt{d-t)=5.000 m* (cueck)

0.6720 (50-d) =0.2580 (50 +d)
Sblvins , d=22.26 mm

0

t,bh,ant 4 aye in mm

Tengion in bay

R=07t (b-d) = (12 M) (o men) (50w~} (-oi55—)

= 0.672.0(50-d) (B NT

We_3¥PL

2 0%un SiNG 058

1874 | Bar with a pin conmection |b) Load Puax
Sa ) e Svbstitvte dw inte Eq (1) or (3):
— b ::5::: P =18.6 kN
" b :
;__._-Cbﬂ = — d’m‘:::r* hole [1.8 —15 | Tiwo bars supporting a bad P
—1-% h= 25w Jowt C
h 0y = 112 Mf T T T=+tensile force m each
(rengion on net ) 5 bar
c;:f Section of c ZFvary =0
“c | p PoT
S o =L 4MPe &I\gq’- Z sind
[ ﬁ L “Stvess in po)| Area of bavs
Lo 4] Ty=43Mea A=T_ -_P
Giony plnes “’&";""‘ " Cadon . Z0iaew SWG
Units vsed in the following calcvlations 2 Weight of +russ
Pis in KN i (= Wetlqht dengity of waterial
Tand T are in Nluw> (same as MPa) Lac = u':?.tse

W= 2¥Alee =2¥(zE—mm oies)

()

[CONT
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1.8-15 CouT, |
X,P,L,and Oagw are constants
W varies only with &

% 6145. -

Ww._. ¢ . ex.
K T Sinbws® (z)
Graph _of Eq.(2)
6 4
s -
W 4
K
3
2
H
T
‘ z
o T s T
f m’ 60. b.
)
W s minivivin when 6 =45° ——
ternate Solvtion
4 (¥) = (5in0) tus&l(o]-l(—;m"s reos?e) _
SN0 os* 0
S$in%d = (05?6
sind = sb

|.8-16 CONT;}

Solve the equations ‘T“%(ﬁ’;_o * 'c%s"é') &9
|Crbss_$cc+ma,l area O-F bar AR

M""E.;"_-(Sml ot e

Volume of bar AB .

= -_PH \
V= A“"L--M';mo( S | cose )
Weight of bar AB

e % - P | Z Ba,

WYV 4*:;_;‘.(5‘““0 T %8 ) (2)

Let WP _ W (Mow- Dessnisionae Walaxy)
PHY oy

W =i e &)

Gragh of W* versus 8

L Locate mintmum

Wt nt bsf
g:-;‘d and ervor

6...;...'—'-2.‘}.1’

. &'l“ = zq .‘ ” *_

1.8-10 | Two bars svpporiing two loads

A Y=weiqht

2 -]
8 :? T=1tensile
bar A

2f C=

free ~bedy dio.&mm of Eaiw& B

' % Foanr =0

T
'
'

2 P =0"
“Tein® + C c0sb +

— /Rare metal  the vave \
r— 0, =dllowable stvess

S-Steel 'H‘e.l b
& L= knam of bar A®

Luse'

Twsp +Lcosh -2P =0

densi of

&ru in the
e foree in

r BC

P=0

Weight of bar AB

Substibte Bmin=29.1" in (&) <
W* =447

Wiin=W* (—PH—Y) = .24 (PH ")
levnate. lutio v Bwin

Derermine minimum valve of 6 by dif ferentation
From E" (3)-
WP (sind co5B) (8] ~ 1(-5inB SinB +co5 B cosB)
40  (sindcose)*
+{4us o s;uﬂ){co‘*

Combine terms and armnge *
AW* 056 ~2c0s®B +45in%8
de —.w‘ os*® sin?p
Set- val Zer0 -

COSB~2¢05%0 4 481 =0

Find the voot of this equation®

Buwan = 2.9,104"° SAY, O = 29.1° et

- END OF CHAPTER | =

CONT.
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2.2-1 | Pole with gquy wives 7.2-3 CONT.]

= 10,000 (b) Factor of Safety
kSl Pots =SI'900 b (from Table 2-1)

F ‘B ol 2 1000 Wb
TT||™® oool\. = Pesx 20,0006 A0 —
E TS cV“gg;*'gL”gT

_:kﬂ'..l Lage svpported by o cable

""'OT 24o0% i
e comprei o o e
=4V = 9600 lbo L L=4.6m
= Shortening of pole * L,=10.5m
=PL _ (3400 1) (20 §)(12™-/p,) 8 §  EA=I10,600kN

W W=32_kn
Force in coble

—— - F‘%'—-' 16 kN
m Steel wire and Copper wire L"‘Sﬂ‘l of cable
copper Equal lengths L=L,+2Ly * 3 (Wda) + % (7de)

(lo 000 ksi )(18.0 in2)

J Steel : Eq= 206 GPa =4600 mae * 21,000 mm *+ 23bmum + 236 mm
Coppers Ec= 115 G = 26,072 mm
Elchﬂ'm of cable
ctoat @B'%%f‘ § = FL WL _ (52kN)(26,012 mm) _ 54 4
wive l (eq, n EA ZEA (210,600 kN) b
4 sl::f'PED' 2-3): Lowering of +he cage
1[, E.A 5“'?" h=distance the cage moves dowinward

h= %8 =19.7 mm ——
2.2-5 Safety valve

s e oute 1.79 s
(b) Ratio of diameters (eqval elonqations )

— —  h = height |
Sﬁ"ss —Ez—k "g:' E‘Ac = E‘A‘ 1'h (*:m‘a:u:jdmb‘:;ﬂ of ﬁn?ﬂa}l
¢ Ksi 2 d=diameter of discharge hole
Eci%)dc, = Eg (§)ds _.”_d_ P =pressure intank
%f‘-'- E: Lo =!?—Et =|,34 --— Preax™ gp”::‘s""“"‘“*"‘
L= natvral length of spring
2.2-3 | Bridqe section lifted by a cable (L h)
, 4 ! k= stiffness of spring
A=0.268 in? (fromTable 2-1)  |Force in compressed spring
W=7 toms = 14,0000 F=k(L-h) (From Eq.2-la)
E = 20%10° psi i T
L=40 & =480 in. P2 Prax (12)
@) Stverch of cable Equate forces and selve for hs

F o maiion) _ [F-P k(Lh) = LEd
s (20%10 PS\)(O 268 in%)

h=|-2Peaxd®

= |.7.5 i, <—— 4k

[CONT.
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2..2"6 l Pointer svpported by a SPr‘ing_

Free - body diagram of peinter

“-Px+ k

tan A =

P =12

—+
T 8 b= 200 wm
I’——-b i $=displacement
of sPr‘nv\
F=%orce in Spring
:Ks
£M,=0
TR

§b=0 or §=
Let ot=angle of votation of pointer ABC

A

Substitvre numerical values :

k=1400 N/m

5

—

2.2-7 CONT. |

A,= shori-e,n:na of second spr\nﬂ

=5e- &
=Fh __2°
B K - 3k

Solve +he equations
= : - SG =4P
A=h, %2 =30

Eliminate 3g and obtain $c* S:.=7§Lk?“_

2-2"5] Trvss with vertical load

A= 2°

Y= (‘400 “fm)lZﬂ)mﬂ)z Yan 2° = |63 mows

IZN

L=6.0m

& 4 H=1.5m
A > & A:E»OODRM""
.- 1 E = 200 GPa

2.2 -7 | Two bars comnected by sprinas

b
A j D S?mﬂs
§ = displacement. at
g 6 point e,
+P
Free - b ia s
i;‘ x v 2 fi=fensile force in
Lﬁ A : irst spring
= (o we
J L 2" Soniz W Second
P
ihbrivm
LMp =0 -bF, +2bE =0 Fi= 26
LMo =0  2bP- 2LFtbR=0 L =2/-2°
Solvi
VR=% =n-F
Displacement diagrams
A B Al'-‘-‘cbnaa’ﬁbn af-
P first spring
— & -Si&_

(‘_:'fi D
—

k= stiffness of

L) i F
z L.
R:% &‘E
Joint C
e £ Foe U2
e g&] N Re A
Foe Tgr_ Foe Foe= EH (Tension)
By symmetry

Fro= Foe =-EIH=, Beoawse bars AD and DC are in
tension, joint C displces 1 the right.

(a) E‘o?gl'ion of AdC
%‘.__. oe = . PL. .

EA  4EAH
Subshdute nuwerical valves s
P=120N

%= LY _ (120%R) (6. 0m)*
4EAN ~ 4(2006Fa) (3000 mm™) (1.5m)

= 1,20 mm -
(b) Maximum ?emissible. load Peag
(Sc.)m = 2.0 mm

120 KN _ P
LZOmm ~ 2.0mm

Pm=200k)~l il

ONT.
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Lgoy =L+ S = 20.02 i, —

|(b) Ratio of lenath o elongation

20 in.
Ratio = £555657 m.

©) Maximom 1oad Pmax 18 §max =0.02m.

R, _Suni Pm _ 0.02 n.
Ii -3 34001k T 0.02052 n.

e Pm = 3310 b ca—

2.2-9 | Steel rod in tension 2.2-10 CONT]
p___4d P, 4=03T5 SVBSEW‘% from Eqs.(5) and (6) d
e st (LR DR, sl e )
v L R P= 3400 I So\ve. h X
= Xa* = w2 Lk Ka)
-5 ~omsig) K= S bk - £)+ El06)
= 20 in.
vbsthote
4@) Final nq+h of rod §¥:;zo,..:umm yalves intp Eq,.(9) 3
§=-fl - (3400l Goin) =0.020547 2~ —
EA (30x*{0°psi) (0.11045 in%) -2-11 I Coppev bayr in fewnsion

teel post
. ~—¥is Le = 25§+ =300 in.
& Ac= 1.5in2 E =15#10%si
COﬂNN' L‘S = 4?. n. Eslzo l(o‘rﬁ
I bar As=1.0 in2 (one tar)

e

® Downwawl displacewments (P=90k )

. Points A £ B are. +he same distance below
line C-C (see -f-uswc ahove.)

L +8, =hel, +8, B2 T

2.2-10 | Bar supported b pring = 90k) (300 in. .
e e ‘,,‘,,Ne z::m e Tk Ef-‘*- T 08410° per)(T.50) _gif':si*‘&)
(" h k. -410011 = 8 -'MJI (ﬁk) {42in.) mq
k by 1. i K;=1200 Ml 08 E AT = GosltF e (1.0m8) o
et 4% | = 300 mm ki e (shortening)
g‘ — L3 h= 10 wm ST‘S *33"0 249 lﬁ.‘—""
A 1P1w B P=15n (b‘]M&t;#um load Puax I‘F SM::"—O.?)O .
X Pispero  Matwral lengths of springs Pnax . §wax Peax _ 0.300 .
= 2 L,=80 mm L, = b0wm p Pk 0.249 .
Fvd distan v &
be ho:?tonciq‘,: 'F'-" barAB L P 108 & «-.*t—
- body didaram of bar AB 2.2-12.] Column in compression
fﬁ B 4Mu=0 # > P P= 500 kN
A J h B &L= Px _% =0 {l{l.) sy t E=210 GPa
L=25wm
-zfﬂr tw 4Fwert =0 14, l. L l | d = 2.00 mm
T Rah-pa0 (D) L " e
Selve Ly and (2) 5 Determine the r— ouid r::km;s
Rap(i-%)+Y R=Br . (%33 2
Elo “ﬂ“ﬁ —_ springs K;g,g;;d Area ?’o._sred o::: allowable stress
3= L0 ) |TTR AT SR =0
stz = P W E.a) Required Aveo. Based vpsn alowable shor-l-enmq
Ky KL ko b S ,EL_ A= i (500“}(2 Em} =992 md
sar AB remains hovizontal EA AT ES . 20GROLOw) ™

Shori-eamj SOVMS A min ’=932.l -

[CONT.
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2.2-12 CO
Minimom HhicknessS

(d-?:-.}’- =d*- ‘&% ok d-2t = r‘_ngi-
t= -f@)ﬂ{ or. tﬁ=%-w
Substitute numerical valves *

t-:“ 200 wom ( -..)2__ 332,].“.7'
Z R

Tmin =17.3 jam

A=T[4t-(d-200"] ox Bp-d=-i-2n®

Two \Wives sum:r‘l"mg a \oad

p B Acr = 16.8 n>

a5 27B0% £ =29 %i0° o

24

s

Lee=8f2=%% n
Pt’gok ?1 =80k

Free-body disgram of bar ABLD

A 5H B Sy ¢ Tfe D
[ ) “
fz90% Fee  Fer =20k
iaM; ‘-‘-‘Om m

(LS $¢) * For (56¢) - (BOK)(124r) =0
Fee = 102k (compression)

ENM, =Of ¥V =

A0K)(108¢) - Fpg (S £2) - (BOK)(T§+) 2O
Fes =68 K (.u»-upvv.-ssiovs)

Shovteuing of bar BE 2

355359"“:: -$pe) =0.00876 in,
{Downiward)

& = Ser "l})(%w ~See) =0.0 280 in,
(dowmuward)

2.2-15 I Riaid beam orted by vertical bars
r—"—rtimsu"’ Ags= 1.5 in?

Lge=10ft= 120m.

l....__b_..f
b=1LD0wm
ANSO e/ C b= 55°
P=225N
8 EA=BS kM
P
Loa - % = 500»-“
h=5 +an0 = 14,074 mm
Lse =2. pas = 871.723 mum
Tasb—=(37.33TN
25in® ®
. Elonaation o@ wive BC
s T Lae o ia Pl s
S ™ o= Toarng g = 0-1255 Temn

Frelews _ (68K)(120m) Ol
S“‘%’Tf:_ T (22105 pei 19,5 m2) =00l T=g oG (as before)
&, = Fer Lee _ (102K)(36 . =0.02010 . Rk D]SPLACENENT DIAGRAN
EAce 2y*i0°psi)(l6. 8w AT oty B

Displacement diagram

D22 0 | oLy t5ec=812.94) mm
" Triangle DB'C:
L, (he8fTe(3F=LF
& (he)* = L’: "(%r' =511, 16T mm*
g 3 hel = TH. %0 mm

274460 mm —h
= N4.36D v = 114,074 wm
= 0.886 wom -t—
Aldernate Solution

Assume that the displacements are very small,

$s Sss _ $8c . Pl
Sind ~ SinB T4EAGIn20 (xP

Qubstvte numerical valves :
S = 0. $Bb mwm (CHECK) Ml

J
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2.3=1 | Bar with a slot
b
[+
Pe—] CF =P
L/g Liz. |4
t = Hhickness
{a)Elovaation
§= 4] Q_E,_ P(/a)  Pltz) | P(Ha)
E E(bt) EGbt) Elbt)
v [ 71
'Etbtl:'(%*'%*__ et T

(b) Substitute numerical valves:
O'= Stress in middle part of bar
= 24 000 psi
L=30in. E= 30x 10° psi
A= avea of middle part of bar
=3 bt
’y

2.3-3 | Steel colvmvs in a building

L=lenqth of each colvmn

) =12 =44 in
E=30x%10° psi

22180k A= 171 inl

Au‘,= 6.\ in2

= 00K
e |fi=to0

P

A

(a) Downmnd displacemert of point C
- NML MNecl

- [ b
8; z z EAAS CE A E Agsc
= (280 k)(144in) ook} (144 m.)
GOXIO* ps)(1 11 inx)  (30%10° psi){bit int)
=0.07860 in. +0.07869m. = 015729 .
34: =0.157 in., —f—
®) Additimal \oad F at pointC
(8c) max = 0.2 in.

Oul e A 5. = additional displacement of point € due to
=_7PL _ gL _ggza,oooﬁ)(so' ) < ;
x- 6Ebt 8E )(30 ;|06P‘;) " S= ($c)max = §c = 0. Zm . —O.15729 in.
850.02..1 ih, ~——— S —02.0:17]:“ . Nas - Nee L
= e e ABD +* |t
- Bar with tapered ends PE"M‘ EAss  EAs
' = P (144 in) P (144 )
MKN A B C D 4 (30% 10°psi (1Tl n.2) X (30*10°psi )6l m2)
o 1‘5-3_" 0,042 in. =, (0.2807 *10°° ‘n /e )
ma 1250 mm OOmm +Pp (018683 *10°® in/ )=, (10w M%)
di=dp =12mm P, =40, 010 Ib (n-/1B)
ldt"-"dc:?-q"“" OR. f=40.0k *—
E=120 GPa (An additional load Fs=40.0% will bmg
End seqment apL downwerd displacement of point C 2m)
§ w4014 kN)(500 mm) =0.251 Ll - T
' Z (20 GR) A Zmm) (24mm) 02 11w
Middle, Seament E=25 Gfa
o PL _ (M) (1250mw) Do = 1.0
§ Z'% T (20 6P () (24 mm) ™ 03224 mm o
Elonaati of r
8-.-. L%JL_I.-' = LS. + S,_
=2(0.2579 mm) + (0.3224 mm) |@A;=3A,
=0,838 mm ~t— s__:zﬂ'sl.\. - (400 kNY(2m) * (1050 ) {(1.5m)
ELA, (254f) (A,) (256f&) (3A.)

ONT.
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2.3-4 CONT.
-6.3 -6 .3
1.0 mm = 0,00 I::s_l—*lpr‘l ¥ Q_'Eig‘_“.
-6 3
0.00im = §3 %10 "w”

Ay
Avn™ 0.053m> = 53,000 mm~ —

(L) Compressive stresseS ave equal

A, A,
_A& _?“"P:_ Pa
A‘ Pl - l“' T _— 1.67_5
§= 4 Nili kM) {(Zw) (1050 kN1 (1.5m)
*AE AL Bsam Ay T (Z5GR(2aEA)
-e .3 “& 3
0.00lwm = 3ZxW0 "wm” 24 210w
A! A|
0.00lm = _5;‘3_%‘2:.2!3_
\

Ay o = 0.056w* = 56,000 mm* 4—

2.3-6

Pov- with two prismatic § mexj;q

dm?.l)um d,,_ﬁllnm P=21m

—_—

E=205 G

-——
P 1.Zm

@ Elonagation of bar
{24, Nili _(2200.2m)
ELAL (205 GPa)
=155 e —
() Prismatic bar
P {4

-]

I— |-—--P=2,2.l:l~l
Drigival bac: \L = {1.2m)(F)(20mm)* + (12§ )2
= '%’ (;,52_’ 800 wmm?)

Prismatic. bar: Vp = (24w} {F) 4"

E1(wd'c volumes : V, =Vp .
GSZ,BDOnns = (2400 mwm) d

4= 272 pm™ (d=16.49mm)
PL _ (22kM)(2.4m)

l.?.lh

l !
[?(zo M‘"z—;(u.-...?l

= 12| oy ——

Qj_l Steel bar loaded by three. forces

i PR P2 A=0A0in?
A ﬂ.—. 127001k
e B % I|° p=I8000
T B0m. " 24m. 36n = 13000
E=30%10° psi fs

Axial forces (+= fension)
Nag =P, +P, Py = 320016
Nege = P,~P, = 500 Ib

Nes = -P, = ~1300 Ib

(@) Chanae In le,n‘cﬁh

§ = 5 Eps = P (Nasbas NaclactNook co)
}

s : [(3200 W)(60in.)
(30%10%¢5)10-40 In2) {00 b)(24in.)

(1300 1b) (36n.) ]
= 0.0131 . (elon Y gp—
(b) nerease in Py for no duw!e. n leugi-h

] = —  Pzincrease
-f-oroc P3

1Z0m,
The force Pmust produce a shortenin e.nbw.(

b= EA ~ (205 Gl (1) (272 ww™)
Note: A pﬁs:«d-ic. bar- of the same Volume will

aways have a Smaller change in

lena*rh Hhan will & nonprismatic bar,
provided +he comstant axial load P,

wodulus €, and Yotal Ienaq—h L are
the same.

Z.3-7] Bar with a hole

L 3 .._P..
I'i't lqﬂ | Lz | d=dimete- of
hole

Shori'enimt(ﬂ of the bar

=4 Nilkv _ PsLi
§=4 ELAL. B é'l]_

=PltHy . L4 . iz

I'%‘.J."-d") } dr 14;, dz

= } 5 D €a.

=felamr et a) (%)
Numerical valves

§= maximom allowable S\wﬁm‘ma of the bar

4» 0.0131 in. m order o have mo change in| =0.3in.
lengthe o 0 atin = §= Bl = BU2O W) P=25k L=48wm  E=0600ks
oel % ’ EA T (20xifpsi}(0.40 w3} |d, = 4.0 . A= MAXIWUM allowable
P= 13100 —— d,= 2.5in. diamerer of the hole
[CONT]

35



From free-body diagram of pile:
£Fmr =0 4 |- fL-P=0

(9) Shortening {3)ef pile
Ay distance anm the base:
th axlal -For.-.e M(l&) —4?-% (Lompressi

L
L

£

12, 2.5-1CONT.] 2.3-9 CONT.|
Sv gj;% nwmerical valves inte Eq (1) and Ar A Nu=Prawrl 03‘%
Solve : i ga=0a_Na _ Peavl (5a)
VST S M W I ‘
M TR0 kst) LAIM)dE  (40Wm)T (2.5 in): r At M: Na=PraSk  Opsbe
0.4T124 fx = TomET *+ 0.36250 B2 €n =1 ’T_:Nf"' ﬁaaitﬁ' ()
0.088789 = i Ye-d® =11.2690 AtB: Ng=P op=1Ne €= n-Be=T (%))
d¥=4,1310in2 fom 1) EA= g:_g'-_a..
n
- -
Queax = 2,18 in (@) Svbstibste Tnto (11
1l2’--'-"._'..8'_l Pile with friction Eaz=oml o
lP P 5
4
E A = 5°3°“’ (0.002.28) = 0.002.49 ~&—
_L : . B36 b
ﬂ/_‘[ , L =£ 0:._:%_— Leb)SUB%-Me. inte (3) %
H Lo €n
8 Gon‘r,:{.gm Stvess P+ Lk
= 5000 (, 50735) = 0.00221 -@—
m ; pile 5315 1b

)Elmﬁchm of cable
Since +he shrawm Varies \‘mw\? Lrom B A ;
we can obtain § from He ec,,ud‘tm

$= EnL = {0.00235)(150044) iz in. /)
= 42.3in. —-r—

Prismatic bar hanging Ve.r-l-mllq

W = Weight of bar

AT
Sd% é; %4 =_L=.ﬂ-_. Ah ward disglacement S
ZEA = 2EA L (onsider an element ot distance
- — ] c from the lower end.
2EA j: " N(%,.;N d5=NEdg N( d Eﬁ'k-t
(b) Compressive stress O in pile - 'z _—"_"N 1
G=8¥=N-ly 34’3,,“ = e LQEIL = (L)
A+ the base (4=0) 2 0 =0 § =B (L2-W) —
At the fop (y=L): ae=F b Eton bar (h=0)
See the diagram above. =
235 o
- ' m%m <) Ratio Hong 2
F L=1500§+ %""3’”"" g'w"fp"' atf of bar (h=3)*
& L wW=0.42 W%/gy versR T SEA
T En=0.00235 Elongation of lower half of bar:
z : i =WL_3wL _ WL
] 3 “:'“‘d 'Fﬁ"(& Lowee” OB Swm" T QEA BEM
P = Sorren. _3ls o
CONT. i Sowee Yo sl
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g.i"“ I Tmber gilc with friction
P

- -—L:- o=f

*:5; L ::1 E o =23~

1 # % o?, 07: ALZ
ng:’:ﬂ&'a‘qf‘ﬁ‘»g‘m mﬁi::c pile

Free -body dia%mmo{:ﬂ\e pile 2
4Fwr =0 14 |-

S:«qua—P =0 P=S:c%dt§ =Lel?
=35 §mcy=iR¢-

\
Axial force ot distance 4 from the bace

To obtain the Compressive axial force at
distance 4, We must first find the fricton
force acking on an dewient ot distunce M and
then integrate from 0 4o ¥

dF = fvickion force on element dn

dF "-5 an "_'..%.E%. an

F=+otal 'Fricﬁon‘-Fom 'Frmu 0 to b\

F= SdF SS:.Z{.? dn =‘E§'S:’ld’l

— 2P 2418 _ P2
=5[], = %
N('ﬂ: ;:;:l Mior';c (compression) in pile ot

N(%)*—‘-Fﬂ%; (o4y<L)
Shortening §,of lower part of pile

a5~ N(g)dy — Pu*
b= A &%

= = = . P

b=fds = | yrdy =t
Shordeni vepey part ile

The axiol force is conshant and equal +o P.

2.3-‘;] Tapered bar (rectanqular oross %ﬂ
% dx

oAp*

-
= Y

I
T

t =Hickness (constant)
x

b= b, ()

A =bt = bt (1)

(@) Elongatton of +he bar

4

—_—

E

EAx) EbtX
Le*l Latl
PLo

as =S %

ts
[.'l'l-.
l“"l ) PL. n Lo+ L
Le Ebt Le

§

= Pis

Eht
From similar tviangles:

.E.:J_b Lo+L — i‘.’—
Lo LerL Lo b,
Sbstivte €4q.(2) nto Eq.0) 2

= Plo b
Colve E;q,lll-&r Le LQ'L(I;'_E)

(%)

(7

(%)
1%
Substivie inte Eq.(3):

Et(b;‘bl] b.

() Svbstitvre numerical valves %

b =100mm b, =150mm L =L5um
t=215mm P= 125 kN E=200 GPa

$=0.304 wwm -
2.3-13 | Conigal bar and prismatic bar

element dlt
il
41

Letd, = diameter at base
L{ Then: V; = volume of entive tone

1

—?LPL = 3 (oren of bage)(length)
(zz;or’r:mm of Pile I'T“l =5 (wdZL)
St Bl nf(1431,) - S R

EA SEA (ﬂsm ANGRE OF —eNe S

®) Com we  Str O C‘(‘l‘lbmaa{m AvovE) TANR 1S SMaLL) =7X l L
Lower part of pile s Oc -.-.EAL .E%:r s 12
Upper part of piles o;_q% — [CONT.
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2.3-13 CONT.] 2. 314 | Civedar disc with_privmattic blades

Ai' distance Q'va ‘the vertew "S Nba [ p=mﬂ¢$ densi?r
d(g) = diameter c € = modulvs of elasticity

= ...lt. de % | l‘é‘ A= cross-sectional avea

Aty) = %[aupl’ =14 4 4t

V(y) = volume of wne gbove the element d-a
=L (ares of ba.:e)(_lena-t-h)

Axial force N(x) at distance X from center
Consider an element of Lsnﬁ-i-ln dx located at

= L _d"‘)('ﬁ '3 l?.l." 3 distance X fvom the centér C.
W(lﬂ 'Ntlﬁhi' o{-wnc. dbove The elomat A% N =axial -fprce acking on this element,
=¥Viy) = TXAZ 3 To find N, we must find the inevtia force
zL* 4 ot the po.r+ of +he blade from the element
. (at distance x) 1o the free end of the blade
Sl'-or*-eums of the comical bar (ot distance R+L),
dsc = S‘\O?*‘Mﬁﬂ 0{ tlement d Co tder an element ‘.E le d} located at
= Wddy " .L(ﬂA? y3 dg )I aL* ) Algtavice: § Eam Fhe "3.- (§2%).
EM%) EV it ity Massof element =p A d§
= -—3'*5—‘1- Accelevation of element = Sw?
(entrifugnl force of dlement = (macs) (acceleration)
8¢ Sds,, -§gs ydy =ﬁ- - 3:_ ) = pAw*§dS
A
) Prismatic._bar Neo={ pAu3dS

Let dp =diametev of prismatic bar lm'aﬁrad'ma this expression  we qet

_“1 . Then! Vp'-‘:::i of entive bar NG&) = -&A%[(Kﬂ_l"—xz]
—q . Elongation of blade
= Wy = weight of entive bar &"S”""”‘" - (A wt Lewytox>]
N 7 - ‘Wr = —Mf# “ITEA SR ZEA
Note ‘_ = [N

dp T3 0. 5174":. ='%‘§S [(K‘PL)" -%x2]dx

At distonce. 4 £vom +he +op
Integrating this expression, combining tevms,

Viy) :v::udn; of bor above Hhe demeni-d-} and 5""“1’12;’1‘“3 the vesvl, we get
s § = -f’—"’—"—f.sm-z_n..) ——

)= bar above the clement d
1\&‘ ¥ = m‘sm- * 4 (Note that the cross - Sectional area of

=¥Vig) = m'& the blade does vot affect the elongation)
Shortenine of bar 2.3 =15] Lable of & _suspension bridge
df, = Shortening of element- |.J'3--_.'__l_-£z.__|i3
= Wt d = W¥d 4 & —
e (K
=, dS,:%S ‘3"‘1‘ L -——— } > e
[[E]]IE}IHIII[[EIEIM

(©)Ratio of s hortening §
Equation of parabolic corves y= ﬁb.é_"

$
f{=3<—

(W*Mﬁd'bn of its own wei 'Smﬂc. hx
bav has Hhree Himes m oma”a'm 5 ch =T

Comical Yar havi Hh and mc\.de.

of the same Lrn\ [CONT. |
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2.3-1SCONT.|

Free-body diadvam of half of cable

" Ve LN&'-‘O m/:\
o F s e 3R) =0
\ - LI.
", 8 Whis §

8h
LFuer=0 Vo-Tv-9(5-%) =0

=4 (D)
Tersile. force T in cable

Tv*V;-‘}(‘-'i-x):% - 3'2-_5 tg%

T =[G - 3 [ A

Elonqation 4§ of an element of length ds

()

b . Tas
ds Pl ds-—éx'

=d¥-’l+ (ﬁ‘_ i!

= i [To R

(2) Elonaation % of cable AOB

§=fos =(8
Eq.(6) ¢
2 2
§= gl (v SExt)ax
For both Hlldves of cable
g -:-—é;ﬁ‘(\r ‘;".4_&:&‘.'-) dx

4
-5 k=g =i (@

Substitvte for T from Eq.(5) and for ds from

(%)

2.3-\5 QM

= qL loh™
S=de (Vr 5F)

[®) Golden Gate Bridae cable

L=4200f+ h=470% 9,=12700 "kr
E= 28,800,000 psi
27,572 wives of diemeter d=0.1% in.
A=£1,512)( ) (01% in )" = 83190 in>
Substitvte inte Eq.(7)

G=1237m = .14 { —-—

2.3 -16 | Hollow post in compression

£ AR £= wall $hickmess
0 ==~ P—> =¥, L=length of
bar (post)

Lo L L :‘J

da = outside diameter at end A
de = 0ot side diametrer at ond B
d0X) = pvtside diametrer ot distance A
from OV'is'w\D
Lo = distance from origin to end A of the bar
From similar tviangles?

B g e L=l ()
4% =_d_LAT o dw:% (=2

Cvoss-Sectional area of bar at distance X
A= TiLawi*-Ldw-2e1*) = T 4w x]

= % (Aax-L.%) (53%)

Shortening of element dX
4§ = Pax_ _ Ppr.dx
EAO) — TEL(dX-Let)

Shortening 3 of bar AB

. Pl (T
b= 48 '—_“Eé?sh e

From Appendix € &
as |
e =+ In(arbx) .

- 5= Bha () [ -lat)]]

TEL

=%;?_ Buafda(LoLa) =Lot] = L fdate” L.bl’_,

[cONT.

_[CONT]
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LI-Z;J

4,=0.25 . Ey=15*10° psi
dy=0,28%m, Eg = 30%10% psi

ds =0.357n, A= T (d3-dF)=0.024¢4wT
L =4.0%. Ay=Tdl =0.04100 2

@Decrease in lenath (§=0.003 in.)
Use Eq,. (.z -13) of Example 2-5.

b= As TEA, O PE(EsAcvELAL) )

Substitvte wwmerical valves s

EsAs + EyA, ={30%10%a) (0.03464 n?) +
(l‘.?* 10% ,n)(ﬂ- 04909 13.3)

=1T776 =10 1b
P=(L176x10%|y) (9.22_3_‘!'_.) =330 b —

(b) Allowable load

O =22 ksi Gy = lbksi

Use £4s. (2-12 a and b) of Example 2-5.
For steel:

o e Os
O EsE AT RT(EAT B
= ” 22 ksi
Ps = (1.77e»10% 1) ( oslo"Ps'i) =1300 b
Forv brass:

Ps = (Eshgt Egb\»}%
] = 1990 b

%= E-;f, rEuA,

Fo=(L170%10° o) (A6 RsL
IS 1p% psi

Sreel qoverns. Fup, =1300 lb €—

2.3-16 CONT. 2.4-2]cy ! regeion
Lo daliela) =Lot P .
8= 'Tr::_E&.b ‘g’"(dzl_, Lot " Aﬂ::nmm
subswm: for Lo from Eq.(1) and simplify : P £ vk
$ = L[ d I : | N L=35Dwmm
'IrEt (de-da) ) - { da=40 wm
e g & db“‘ 25 mm
2 .4-1 | Cylindvical assembly in Compression o= (42-40)
?\::\ll = 765.8 mm?
Ems E.oT26R  E =100647a Ay = T dg =499 ma’

1®) Allowable toad

(a) Decrease in lenath ($=0.0% of L=0,350 mm)
Use Eq,.(.'-’- -13) of Example 2-5.

S'" W ok P= (EqA.."E..A;)( )

Subgtihvte viumerical valves s
Eala +ELA, =(12.6F)(165.8vmm?) +{ID0GR)

(490.9wm?)
=55.135 NN + 49.000 MN
=104, 22 M
P=(104.23 nn) (wo om ) 104, 2. i) a—

=80MPa 0} =120 MPa
Use Eqs.(2-12a and b) of Example 2-5.

For oluminum:

= Eii:" 7 ekt 11~
B = (104,23 M) (2552) = N5 86N

For- brass ¢

GegiE e R=(Ehe AN
Po =(104.23 M) (1221882} = 1251 kny

Aluminum gqoverws. P .. =llbkN *—
-zr-q”sjw pedesinl of steel and comorete

P S L=2bin.
/ ZEE) B 30M0 ki
3 HCIH E=a0nd ki
: f L omd P=100k

ll,b.S ,l
m,

m.
Ac=(10.0m)>-(BS m)* = 2775 in*

Ac= (85in)> =72.25 m.2
[CONT.




2A-3CONT. |

EsAg +EAc = (30510 ""}(17 75 m2) +
(4.0 %103 ki) (72,25 3)

=LI215»1p%

@ Fraction of the sad carried by the steel
§“‘\%

Use Eq. (Z-Ua) of Example 2-5.

Py EsAs - \

PUEACEA T B TR
=0.7423 or 74,2 % -—

2.4-4 CONT

Pact €D 7 80 =P

=[.0227 mm

=_PL
E,

ad)

S-ZSM;* S 2.39 pwy -p—
(b) Sleeve a:l- foll lenath

i= Scb (L =( O?.?.?mm)(sgg::) = L I0mme—
(c) Sleeve yemoved
= 3.42 mwm +—

(From Eq. 2-13 of
Evample 2-5)

(b) Stresses in steel and: Comcvere (P=100K)

24 "SJ Bor with intermedinte load

Use Eqs. (2-12a and b) of Example 2 -5.
. =FEs - (100k)(30% 10% ksi)
STEA vEA (l 1215 %10 & )

19 _E. _ 4.0 Oe

S o it —

4. y 2
Oz T Es 30 = ?3 (2670 psi)
= 357 psi
() Shortening of the pedestal (P=100k)

Use Eq.(2-13) of Example 2-5.

SLLLLLLEE

A ¢ 8

A

AR R R AL

ROR
Freecbody dizgram
) < 5 Rs
—— —

@Luahon of Equ- librivm

= PL (00 KY(26 1.}
$ EsAst Ee.Ae LAi2s xiob) =0.00232.in, =—

@) Stiffness and {-\emb:lﬂ'l

ﬁiFMIZ-O
Eavetion of compatibildy

RA"‘R; =P

3= oPoozsts .
k— - lOOK - -y N N .
S Boozsimin. - 300K/

f=3 =232 x10"m) -

2.4-4 | Plastic yod with sleeve
d C d:.. D 4

T N S,

S =8ce

Sac = elongation of AL
Sag = Skor%-cmng of CB

Force digplacement relations

Sn_:. = -RE—AET‘- gcs

= Ra b,

E ko

les Sotution of eqvations

Subctitvie Eq(3) amd Eq.(4) into Eq.(A:

Pl s A b _
L Rab, _ Reb, (22)
e - i EA| EAI- 5
P=i5 kN d,= 30 mm b= 100 mwm Solve 5} ) and 51‘5) shwlhnwsly:
L= 500 mm tha= 45 mm C = 300 mwm b.A,P o bAL P -——
Red: E,= 3.14m Ra _';_..,,q,_:b&g. Re L,‘A,‘i- b.A,
Sleeves E, = 2.5 GPa &) Displacement of point c
Rod: A, :.%_“ L = 66,86 wem? ¢ = RAb _bb P -
™ b= Sae SE(bAbA)
Steeve: A, =T (42-43) = 883.57 mm? €) Ratip_of swgs_
E‘Aﬂ‘ E-LA;, = 4.400 Mt D.‘.;KA_A (i’&ﬂS!OM\: O‘z '-'--%i— (@MPCSSiM)
. \
@) Elongation of rod G b g
art ACT Sac=Eb_ = 02" b, |
| Par v w 0.6845 mm (Nove +hat ifl b,=b, , the siresses are numen
CONT | kally €9 val reanrd less of thearcas Ajand A, .)

(%)

)

(33%)




-4"é_l Three cobles intension
SUN AN AN SN Ams G‘F mble ('FYWI
2L

Table 2.-1)

7 ™
" ) E*E Middle cables A =173 mm®
\j ; M1z Ovter cable: Ag=T1b.Tmm?*
: 5 s (each cable)
P First loading
P 60kN(E.a.da cab le Corries
'é' or 20kN)
cond loodin

P 40 kN (Mdl‘!‘lmu.l load)

24-7 1 Bav

with fixed ends

Free-body diaqram of bav

move

e e
»]

L4 |Li4

Lz

Equation of equilibrium

2 Fumiz = 0

RA + Ru = p
mpatibility

Equation of ¢o

fas *Spet Sen =0

§is an d..l ebraoic deu‘h’h’ (A pesitive \n.lue

means e\onaq.hon )
Force - displacement equations

ith Supports

(=)

Middle cCable - Force =20kN +ZL20kN=4{,20kN
Outer cable: Fovce=20%N +9,4o|;;; 24.40 kN

(each cable)
total jed by widdle

C
Percent of total load = %lei‘_“ (106%)

ﬁva"O 2Pt R~ R=0 [s-)i Sas= R—Eéﬁ— Sac. %&) (.5154)
]
Eapation of compatibility Rolliz) 4.
P).““Om SH-S tif)L 3@8 E(l.5A,) ( ° )
Force-displacement relations Selution of equations
§ =Pl §.=fele (§%52) |Svbstitute Eqa(3), (4) ,and (5) into E4.(2)%
Solution of equations FEA, AEA, A, O )
Substitute E4.(3) and Eq.(4) into compatibilityl () Reactions
Enr t?f;‘ B P o Solve simvu Mme.oosly Eqs. () and (&)
BB =Rk @B R
Solve SMdfaneoosh, Eqs. (1) and 612 ®) Displacements at points Band C
- 173 mem™ ) g ~Ral. _ _IPL .
::" 'PP(A *u‘)"m“”}(ns 4 ut 220K | §g=8an =EA, = d0ER, (0 The vight) a—
o= 2 2 PL. .
* ﬁn*Zh)’w“’(';;.:::‘a):9-40"’4 e =lSeal= 52k =Gax, (T the right)e—
Forces in cables (£) Displacement diagram

L i_ end

Distance 'va

A

= 4.2% *— 2.4-Tl Pipes with intermediate loads

(b) Stresses in cables(o-=P/A)

Middle able: o, ‘%_!i—g-‘g-"-:‘;- =2 38MA

Quter cables: o, = %Mz 33 Mo,

T mm®

A RIS PP
Plio|le [L
701

@ |
) -,

VL4

®: steel pipe

L
e Fare

| —EaAq

>

TRe

@:adlummwm pipe

:

2



2.4-BCONT. |

2 4-9 CONT.|

Equation of equilibrium

%P =0  RaA+Rg=2P (5-)
Equation of compatibility
fag =8ac t8ca = 0 (%)

§ is an alqebvaic quantity. (A positive valve
means elOnaad-ion.)
Force - displacement velations

8&’"% dec="— ‘E’;%”:

(555)

Equation of compatibility

Sas = elonaa:‘tion of seﬂmﬂ'l' AB
Sec= clovﬁadim of Seqmert BC
Y= e,lov.aahon of seamml- CD
§ = elongation of entive bar
§= Sas + Sac +8c0 =0 (‘g')

Note : Units in all expressions are povnds and
inches.

Force ~displacewent relations

Solution of equakion§

Substivie Egs. (3) and (4) into Eq.(2)2
Ral _ Rel2L) _ ()
E’As E_‘A* =
Solve simulaneovsly Eqs.(1) and (5) 2

_4 — 2E AP €S :
Regiaten, REEtem O
2EaP

o) Axial stresses
EATIER;

(compression) (B)
-

=RAL4 -_—‘(KA'P)LI-' — Rol,

s EA, See EA: b EA,
=Ba (661) =Besw) By = un)
&%s)

Solwhion of equations
Substitvte (3), (4), and (5) into Eq.(2)3

%.(‘,.u;r) +-%(5.655) ~ (510ok) (5 s5¢)
+ %P- (6.667) =0

(<)

oR
Ra(12.222) +Rp(6.66T) = 28,333
(a) Reactions Ra and Rop

Alvminum: 0;:.&:
Streel: o .-__fr: =“;E3EP;+IE;F (+ension) (E:‘]I

(b) Numerical vesults
P=50kN  A.= (000 mm?
Ea=T06Pa E =200 GFfa
Substitvte inte Eqs. (B)and (9) @
0a=10.6 Mfa (Compression) -—w——

G = 60.6 MPa (Tension) -
2-3-§ ]Mprismﬁo bar with fixed ends

Ag= 600 mm*

Solve simvltaneovsly Eqs. (1) and (&)
From (1V: Rp =Ra-\T700
Substitvie Into £4. &) +

Rallz.222) + (Ra~1700) (6.667) = 28,333

18.889 Ra = 39, 666

Ra= 2100 lb (4o the lef+) —p—

Ro=Ra =1700 =400 lb (b the right) ~—

(b)(ompressive Axial force F in middle Seqmedt

From +the -Fme-bodwi dlagram :
= 3000 b (Compression)

4 A A. A, F=R-Ra= o= Ro

4 =3000 W (Compress\on)"'.'_
W —t 3 IRb (c) Lengths and area are doubled W valve

I i | i | L No change in E4,-0)

No chamge i Eq.(2)
Ps = 5100 1b o= 340k No charge n Egs. (3), (4), and (5)
Lo = 8.0 in. Lz= 10.0 in. No Okﬂnac W . (&)
Al = !7. iﬁ." Al'ﬂ‘- l.s 'a?- .-. Nochﬁﬂﬂﬂ ““ 'RD’ and F’ P
Free -body disqram with Supperts vewoved |7 4-]O0] Bimetallic bar in Compression
Ra Pe F Ro E }
—— W | B LB b
Equation of Egvilibrivm 4 A -\E b V22
£.Fumz =0 Ra-Rp=Pp-F=1700k (8 ' ‘
[CONT. CONT.

43



4-10 CONT]

2
E‘g;boda diagraym of end plate

P e._,.b
%—t{-——‘i—
P, b

Equation of eq,whbraum
4F =0 P+h =P (ea-
iM=0 &7 Pe +B(2)-Ri)=0 (=)

Equahon of compatibility

S:. =8

AL _RL P _P 4

EAER ~ B°E )

(a)Amal fovees

Solve swul'raue.ousl\’ (M and (3):
hi= E¢4E, P — E,+E, -

LLEcc.en't‘r'sc.}{-g of load P
?ubsﬂ-hrh: P, and P, into Eq.(2) and solve
or €7

|2.4-I1 CONT. |

Solve simvltaneovsly Eas. (V) and (5):
A= (wa)( Eala

Eala *2EsAg g
i A
o= (PrwEiiem) (‘)
) Stresses in the Wires
= Fa_ (Pew) Ea Eq
7] I v 1 (s?
OE= &_ (wa)Es (_?9

T EaMatlEgAg
Allowable loads (from Egs. (8)and (9) )

R =2 (Eahn +2EcA1) W (5
k= E'E.:. (EaAnt 2EcAs) - W )

Substitute numerical valves into Eqs.(land dI)

A= T (3m) = 0.012272 2
Aa= T (E i) = 0.027012 n>

e = b(Ea-E,) << Pa=12151 - 801k =135 b
2 (E.*Ey) Ps=6151~80l = 595 1b
€) Ratio of stresses Steel qoverns. Ry, =595 b ~a—
c, = P 0‘,_:5-_. O _ fL E, - ;.4‘&lﬂiqid bor svpported by three rods
A A & B E, = I W =30 kN
2411 ] Rigid bar haming fvom three wires 22 |4 g (Ex=100GPa
S‘ = = . dl d}_ I_l |'4 d|=8MM
teel Wives © L, A g
‘E ‘F s de=lpin. 0y=20,000pc) r—,—lL‘ ; ?= ?:g:;
£ Es= 30"'05 pes W c I—I?.c:)tfitﬁ"“t
&W =80k Alyminom Wives - 3 Edl:? Ln.- ?
» 227" z” §
s T e
= psi i , o
Free -body diagram of rigid bar nok bl g £ L
1& {Fa TF; Equation of Equilibrivm "1 1 FRe=0
t %, Fere=0 2FtF -W=0 Ao
lP-\-N 2fgt Fa- P-W=0 (B&h W
Equation of Compatibilty |Fully stressed vods
&—Sa &) F=0Ah E=0A,
| Force displacement relations |, - mdd A,= ng,
| §=EL &= m_ €as. *
E‘A,_ 3I%4 Subsﬁ&-u’fi into m
Solution of €guations 2.0, (.F.g_x.) + Oy (“_:L) =W
S”t""‘;"f' () ““d H) into Eq. (.2) Dmmdev‘ 4, is known ; solve for d, :
S ?. |d|1 .

4.




2 .4 -\3 CONY.

Z.4-12 CONT.
Substitute numerical valves -
2 _ 4(30kN) 2 (HMOMR) (Bwmw)*
dl- =37 (210 MPa) 210 MPa,

= 0.00018 189~ 0.00008533=0.00009656 m*
4,=9.83 mm -—-——

vation of ompatibility o
St =8, (37
Force -displacement relations
F L, - Ly EA.
S=g5- =0 () (%)
b=l =0 () ()
Substitote (4) and (5) mto Eq.(3)2

gy ('!E") =02 (_L)
Length L, is knswin; Sobve for Ly
LZ - L (0-52.] -
Substiture nuwmerical valves &
- 140 MPa \ (120 G
L= (100 mm) (_zw H&“too GPa
= (900mm) (0.8} = 720 mm -a—

(e

)

_A,U‘d'ioﬂ‘ O{' EWUo‘lbru}m (stﬂn*‘z)
4Fiet =0 Fatfg+f =P ")

4My =0 HRL+F(2L)=0 )
Displacement diagqram

A B8 c
g & Sc ARE ASSUMED TO gE
FOSITIVE WHEN

Equation of Compatibility TaNNW ARG

DisPLACEMENTS

SB =.§_‘%.S_‘-. oR gA + Sc,"z E; =0 E%')

Force - displace ment relations

SA=-"|-£- te=fr f=f  (§%:)
B k 7 '

Solution of equations

Subgtitvtre (4),(5) and () into Eq .(3)%
A-2Fgs +F =0 (=2)
Solve mmulﬂmcously Egs. (n (2),amd (1)

Fa= 7;- Fa k= "—' (fension)
Displacements (f_\:bm E.q,s 45 and &)
Sg" iE‘ e = W g‘-'- = bPK

(downward) (ownward) (Upward)

Z 4-13][Bar supported by three springs
lsw. lwb 11'" Rlﬂtd bar ABC

Disp lacewent dldqﬂm -For lOdd SYSRM*Z
b= —L (covnter-

2. E—iﬂz&
2kl rlockwise

Substitute nuwerical valves:

)

=10in.
B ,,1 ot il
I I I =80 lb/in.
Separate the looding
Load system ¥| Lood System *‘)_

11&. pob Im

Because_ load system ¥ is Symmedtrical,
the rigid bar will displace downward
but not rotate. Them{-'ore. we need

into Z parts:

ﬂl:

C

24 % = 0.015 rod = 0.859"€—

0= 2 (60 ™) (D)
Note: The displacements for load system
#2 are as follows

5P _5024®) _ ;150 in. (Downward)
ST Totsop R A
—_— ﬂ—&ﬂ—b;—-" ¥

fo=p= 0.050 in. (Vpward)

al\' :A determine the roi'd\hon cavsed
load System®*2 . The dow 4 displacement of the bar
Free-body diagram for load system *2{(ngeyv ;Z‘:I';\,saiﬁn is as Lollows :
P=24%b Fa F,Fe are assumed ¢ b+ ioh+ Tl 241 =0l
s_¢ +-o be Compressive ' 2K ~3(80%%) "
D ' -
i B IR CONT. ONT.
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4-13CONT.

Z.4-14 CONT]

e downward displacements under the
three or iginal loads are as follows '

§.=0.250i. +0.\in. =0.350 in.
§g = 0.100 in. + Olin. = 0.200 .
fc= =0.050 in.+ D.lin.= 0.050in.

=2 (500mm) (ATON) (160D mm) _
0c =310 % 10° mm* =50.0MPa 4=

(1200 mw) (570 M) (1600mm) _ ——
Z1.04 * 10° mm4 =R HN

Displacement at end of bar
L — 2
- ) o

0'.,-6

Z 4-14] Gor svpported by two wires

Subshh(ﬁe_ numerical valves i
— 2 (400 vmm) (970N ) (1600wm) =
b (200 GPa) (31,04 X105 mmet) =l

83’0.32.{)“# -

2 A-\S | Rigid bar supported by springs

sl dgl—2—) MNowerical data
b |

1 A
o on e A=18.0 in. b=36.0n.
g "% ¥ KB r£=K4mn K=6ARGn.
kz.= 210 b /n.
Omax =2°= 3 radians

Free-body diagram and displacement diogram

aaEs h =400 mw
P i 2h=900mwm
€ = 500mwm
4 jh D ? d = 1200 mm
j—. Pl L= 1600 wmwm
. E= 200 GfR
L _I A= lbmm™>
1 p=910N
Free -bedy diagram Displacement diqimm
tc 4T g A i " ¢
ti e
Ra & o Se
ion vilibrivm
£M=0 M) T ()Tl =PL (T
Equation of compatibility
E =3 Ea.)
ra d ( a
Force - displacement ons
i )
Solution of equations
Substitute (3) and (4) inte Eq.(D ¢
h _ Tol(2h Te _ 2T sa,
= = o R (L6)

ile forces i the wires
Solve gimvlaneously Eqs. () and (5):

=itk it

cl.,.,dl
Tensile stresses m the wives

_ 2¢PL _ abPL
V7o By Yoo M

Substitvte numerical valves
Alze24d) = (omm2)[2 (500mm)> + (1200 wm): ]

f-a“lL b ’11 &[\B C b
= 4;_‘ 1 A »
it ‘F‘_g;_j” 13 \&LLIS.

ion_of equilibrivm
tMe=0 () B@-P+RKLI=0 ()

Equation of compatibility

__80 (Eﬂ)

= 3> 8
Force -displacement velafions
W= -% Sb:j‘:z (gﬁf‘)
Solvtio eq vation
Substitute (3) and 4) into Eq.(2)°
L = .EP— £a,
ax, by (%)
Solve simulta . 5)

=.4c _Ka_ e btk P
Fa atk,+ bk, F’—a’-k.fb"kq_
Anale of rotation % .
P _h _c

Sb‘%‘ﬁ%&z 0= = 2%k, Tb Ka
Max imym load

P=2 (atk,+ k) Ruuy= St (d%, *H*ka)

[CONT-

{CONT. |
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2445 CONT.

Substitvbe numerical valves ¢

ew':%f&d

14.4 in.
Pmax= T10 |b —

P = Zla0 124 116 5 40 12 (041 +56.0 ] (210%) ]

2.4-16 CONT|
§ = Fo _ bP(asb)
B ks T atky* b ka

Angle of rotation

=8 . P(a+h) s
b=i=Flor  (osradians)

Maximum lpad P

2. %-16 | Bor supported by two Sprimgs

Fird Paax.

{a

b
——

T

A <} B
‘T'g,_ DlF-
vation of equikbrium

2M =0 (»2)

- (4) ~R(b) +Platb)=0
FAd +Rb =P(atb)

Displacement diairo.m

A o

% |®

Equation of compat

R C¢c /bbb a B

St
a b
Force - displacement

ibility

Yelations

SA=-FE‘ 5»=-EP:

Solvtion of equations

For convenience | votate the bar 90°.

a b P
KE St Ls o
. i

k-,=]5mfm
:25”‘}“‘
A= 250mwm

b= 350mm
=2.8°

Bm
:_!"-?_yud

Free-body giagmm of +he bar

&)

Substitute (3) and (4) into Eq,.(2) ¢

Fa _Fo =P PES o Py PBy o .B_ PEc
ok, ~ bky (B) [ R 2mA R Rk
Solve, simultaneovsly Eqs (1) and (5)3 Spbstitute numerical valoes :
5=ﬁkupmfb) F. = bka P(a+b) Es =30%10%psi Ey=1540°pa E.=18%10% pesl
vk, | Gkt bTK, Ac=F(04in)? =0.1257m.2
Displacements Av= % [(0-6in)* = (04w)*] = OISTV . z
' arb ¥ TN T, 2
&s.E= e O F, .A" FL08in)* = (Dbin)*1=0.2199 in.
ONT [CONT

P — 9m(ﬁ"k|‘l‘b‘kzj
—— a+b
Swbstitvte nomerical valves @
— (r2.rad) [(250mm) (167 m) (350 nm)*(25 u-/.q
250 wm + 350 vam

= %]ﬂf——o .:1"" = 291N +—
2417 [ Trimetallic bar in Com pression
- R:(omsﬂvc force in steelcove
R = compressive force i bruss tube
( brasg Fo= Compressive {orce m Copper tube|

Steel
Free-body diagram of riqid end plate

P Equation of equilibrivm

-

Puo

T Z1Fenr=0 Ps+P R =P *)
\__}_, I vations 0 mpatibili
Pb Ss =8 $e= is (th)

P _foree —dis lacement vel

VR Wen L=EX G
Selution of equations

Substitvte (3), (4)and () into Eqs.(2) :

T
Solve simvltaneously Eqs. (1), (6),and (7)°

- As = Do EAS
b Pﬁzf*mwm B= P AL T EcAC

Pc,‘-'-'- P EEA;* EsAyT EcAc

Compressive glvesses
Let LEA=EsAs+EAv+EcAc

41



2.4-17 CONT.|

2.5-3] Stee! measuring tape

P=2000% £EA=10.085*10° b

03=;-—E'}=5‘350 Pl —

PEs

%= zex"
= _?_&_:
O. Z.EA 3570 ps\ a—

2970 ps' @—

2-5-"| | Expansion of vailroad rails

The rails are prevented from expandi
becavse of +heir great length QM I&c’f
expansion do‘m'\'s.

Therefore, each mail is in the same
tondition 0S & bar with fixed ends

(see E.xqmple 2-7).

The Compressive Siress in the rails may
be calcviated from Ea. (2-8).

0= E « (AT) =(30xItPpsi) (b 540 /F) ( 75°F)

Calibrotion conditions

ol A «8°F 8

L L
l.. - S

d=trve distance between A and B
(Same as the reading on the +ape)
EA =(30*10%psi) (0.3in) (0 04-4) =26, 000 b
Actual (.miihmsd
20b ¢ [X

kA

e
P= increase in fengile force =2,ollu-lo“'=l#
AT= inevease in tfemperntuve=112°F-Eb F=
§ = increase in lenath of the fupe

=k (AT)d + .E_i_
L=4rve length of tape = d+§
Ra= f‘éadinﬁ on 'hﬂPe ok fnin'l-A (95.49 £+)
Re =reodim on 'i‘;fee_ atend C

lote

B

—

2°F

20lb
o

L

2.5-2_ | Alumivum and steel pipes

IntHal Conditions : La=60m To=18°C
Ls=60.005= H©=18"C
An=23% 107, K 212210 o

olalq ~okgls =659.9 * 1p~¢ M/ec

Final CondiHons$

Alumiviom pipe Is lonaer than +he stecl
pipe by the amount AL =|5mm
AT=lincrease in temperature

o = A l8T)La  § = (AT) L

(2727277277 ALwline PIPE
-

7 steeL piFe
Iu_lfj' I

§a- 8 -(Ls-La) =AL

Aa{ATILa ~As (AT ~Lg*+Lo =AL

AT = AL+ (Ls-La)
Kol =ols Lg

%

[d = (#5.498)[1 + (654107 fR)@F )+

(Nowers same as the distance d)
=& . 8

 _d -4 _
d drg  dralind +25

=== o
Ra__ 1
ry I+el(51')+§

Re L
d=R\LI+otT)+£] <—

10lb ]
124,00010

d = (85.99 #+)(1.0003654) = 5.52 f+ &—

2.3~ 1 I Expansion of a skeam pipe

Diameter 4= (20mm

Initial temperature Tg = 18°C

Final femperature T =120°¢

AT=T,-Te = 102°¢

E=2006Pa  O4=|2x1078%/ec

(o) Increase in diameter

Ad=&(&T) d = (12%107%°c) (102 °C) (|20mm)
= 0.147 mm =-—

(b) Axial stress n pipe

Substitute numerical valves: Free expansion © §v =X (AT L

cpnt fe smave  [fesved peniix=ts
=To+AT=18"C +30.31°C =48.3°C € |} ‘_'_ P Sh:r:e:‘.ls -Ii:c:;;e by
I 7 1> 7
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2.5-4 CONT
§r _oAATIL JEAS _EAc(aT)
el e N - e
_P _ E&(AT)
Fagn S

Substitvte numerical valves:
o= (£)(200 GPa)(12 = 107% /2 ) (102.%C)

2.5-6 | steel rod with bolted connection

igg\g l Ehnﬂ

B =bolt
2Dmm

) Smn dm*cf'
bolt

P=1ensile {orce n steel vod dve +o
tewevrature drop AT

0= 122 Mpa -
2.5-5 | Beam sv Hivee Wires
S=steel A=zaluminum
P PIIIS I IEF2 w= BO?lb
s A s d= ‘t lh,:
Ac= % =0.012.272 m*
RiGID lw ‘Eg=30%10° psi
BEAM EA; = 268,155 b
l=1mmiAaL oAs = 6.5 %107 /*F
LENGTR oF ke = |2 %10%/°F
WIRE S
§,=increase n lengrh of
Steel wire doe.fz
s temperatre increase AT
b =g (ATIL
S $,= Increase in of o
steel wire dué 4o load
W2,
N
2ZEsAg

§,= ncrease i length of aluminom wive dve
+o +emperatyve. increase AT
=X (AT)
For vio load n The duwvwm wive °
%I * S;_ = 83
0\‘[151'“- + ﬂL =a (AT)L
LT

oR

W
AT =7 E A (a3
Sobstitute numerical valves 3
AT-_.' QDO“:
(2)( 208, 155 1b) (5.5 *10°/°F)

= |98°F &4—
Note: I} +the temperature increase is
er +han AT, the aluminum wire would be
i Compression  which 1s not possible.
Therefore , the steel wives continve +o

Cary all of the load. I the temperature

Merease is less than AT the alominom wire
will be in fension and canry part of the

cad.

Ag = Cross-seckiom) avea of steelved

From Eq.(2-11) of Example 2-73% P=EAgd (AT)
Bolt is W dovble shear.

V= shear force acting ovevr one Cross
section of the r
V=Plz =L EALK(AT)
= 0vevaqe Shear Stress on Cross Seckiow
of theé bolt
Ag= Cvoss — Sectional avea of bolt
'V _ EAROA(AT)
As 2ZAs
Selv T: A =.___b.ﬁ.2-‘5
€ o AT 3 AT )

As="1,42 where dg= diameter of bolt
Au.=1—'§f-‘; where dg=diameter of steel ved

- 2Tde
) Ed dg

Substitute humerical valves s
T =50MPa’ da=15mm dr=20mm
& =12x%10"%/°¢c E=20064Pa
AT= 2 (50 MPa )15 mm)*
(200 4P )(12 *lb.‘fﬂg)(,ZOmp\)z‘

AT = 23.4°C «——
2.9-7T | Bar wi

tvre

AT Change
—M‘m At distance X
jr g AT=AT ()

o

A

NahARAY

]

Remove the Suppory ot end Bot the bar

7
&

(onsider an clement dy. at a distance x

from end A, 5T
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2.5-7CONT]|

d§ = Elongation of element dx
45 = (AT)dx= o (AT) (Br)dx

§ = elongation of bar
§= Sodﬂ = \L“ (o) Bipldv = e (AT L

Comprescive fovce P requived to shorten
the bar by the amount 3

2.5-8 CONT]

) Displacement of point (&
§c = S\\W"fenlns of AC
Se=Fht — o (ATIL, =0.9890 mm 0.6 T50mm]

A

3.=0.314 mm S
(Positive means AC shortrewms and point
C displaces teo the lef+.)

Z.5-8 | Bar with rigid_supports

y [50ma [TB"F E=b. 0Gh k= 100%107¢/
A < 8 Lefy ~hand part:
L“‘-‘-Z.?.Sm d‘s 50wmm
225} 300 A"—" % d_‘z =T (50mm)*
mn M I
=1963.5 mm?
AT=30C

Right ~hand part :
L= 300 mm d;_-‘- T5wmam

(a) Compressive force P
Remove +he support at end B.
] elon gation dve 4o

i i e
] -!*e.mparaﬁum
e S
T | = [ ST50 mm
3 8938‘10?‘{'&&

Ao
=

=.E.|'.LL += ...._LL

EA, EA,

= P(19.0986 %1079 My +
L3177 210”2 m/n)

= (30.4163* 107 ™m) P
(P= newtons)

dve o P

Compatibilty 8r=§p

1.5760%10% y = (30.4163%107" W/n) P
P=51,781 N oer P=DLBKN &—
b) imum  COMpressiy

0 =Xt = ST kN '
E= R " 1963 Smms 204 NP

P = EAS = -%E;.\o( (ATY) 2.5-9 | Steel vod with bronze sleeve
d qd
Compressive stress m the ba A I . _ B
p P‘ ‘Ep‘m.‘ L (rt————
0. =—-A-=1.—-—L—- - L L, =304t
3 L. Ly " L‘al.of‘b
1

A= Tdl=F s mm) =447

conT |

Elongation of the two outer parts of
av-

8‘=d‘ (QT)(LU'L:_)
= (6.5%10°%/*F)(L00°F) (36in. — 12n.)

= 0.09360 in.

Eimqa.hon of the middle pavt of the bar
The steel rod and bronze slce.ve
leusi'hen the Same awovnt | So bJ
ave in the same condition as the +
and sleeve of Example Z-B. Thvs, we
lcan calcvlate the e.lonaahm Fv'om

A(z-21):

5 = ASEgAy +o Eu ALY (AT) L,

EsAs+ Ep Ay

Substitvte wowerical valves:
X =6.5 x[0"*/°F Ay =X 107 foF
Ec= 30 10° psi Eb = 15=10° psi
dy= 1.0in. Ag= }d, = 0.78540 %
dy= 125 Ag= T (42-42) =044179 in>
AT = bOO°F L,=12.0 in.
§, = 0.05341 .
Total +ion
§=5,+§, = 0.148 in. +—
2.5 -10 | Brass sleeve fifted over o
Steel bolt

Subsc.ripi' S meang
“sleeve ™

5Ubsof|p+ B means

Brass shc.ve.b AT CONT.
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2.9-10 CONT.
Use the resolts of Example 2-8.
Og = compressive force in sleeve S

Equakion (2-20a) *

0; - %r::_‘%if: EsEsAs (.(oﬂ-ynsﬁm)
Solve for AT:
A'r - O‘; (g*s "E!A.) .

b-Ag)EsEpAs

Substitvte numerical valves %

Bolt diameter dg= 25 mm Az =490.87 mm?
Sleeve ovtside diameter d;=36 H\m}
Skeve inside diameter d =26mm

As=486.95mm?
Og = .5 MPa (compressive Shress in sleeve)

Brass Sleeve: Eg=100 G Ag=20%107¢ /o
Steel bolt: Eg=2006Pa XRg= 12_:-]0'5/.c
AT =4b.75°c <4

(necrease w tempensture.)

2.5-11 CONT.

Svbgritute numerical valves:
= _ (Aa=Ac) (AT)E_Ac
Pa=Fe

| + E;:Ac;
— (3.5 %107*/0¢)(100°F ) (1,000 ksi) (2. )
r (9E5)
=A4500 b
Free - boAY d’u@'a.m of pin

PO S, ..P-‘f"- V= Shear ‘&l’a’.‘- in P'tn
] =R/
-Ff  =22501b

= average Shear shress

— P g5
.% on cross section of

: Eﬂ_’ R&d‘u@dl&f bavs held b‘l i

L ] 'Jc 3 o.slu"l z.o i“_

I AN 1 | LOinx 2.0in.

o ) T :o.s'a,szz..ot«.
Zc"ﬂ""" \—lhmbw»a

Diameter of pin dp "-'-'l% . = 04375 in.
Aren of pin AP= }dp" = 0.15033 in.

Ares of two copper bars A =2.0 in*

Area of aluminum bar Aa= 2.0 m2

AT = |00°F

Copper 1 E . =18,000ksi Ch=9.5%10 °/°F
Alymivwm s Ea=10,000 kst ko = 13%10%/eF
Use +the resutts of Example 2-8.

Find the forces Fu and P, in the aluminum
bar and er bav, respechively, fvom

. (2-19).
Replace the subsoript “s” in that equation

P“o." ( Mmin::n) and replace the
whseript “B" by " (for copper).
&apc - (dla-4) (AT)EAAAE.LA:.

EnAat EcAc

Note +hat Pa isthe tompressive force
n the aluminum bar and P isthe
tombined tensile

n
2.2.'50 )
t= 0.15033 in*
C=15.0 ks, -—
Z.5-12] Rigid bar_supported by two cobles
Free -body diagram of bar ABCD
e AT, Ta=force In cable &
A 8 Te= force in cable C
Ran 17_], 5Pda=|2mm
Rav de=20mm
From Table 2-12
As = T6.Tmm2 A =1T3mm?
E = 140 GPa K = 12%107%/%¢.
AT =60°c

Equation of equilibrivm

5 Mu=0 ¥ /=Y Tg(2b)*Te(4v) -P(sb) =0
R 2Tar4 =5P (%)

Displacement diagram

A 2b b Compatibility @
%:&;j;\ Se=25y (2)

Force - displacement and ‘l'gmpen:}vm -

ai_s-ghcem'em- relahion s
— Te £a,
SB—E‘—A; + A(ATIL )
(%)

&---Ié-r'-; + A (AT

n the
+wo Copper barfg‘ il [CONT.

[CONT.
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[2.5-12Z CONT.
Substitute Egs{3) and {4) Into Eq.(2):

Tel - 2Tl
AW +a&(AT)L-W + 2. (ATIL
T OR

2TeAc-TeAs = -Ea (AT)AgAc %)
Substifvte numerical valves into Eq.(5)2
Te(346)-Te(T6.7) = - 1,338,000 ()
m which Tg and T have units of newtons.
Solve simultaneovsly Eqs. (1) and (6):
T; =0. 2.494 P v 3,480

Te=11253 P + ],740

M which P has units of newtons.
Solve. Eqgs. (7) and (8) for the load P

(%)
43

2.5-13 CONT.

(a) Load Ponly
Force - displacement relations @

8a= T-E-—A: S = —’—-‘EA" ($34)
(L= lenath of wires ot A and B.)
Substitvte (3) and (4) nto Eq,. (2):
L 2Tal
=k = he2n )

Solve simvltaneovsly Eqs. (1) and (5)3

T N s
Numerical valveg:

P=5Soo b

021-“-"400“? 1;: 2001k -

(b) Load P and tewmpersture increase AT

Cavle C goverms. Putow = 29.5 kN «ag—

2.5"3 Tr-ianéuhr frame held Lﬂ'l'wwirq
Free ~body dio.g‘ram of frame
A Ta ion of equilbrivm
1 (M. =0 (P <)
P(zb) = Ta(2b) ~Ta(b)=D
OR 2.Ta +Ta=2P (‘?']‘l

b
b
p o F

Displace ment diagram

Fe=4.00%Ts +13,953 £8) | Force -d‘\sPlAaeme.vd' and temperntvre -
P.=0.8881Tc — |, 546 (&% displacevuent relations:
’ _TaL Ea.
Aliowable loads A= A *ATIL (8™
From Table 2-1% S‘=.T_ sl 4 o (ATYL (E8-)
(Ta )our = 102,000M ) e -
(Tdoer = 231,000 Svbstitvte (8) and (9) into Eg,.(2)32
Factor of safety =5 —-'Té: +A UL = % k2L
(Tohams =20400N  (Tauan™46,200N op T, -2 Ty = EAS (AT) %2)
From E4,.(9): Pg = (4.0096) (20,400N) Sdve simultaneovsly Egs. (1) and (10):
& *13,953N | Ta = £ [4P +EAx (AT) ] (5
=19,306 N Te = 2[ P~ EAx (AT) sa.
From F_q,_(lo): P = (0.8887) (46,200N) 3 3'[ L (i
~1546N | Substitute numerical valves
= 39,500M P=5001k EA= 120,000l  AT= |80°F

x=12.5 % 107¢/°F
Ta= é‘(?.oaoﬂn +270b) =454k <*—
Te= %(500”5 ~270k) =92 b -
(YWive B becomes Slack
Set Ta=0 in Eq. (I12)¢

P=EAa (AT)
t?rz P _ 5o0lb
EAR (120,000 Ib) (12.5 % 10~4/*F)

= 333.3°F
Further increase +empem'\'0f‘e

5 A A e
* b Equation of Compatibility =333.3F - (po°F
S B Sa 22 G (*™) =53 F -—
¢
CONT.

5
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2.5-14 | Steel wire with initial prestress
g [ Initidl prestress 0= 40MPa
Initial temperatoe T = 20°C
E= 210 4Pa,
d= |4 x 107°/eC

A

T:_ =0°C Al=

T=20C +13.6°C = 33.6°C «—

(a) Stress 0 when temperature dvops to 0T
10°¢. (Positive means decrease.

2.5-15 CONT: |

Substitvte numerical valvest
0; = __—?‘—"‘:0“’.‘ J [(5.5-19"‘/-9 )(90°F)(40in.)
. —0.008 n.

= 10,900 ps\ w_—

2.5-16 ] Bar with a 9ap (load P)

n temperature b 3
Stvess o equals the iwitial stregs 03 PSS L=length of bar
s:os the itional stresg 03 due o the E s= s:z.e. oG‘ o.;s:».
pemhme. dmp. A P 8 Eﬁza,qul ~gi |’r-7'
From Eq. (2-18): 03 =E& (aT) Reactions wust be equal; find s,
0= 01+0; =0, + EX (AT) Force - displacement velotlons
= 40 MM, + (2104Pa) (14 x 107¢/ec) (20°C) L)y P b (25)
(b) Temperatvre when Stress equals zevo — I-‘-
0=0,+032 =0 O, +EX(AT)=0 3 R Rul
e . 3 Je— =2
AT= —='— (Mimvus means an increase in
EA __‘I g
temperature) 2
AT = 40 MPa. - —13.6% Com?a.‘l‘ibili{-y equation
® T Gmamtan o0~ 0T R, =8 e I8 - fakss ()

2.5"‘5 I Bor with o q2p (+em perature
_ chame )
ST L=40in. $=0.008 in.
f AT =90° F (increase)
L . A =9.8 %107¢/F
l E = lo*i0® psi
ey
§= elongation of the bar if it is free to
e

= (AT) L
§¢= elongation that is preverted by the
support
=t (AT)L - 8§

Note : This vesvlt is valid only if
X (AT)L Z S

€.= Shrain m the bar dve 4o the restraint

[CONT.

Equilibrivm equation
Ra= reaction at end A (1o the lef+)
Re = reaction at end B (to the lef+)

Jy B S
Ral P P Re

Reactins must be equal. % Ra=Rs
P= ?_Rn R5= --PT-

Substihvte for Re in Eq.(D%

%%‘A 2EA SOE‘SGEA"'—

Note : This solution is valid provided
the load P is large €novgh to close
the 9op i that is, §, 2§,

2PL

ov > 3EAS |

=& /L . 3EA = 5 9 Pz_-_——ZL

A Shos ‘E&_ 4 2-'-5"17 fwives BandC attached to abar
=Eé. = — =.C[a((LT)L-S]-‘——. LSk
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iz CONT.
E'J,yi librium E‘Lua&ion

?b -P flMﬂn':O (ﬂ q
To=—, T (b) + Ta(2b) = P(3b)
e 2Ty +To =3P (%)

»_ ey

Displacement diaﬂra.m
Sp=B0in.~Le =002 .

- P
Sc = 80in,~ L .=0.05 in.
i VA
Elonsq'l'ion o{ wires 3

I L=80in! | 85= Sg+28 )
§fe=8.+8 (*$)

Force -di§¢¢l¢€.mn+ relations

_TsL o -

TEx =g @E®)

Solution of eguatins

iCombine Eqs.(zi'amd 4): %‘:: se+2§ (%)
|[Combine Eqs.(3land (5): %—_g Sc+§ (%)
Elimmate § between Eqs.(6)and (7):
'l;—rr;,-.-.-‘-‘AI_Sn_ -25:.&. (%)

Solve. simuttaneously Eqs. (1) and (8)

e e B0 - dpe o

3 EAS AEA S.
T=F - 2% v TR -—

Substitute numerical valves:
EA

+eagion ,as requived $or- wives. )

2.5-18 CONT|

Does the gap close ?
Stress i the two ovter posts when the

3:&9 is just closed :
o =E€ = E (T)=(0am)(FF0™
=S MPy,

Since +his stvess |g less than the allowable
Stvess |, the allowable force Pwill close

the gap.
Eq,uilibrium equation

20,+7, =P (5%
tr, te te
Compodibili vahon
§, =shortening of outer posts
8. =shortening of inner post
§=5,+s & ()
Force ~displace ment relations
R - (%, %)
Solution of eavations
Sbstitvte (3) and (4) ito Eq. (2):
AL 2%3.': +S  or ﬁ"'"z-:Ets (=)

Solve. Simulﬂmml\! Egs. (1) and (5)2

P oF, -

By inspechion ,we know that R is larger
than Py . Therefore, B, will contrel and
Will be equal to oo A-
Pao = 300 A~ —""S‘E’t
= 2160 kN - 600 kN = |1560 kN
=1.56¢ MN *—

s = 2250 '®o/in. [Ty

Te=8401b +451b ~225 b = 660 b @ |2.5=19] Steel bolt and copper tvbe
Te=420 -9 +450 b = Teolb€— ""..._, L=20in.

(Both forces are positive ,which maans o p=/g .

2.5 =18 | Plate supported by three posts

n=Yq (See Eg.2-22)
Steel bolt: As=(.0mn.2

P i?&‘l S=size of gop =|.0wmm Es=30*10psi
—-]-L—/— _ L=lengthof posts=2.0m |Copper tube: Ac= 2.0 2
f A =40,000 mm? E.= 6% 10° psi
Tl 19 Coam=18Mm
TIT7IT?7TI7TT E =3OC1& .
C = conNCcRETE PoST |CONT. ﬁm ;
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2.5-19 CONT.
Equilibrivm equation

— p B = tensile force in skeel bolt
L]q—-& E mpf¢55|vc force in CDPPGV"
Fe

= ?; %)
‘sbilil'? eq.vaﬂon
8. = shortening of copper tube

I 8¢ = clongation of steel bolt

b

-

—a-a}a §+8s=np ()

Y e

i

Force -displacement velations

P.L - RL
R i T
Solvtion oF egvations

4,5

2.5—20cmrl:]

_iLu S; ﬁlnl:&q*mo{-s\-ed
s F e = Shortening of
pastic cylinder
b+ 8, =np ")
Force -displacement velotions
=L =Pl £a. €e.
5 Eh MR (5.9

Selution of equations
Substitvte (3) and (4) into Eq. (2)3

L Pel
EQ.
EsA¢ T EA, E,A' =np )
Solve simvltoncevsly Egs. (1) and (S)2
B = thEsAsErA?

L(EpAp +2 EsAc)
Stvess in the plastic cylinder
Pe _ 2npEsAcEp

+; 3)and (4) into Eq.(2): Op = =
S"‘;:L*"*‘é L} (St g < o, T AT Lighpt2EA) ©
+ = o) * z = hp (58) Substitute numerical valves:
O 4 (s)= A 2 ()1 2mm) {200 G (36.0 mm?) (7.56Fa)
e Pmom:‘zé?‘ —( z):': ll: K (Z50mm) L(1.56R) (%0 mm*)+2(2006R.)(36.0mn) ]
$¥e ™ C(EAe tEAY 100 = 24.0 MPin <t—
Stvesse s 2.5-21 IPra.s-l-rv.ssaJ Concrete beam
Steel bolk 2 O = -2’-5 = O s G L= |¢n3+h
=24,200psi *— ] O =inthal stress in wires
o =Fe = 241900 =8
© Ac 20md A--\-mAI of steel wires
=12,100 psi  -— A:- ‘:’:ﬁm S*e
= QY'En, A LA
He cVlinder and twe sreel bdts| =30As
L= :i_io v E<=8Ec
= 1s mm . G e -
Ey= 200 GPa ks “shee "3.‘31-.‘2 "
As=36.0n-3-({.w-¢mc bﬂ“") P"-CMFVESSW&'&VE "
Ep=T.5GP | ° Concrete
Ap = A0 mm? Eq,u.hbnuvn equation
n=1 (See Eg.2-22) P (E2-)
cq,uc&uon $

Pg‘-tms;b force inone steel
- p\qsg&:l er.e. n

|  B=28 () ConT.

atibility m 'FU"'-'Q a4
%‘:';ms e

§,= inihal elongation of steel wires

-8L _ oL
EshAg Es WO ;
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2.5 -2\ CoNT, 3.6-_21 Steel vod in +ension

§,=¥inal elongation of steel wires p 1d P

= KL “+— o

E,A; 1 &

Satshor-lven‘ms of concrete P=90kN A:Eqé.

=P L

T EdAe Moximum normal Stvess : Oy =%

-3,= oL _ &L _RL (2 Sa)|Maimm shear stress @ Ty = =L
S S S or m‘ " o ( ) o _zﬁ ZA

Solve Slmulhneauslv Eqs. (1) and (3)3
| A

=P = oo As

|+ EsAs
E.Ac
Stresses
O—S =& = (o e
As |+ BI;
EcA.
P Oo
=_ﬁ. M
TR R T
Substivte numerical valves
E As _ EcA =_4__
=2 LB A TE
Ob =95 ,000psi
aia‘:i_,OTOg&' = 75,000 psi —
113
‘35‘00028( —
O = 20+ 9 2,500 psi—

Oarows = 1IOMPs, Tatew = SOMPa

Becavse Talew is less Han one-half of
Oaltows +he. shear stvess qovevwms.

.Cm ‘-="""— or = 0 kN
Solve for-d: dwin = 33.9 wm a—

2, & "3 I Standard brick in _compression

P A=25in *4.0in. = 10.0 In2

Moximum no Stress:
TR

Maximvm shear stress =
'r-._!i
Tmax T
Cot =3700 psi L= IOSO psi

Becavse Tok is less than one -half of
Ovit , the shear Shvess governs.

tﬂu:‘% ov Pm =2 A Tuit
Pomax = 2.(10.0in2)(1050 psi ) =21,000 ly~a—1}

2.6=4 | Brass_wire_in +en§ion

5.

4
"

2.6~ 1 | Sauare bor in +ension
2,0 In =20m x2.0i
/ p A J_OII. «Y N,

- % =40m2

P Maximum Mormal
2.0, O’,‘g.&

Maximom shear shress I Tmax =%:!= =%.

OAllow = 16,000 psi Tatow = 9,000 psi

Becavse Tomow is am*er than one-half of

Oalows +k¢ normal shvess qoverws,
Pm-.:. = O, A = (16,000 psi (4.0 in>)
= (4,000 b --—

A’-IL- 4 .60 mm'}
A= 20%10°® /oc.  E =100 4Pa Tmzsom
Initial +ensile force: T=138N
Stvess dve to iniHa) tension: Ox =

S*Y'ess dve to
Z 18

'l'o-l-nl sm'as O

AXimium (A XS
Tax =S = L[ § +EA(&T)]

Solve for- Mga;\-m dvop AT :

AT =ZTmu = T/A Tmsx = Taliow
ExX

Substitute numerical valves *

_A_

evature Ox=EX(AT)
DE S&fion&;.bps‘) :

—I-+ E« (AT)

AT= 65.0°C
—
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{2.6-5 | Bmss Wire _in 'h:n:im_

*‘—I— |/|5 in.
A 'n'cl’-
*=10.b * lo”‘/qr = 0.00 306% in?

Inikial +ensile force: T = 321b

Stress dve to intHal tension® Ox ={—
Stress dve +v» fewmperature drop: 0y =Ex (AT)
(See Egq. 2-18 of Sec.hm 2.5)

Total stress * Ox =¢ +E(sT)

{a)Maximum _shear Stress when 'l'emfcr.dvu
dr SO°F

[k
Tmax = Z= = 4[4 +Ect(am)]

SUbSh-hﬂe. numerical vales :
Cmax = 9,120 psi *—
|&) Maximom permissible tempenxdure dvop
it Talow =10,000 psi
Sotve E&S-l) for AT :

AT= Z'Cg;" VA T =T,

(53,.1)

Z';ﬂ_' Tension test
T Zg o Elongat

Shvaiin e=38 - 0.00140in
L

wn $=0.00140 in.

(2w, Fqe length)

2 %, =0.0007T0
Hooke's law : Oy = EE = (30% 10°p51)(0.00070)
= Z.l,OOO psi

(a) Maximom normal Stress
Oy is the maximvm vormal stvecs
Omax = 21,000 psi <4—

{b) Maximum Shear Stress

The maximvm shear stress ison a 45°
plane and equals Ox /2.

'Cw -..:%. = |0,500 PSE‘-—
() Sivess element at 8 =45°
w'sw lO.SoD
\ 8=45" Note :
/ \ All strecses have
10,5¢0 / 10,500 Units of pSi

Loson ;500

'_ jd=1Bmm

P=20kN

—"
-

(a) Maximum normal Stress

20kN

0" = e et .60

w =4 X (g™ IPBO R,
(b)Moximum shear Stress

The. maximvm ghear stress iSona 45° plane

Svbetitube Mumerical values * 2.6-8 v with rigid S s
AT= 60.2.°F <4— 455¢
4 ] AT = 60*C (lacrease)
2.6-6 I Steel bar in tension y Q"‘LE * = 1.5 % 107 /oc.

= [20 GPa
Styecs dve 4o temperatore increase
O EX(ATY  ASee By 2 0l 8)
= 126MPRa (Compression)
imvm Shear Styess
Cmax =-g.2'75= 63 MFPa

Stresses m elements A and B
(AN styesses have units of MPa.)

T;m ""— = 39.3 MPasp—— 126
126 4s°

©) Stress c\emeni- ar 45° i e 63 A_

‘Q 8=45" / '\63
I 39.3@39.3 Al st s&n;;sas have

vnits Pa. \ /
/ ™ / L3 \
39.3 393 63 63
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2.6-5 | Brass wire_in tension

Stress dve +o intal tension® Ox =

Stress dve +» tewmperature drop: 0y =Ex (AT)
(See Egq. 2-18 of Section 2.5)
Total stvess = Ox -‘-3,:- * E K(&T)

2.6-7] Tension rest

| ; y

> d="/16in T T+ E won $=0.00140 in.

A 4 T  A=@d Ay (2. grqe longth)
= = Shnicon 6 =85 — 0.00140in R

xX=10.6 % 10" /oF =0.003068 in2 L Zim. .

E =15 = [0% psi Hooke's law @ Oy = E€ = (30%[0°pgi)(0.00070)

Initial +ensile force: T = 321b = 21,000 psi

(0) Maximom novmal Stvess

Oy is the maximvm vormel strecs
(b) Maximum Shear Stress

The maximvm shear stress ison a 45°

(a)Maximvm shear Stress when Fewmperdv
dr S5O°F

Tmax = FE = 3 [ +Eatam]

Sub stitvte numerical valves :
Ve = q‘I% Ps; -+

J&) Maximum permissible temperature dvop
it Talow =10,000 psi

Solve Eq.{V) for AT :

A= Z'CE—;_ A Tos=Tuses

Sbetitvbe numerical valves *
AT = 60.2°F <4—

(E4.1)

plane and equals Ox/2.

pr = = 10,500 PS.IJ——
c) Stvess element at 6=45°
w.sw ID.SDO
\ 8=45" pNote:
/ \ All strecses have
10,50 / 10,500 Units of pSi
/10.500 10,500
2.6-8]

o v with rigid v s
‘ A

, BA L AT=60°C (acrease)

2.6-6 I Steel bar in tension
1323
F ddtbwnm P, P=20kN

—
—

(a) Maximum normal Stress

- P . _20kN

oy =5 =200 __ =75 com

TR T (1w SN

Oy = 78.6 MPa €—

(b)Moximum shear Stress

The. maximvm shear stress iSona 45° P\qnc.
and eq,uals Ox/2..

T max =%§ = 39.23 MPaap—

) Sh cl;nan atr 45°
3 .3
0=45"
R A
33 39.3 Al si-mo:‘i:scs have
its MPa
/ \ Ung
39.3 393

;—@L’ A = 11.5* 107% /oc.
E =120 64GPa
Styecs dve v temperatvre increase
Ox = Ect (AT) (See Eg.2-18 of
* Eq'sec*ion 2.8)
= 126 MPa (Compression)
imvm Shear Stress
Tmax =-_‘12'_rs= 632 Mfa

Stresses on elements A and B
(ANl stresses have units of MPa.)

iord B Pl & A‘_“'
03
A
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2.6 I} | Plastic bar between ﬁtLd supports|Z

2.6-12 CONT.]

Temperahne wmersose

EP ge X =60%107/*F E =450 =lo%a

o, ~ AT=10°F ~68°F =92°F
Nornlal stress Oy in the bar
= ~EX(AT) (See Eg,.2-18 W
Section 2.5)
Ox= - (450 %10?ps1) (6D x 1676 /*F)(92°F)
= —=2484 psi (Compre ssion)
Angle O to_plane pq,
Op=0y 0S*0  For plane p9,: 0p=~1700psi

The.re.{!ore —1700 psi = (2484 ps:Ncos*0)
cos*d = 1‘122&‘ = 0.6844
-2484 psi

(a) Maximum pevmissible temperature
rise AT

0'. = o-x CDsze

-60 NPa, = 0% (cas 55°)*
Ox=-182.4 MPa
Te=~0x Sinb cosb

3o0Mf = ~0Ox (Sin 55°Xcwos 55°)
ox= —£3.85 H?q

Shear gtress evns, Ox=-63.8 SHPa
Due to temperatvre increase AT 3

Ox =~E (AT) (See Eq. 2-1% in
Section 2.5)

~63.85 MPa = ~(1204R) (17%107%/¢.) (AT)
AT = 3.3°C -—
(b) Stresses on _plane pq,

(0s0=0.8273 6=3%4.18°

(o) Shear giress on plane Pq,

To=~Ox SO cos®

=~ (- 2484 psi Xsin 24.18°) (cos 24.18%)

= 1150 psi (Covnter clockwise) @¢—
(b)Stre se e-iemen-i- oriented to plane pg

Ox=-63.85 MPq
= Oy cos>H =(-63.85 M) (¢cos 55°)7
=-21,0 MPa (Compression) -—

Te= -0y SIn € cosd
==(=6£3.85 MR )(sin 55°)(cas 55°)

= 30.0 MPa (Courter clockwise) —

b=24.18° 0'6—-|700Ps Te=Il50psi

0= 24.18°+ 90°* = 124.18°

Op =0y Cos*0 = (- 2484 psidces 124.18°)*
= =784 psi

Te= ~Ox Sind cosd
==(~2484 psiXsin 124.18°)(cos 124.18°)

6"|3| Bmss bar in rension
9 540 A= 36°
- /% 6= P 6 %0 ol = 549
| P=4500 1
A= Td’ m{‘-

Stress Ox based vpon allowahle stresses in

Albwable stresses on p!amc
Oatew = 60 MPa (.Comprcssmn)

Tallow = 30 MPa (Shear)

= -HSO psi
the brass
1700:: je =34.,18° Tensile stress (6=0°): Catow =13,000 psi
\ =13,000 psi O}
moo (Al strecses have Shear Shvess (02464 Tupni e 7,000 po
units of psi) "t,’m-:-._lu_
Gl.=2mn
=1,000psi  (2)
2.6-12] Copper bar beMcen.:;:q;d svpports < 0= based vpon dlowsble Sivesses
Fﬁe: abiAe it on the brazed lowﬂ: (8=54°)
1 < ; E=1204Pq . Cudons = 60O psi (tension)
q>  Plane pg’ 8=55 Valow =000 psi  (Shear)

Tensile Stvess: Op = Ox 0520
= Odllow —_6000 psi
cos*B  (Cos54%)?

[CONT.

=17,30psi (3) [CONT
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[Ze-12 con]

Shear stress : To = =0y Sind cosd
- ® — 3,000 psi

Ox ‘Im—-ﬁ"ﬂl ~ Toin 54?) (cos 54°)

=b,310 psi

Allowable shess

Compare (1},(2),(3), and (4).

Shear stress on'the "orazed joint goverms,

(4)

Z.6-14 CONT]
Note : I & is between 10%and 33.3%,
|Tel< 2. 25 Mpa.
IF & is between 33.3%°and 40°,
|l >2.25 M.
() Whot is A if Te=20s T
Numerical valves only 2
]‘U.\-.-_c;‘smame [o*.\:a*,cosi-e

TVallow = ~Ox SINBCOS B

The shear stress on the jont has
Negative sigh. Tts vivmerical valve
can o+ exceed Taow= 2.25 Mia,

Therefore,
-2.25MPa = — (49N (s1nB Y(cosO)
or Snb cos® = 0.4592

From trigonometry @ Sind cos& =1 sin2e
: SinZe = 2(0.4592) =0.9184
120 =066.69° or LI13.3)"
0 =33.34" or 56.66°
A=9"~-8 A=56.66" or 33,34°

Since A& must he between 10° and 40°
We sSeled A=33.3° g—

Solving

Ox = 6310 psi
Diameter op§- bar" | %’:‘ =2 s‘?:’:;"‘“gﬁg - i";‘:‘“;e )
=£, G lb F— - \ = an =
A s % =030~ 6=63.43° X =90°-6
3 -
A= %1 d* 2%&- dm‘in="-.i-f-i:: Note : For X =26.6° and 6 =63. 4° we
B find 05 =0.98 MPa and 17.— -1.%149«.
h “Ts
%_Lﬂ]'l’wo beards joined by a scarf s, I'a-':l =2 s requi
.IOlni
p ¥ o . . |2.6-I5]Bar in unioxial Stress
I lO < = é.'P‘qO I (,OOOP;‘
X Dve 1-o load P
= 4.9 MPa lzowp«
(o) Stresses on joint when A=20°" T_
6=90°—~ ax =70° n ‘/\ (a)Angle © and Shear
Ob = Ox Cos*6 =(4.9MPa) (cos 7)™ N Stress To_
=0.57 NPo, - Os =0, COs%D
Te = ~Ox SinO cos6 0% = |2, 000 psi .
= (-4.9 HA) (sin70°)(cos TO") Ou=Ce__12,000ps )
= -\ 56 MPa -4 °
g _ Plavie at angle 8 +90
(b) Largest angle & if Tallow =2.25 Mfa e = G [t To a0 i [ o T

=0Ox Sin?e

Opraor = &,000psi

Oy = Jorser — 6,000 psi
sinte sinze

Ecvx:d-c. () and (2)4
12,000 psi _ &, 000ps:i
cos:9 Sin*8
tan*0=% +anb =7l5- 6=35.26"+—
From Eq. () or (2)2
Ox = 18,000 psi
,t'p?- -~0Ox 3‘“9“9
= (-18,000psi) (sin 35.26") (cos 35.26°)

(2)

CON'T.

= —8,485 ps| r—
3 [CONT
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1 Z.6- @4'[21
Minos sign means Hat Te acts clock- zz.
Wise on the plane for which 6=35.26°

61.5
\6' ‘\ (Al stresses have
IZOOD 5 =35.26° / vnits of MPa)

615

8,485
\ (All stresses u i
5455 MVC und‘s of | 2.6"'” ] Bar_in tension
IZOOO P P 0'. o‘x mle
"'°°° -—-r ]—> Plane pa
(b) Maximum normal and shear stress \\ 0,=8220 IM 0:8,
Omose = O = 18,000 psi «— 4 S  Oi=0xcws?e, (V)
’C =YX = T Plane rs : 02 =329 psi O=B‘+p=o|+3a'
o 2 9 000 PG\ a;_-: Ox tos>(8, +30°) (2)
b 16| Bar in w:ooua.l ﬁ-o.,,,(_nw(z}: Oy = C’i‘:L iR O-Ei
=8| MPa Te= -27 HPG\ Cos*9, Cos (::"'_3:2)

I_nc.lmed plane_a le ﬁm"" (3):
Os =0y COS*6 \ [————wse' oo
8L MPa = 0y Cos*0 — ZWa tos (68,4307 O,
_ 8iMPa 0 or 058,
= Cosr6 cas(a.'w;‘E "J e (=A8807
To=—0 Sinb coc b ~ZTMR=~0x SnB (s | ¢ 0 by iteration or vse & computev
= 2TMPa __  (3) program i

Ox

SO CosO 6= 25.02.°
Equate (1) and (2) % From (1) or (2)2 0% =16,000 psi
8| MPa, o 127 MPa Opax =0x = 10,000 psi
cos*e Sind cos8 Twax = —i& = 5,000 psi 4—r
~21_ 1\ - o
o tanbaZi=r  O=1843 Z.6-18 | Bar in fension With gived joint
From (1) or (2)% 0% =90.0 MPa (tension) p A0 o 25°<0<45°
Stvess element at ©=30 - Z X - (A0
0o =0y COS26 =(90 MPa) (cos 30°) % =CT.5HR T
To = -0 S8 o8 =(~90.0MPa) (s 30° (Lot 307) Otows = 1S HPa 7).,.. glved
=-29.0 MPa Tallon = IMPa ) joinrt:

Allowable Stress Oy i tension

Op =0Oxcos © Ox i i 7 Q)

Plane at 8= 3c° +90° =12.0°
Op= (90 MB ) (cos 120°)* = 22.5 MPa,
1Cs = (—oMPa)(sin 12.0°)(ceos 120°) = 39,0 MPa

Te = -0%SIn0 c0sd
Since the direction of Te is immaterial |
We can write : | To|=0x Siné ¢osd

l Tel = q'“PAa;s& (2)
Sind Cosh Sing CONT

or 0’;'—'

el



2.6-18 CONT. |
Graph of Eqs. (1) and (2)

Eq. )|

I5* % 450 & 1" ©°

(a) Deteyrmine angle & for lavgest load
Point A gives the lavgest valve of Ox
qﬁﬂd hence

natee Corresp omimg point A,
we equatre Eqgs. (1)ant (2).

ISMPA _ 9 MPa
COL2B ~ Sinbd CosB
hn&r-%:% 6 =20.96" @—

(b) Determme +he maxivwm lcad
From Eq,. ) or Ec',. (2):

Oo= SHPa _ 9HPa
X o528  SwmbB cosb

=20.4 MPa

the largest load. To determine

2.7-| CONT. |

U=

E= IS"‘lD"psi
S((:OOOIL-;)"(Z‘Q in.}

da= 1.5 n.

4T (IS* 10° psi) (1.5in.)2
=10.Z in.~lb =

R

|2.7-2 | Three - stovry column

A

L

Ve

H

Lo

L

TITITTT

=1

Ty

H=3m
# A=T500mm* P=
-Pa- 200kN
1 To find +he stram enevgy of
H the column, add the stram

of the three
Seﬂms (see Eg. 2-4D).

NEL: _ H 2
U= 21‘57; zu%.”

ies

=A ALP‘ +(P+P Y+ (R+ P+ P)* ]+
Substitvte numerical valves =

E= 200G,

H_ -

3m

U=7€1.5 N'm = 188 J

2 (200 GPa)( 1500 mmZ)
2—,“;*= (150 N)™ + (450kN)™ + (750 kn) ™
= 787.5 *I10? N>

H % 2 -9
Uzoem é.“‘ = (Ixlo

%)(787.5 0" N%)

160 kN

Sido '™
Mu

Prax =0x A = (20.4 MPa) (900 mm?) —
=18.4 kN —-— 2.7-3 | Stvam -enevay densities fov
2.7-1 | Bar with two Seqwents Spe J of |Proportional
24 4 Material  [Weldht (lofin3) Elacticdy (i} |Limeid- (psi)
P P Mid Steel | 0284 30,000 | 36,000
- . Iy ool Steel (0,284 30,000  |l20,000
I | I lomivum  |0.0984 10,500 50,000
Y ' k2 vicber (sof+)| 0.0405 0.300 200
(a) Strain_eneray of the bar Stvain_eneray pev- unit volume
Add the s-i-mm nevaies of the -hvo P 5
s.eﬂmerd-s v (see Eq.2-40). U‘?_E.A Volume V=AL /;:%-:;_.
v=SNLL_ _ P"(‘-!:.‘h l ] At the .
prbpor‘hmal imit S
i=1 ZEA, [T‘.Lu,n 2@ M= g = wodvlus of vesistance
- P L z
£lantd) =tesr + |ae-gh (5.1)
(b) Sdbshl—_ufg numerical valves %
P=t000ob L=24%n.
[CONT. [CONT.
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2.7-3 CONT. |
Stvain eneray per it weig‘_ki'

2.7-5 CONT.
¢c) Forces Pand & act simvitancovsly
Seqment BC ¢ Ugo= P (L/2) - PAL

=E—L- _wei3h+ wW=YXAL ZEA 4EA
. = (Pra)¥{ !
U ot gt Seqment AB 2 Uy 2;1 2)
W 2¥E  2XE =PL ,PaL  a%*
At the proporhonn\ limit 2 4EA 2EA  4EA
- “ P
A= fhy &“E Eq.(2) |U=PeetUre™ FLo.Bab QL o
(E3.0) TN (Note +hat Uis not equal > Uy +U,)
= (psi) A (in. Z.7-© | Truss svbjected +o aload P
Mild gheel 22 76 2
2ol Steel 240 345 B o_F, - 8
fom inum 19 1210 et 2|\ %
|[Rubloer (sof+)| 67 1650 A APEAc PN
I
2.7-4 | Bar with three loads bt ¥ 5 <
3P 2P P= 21 kN Lpe=Lyg = 2=
—-'B - c'._ o ?' L=l.5m e 55_
<k .
"Tha "Lq{ th A=tgzwmr |ospriin=d SmpEg=E
E=200 Gfa
" - Toint+ B 6 £Fien =0 T+ l_
a=2P Ng=-P No=P B.
@) Stvain energy of the bar (Eq.2-40) p B —Fug SinB *Fp. SNB=0
F Fac =
I =43 &ap o AB Fas = F
e éTLEJk"z 7ok LEP P2+ (2] 4 =0 * o 5
= PIL hoviz
SE.A «* -Fae casﬁ Fae cosp +P =0
(b) ubsh-hrlt numerical valves 3 P - _ 5P
~ (200 GW) (882 wed) ™ (a) Stvan enerﬁ_o# +yuss (Eq,. 2-40)
=3.75J «— NE L 2 25
U= 2—L~— =27 L (5P L= ML
2.7-5] Bar with two loads REARS Xl o iy
3 [
i — - (b) Horizont-al disgacement of joint B
'y 3 e (Eq.-2-42)
fe iz 2U _ 2.125 P'L
- - 2 125PLy _ 125 PL
@) Force P id's alone (Q=0) SB (1“, E.A) 108 EA
U,= :Ek < 2.1-T | Truss with twe loads
(b) Force @ acts alone (P=0) i
U,= 02 (u2) _ &L Fa= 3200k
2EA aer. @ Lac=T5in.
CONT. CONT.




ag =V (40 )*+ (15 in.)* = B5 in.

Eorggs in the bars ( from eyu-l.brm of
Joint B)

U= "Z'Lﬁ\[(pggjz]-as + (&)‘Lu]

2.7-7 CONT | 2.7-8 CONT. |
A=2.50in2 Strain energy ot the Springs equals Sk§*
E‘ZQ*IO‘Psi "'“—lz-sﬂ 5k§* and 8=l—o-‘-‘ -

Bar| R aome| P, alme| Bad B "ks"-.-wa —
AB 0 +800lb | +6800k k) Numerical valves
BC | +1600Mb [-6000b | —44001 W=400N Kk=5.0 Njmm
(anoad P acks olone U=5k§* = SK(“' "=—-‘;LE=I.6N-M=I-6J
Y= ?..EA Z.(Z“}*Eb'psul(l 50 in2) =7o% =
= 192 %16 lo>=in. L F= 350 = 120N 4—
145 %i0¢ b = .32 m.-lb €¢— £ o B GON
(b) Lood P, achs alone * " "Zo
Fa=-5 = 40N <—

(c) Fortes in the nqs
R=3k§=3W F,=|5ki=S% «—

Note : W=2F +2F, +F, =400N (Check)

= 55 [(Leco M 2(B5 in) +(~b000k) (15in)] [——

= _ﬁ‘é:.:b:mlz b™-in — 457 in-lba—

©)Loods P and P, act simultancously
U=728x [(Fia)"Las + (Fec) " Lac ]

3 _{b "bl)'x
M g ot
°‘* &, ® A=t bix)

2.7-9 | Tapered bor of rectangular Cross
section_

S =down ward dasphc.emen*\' of r.aud bar

For a Springs )= %_ Eq,. (2-38b)

(@) Stram energy U of all sprims

U= 2(__5_) + Z(ﬁﬁ) 1‘-‘15-'5&31

(b) Displacement §

Work dore by the weight W e,quads
CONT.

= ZEx [(6800W)* (85 in.) +{-4400%)*(15in.)] =t [b, - backudx]
_ 5382.4 %I0F B in. = 37y 4 -t @—|(A)Strain eneray of the bar
145 10¢ 1b U___Smwl“dx (Es.2-41)
Note: Stvain ehnergy Uis not equal to 2E A 4
U +U, =t 0 )
2°1- Rl%'d bar SUPPO("‘EA b’ sSprims o 2Ex bb':l 2Et obi_ (bz'bl)-z
k= 3k From Appendix. C 3 SA‘#— =+ ln (a+bx)
ke = 1.5k Appky +hus m’mamhon {»’ormu\a +o Eg,.()2
1 2 =t (by-kn) X
ky= Kk U= ZE-!: -(—ﬂ—_b‘){__ b, - kL_]]

=~ P

Zex Ty b~ Ty b ba |
~ P*L

_C_—]ZEt = La_‘h P

(b Elonanon of +he bar (Eq.2-42)
zv

4



R =2 (5P%) = 2135410 N/m)(1-0ram)

P, =270 kN =+—

(b Displacement- § for P=400kN

Smce P>P all +hree bars are

Lovmpr esced, T'he force Pequals B, plus

the Mithm\ force V'e.c‘,mrul to Compress
three bars by the amovwt §-s.

P=P+ 3(-5—*] (§-9)

or 400kN =270 kN +3(135 =10* M) (- 0.001.)]

Sotving , we get 8= 1.321 mm -—

©) Strain _energy U for P= 400K
2EAS‘ Outer bars: §=1.321mm

2L Middle bar: §=1.321mm =S
=0.32] mm

[2(1.321 ww)® +(0.32.1 W)™ ]

>

B

Z.L
= 3 (135 #10° N/m) (3,593 wm?)
243 N'm = 243 J 4—
(d) Stvain enevay U s not eq, to %
B - 1(4001&)(1.3':& wm) = 264 N-m
(Th s lﬂ;“’ reater -vanui-ke. S‘hfa.m
energy U. o b'; " ene O;? is

He work P Whlbk ls

Z.-f"iOI Thvee bars iu_c_gnmss'lon 2.7-11 I lock pvshed three
P zmgs
J_s"-'l.onn L=1.0wm —-, SI-—
R - "'-. For each bar: p_ B kf Force b umdh-»
L :,[,_ B A= 3000 mm %) clos;. +-Ine 3°'P
PYTIIIITIITITTT EE--A= 4'5 GPa I x o = (\]
= 135 % 10° Ny, Fovce -displacement relation before qap
(a) Load P, r‘eq,uwz,d to_cloge the qap 15 closed
In general, §=E and p=EAL P=k,X (0&x45$)(04P4F) (2)
Force - displacement a i
For +wo bars ,we oldi'mn s closed
All Hhree Sprimgs are compmssed Total

stiffness egquals K+ 2k, . Additional
displacement equa.!s X-S. Force Peguals
P plus +he force veguived to compress

all three Springs by the amount ¥~ S.

P =P+ (k,+ 2K;) (x~S)
- IL,S “'(K."‘ZK;)X -kls "'?-k-:.s

P=(k, +2k,) X — 2k,S (2)

Xzs);(P2R)
(a) Force - dfs?lm:.e ment diaqram

Force P
P

P=force P when %=2$
Subskdvte x= 25 wito Eq.(3):
R =2k, +ky)s
(b) Stvain_energy Uy when X=2S
U,=Area below force -displacement curve
= 1+ I—_—l

=Lps +Rs+L(P-R)S=RS*+LRs

=k, s*+ (k+ k)s*

Ui= (2K, 4k, ) §* (5)

) Strain_enevay Uy is ot esal 105 where §aas

(4)

4+v the area below the (oul-
di c.emen‘l- curve., However, that area
equa.l to P&/2. becavse "H\e. load -

Load P
(kW)

For §=25* -ES:" ,_?.(zs)=Pé-2(n.+kasz
(This q,mn'l'rh’ is 3reo&er than U,.)

The stvain €nevgy i equal to -l'he Work
done by the force Pwhnoh is e ual+o
aren below the force -dis meld' curve.,
However ,that area 1 NOT uo.l-l-o P8/2.

becavse an Lree - d:sphcﬂm cuwe is

lacement- not lmem"




2. 7-12] Bynqec cord svbjected to o lood P |
Dmens-ons before +’ne load P is o.ppl-ed

b= 330 mm
> C Bunsee cord :
= 140 N/m
8 L.s'rso-m:!
From +riamgle ACD:
d'- ‘L."-b“’ = 329,09 mm ()]
Dimensionsg ﬂfﬁr the load P w&“ed

let %= distance CD

Let L= stretched ke
C P b of bv e.ﬁeeard

From triangle ACD:
LB+ @
L.=J b* + 4%* (3)

ilibrivm a+ point C
e+ F' tensile '&wce n bunﬁec Cord

P/2
F Lif?.
2% J (g; 4)
+

3 F’(IXL')(K)
&|0nao:hoh of the entire bvnsee cord

b pS

=

3

2.7-12 CONT]

Solve for % (Use trial wervor or a compvter
programie X=497. 88mm

(a) Strain emerqg U of +he bumagee cord

U= lcs’- = l4oN/m  P=80OMN
From E.q'.(,S):SSIPE ‘l+ﬁ.1-=?.~05.3l wmn

U=3 (140 N/m) (305.81mm)>=6.55 K- m

U=(.55] €+
(b) Displacement §, of point C
§c=X~d = 497.88mm = 329.09 mm= 168 Bmm

(c U wih

am
e/ 2

ri
quants

U=6.553J
Fle = 4 (80N)UIc8.Bmm) =6.75

The +wo Quantities are not the Same . The
work done He load P is NoT equal o
PSc/2 becavse the load-displacement
relation (see below) 1s non-linear when thd
displacements are large . (The work. done
by the load P iS equal to +he strain
because the bonﬂec. cord behaves

ehd-?cat\y and theve ave vo eveny losses.)

P Large bl&ﬂﬂcemcn'l's
/ == Small Dis?hr.enmw!-s
8

on of bungee cord

3""‘- =gl 2 (5)
Final [enai'h o{' bunge.e cord = m@m\ length
L.ﬁLo*S =L, + ’h-%z (6)
Oomhine Eq,s () and (3) 2
Li=Llot J |+—b—.; = [b*+4x>
o L| L, W "‘j
L= (1'4'%”5:*- 4x*

This equation an be Solved for X.
Substitute numerical valves into Eq.(7):

N

Q
2.8-1 | Collar falling ontv a { lange.
— W= loo “7 E’-.?;D'IIO‘ ptt

q -
—4— h=40m L=6c0f+ A=05n>?
W[ ; . (a ward es of
' "‘ WL = 500048
an?é L Sst n.

Eq.(2-5%) : 3_,,_.3“ Llf(li.;_et)h]

=0.0624 in, *—
(b)Max:mum tensile shvess

(c)lmpl\d- factor

o ©@OM) ) =

= 142. = 0.0624in.
Te0 =(1- Z:251) [Wgd00 + 4K (9 '—Q'—_—o.ogo tin
Unitsa¥ s in millimeters @NT. = ]2,0 €=

e



2-8-2 ] Collar falling onte 2 flonge 28-S CONT]

M=70kq W=Mg=(Tokg){3.8 "/}

=6%6.TN
h=50mm L=L2Zm A=480mm*
E=206 G

3

h
Pl

Eq,.(2-53): 5m=§,¢[|+(l+2ﬁ)v‘]

(b)Maximum tensile shess

&g“% =0.008324 mim

(0) bownward displacement of flarged(b) Impact factor ; o
max — | in

(a) Maximum Shoﬂ-enihg ﬁ +he §E‘ﬂ%

=W = 4.0% _ 5 0650 in.
7% T Bolb/imn,

Eq, - (2-53) e =8 [1401 +%§)"’1]=|.som

A2-61) = = 1. -
Eq- {2-61)% lmpact factor = S22 = oC et
=20 —

= 0.92] mm 44—

Eq- (2-55)3 Opp = B2, = |50 MpL 4—

5
() Impack factor g .
Eq- (2-61)7 Impact facter = RE o%
=l *—

2..5-6 | Rubber boll aftached +v o podde
%-"9\ s E=2. O MPa

A=lLewm* L, =300 mm
L|= 1.0m W= 200 mh

When the ball |esves Hhe peddle

When the vvbber Cord is {-‘u_*g Stretched @

LB-§| Collar falling onto o flange

w

(—b

jl‘:—» W=115b h=20in. L=10{

EEL 8*"%" D0.001364 in.
Flange  Eq.(2-53)% § =5l 1#( H-&)"‘

A=0.55 in2 E= 28,000 ksi

L (o) hownword d%n\aﬂ' of ﬁqg

=0.235 jn,

(b)Maximum tensile Stregs
Eq,.(2-55): o; —EE =54.8 ksi +—

(<) Impack factor S ndEe

E4,. (2-61) s bmpact fackor = 3= S

=|72 -

- 5
u= EQS =B8R (1 1,)*

Conservation ener
N
KE =U % :-Et—. (L,-Lo]'z'
A

V"=%(L.-L.)" V(L) J Ao -
Svostitvbe numerical values =

Y= 700 mm .21 Ys2) (2 OMPa)(l.6Emm™)

(300 mN) (300mm)
=13 "Ys <4—

_&'TI Weight falling on o Woed pole

W 4500 b d=1Z .
w i =188 =216 in.

d 3
LT |L A=-"-"i= 11310 in2

[2-8-4] Block

W22

b) im

L__L
Oy o g ur = e = B0

Block dropping onto o Spring
W=20N h=440mm ¥=]0.0KNjy

Lﬁmwm Oullows =2.500 s’

Sst %" zou =2.,0 mm
{2-53): S*[“_(“_%h)ﬁ.]

-4'4 O mm e
facror

= 22 4—

i

e “

E=1.5 %10° psi

Find Nax

Stotic ghvess

w _ 4500l g .
Ot T =Ti3.00mr 29.79 pst

Maximum height h may
Eq, (2-59)2 c"..,‘-o;;[u(lhl—"—) ]

O"""*‘ l—(l 2hE "+

2.8-5
w 7/#

E”T

| Block dropping onto o Spri
722 L W=40 h=2in k=20%]in

LOst
‘Sq,mre both ssde:and Sobe for he

M= My = .zﬁ_“(“:'—z) P —

CONT. CONT.

&1



T.

Substitute wuwmerical valves :
Omax. = Oglioe = 2500 psi

hm 109 in. —

2.8-1o CE.'
Kinetic eneryy before \mpact
KE = Mvz _Wv?

29

Stvain enevyy when Spring is Compressed 4o the

I Slider droppmq onto a restyainer

Moximum_dllowable awtount

— W=Mg= (mgnw'vsx) 392.4N

A =40.0 mn> E =130 4Pa
‘ELL

h=1100mm  Cilew= = 500MR
1 Find minimum \ensl'k ks

Static stvess

Oz = W_ 392.4M

K 40.0 mm2 =§-al oo

Minimum lewath Luin
Eq,.(2-59) 5 Oay =G [Ir (- Lc,_w) 1
O  Owex _, _ (1, ZhE V2
Ost ' (‘+ Lo
both Sides and solve for L=

— 1EWCx
min T = e
L=bmin = 5, (Orer ~2030)

Substitvte numevical valves ©
Lnin =Tm e-—

U.-. ks A 5 kdz

3 2
Conservation of energy y
- Wy kd* 2 _ kad
KE=U -fﬁ == vVe= E&’_

Substitte numerical valves +

Vaxy = 5.19 wig 4—

2.8 =11 Rumper for & wmine car
" K=looo¥im. W=3100
V= 5mph =8% n./sec

= 32.2fftec> = 3864 o

Find the shortening Smax of the spring.

Kwmetic emevay lust bc?otz wpact
K-E. - My?2 "w V"

N S

Strain_enerqy whcu spring is foly compressed

U_f'mL

-~

.2 8-9 | Slider dvoppimg onto & veghmiver

—5 W=100lb A=0.065 m.*>
EL

Y E=20%10°si h=45 in.
O—alowl = o_m =70 ksi
L Find minimum lena'ﬁt L i

(onservation of evergy

KE=L WY k8%ey

2
Sn!ve ‘FO" gmw :

Sox =

Wv

Ky

SW shvess Whstitvte numerical valves
=W = : - | (3rcok) (8 in.fsec)*
el Wl iy Yoo =\ Tio00 W/in) (5544 Wfoec®)
Minimum lenath Lwmin e oy
e = i S B M‘"’ e
* e (g v- W=Hg = (50Kg)(9.81)
Squave both sides and solve for Lt 3 ';. "' =490.5 N
=L =2Enos é EA=2.1 kN
Wit = et (D 205%) Height: h= 60m
Svbshtvte numerical valves 3 anmm c=10™
Lmu\ =59 n. M L o,‘.-}-he coxd.
2-8-10 | Bumping post for availway car |pf = Pmmal a\erqz of the |
1 K[ k=61 Ml W= 410 w’:'l‘ji? i i
% . = mayt
g B = oo SSPACIE | e Stvam cnergy of cord a lovest position
4= = 460 mm = EAb o
Find Vox CONT. [ConTT.
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8- 1%1;]
Consevvahion OF enevay
PE.=U w(us...,.)—E—"-'-‘ﬁ-
or Lo = 2R Sme —F:k— i

Solvc.fwsm;
WL, [ (Wh)a gy (3]%
—‘—‘E;Lu(w%ﬁ)"‘]

Vertical height

h o= c+L+Sm

h-c=L+¥% [l&-(\q—’-E'A)'h']

Solve -ForL' s
lq—&[h(“zﬂ}y"]

Svbstitute nomerical valves *
L=25.6wm +—

S =

Ls""ﬁl Falling bar AR

Rigid bar:
W=Mg= (Loka) (9.8 "sa)
=9.8\N

AL “lg |5 L=0.5m
P T Nylon cord®
l L W A= 30 mm2
b= 0.25m
E= 2.\ Gfa
Find wmaximom Stress O . i covd BC.

Geometry of bar AB and covd BC

=% =b

rn AR = |¢_

h=height of Cewrev- of qravi
E‘. el Sy ol
r.s_"" D = elongation of cord

feof

From 'I'Yia.nstc ABC : Sinb =JEEiTL.r

2.8-13 | Weiget Laling ofF o wal
() impact Factor

m W =Weight
"%L wex = elondation o
o bt o

Letx PE.= ni-uxl eneﬂ‘]of-

(with respect

P.E. = W(L+8ax)

Let U=strain eneryy
2L

Conservation of enevgy g
PE. =U  W(LtSam) = ERio

or Sﬂ:x "ZWLSm 1&=0
Solve forﬁ..,c-

Qo= Ek‘*ﬂ"k‘) +2L(-Ek—)
Impact foctor = Smax = |4

() Evalvate +he mp«d ffador

The weigkt W oduoe.s A shatic elum.h‘on
equal +?:+ Yool of the onanm.\ 3+h

8=WL
stTTEAT

'—'wL = L' \ ﬁ.‘r—
S EA 6 O EA ""d
lmpad' #u.d'w = li-,h«r- 2(£0) =12

mso{ Elaghic cord:EAL

fhe. lmi' point)
of cord at lowest position

-+

0.._..1—__._
el =

From line AD: smze:% =._2E'._
From AppendixC: Sin 28 =2 5inbCosb

N Zﬁﬁ—'ff)(zw)" vy

bﬂ-.',Lf.
and =B B3, (1)

(onsevvation of energy
P.E. = potential. enevgy of raised bar AD

=W (h+ Suax)
U=strain energy of Mchedsczo"& ‘E"&%‘&
PE.=U W(hriz) = EAS Eq.(2)
Ooeax b

For +he covd: §pus =
Svbstitvte imto Eg,.(2) and rearvange. :

Ond =% Orax — ZYME =0 Eq-(3)
Sbstitute from Eg. (1) b E4.(3):

2ZWLZE
U-m 'TOm - ‘lb"'ﬂ- =0 Ei’ (4)
Solve. for Owmax®

O-M-"“[.l*'Jl —QL(-E"AC’T] e

O | Substitvte numerical valveg :
Tmox = 33.3 MPa —

&1




. ot s .

fmt—& 'm" 3.00 ksi
dfo= "3
(&) Srepped bar with Shovlder fillets

2.10-1 | Flat bars in tension 2.10-3 | Flat bar in tension
S R=RAPWS £ =+hickness
P P P k f ¢ LB} 1 P o Ou=ollowoble tensile
1 bl LI, <—1lp Olt " Stvess
Fivd Paax
ol Find K from 12'._3, 2-64
P=3.0k  +£=0.2Sin Prax = Onom Ct = To2x ct = 22 (b-dit =2 bt (1)
; K K b
{a) Bar with circvlar hole (b=§ ».) Becavse O, b, and t are Comshants, we Write :
n K iq. 2-6 = Puuut._
T L e < =5 N
¢ . ﬁ'a%“ {Slf;l’;-miw} = 2.40 ksi O 13.001 0.333 |88 dIb increages., mmf-m,
' 0.1 | 273 ] 0.320 |[Hhe maximum load occors
Ao=Ye K22.60 Cou=Kln 6.2k 10.2]2.50] 0,320 [when the hole Decones Very
For d= 2w+ C=b-d=4 m. 0-3]2.35| 0.298 {Small.
04(2.24 | 0.268 |(dpy—0 Xk K—»3)

K..‘bl.31 Coan =k.0‘....-"$é B kEi dhpm

pm=d‘ bt

Z2.10-4 | Ramd brass bar with vpset ends

—

b=4.01. (=2.Sin 5 Obtin K from Fig.2-44] P d=lbmm |4h=20mm o E=1006Fa
Gy = = 20k =4 E - — e §= 012w
wn B CE T BSinYoasny - oo ks =il i L, = 0.l
For R=0.25m.: R/c=0.] DYl =160 ¥ By 7 i ™y by 0.3m
K22.30 Owarx=KOpu % 11.0 ksi = R= radivs of fillets = _zai_ZQ_ZS ~20mm = B mm
For R= 05 in t R=02 ble=le0 SsZ(-%l-) & P
K2Z!|.8T Cuan™ Klnom £9.0 ksi 4— oy 'er‘P‘ E-ﬁ‘: Ak
2.10-2 | Flat bars in tension e * PRI AL
/_Rz RAPWS liico Fia.2-65 fov the shvegs - concentration
— o =P o iEA o SE -aSE
e (Lopkeel [ dLle [ R N L AT Y
3 sif g | Substitvie nomerical valves:
£ O = {012 m=l100 GF1) = 29,68 MfA
P=2.5kN £=25.0mm 2(0:tm) (32)° +0.3m
() Bar with civevlar hole (b= bOwm) R _ 3mm _ 415
Dbtain K from Fig. 2-63 BT owm

Fov El‘-émmS R.fc.uo.‘s bfc. =} £
KZ2.00 Oy =KOmw = 25MPa *+—
For R=10mm: R/c.=0.25 bl =15

KBTS Oy =KOpe = 22MF, 4—

For 4= 1Zmm : C=b-d=48mm Use the daghed corve in Fig.2-65. K= Lb
2.5 kN & - {1, - T 46 WP
U‘ma£ s (v or S 10.42. MPa, Cwox. = K Orow % {1.6)(28.68 MPa) T 46 M
dlb=Ys KZ2.50 Cuax=KOpg= 26MP ¢— 2.10-5] Rownd bar with Upset cnes
- P . =l Aw. 14,240 i E=25%0%psi
For d=20mm3 C h::—d 40w P P s=0 g
P LT1 i e
Al 243 K% 2.31 Ciaay =K O 2 294 @ g L,=5m.
. " Z
sto_, é":'qn “‘:"‘0, F",'f"'fi" ‘P‘%‘:*_“ Revadivs of fifets R=bAn=LOin=02n
Do = =I-L5—k='-"-—rzlz.sou?¢. PLay Py .0 JSEA
pe 'E-% A0} (5 wrn 3*-1(5&) Y Eh Sotve for Pi P LA LA,

Use Fig.2-65 for the Stress-(oncevivat-ivn

:-“df%_ EA = °E z 21,185
oA ZRAR, L (A, Gy,
A CONT.

e




Prismatic bar: F=0¢ A, O't('%-)
= (BOMA) () (20mm) = 25.1 kM

2.10-5 CONT.] 2.10-7 CONT.
Substitute numerical valves * dlm}| 46 | K P /bt 0
G = (0.0040 in-}(28 x W0O6psi) _ ; 0.3 3125 | 2.66 0.329

e 2 (6m.) (5" + 20in, A0S g 0.4 [ 0.7 | 2.57 0.324
R _02im _o, gf, g-lob 2.49 0.318

= =0 L1500 | 2.4 :

E 1.0 in. 07 0.292 2‘5!' g :.I,l,
Use the dashed curve in Fiq2-65. K=1.53 ey
Omax = KOpow ¥ (1.58)(3984 psi) T 6100 pei *+— ) Boagsed upon hole
2.10-6 Iﬁ'iﬂic bar and %zgg% bay (Yesnd bargi 0210307 d i Hifteks
i[:‘l‘l"_:]_ﬁ.. 2 P |Pam 0¥ : Quax=0.51 in. #—
d0= 20 pm d| 20mm d,"-: 25 mm a'”gn 04 ".5 o o3 o8 dtin.)
Filet radivs: R= me Allowable shegs % 0 =B0HE
(@)Comparison of bars 2.11-1 | Bar hanging_under its own weight

Let A-cfoss sectionol area
Let N=axial force oF distance X

ik

En the bar wakes it weaker, not shronger.
The ratio of loads is B/p, =K =1.75

N= ¥AX
Stepped bar : See Fig. 2-65 for the sivess-
Cﬂﬂtc:\ fion . ag= JS- ¥x
R=2.0mm Di=20mm -D,=25mm Strain_at d\shncc %
"/q'—'-o.lo Pu/p, = 1.25 K=z .75 _O . OaX ™M _ XX 4 Oest (XY™
h _ P - e=Z+ B2 (E)" =R - 22 ()
a §={Tedy = ("3 dw + O\ " (X )"dx
B.:-O’.....Al -'-%A; =%A1=l%;g_) l*]m"-)l ;L; jt%— . ?S o(-v:)
=14.4 S o
14,4 kKN ¢— Te EEns 1&_;.] Q. E.D.

Z.1=2] Axially loaded bor

- ﬁ';sMuc bar {or the same P c B L=1.8m A=4B0omm2
R=& '1-, i(n‘d.’) doz.... d. 2 - F"‘-"- 20kM P, =60kN
a . Rambery~ sgood Eqaetiont € =g + i ()"
d 4 JI.75 % Batim F'iné.b:i-s + ot end of bar. (0 =MFa)
Z90-7 | Stovved o witho. Vole PGt bar) [ Acts alone.
v ;A.b-.o’zfj.n___—»wku '—7—(025”&
P b=24im, C=lbn. 480 mm? '
a3 OB et ToFilet radivs: R=02 0. e:oomam
’ Fivd dunx c"‘ £ (%) =6 Tmm @—
Based vgon fillets (Use Fig.Z-44) (b)P aois along 2
b=24m. C=lom. R=02m Rlc=guzs |~—o=5 =225 <25hm
ble.= 1.5 K=x2.10 =0. 002.355
Prag =0 uCt = —-?-Ec,t = ....v"..i(_s) (bt) &-.; EL= 5.13 mm -
(Use Fig. 2-63) BB G PP . 90BN i sMm
b=2.4m, dndng_me*u- of hole (in ) c.-bd ol 3034_” OO sy
74 —G‘-—Ca = Zna - =0
CONT. | CONT.

At




2.11-2 CONT.
~ bOWN
B =0z B =126 M 50 -
£=0.002853 p 4
Sac= 6% =17l mm KxN) 20 -
fo=Saa* Sne =11.88 mm <+
(Note +hat +he displacement when both loads %
act simultareovsly is NoT equl +o the 0
Som of the displacements when the loads
act Swam+aly.l -~ T ;
- 1 - zo
2.1 _](:OF“P"r bar_in tension Note ; The load -displacement corve has -&h§(:,?g
P d P L=32n. shapc as the sﬁ-ass—sivmn corve.
- —_— y
d_; ds'ls‘;"' " 2-'“'5 Alvminum bnr' in fension
- —d A== o4 P P L=I500n.
(a) s - shrain_diagram R A=2.0 in*
o= 1'%‘%: 04 €< 0.03 (0=ksi) |Stvess- strain diagram
P—sbﬁam,aoom E=10% 10°psi
oo - E.= 2.4 %10° psi
(rad) ASYMPTOTE s= Re
40 : EQuAaLs 6o Ksi = 12,000 psi
I =2 _ 12,000psi
» i €= E, = JovcTpsi
0  o.0l 0.02 o:oae =OL (o
' For 04040, : €=< 2ps)
(b) Allowable load P g ' Ll mP:)
Max . elongakion §max = 0.25 in. I -0, . 12000
Max . Shress Opay =40Kksi o TEDE O e;f B om“z“o
Baged upon c.lmqathon. ST aaok - 0.003p (O=psi)
0. ?_Sln E“" 3
Emx = "'E"'" = 0,00713
; & 4 o s Lood -disglacm+ dgﬂ‘ m
Omn= - e~ . P|o=fa (from Ea.1 or s=€L
Based upon shress: () | lpsi) Eq'2 L
Ouy = 40 Kesi @ | acoo | 0.00040 0.060
o 3 16 | 8ooo | 0.00080 0.120
Stvess governs. P=Cuma A= (40ksi) (0.441Bin?) 24 | 12000 | 0.00R20 0.10
=177k 4— 32 | wooe | 0.00281 0.420
21-4 | Bar in tension A1 28090, PoRss i o i
F:LI_ IL L=Z2.0m 40_____42“____
A= 249 wm* 1
Strecs- n diaqram %0 ‘
P 24 !
(See +the problem Statement for the dh«dmm) () . ;
%- i n'l"duﬁ 201 1 }0.66:»\
(kﬂp} dg:&)A from di ) " ) : |
- "3 2
1o | 40 U.ooo_d"gs T.e el
20 | o | 0.0018 36 i, !
30 | 1z0 | o0.0031 6.2 0 o 04 ot 08 §(in
40 | l6l 0.0060 12.0
45 | 188 ,008
| 0 { 6.2 ON-E _
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(Ziz-4
Plastic load Pp

Substitute wnivmerical values &

ON = 250 MPa Arg = 200 wmw?
Age =400 wmm™

=6o kN +160 kM = 220Kk8) e

G- -{g (250 M) (200mnt) + B-(250MPIE0m?]

2.52-7

Bar svpported by three wives

$5 r:" {% W= 3001
At the plostic 1oad, all bars are Stressed '\[-—%4——9—] d=0.121in2%
+o the \f‘le.u stress. lp lw Oy = 30,000 psi
Fae = CyAae  Fre =0y Ase 1—-5-1—1-[——&-! A =142 001150 in.2
P,‘-:%O'QIAA: *% CyAse o 4 ’

By inspechion, collapse occurs when wives
Aand € yield. (Note +hat the wives
Cavnot be in compression, and thevefore
Fo must be zevo or positive, but ot
ﬁaﬂaﬁva.)

ﬁMb"‘O @ q

2i2-5

Truss consisting of {ive bars

bars ave ghessed 1o the
yield stress

F=04A

Sum forces inthe versical divechion and
Solve for +he load*:

p

T

d=0.40».
Ae Nd?
7T
=0.0257 n.
04=36,000 ps;
= FNF;F p At the plastic. load,all five

B =2F @) » 27 ()4 F= R 67z 1458

| Fi(4b) - Fo (2b) +P(38) + W(2b)}) = O
P= % {(4Fs + 2. Fe ~ 2ZW}
Svbstdute FAzF = O3A:

=% (304A-W) @
I\fuiﬁ that [, is zeve ov positive

. Fue = 0 FarF+F =P+W

Fo=P+W "251A
Substivte B for Pi o= F(a0yA-w)rW-20,A

—
—

—

3
Svbstithte numerical valves:

Pr=% (30vA-W) =490 b +—

(o)

=‘.‘°2°‘5| oy A L { c 212-8 . Ri%id bay- Supported by wires
Subgtite umeral vo.t ves s . -‘ﬁ Tf (&Y Yield load P
Fe = (4.2031)(36000 psi) (0. 1257 in*} ALS & Vielding 0CeUrS wihen the
= {9,000% *— L 5 most “highly sﬁm wive
veache s €A giress
2.12-6} Bar held between riqgd supports I -— "
4 d=|5mwm A e 1 1 e 4H, =0
=z 0y= 290 Mfa e
ry S | £ R=0yA <—
fnitial dewgile Stress = LOMPa Y A poivit A
(@ Rastic load B 2 Sa= (@GR NER) =5E
The presence of the initial tensile shress At powt B:

does not affect the plastic load | Both
parts of the bar must yield
Yeach the plastic load,

it C2
oint C mkl P oyA

C
Pe=20vA = (2)(290 NR)FHISmm) =102k N
(BYnitial tensile styess is chamged
B is not drnn%ed —

“thEVfO (b)nds*" ‘Mg

- L
$a=3ha=0y 2 %‘_

At the plastic load, all wires reach the yicd
Stress.

O o9k £M =0
A C 8 ks 4"%1&“'_
1 A+ point A
OyA 1% Sa e =G

14
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2.12-8 CONT

212-9 CONT.

A+ Po'un'l' B: 8‘= 38a '—‘39= %El—- e
(¢) Load - displacement di&%_ram

B=3Fh
3,- =2 51;
s
2.12-9 I |
R‘qid bay Supported by two wiveg

(o) Pasric. |
At the plastic load , both wives yield |
Os =0y =0, Fe =Fc=o3A

From Eq.(3): Z(oyA) + 3(0yA) = 4P
P=F :% oA «—
From E9-): §g 2%!;1' -Eéi"_

Frow EAY'(Z): o = Sl, =28 = lgv‘— g

L ‘ﬁ“‘{a A =Cross-Seckiom] area
D Oy=yied stress

p -—
I2b ‘b‘bll E‘ﬁfsﬁg;{:

(c) Load ~displacement: diagvawm

A 58 ¢ D _sp_ha:vhgrd- dhqram
\F‘\ML Compotibility -
8= T s Q)
Fe Fc §s = 288 (2)
%;' == st bL]> © F{z,c-w‘f dhﬂmm
P
E.ﬂ pili brivim
4 Ma=0 I F(2b) +Fo(3b) = Pl4b)
2Fs + 3F, =4P ()
Force - displacem ent velations
I T
Substhvte nto Eq.- (12 b _ 3hl
4EA zEA
= (e)

Stresses o.=Fe
== Op=p O=fe roie20w

Wire C has the larﬂer stvess  Thevefore
I*' Wl“ Yleld '?i"'s‘t"

(a)Yield load

0 =0y a'.,-%';- =L (Fom Eq.7)
From En,.(ﬂ: z(iicr.n+3(a,n=4?
P= P\f ZO A
. (4): = Fel _ O4L
From Eq. (4): §4 = =gk

FomEq. ()% §p=8y =28, = L a—o0

— END OF CHAPTER 2—
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(g

[32=1] 3.2—4]
COPPER ROD INTORSION CIRCULAR STEEL TUBE
d r
15 I T 2 =
-—— O L=24%in. & L=L25m
m——— 4?2 Y 4 e
= 0.06 98l rad j ¢ =0.6"=06()rad
. Vallow = 0-0008 rad = = 0.01047 ra.d
FIND dmax Ymax = 0.0004 red
FROM EQ. (3-3): ¥pax™= -"-E‘- = -g-f— a) SHe
000 FROM EQ. (3-5b): - s
Guaa™ % T 0068 G Y= =
dpax= 0.55in. d— Y, = 318x10°rad €—
32 —2
PLASTIC BAR INTORSION FROM EQ. (3-5a)
L_ dl —n..IJ=75“m ‘;“=rz=ra—3—; E=-!?L
2Lt o  ¢=i0"=10GEred| .\ _ (0.0004rsd) (250 me)
X =0.1745red W) =" 001047 rad
ellow =0.01 rad -
FIND L-min (';_)"—' 478 mm ‘_
FROMEQ. 3-3): ¥, =t¢ =-4¢ [32-5]
sz d é . 0.17T45ra.d
Loy ™= 2 Yallow 2. (0.0tra.d) _
L=35in
L'h= 654 mm €4¢— r=1i6in
A2 b= 05" =05 (Fr)rad
CIRCUL AR ALUMINUM TUBRE . = 0.008727 rad
: =2, Yaex = 0.0005 rad

Yo =350 %10 vad

E E

FROM EQ. (3-5b):

T Gupa=0.20 %t eomee 6ol Gewts
et g | Sl T
=290.9%10° re.d/in o X107 ra

(o) SHEAR STRAIN AT INNER SURFACE M y ;

FROM EQ. (3-5b): P -

¥, =+ V.= + (350x16°rad) Y= y(; =r, -8 ;3,; i

] = (0.0005ved) (35in)
%, = 175510 red 4— ) = = 008727 vad
(b) MINIMUM OUTER RADIUS (h)= 2.0l in€—
FROM EQ. (3-5a): 3.3—1]|
- e, d = 0.5in.
3 - iy = 4.0in.
(';.)..n Qallow 290.9x107* rd/n_ d \3 E qo';:’

.20 in. df——

TORQUE T APPLIED TO THE AXLE:

T=wWb= 360I1b=in.
I CONT,
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3.3 — | CONT. [3.3—¢]
MAXIMUM SHEAR §IBESS IN THE AXLE p 425;4&&5_'15&_
FROM £@. (3-12) F Tpy= Ll . e Ml i
T L = 12mm G= T8GPs
T = _Li_(&ﬂhs‘zl T
ax T (0.81n) %T:EPL: 2.000'0(0-225-!)
Tmax= 14,700 psi € ARMA =45N'm
33 — Z] (a) MAX)MUM SHEAR STRESS
_TORSION OF A DRILLBIT FROM £q. (3-12)¢ Tnan™ g7 = %ﬁ%‘
f—J—:n-» d= Smm Trax= 133 MP2 d@—
T=03Nm (b) ANGLE OF TwWiIST TL. -
G= 75 GPa FROM ER (3-18): ¢—- = (.%%N&ﬁ)&%fg)?

FROM EQ. (3-12) : Thhax= —'u*.jrr

o= aor.a'raua 3.¢5" ¢—

= Ao (03Nm 33—5]
Tonex = " (S mm) SOCKET WRENCH
Twax= 12.2 MPs €— 3‘_-_: $d )T d=0a5in.
_RATE OF TWIST iz ‘1 L=18.0in.
FROM EQ. (3-14): © = -I-—G I, Tallw= 9000 pei
B = 3N-m G= IL.8xI0%psi
~ (75 6P. ) S5 U
6 = 0.06519 rad/m = 3.74 %m — FROM EQ. (3-12)* Tomax™ ‘H’d;
Trnax = 4" Cauax
3.3 —3] T
ALUMINUM BAR IN TORSION Tmax= A 000
o id T | =40p=48im | Tmes= 221 lb-in €—
I.__;'_q d= LOin _ANGLE OF TWIST_
G= 3.8%10°psi FROM EQ. (3-15): = I—"‘%
5°
(@) TORSIONA IFENE ¢ FRoMEQ. (3-12): T, 'K'il‘h-'
i { = G IF - ﬁ'ﬂ'd" — (2.8 210°6) () (L0 ¢ ez‘dir“"‘—)(ri—-) IP
4 L 32 L 32 (48im) b= r
4, = TT770 lb-in€— - ras&ra*) 3
£b) MAXIMUM SHEAR STRESS = iiﬂmnﬂ-(iﬂ-ml = 0.05492 red
¢ =5"= (5)(F) rad = 0.08T266vad . ('"9‘:'“‘!"‘) (0.5in)
' FROM eq (3-15): ¢ = '-ﬂ:— o e $= 3.15" 4—
| ) = J'.l:.. - Id - d \[3.3—6
| FRomEQ. (310 T = "3~ = 23, P{f’%ﬁﬂ‘_—l STEEL DRILL ROD
i Toas™ 2L I—=%—¢_-—.=-—1 G = 80GPa
i o= B8Mpdl0N00ERhred | i ——  d =12 mm
Tmes= 3454 psi ¢ =22.5°
5AY, Tmex= 3450psi € Tallow = 300MPa
SH _MINIMUM LENGTH
HOOKE'S LAW : ¥mex =188~ = -iﬁ-%?_"— FROM EQ. (3-12): Tmax= Sl— (1)

Ymax = 909510 °rad €—

I CONT.
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[3.32 - & CONT.|

FROM EQ. (3-15): ¢--'651F.=- 28Tk
T= &ud’e SUBSTITUTE T'mro EQ. (1):

az L
& (?L.?") (‘6{2&:_‘?) Y %
=.6do
2T
i 0

|,.n= 0e28m=628mm €—

[33-8]

THREE CIRCULAR BARS

/ d, = DIAMETER OF BARS
= |Owm

d, = DIAMETER OF DISKS
= T5 mm

*TE P = 100N

T,=Pd2 T2=Rd, Ta=hds
THE THREE TORQUES MUST BE IN EQUILIBRIUM,

“—- .

3.3-7]

RS0
f L =20in.
4 d, =L2in
y dg=’.6iﬂ-

T = 5300 Ib~in.
@ = 2.¢3= Q063355 rad
I, =ZA(a}-df)= 043982 in*
MAXIMUM SHEAR STRESS

‘t" = .IL = Ib-i 0.8;
max ~ Ip 0.43982 in*

Tmax = 1640psi €
SHEAR MODULUS OF ELASTICITY

2 Tl Th
¢ GIp ’ c=- Ip
G = £8300M-in)(20ia)
(0.063355 rad)(0.43982 in?)

G= 3.80x10°psi @—

MAXIMUM SHEAR STRAIN

L‘t‘“‘
i)

?.Oln.
Yaay = 0-00252 rad ¢

Ty 13 THNE LARGEST TORQUE

B T, =T,V =P dvE
T2
MAxmgu SHEAR sTRESS = (EQ 3-12)

—L%_ -Lu-‘_. -ﬂ-da
= I¢ (100N)(0.07 -BAOM
;O ﬂ_—ﬂ,l((ﬁﬁﬂ 540 MPs €—

25-%]
PROPELLER SHAFT

T ) Id T d=3.5mn,
t Tittow = 5800psi
¢ lﬂﬂw r“
G=u2x10 ped 8=0.2"st
= 0.016CT %/in

= 0.0002709
MAX. TORQUE BASED UPON SHEAR STAESS

Te bl 7. T

T, = 4s,soo lb-in.
MAX. TORQUE BASED UFON RATE OF TwisT

r T
o <5

To= 61,0 = (n.axlo‘,.:)(%d(*ﬁh)%m"”a"’ﬁ
Tz = 48,000 lb-in
RATE OF TWIST GOVERNS

Tm = 48’000 lo=in, <_"

Hp

I8



3.3-10 3.3 -1 CONT. |
CONSTRUCTION AUGER

(d) SHEAR STRESS DIAGRAM

J;.' 150 mm Yo =75 mm 3880”;:)"[[” slfror“

4, % 100mm ¥, =50mm C,/’, |

G= 175 GPa 0 075 15 2.25 3.0

T=16kNm ) ¥ Cio)
e | = (d-d)=arssada33m12]

AXLE OF A WINCH

(a) SHEAR STRESS AT OUTER SURFACE I_%dzb_.'r T=15kN-m
T, = LR = %aaamr,q

= Tatiou = 50 MP2
3 adiow
If Lol Gﬂ 806?3 ng.g-aﬂ'/m

(b) SHEAR STRESS AT INNER SURFACE « 0.01846 vadfn

T M ? 5%
7:; . A ¢ - 20.1 MPa IN DIAMETER s:szp v or_tr SHEAR STRE

Ip e ¢ - deT 4. Lo

wd T Tailoe
(c) RATE OF TWIST o
o=—T_ = 16 hN-m d’'= L& "Z Nm) = 0 0001528 m?
6Ip ~ (75 GF)(39.88xi0 ) T (50 MP2)

8 = 0.005349 radfm = 0.204 */m d— d = 0.05346m d,;,= 53.5mm

(d) SHEAR STRESS PIAGRAM MIN. DIAMETER BASED UPON RATE OF TWIST

o o Teiet BEN . o SOV - &) (A
20.1M 30.I MPa e GI' G 'ﬂ'd* d Te 9‘,'[,.,
- . 32 (L5 kN-m) 4
- = ———— = 00001368
0 25 50 175 T (80 6P2)(0.0r296 red/m) .
T (mm) d=006082m du,= (0.8 mm
3.3-11] RATE OF TWiST GOVERNS

ONSTRUCTION AUGER Gin = 60.8 mm €—
8 :

/\ daﬂ G-Oh rg- S-Oin. 3.3“'3 I

VERT!C.AL POL.E
d, = 45in v, =2.25in. i P
G = Ixjo° rsi I P=100I1b
T = lsroJL-in. . £ 3 T‘”c ;ig,og:; '
R — - 4 H 5
d‘ I' 32 (dg d. )= 86.98 in. F”:: d-m P
(a) SHEAR STRESS AT OUTER SURFACE

T, = T _ (50Xkin)(3.0im) _ 5170 6 ¢ TORSION FORMULA o, = —LF = _Td

86.98 int ‘Ir 2Ip
(b) SHEAR STRESS AT INNER SURFACE T=P(2c+ d) IP = -7,-5‘!.,_—
7 =If. = N7, - 38800 @— | L~ BEctdd _ wpeced)
I & 4 -~ Tdt/Ie T d2
() RATE OF TWIST (Tt d® - (1P)d-32Pc =0
T (150 k-in) _SUBSTITUTE NUMERICAL VALVES :
s GIp = (11 x10%)(8¢.98 1) (1)(4500p)d> -G)G1001b) d ~ 32.(1100 B)(5.010) = 0
8 = I57x10 " rad/in = 0.00898 */in. €— OR d*- 1244965d~12.4495=0, unirs: d = ncues
) SOLVE NUMERICALLY : d = 2.496 in.
ICONT. dmin=2.50 in. €¢—

79



3.3-14]
VERTICAL POLE

P
A s P=504N
C =125 mm
Foa Tatow = 30MPa
FIND dpin
TORSION FORMULA o~ = Tr _ _Td
max If y EIP
T= P(ZC. +d) If = _I%g._
T = E!ggfd!c" = 1& pP(2c+d)
s wdt/i T4t

(T1o)d? - (e P)d -32Pc =0
_SUBSTITUTE NUMERICAL VALUES:
(1)(30 MP2) d > (6)(5.0.kN)d — 32(5.0AN) (25 ewn)= O
orR d’-848.826 d—-212,207 =0
UNITS: d = MILLIMETERS

SOLVE NUMERICALLY: d= (4.38 mm

3.3-15 CONT.|

(c) PERCENT DECREASE IN TORQUE

__1;&_ - fd:"d&r‘dw

4

P—
.il_ = -E—- =
ds T 0.9375

% DECREASE = 6.25 % €—
PERCENT DECREASE IN WEIGHT

\Jlgt_é’-;-ﬂ 1:-_:112— =l—-(—j—i—)z

Vi A &
S 1 M _ 3
d, W, %

% DECREASE = 257 d—

NOTE : THE HOLLOW BAR WEIGHS 25%
LESS THAN THE SOLID BAR

WITH ONLY A 6.25% DECREASE
IN STRENGTH,

duin =6t 4mm €—
3.3-15|
BRASS BAR IN TORSION

(a) sOLID BAR

[ d= L2 in
ED o giim

FIND MAX. TORQUE T,

- AT o, T Tesew
r d° ! e
2 2
T = Te2n024) 4075 1-in g—

(b) BAR WITH A HOLE

STHT

T.

X

d,=d = 12in.

T,

mas

3.3~16]
HOLLOW ALUMINUM TUBE
.dl Ldz c!l = 80 mm
L =25m
G = 28GPa

Towax = 50MP2
(a) ANGLE OF TWIST FOR THE TUBE

7 =-Ir o T8 y.2T Tuen
mas If ZI, ’ d
= JL_ (2T Tomen [ L
¢ GJ:I' ( d )((’Ifj
¢ = 2 Tuas L
G d;
_ 2(50MB)(2.5m) _ » naasq ad
¢ (286P) (100 mm) s i
P =5.12° €4—

(b) DIAMETER OF A SOLID SHAFT

Tr Td/2 . 16Tde
T (- d)
1:2=

L, (-4
(d:-' d‘ 'C‘..H

16 da
I = FLae m)* - (0.0in)* 112 %si)
. 16 (L2m)

Tz = 3817 lb-in. ¢—

Tmax 'S THE SAME AS FOR TVBE,
TORQUE 15 THE SAME,

QL

FOR THE TUBE : T= 2LpTmen

T-i-%:“i" (4 4)

[CONT.

CONT.
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[3.3-16 CONT. |
FOR THE 50LID SHAFT :

3.3-18(

RANGE OF VALUES OF TORQUE T

Ly E@-r)

ALL TERMS IN THIS EQUATION ARE KNOWN
EXCEPT I3, .

SOLUTION OF EQUATION
SUBRSTITUTE NUMERICAL VALUES!
4(2001)(5:5m + 1) ()

G300 i = L
g w [ (%)= (izm)*]
OR
5'-2.01360 _ 5 18/841 = 0
% (1+5.5)
SOLVE MUMERICALLY :
= 140 in. €—

(MINIMUM PERMISSIBLE RADIUS)

T
Coes™ A"’,,:s > ""H"“ %)(J:—J.‘) — 1d > L =800mm
a& L 1 | Toitiy = GOMP2
. 3 3 ds -4} 4
soLvEFoR d: d = B4 ? T 1 .
s C S " Puing = 2 3C0red
3 (100mm) = (80wm)  _ 590 3 = 0.052
d = 839m.m 4 FROM EQ. 312 : Tpur ™ —'é?'c;rT
(c) RAT10 OF WEIGHTS s
d. = T _ o leT UNITS @ d = METERS
Wrops o Arvee .i:.‘_:li : F‘Z’:;‘ ¥ {coMb) T=Nm
Wsorio A sovio d d‘, = Z27.5471 (Ea. !)
Wres  _ (100s) - (B0wn) = 0.51 & ANGLE OF ROTATION
Wieis (Biq-u)z FROM EQ 3-I5: ¢ = GT:_::' = 32 T';
THE WEIGHT OF THE TUBE 15 51% OF THE 4 a1 i (ora )H‘Gd
=3 2 = m
WEIGHT OF THEASOLIDTSHAF:,EbUT THEY d, T6 @ T (75 6P)0.052360ved)
.3_%"??“’1- THE SAME TORQUE. UNITS: d=METERS, T = N'm
3= ] b va
CIRCULAR TUBE INTORSION | %= Taarer (542
O te " P=v00lb DiAGRAM OF DIAMETER d versus TORQUE T
P @q b=55in. d EQ. (1) (STRESS)
v 25! b z.dfon = 6300 psi dl
l._b—.n—- Yy = '_2 in
: @) I EQ.(2) (AncLE)
FIND MINIMUM PERMISSIBLE RADIUS Y | :
TORSI0N FORMULA T 2p(bsr) ) ! "
- J;I“ T (g*-rY) I
2 P(b+e)e . 4P(ben) -
o R r-n | ° W T

SHEAR STRESS GOVERNS WHEN T i5 GREATER
THAN Ter. ANGLE OF ROTATION GOVERNS WHEN
T 15 LE3S THAN Ter. T0 FIND Tex, EQUATE

ds aup d, FroM EQs. (1) AnD (2):

s T
dy = 227 54) =d,= 148,16 4
TH_ s _ 22754
= TM = —'3—-"&1“ = .53574

T = 172,01 Nem

SHEAR STRESS GOVERNS: T > 172 N-m f——
ANGLE OF TWIST GOVERNS ¢ T'< IT2 N'm ——

NOTE: WHEN T=Tey, d= 24.4 mm

ai




3.4 -2 CONT. |

-
3.4-1]
STEPPED SHAFT

4 o 14, & d=25m L=25in

; T N C dg':Z.Oiﬂ. Lz= 18 in.
il B 2
A ' G= 1 x10° psi

T, = 9,000 lb-in

Tz = 4,000 [b-in
SEGMENT AB

Tag = Tz-T, = 5,000 lb-in.

16 Ta 16 (5,000 lb~in) .
Irﬁ‘ G 40

Tasly _ (-5.000b-18)(2 5in) __
¢“ 6T (x5 o

B (TPnc
Top= 2lo2 = (3.7MP:
(TP
%= ce.oMPz €—
(b) ANGLE OF TWIST AT END D
Taslas
= = 0,
s G (T om 00902 rad

Tecboc = .0)3T6rad
Guc= T v

.14

= Jsaltd = 0.01970 rad
¢0 G(Ir)n

Qo = Qas* Puc t P = 0.042(Bred = 2.45 d—

3.4-3 |

SEGMENT BC Tgc =*tTz = 4,000 [b-in.

- JoTec _ o (4000-in) _
Tc™ T ™ T Gony —2Bter

o Teclz _ _(4000U-in)(18in) _
™ G, Unid) @ on) o ey
(a) MAXIMUM SHEAR STRESS
SEGMENT BC NAS THE MAXIMUM STRESS
Toes = 2550ps1 €—

(b) ANGLE OF TWIST AT END C
0. = @+ §_=(0.002963 +0.00416T)red

¢° = 0.001204 red = 0.069" ®—

8.4-2]
STEPPED SHAFT

_BAR AND TUBE

}.

dy=2.5in dy=2.35in.

d,' Le0in Lgyg=40in. G= S.QxlO‘psi
(Tpua= & 4 = 0.¢434 i’

TORQUE T = 10,000 lb-in.
(2) MAX IMUM SHEAR STRESSES

JUBE

Lrese = 201n. G=3.9x10'ps
(T = 32 (441

22620 int

H——”—ﬂ—‘ﬁ—t‘ 6= 80P

'L ’05»- Toc™ 30mm Tey™ 20 mm

TORQUES 1;, =(3000 + 2000 # 800) - m = 5800 N-m
Toc = (2000+800)N-m = 2800 N-m

BAR: T, = ""d'" = 12,430 pu €—
TUBE: {7 o T(/2) . 52600 €—
(T rvee
(b) ANGLE OF TWIST AT BND A
BAR: = _TLsar _ 0594 yaod
¢m G‘Irsm
L
TUBE : = JTlws - 0.0196 rad
Prne™ G (o

Da= Pare* Proge = 0-1790rad = 10.3" G—

Ta- 800N-m
POLAR MOMENTS OF INERT IA

(If) = ."2:. (80 mm)? = 4.02) % 10° mm?
(Epdac= 32 (co-) = 1272 x10° mm'
(Tes = = X (40mn) = Q2513 % 10 mn'

(a) SHEAR STRESSES

- TasTas . S5T.7 MPz
T (z,

3.4-4]

HOLLOW TUBE OF MONEL METAL

ICONT.

dy

d;- 25 mm f‘.‘-- 80 MFs
Gapy, = 6 fon = 0.104T rad [m

G = 6L GP2 (Frow TABLEH-2,
APPENDIX H)

[CONT.

8
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3.4 -4 CONT
TORQUES

(1: E‘i 'E"i \E."Z %13
A BT€ YD VE
T,= I00N-m Te= 50N-m To= BON-m
T4 ™ 50N'm Ts= S8ON-m

Te™ ~T, = ~I00Nm Tg=-T,+Tp=~50 N-m

Tep™ T+ To-Tg = ~130N'm

Toa= “T,+Tz -Ta 1'1-1 = -80N-m

LARGEST TORGUE (ABSOLUTE VALUS ONLY) *
Troax™ I30N-m

REGQUIRED POLAR MOMENT OF INERTIA BASED
UPON ALLDOWABLE SNEAR STRESS

- Tmax¥ o Tmax(de/2)
ST i L

REQUIRED POLAR MOMENT DF INRATIA BASED
UPoM ALLOWABLE ANGLE OF THWIST

Toeax
o= —max

61,
SHEAR BTAESS GOYEBRNS
REQuired I,= 20,310 ot

wed

= /8,810 a-t4

_ T
I:- 3 (d2-41) o o
+ ) 310 mm
dl-dz_ﬂ'TIL'(zsﬂ)"Mﬁu'-_
= 183,700 mm'

d, = 20.7 mm —

(u.umuq PERMISSIBLE [NSIDE DIANE TER)

3.4-6]
SHAFT WITH FOUR GEARS
A UORTF - T50Nm

¢ - T u.™ TOMFP2
CA B A ub .
F00N-m 4304w
Tas = = 100 N-m; Toc = 1200N-m; Tep= T50 N-m
(a) 50LID SHAPT T 16T
T4d
L= teTmeg o, 16(12008M _ oyspa,. 5.3
Y Tatow T (70 MP2) ‘ ~

REQuireDd d = 44.4 mm 4—
(b) HOLLOW SHAFT
INSIDE DIAMETZK d,=- 40 mm

as = I? "" Ir
70 MP; = (1200 N-m) (3 or
(32)[d*- (0.040m
10,000,000 = — 111854 (d» MErEas)

d*~0.0000028
OR

ad*-0.000087308d~ 0.0000025¢ =0
SOLVING, d = 0.05I548 m

REQUIRED d = 51.5 mm €—

3.+—§|

IST F TwWO
_ SEGMENTS
T™ d,‘a-o;- d.'_l.sh T ?"&ﬂ. 4000'!5
-“— E—” busen = 1-0°
A L,250in. B Lz=40n =0.017T45red

G = 12x10%psi
ALLOVJA ORQUE BASED N SHEAR STAESS

SEGMENT BC HAS THE SMALLER PDIAMETER AND
HENCE ru LARGER STRESS Z,’_‘_ = 16T

2
Tor™ .ﬂ'i-.bl"_‘-_ = 2650 lb-in.

ALOWABLE TORQUE BASED UPON ANGLE OF T\J IsT

-E—L 7"-= ¢Lle _T/L Ly
b il ek 7 e(r,,* )
¢ = -——.32'1' L ""-)
% a4+ ' aa
= ¥ -y
Talle 32(—’1‘- = 1860 lb=in.
d* dy

ANCLE OF TWIIST GOVERNS T

o= 1860 lh-in —

3.4-7]
SOLID AND HOLLOW SHAFTS
_SOLID SHAFT }
3.0in .01
fa 32in
¢ TI...,
'lﬁm. T (32 in.
(.ow)  G(F) (20
= "‘T e (0.512591% + 2018%) = 22T (2 51263)
AFT ld
IusSIpx PIAMETER
dy= {-d 80in t-4
%= 61,
= T (80in.) = 32T 154, 521#\(d
Gtijla‘-(fgﬂ re i

TORSIONAL STIFFNESS "."r= T
FOR EQUAL STIFFNE 5585 : 8, = §, (8Ecauss Tius me sas)|
X (2512017 = = JL(t7t52m

-1 154,52 in.
d" = 25z
d =2.78 in. €

= 59.519..4
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3.4-8]
sou D BAR AND HOLLOW BAR

A = —r Gﬂso(:?z

1.284 = 20MPFP2
T;= 240 N-m; T, = 540 N- m,T -.5ooM ™
= 4° = 0.06181 rad (BETWESI AT TWO EALS)

?*il
LTORBUSS Tag =*T, = 240N-m

Tec =+T,~ Tz = -300N'm
_POLAR MOMENTS DF INERTIA

(I, = 1 0.01817d"

(1')“ = T[(Lzsd) - d‘] = o415 d°

3.4-1
TAPERED BAR
4 -J.EJ‘ F-l.ﬁ
A -
@T l T T =18,0001-in
H L-s.opt-ﬂ. in,
d. l‘_L'—_‘J 6' 3. th&rn
EIND dA Z‘d,_.-—- 7500 psi
¢u low = 3- o°
=0.052351711
m;n:rs& R _BASED urou ALLOWABLE SHEAR STRASS red
_G_l_f eT d = AT - o 1(180004-n)
Hlotion W (7500ps)
= 12.2231 jn?
JA = 2.30 in.

DIAMETER BASED UFON ALLOWABSLE ANCLE OF TWJIST

(o) M1 MUM DIAMETER BASED UPON SHEAR STAESS
T ()

T“‘ = TI'-
| BAR AB _ (240n-m) d
Casen™ (Zp)as 2(0.09817 4%
sovine, d>=15.280 <16 W’ d=0.0248m=24.8umm
BAR BC : d/;
BARBC !\ _ Tae(i254/2)
e (Ipec

8o MF; = (300N-m)(0.c26d)
0.14151 41

BOMT,

..I'

(From F.a 3 z'r)

*#*' ._.I=_. 0.4671306
¢’ Gar)a ) ( )
(s, nooll-n'n.) (vr....) _ 211728 in?
= 0.469132) =
Gamom @) a1 O 1= S
1
- _2.u728 it 2.um28int
dA o e 40.4370in?
d, = 2.52in.

SOLVING, d = 16.662 %10 3 d=0,0255m™25.5mm

BAR BC GOVERNS

ANCLE OF TNIST GOVERNS o =252 in, G
3.4-10]

MINIMyUM d= 25.5 mm ‘_
[(B) Misimurt DIAMETER BASED UPON ANGLE OF TWlisT

BARS AB AND BC TWIST 14 OPPOSITE DIRECTIONS)
THERE FORE, THE ANCLE OF TWIST (b, BETWEEN
GEARS A aup C IS LESS THAN THE LARGER ot=¢
AlD Qg - CONSE QUENTLY, ONLY P ag ASD Py, NEED
TO BE CHECKED.

TAPERED BAR

ot Tagy b
=826GP;

d, - E ] deg ' T ™90N-m
Fip dg Puter = 0.5"/m

DIAME TER BASED UFoM ALLOWABLE MH-E OF TWIST

¢ = T—r
BAR AR ¢ T L.
2D ‘mAD
Pesoo™ G (Ipas 5
(240N-w) (0.6
061
% 8:"‘ = (80 GP2)(0.018114%)
sowving, d° = 0.2626x1067° m% d = 0.0220m™22.lmen
BAR BC : T L
—_— Be Lse
Putes = G (Tp)ac

0.0L18I rud = Ls_mi&u)_).
(8o Gl’x)(amsu4

SoLving, dY = 0227810 “mt d20.0218m= 21.Bmn
BAR AB GOVERNS
Mt d =22.6mm €

(FrRom ER. 3-27) 6 = —4’- = ""&"_

A

o T (g 3 EN
o= gy ) T
. vad \_ 90 N-m 1
(0.5°/m) 85 Fegrezs) ™~ (2 c,ra)(&xzs..g*( - )
+p

0.304915 =

s 2 -3
0-9!47-!5F —P-P—I =0

50LVING, P-:.‘H#SZ.

d‘-Fd“' 48. 6 mm €4

24



3.4-1
2=l PERED TUBE

N il e ]
AL T=e

dyg=2d, I,=

1 = TRcKNESS (LodsTANT)

AT THE ENDS
(APPROXIMATE FORMULA)

ANGLE OF TNIIST
——l;._L__d
o E j: ’:’-ZJA
-

TAKE THE ORI&IN OF COORDINATES AT POMT O.

d(m) = x (ds)' "'L—d

rdt
4

FOR ELEMENT OF LENGTII dx

dp = TL o Tde _  ATL  ds
3 3
61,0 6(%9: Totd) z
FMEHTIREMR s 2
-4atL (( 4z _ aTL
R _( 19 = reta? ,[ T

d,,de = AVERAGE DIAMETERS

3.4 -13 CONT.] 4~ piansrex

G ™ SHEAR MOPVLVSE
Ta = MAXIMUM TORQUE

= tal
2

(a) MAXIMUM SUEAR STRESS

_ T 16 Ta at.L
Bh= T, T S SR

(b) ARGCLE OF TWIST
T() = TORQUE AT DISTANGE Z FROM BND B

[
d¢ = §Q dx . o Ta z"'dé
G I‘f meL 4t
L L
= - A6ty = 16 tA
¢ L 4= rera i wedt €

3.4-14|
WIRE INSIDE A FLEXIBLE TUBE

T°C t At d=4mm
L To = 0.2 N'm
I L - t =0.04 N-m/m

(&) MAXIMUM LENLTH Lmax

3.4-12]

" BAR WITH DISTRIBUTED TORQUE

z B
feiges

dz
|

L = INTE4SITT OF
DISTRISUTED
TORQUE

d = DIAMETER

G = SHEAR MODULUS
OF ELASTICITY

(-) MAX{MUM SWEAR STRESS

_ T
-tL g Kl

jgmu.u: OF TWIST
md*
TM=tzr I,=-<5—
d¢ = Tlde _ 32tz dz
GI, ITG a4
L
= - t
¢ =f d4-2o3
3.4-13

= l6tL
wd?

«

rGCL

;' z”r&d"

‘.——

BAR WITHLINEARLY VARYING
-TORQUE

p _tw .
;L_é g "‘Zil Ez

| o

B L(z)=mmismy oF
PISTRIBUTED TORGVE
Ty = MAR M WTRNSITT
OF TORQVE

Tatioy= 30 MP2
EquiisRiuMm : T =t L + To
FrRom £§. (3-12)° T, -=—15-T—- T=Td Cmas ""' C
3
16
3 =

L M L (Rl T,)
Lows = 7o (T8 Cua— 16 ) €—
SUBSTITUTE NUMERICAL YALVES: L -441’.:*‘—
(WANGLE OF TWIST @ | 4. G =156F2

tL +T,

—

@, = ANGLE OF TWIST DUk TO DISTRIBUTE ToRGUE ©

= leli* -
T ( FROM PROBLEM 3.4-12)

¢= = AMGLE OF TWIST DUE TO TORQUE To

L Bl _S2RL
GI, FG 44 (From zg. 3-15)

@ = TOTAL ANGLE OF TWIST
=@+ ¢

L
¢ = bl (tL+27) €—

SUBSTITUTE RUMERICAL YALVES

¢ = 2.971 rad = 170" €—

[CONT.
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(&) MAXIMuUM TENSILE STRESS
T 6re (rFrom Eg. 3-Ta)

S (40x 104,222 002 /i) (- N em

= T214 psi
Ot ™ Coas = T210 psi

(b) APPLIED TORQUE

3.5-1 3.5-3]
HOLLOW ALUMINUM SHAFT HOLLOW STEEL BAR
— P T Tz
= 55 3T [ o=l J ]
dp= 4.0in. dy=2.0in. ©=0.c2%t G=Ux10 psi Yumaa™ CCBx 107 red
G = 4.0:‘!0"(:: d;=3.0in. d,=2.4in,

l MAXIMUM TENSILE STRAIN

I, = E[(3.01)* - (e 4in}'] = 40950 i

= Yot 23344107 —
MAX|MUM TENSILE STRESS
Tomax = 6 Yuar = (nx10* rs.')({.cs:uo"ra.d)
= ?SQBrsi
= Cmax = 7350r¢5 A —-

a

(a) INSIDE DIAMETER d,

Trar = Z‘ = 4,.8MP2
L = _ = éli w 50 mm
I=- .r_(d;_l 4) ﬁ[(o.aoo-) d‘]
Tr . (8000H-m)(0.05m)
I= Toes . BMI' 85470::0 [

,-%[(o. mo.)*-— J.‘] =854T0%10 “m*
SOLVE FOR d,* d,=005798m =60.0nm €—
Kb ANCLE OF TWIST AND MAX. SHEAR STRAIN

L."'I.Zm G=28 GFPa
= Gré= Gr‘% (FROM £Q. 3-Ta)
¢" "E""":—" éz%lgﬁ)-a.momﬁd
¢ =2.30 4—
n.- ﬁ- _“'SMP
28 6Pz

Youu = 16TOX10° rad —

(A ;: r= 420 APPLIED TORQUE
Ip= 33 [(4 Ote) -(2.0in) ]-2.5 scz L= 7;_‘: - ler/?_--
- ‘Z'-.. Ie _ (fznng(;a :f-?- ) - gz-_ Tp . 2 (734854i)(4.c250")
! 3.01
T_"._"5:Ooo lb-in, @— T =23, oao lo-in, €—
3.5"2 3 5 ﬁ,
- TUBULAR BAR_f_ 2074 BAR IN A TESTING MACHINE
T 5 T P
ot—{ i d sS— STRAIN GAGE AT45:
L L ?-» 3 ' 45° em. 33 x IO“'
| " d = 50 mm
de=100mm T=80ANm O _=4(8MPz T=1300Nm

SHEAR STRAIN (FROM EQ. 3-33)
VYoias ™ 2 E s ™ 6625107

| SUEAR STRESS o
§E§& gjogw.gg
G =181 16 (1300 N-m)

T ¥ Vmar . T(0.050m (C62%10°°)
G = 80.0 GP2 4—

3.5-5 | PR

T+ _STEEL TUBE - dy=12in,
e R 010
G=1.2x10%si =203x10¢ — .
Ir'%[d:-d,*] =0.43982 ia; FIND TORQUE T
_SHEAR STRAIN (FROM =g 3-32)

Vrax = 2 Epae ™ 404 % (D7
SHEAR STRESS

T(d "ZZ!
Iy

2G Y... I _ g(u.axlon)(mnw)ﬁﬁmﬂ
lGin

JORQUE
T =

T = 2500 lb~in. <
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D~ 6
'35_1 SOLID CIRCULAR BAR OF STEEL
T= 450 N-m G=718 GFz
ALLOWABLE S5TRESS
TENSION: 80 MP2
SHEAR : 50 MP2

ALLOWABLE TENSILE STRAIN? € 22765 %10 ©
DIAMETER BASED VPON ALLOWASLE STRESS

THE MAXIMUM TENSILE, COMPRE SSIVE, AND
SHEAR STRESSES I A BAR IN PURE TORSION
ARE NUMER[CALLY EQUAL. THERR FORE, TAE
LOWEST ALLOWABLE STRESS (SHEAR STRESS)
GOVERMS.

t'“.ﬂ 50 MP2

%=

COMPRE SSION: GOMPa

S. 16T  _ (e{450N
T Taisw TW(SOML

= 45.837x15 w?
d = 0.0358m™ 35,80
| DIAMETER BASED UPON ALOWABLE TENSILE STRAIN

3.5-8 |

ALUMINUM TUBE

s e
d 50mm G=27 GF2 =

T= 40kN-m 7, =50MPR €, = 90010 ©
PETERMINE THE REGQUIRED DIAMETER dp
ALLOWABLE SHEAR STRESS BASED ON SHEAR

(t.-"ﬂ)l = 50 MFPe

AUDOWABLE SHEAR STRESS BASED ON NORMAL STRAW

)z ™ 26 Epnte,=2 (27 GRa)(100216°°)
= 48.C MF2

NORMAL STRAN COVERNS 2”48 ( MF2

REQUIRED DIAMETER

ymuze._.. 'G___-Gr ® 26 € max ZT= T 4B (MP= 000N-m)(d2/2
s = deT Iy ’ ‘ '5'5: d,_’-(aasm)"
Coes = g~ 4= n't' =2ree
d ) 16 (450 H-m) REARRANGE AND SIMPLIFY ¢
4= sraeetszmasd | 4 - (419.174x10°) dp = 6.25x10%=0
d’ = 53.423 x40 SOLVE :
d =0.0377n = 37.Tmm de= 0.07927m
ENSILE 5 = de= 79.3 mm €—
M pAUM DIAMETER d = 37.7mm 4 35-9]
3.5-7] SOLID STEEL BAR
CIRCULAR TUBE WITH STRAIN T e s
+ _QATQE__ ot G = n.8%0psi
jo—{ \Q5' B> @d. (o) MAX IMUM srmssas
ds=0.80in. T=1730 lb-in. G=6.Bx la‘pn = 743 F(Z.Om.) r
STRAW GACE AT 45%: €= I8L0X10™° = 5090 psi O = =500 psi <
MAX s STRAI Gee 5090
rm = 2 Emay g 3 \ / pei
MAXIMUM SHEAR STRESS ol_ ::l’-:) _
Cosa™ Glinas = 26 Ema g R 0, =5070
T(d:/2) Td Td J sl
3- _S_ Ip= zc:... = e — / \
-F—(d,_ d)= ;T y (b) MAX) qur STRAS
6&“ - man 32?3!. 432x10 M‘—
di-d} = .&ls& d oL .i_%_ Fons o usua‘_,:ﬁ 4
sussnr:n. :UH w3 mbihn) (0.8ia.) | G =-‘2.I6 *1 -6
VALUES®: = : = y - -
=0.40% in' — 0278647 in 2 ‘{ ‘\
=0.13015 ill 4.;‘;‘:‘0 4 L \
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3.5-10]

SOLID ALUMINUM BAR

jd=q40mm Tw300K-m
G

(a) MAXIMUM STRESSES

I G=276GP2

Comasx =

g =23.9MF G =-23.1MP: €—

de T  _ i (so0Nm) _
— oy 23. 87T MP: —

TORGQUE

(a) MAXIMUM SHEAR STRESS Dimex

-2,
MOTOR-DRIYEN SHAFT
$=12Ha P=18hw =16000 N-m/s

P=2MfT P=warrs f=Ha=5s"
T= NEGUTON METERS

e L - _15000W a :
T= 26 " 2w gzhy D 22BTNm

O Z||2semr;

O;-?.& Tl

Covas rd? 7 (0.030m)®
(k) MlmHvM DIAMETER d

d=30mm
- LeT o 16(E36T N L 4y 5 e G

/ q =23M05

(b)) MAxMUM STRA NS

Vallr™ 40 MP2

d3__. 238.

er.u.. w (40MFz,
d’= 30,31 x15%w?
d =0.031z1m=3..2 mm €—

r-‘& o

€, =

6-.--&.

3.7-3

Trmas 23.87 MUk 2
G " “Z1ep. "~ 884xl0 rd @

= 442 x10°°
442%16° €.=-442x10° €*—

Ve ™
,‘
B84x10 v ed

....
e

TQRQUE

5¢| (@) HoRsEPOWER

{
HOLLOW PROPELLER SHAFT
de= 14in. d‘-‘lOm. T“_= 9000 psi
=& (42 -d")- 2710 in?
Lo 1@_‘@ T= 2TaeTp

2

_(.T.Q‘_’Qm?.(_:.)_”‘"” & = 3.887x10° b-in.

i = 298,900 lb- ft

3.7-1]

2wn  27(20rm)
= 1151 lh-ft = 21,010 lh~in.
(&) MAXIMUM SHEAR STRESS Cmax

GENERATOR SHAFT

20nT navpm

n=eoorm H= 23000 Tel-pt

Y = 2T00(298900) _ 5, :og l-phr4—

33,000
= 120rpm H=40hr d=Diamsrer (b) ROTATIONAL SPEED 1S DOUVELED
m H= 2I0L Hunp nerpm Telo-ft | 4, 2WnT
T 33000H 0k 33,000
IF N 15 DOUVBLED BUT H REMAINS THE SAME,

d=20in T =1l = 14 (21,010 lb-in)

THER T 15 RALVED.

IF T 15 HALVED, S0 IS THE MAXIMUM SHEAR
STRESS,
SHEAR STRESS 15 HALVE D d—

rd? T(2.0in)®
' 3.7-41
Toas = 3760 poi d— DRIVE SHAFT FOR A TRUCK
Lb)zvﬂmw_d_ dy=6Omm d,=40mm n=2.500 rpm
m 16 (21,010 1b-in.) !
rz...,. T (5000p¢h) (2) MAX IMUM SHEAR STRESS
P piati P=1804W P= EIBL T ewron METR RS
40 in’ p P=warrs
T= .Q_Q_ =
d=2.78ir. 44— 2N~ 27 (2500mpw)
T= G87.5N-m fa
- m- wﬂ' ] L] -.120. M ‘
’G:u If LOZIOX 107% m* 2MPBG

CONT,
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A.7-4 CONT.]
(B} MAXIMUM POMER

= T!dgfz)
z;"“‘= 35Mfs Z'* Ir ‘
o Covm Dy . (35MG.0210 210 m¥)
T ™ g, 2 30mm
] q1 N-
Poaa = gz.rnm: - 2T (2500vpm)(11314-m)
- 60 60 |

Boax = 312 oW €—

3.9-7 |
SPLICE IN A PROPELLER SHAFT

1. HOLLOW COLLAR

| 3.'7-5;

 HOLLOW SHAFT
d,=0.84 d,= insipe DAmETER
d = OUTSIpE DIAMETER H= 500hp
Zunm C000pat Tyo & (41-d) = El-68d

H o= 2T
3,000

Tp=a057902d* -
H=hp n=rpm Fol-jt
T = 32000H _ (23,000)(g00hp)
2Tn z.n'(soor'r.r ‘
T = 3283 le-{t = 39,370 lb-in.
MMM _OUTSIPR DIAMETER
mas I' F z'a.ﬂ.w'
(39,390 b-in)(d)
2 (000 pei)
= 56.L3 i

d = 3.84ind—

0.0571962 d* =

ne 800vym

|3.7-8]

L= (44t~ P
= At = R (- oY)

= TCmas d""_ 4
164, Chaly

_ L(a)
I

EQUATE TORQUVES
FOR THE SAME POWER, THE TORQUES MUsT
BE THE SAME, FOR THE SAME MATERIAL,,
BOTH PARTS CAN BE STRESSED TO THE sami
MAXIMUM STARRSS.

v TomTy I Cmar o T e (44 J4)

' % %d, -
d\t_ di

or (£1Y'- L-1=0

sowvig, d, = L2214 <4

HOLLOW PROPELLER SHAFT

d’.s 50mm d,= 40mm &= 80GFz n=600rpm|

3.7T-6|
HOLLOW SHAFT

P=120&w f=15Ha T, =4EMF2 d=a1sd
- d= OUTSIDE DIAMETER d,=INSIDE DIAMETER
I,= L (4% 4)= Z[a* @r5t|=a0cmmz d*

T ZWE 2T (i5Ha) 1273 N-mt

MiMiMUM . OUTSIDE DIAMETER

z-m I ) I? Casisws
_ 44— (273 N-m) (d)
0.0ezdt = A

& =0.0002108 m°
d = 0.0595!m
d =595 mm —

| Tan, .= B0 MFa

P= 2W4T Pm=warrs = He Tenewrowmerens]

1 MAXIMUM FPOWER

B,y = 2.5°(m ,
I, = 3a(dz“dc) 362.3x10 m
BASED UPON ALLOWABLE SHEAR STRESS

B I 2 Latons I
L™ %@ = ‘—h:: -
. 2(80ME)(362.3x107m) _ _
T, o500 = ST N-m
BASED UPON ALLOWABLE RATE DF TwiIST
0= 25~ Te=6I;6um

T, = (80 6P2)(362.3%10 wi)e.5%Xts radfe) |

Te= 1265 N-m
SHEM STRESS GOVERNS

T =T, = 1157 N-m

p = 2ENT 2 7 (600rpm){(1159 N-m)
p=£ s

P = Tz,820wW = T2.8 kW @—
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3.7-9

MOTOR-DRIVEN SHAFT

150 hp
(,27559 _ 25 - Sohp L=t gt
[ = ] L .
A L, 35 Lz SC L,=44t
d = pIAMETER N=1000rpm T, = 7500psi

(Padyy,,= 1-5°= 0.02618ved G =11.5x)0°psi

)

[E1-10]

MOTOR-DRIVEN SHAFT
([,sooxw [eokd 80N
d=pumeTer §=32Ha T, = 50Mk 6=756F;

(Prdpie ™ 4°=0.06981rad
TORQUES AcTING ON THE SHRAFT

TORQUES ACTING ON THNE SHAFT

T = BL000H
2mn
. T = 3%000(275he) _ 000
AT powr Az Ty 2 (1000rpm) - 444 1-ft

=17 332 b-in.

AT Pomr B: Ty= 25T, = 7878 lb-in.
= — ’50 N A P
AT Powr c: T, = 555 Ta = 1454 b-in.

FREE ~BODY DIAGRAM

Tam 17332 lb-in

| -

A

p - Tem 9454 b -in.
_[‘05 4;t ¢ IC d =DIAMETER

Lft

P=2T§T P=warrs {=Ha T=uewron METERS

4
T= Zrs§

AT POIT A: To=

300,000\
2T (32Ha)
AT POT B: Tg= _13%3_.7; = 59¢.8 N-m
AT PomT C: T, = .é%g_n = g815.3N'm

FREE-BOPY DIAGRAM

= {492 N-m

. [T;F 815.3 N-m
d= DIAMETER

Ta= H9ZN-m
G = 100 [P
A 1Bm AB 0.9m AC

Te 3 5%.8Nm

INTERNAL TORQUES. 1;'5 1492 N

Te= 7878 lh-in

Tec= BI5.3N-m
DIAMETER BASED yPon ALLOVIABLE SUEAR STRESS

Tae = 9454 lb-in.

THE LARGER TORGUE DCLURS IN SEGMENT AB
it (492 N-w)

ANGLE DF TMIST GOVERNS

d=2.75in. 44—

DIAME TER BASED UPON ALLOWABLE SHEAR P =dele 3 KTa
STRESS. 7ug LARGER TORGUE OCLursS w sEempnr | o Fd | Tl I (500P2)
AB ‘ d?=0.0000520w d =0.0534m = 53.4mm
(I o Tae dsﬁ‘ IC'&. = ! "(”‘ 35215-h)= ﬂ.?'hz' DIAMATER, BASED VPON ALLOWABLE AMGLE OF TWIST
Td? Tlatew  w(7500ps) a+ — -
derire re: I gL .z
DIAME TER BASED UPON ALLOWASLE ANLE OF TwWisT GIp Téd -
r,=fd' ¢=TL . _Z2TL SECMENT ABr | 52T L _ 32 (M32N-n)(i.5m)
Ttz YT eI, T Fodt P Tedt | woseh) d*
: : : 303 40%
SEGMENT AB 1 - 3;1::;“ Py = 2
. . SECHMENT BC
= 3207330 L-in)(6t8) 0z in/ps} = 32Teclec 32(895.3 s-n)(o.'l-i
. T (1.5x10%4) d* % o4t T@seh)dt
P = LIOBE. ' 4, = o. zgg; x10°°
SEGMENT BC»
¢’"=% FROM A TO C3 L M3’
= 3Z (450 W-in)(4£1)(2 in/1) Gac™ Pas* Poc ™ J*
' o __:} 14 ’
¢ ¥ (n.5xi0 rﬂ) d* (¢M)._.,“. 0.06981 rad
= -
d* ” any o 0A133X10°
b = 1507 s 0. S
FROM A 70 Ct Gac = Past Poc= %0* 0.0¢38t= =— 3 —
(brckn,, ™ O-02C1B red AnD d = 0.04133m = 42.3 am
o 0.02618 = % anp d=2.75in. SHEAR STRESS 6OVERNS

0



3.8-1

3.8-2 CONT,
CIRCULAR BARWITH (b) MAXIMUM ANGLE OF TWIST
FIXED ENDS C L
Ta A ,1; 8L Te FAROM ¢-u (d')m = (m);_% 8 GI "—
- = S E85. (340 2. |
j !.. A L “’»’ 3- 8-3
o ba L Le Ta= JJ_rLl'- SHAFT FIXED AT BOTH ENDS
T Pisn -
L To= J}_IE‘_ n A Id s T L=a+b
APPLY THE ABOVE FORMULAS TO THE i BAR3 e T F"""‘" a>b
T 2% e Jhb.  Torer Tams
Ta 2A D Tp AT THE DISK
- 0 0 .
y L \ THE REACTINE TORQUES CcAMN BE OBTAINED FROM
Sk L EQS. (3-46 a ans b): Tas T.g T,= Taa
L
Siice 2 7b, THE LARGER rouwe (A HENCE
Ta= o (B)+2T(d)= _’.§..T; THE LARGER ‘STRESS) IS IN THE RULNT HAND
SEGMENT:
= T (B) e Te ()= 55+ R il 7=
ANGLE OF TJIST AT SECTION B L Ip Tmas 2L e
6= = G _ aTL T= S (R ¥
& A 6I, 206T, ANGLE OF ROTATION OF TRE DisK (From £ 3-49)
ANGLE OF TMIST AT SECTION C ¢ - T ab
= To(ALlw) _ 3TL &L Ip
¢c - 4’«.9 GIP 561p Pras™ (Todos b . 2 bZpstes
o 6LI Gd <
MAKXIMUM ANGLE OF TWIST 3 P
BTl X -l
Pnes= @ = o1 HOLLOW SHAFT WITH FIXED
2.8-2] ENDS.
CIRCULAR BAR WITH Ta 4A rTe By Te FROM
= = = o 1= o= E5s.(3-40
FIXED E_NDS / . \ L / Aut b): L“-
T T Ta FROM s p Ta= -2ke
L BN RiGAa C )
AT AND b)3 To=Taka
‘—‘“—f—'—‘l Ta= ToL& | APAY TWE ABOVE FORMULAS TO THE CIVEN SHAFT:
L - Te= 2| A 4 r/"c s <&, To=P(400a)
APPLY THE ABDVE FORMULAS TO THE GIVEN BAR: y Y - aais Lo ™ GOO mm
Ta 4 o - ; Tp A F:?W—MM L" foaﬂn
""'"’"J \' N e o™ 50mm &,=40mm L=+ Lg= /500 mn
i I..._. T, = 55 M2
-_x.____..L'_; T‘- 1;Ll = P{O.h“a.hl -0 '6P
T. = @) Tz _ T (- - L L5m ’
A L L. L (L Z:') To=Ta -r' - - P(0.4m)(0.9m) 0.24P
(@) ANGLE OF TWIST AT ssc.no-l-s B Aup C I-5m
Pg = Pus = a2 _ (L-22)(%) UNirss P=Nswrous T=nNewWTod METERS
A8 6Ip 6]:,1_ TNE LARGER TORQ VE, AND nmc.: THE LARGER SHEAR
- STRESS, OCCuR PART B OF THE r.
Q7 . B (147 ok 4o PARE £ OF THE SHAR
i 9 k- T =To = 0.24P
A b = - -
0T A L2 b 4¥=0

o _*=§ 4 [CoNT.

ai

[CONT.



[3.8-4CONTJ

SHEAR STRESS IN PART CB

3.8-6

STEPPED SHAFT WITH TORQUE

A= 0.8 in.
Tl d = .G in.
41—4—-
L‘ = 8.0in.
l I-AT Ls —-l L"ZOOHI
FIND ( T)man Takow = 8000 psi
REACTING TORQUES (From £@s. 3454 Aus b)
- Lp Toa
T T (o Ty Y
- Lales (2)
b=t (L. Tea .:..I,.)

ALLOWABLE TOAQUE BASED UFON SHEAR STRESS N

SEEMENT AC

Tae = _fQL Ta=4 ,,-JA
w42

T =krdit,

comsma £85. (1) Aup (3) Al S0LVE For To 3
T=4wal e, (+ ?T?f)
= kT4 T (1 + b)) (4

B da
SUBSTITUTE NUMERICAL VALURS®

To= 5750 lb=in.
ALLOWAGLE TORGUE BASED UPDN SHEARSTRESS 14

SECMENT CB . 2

Too = LT Tam T Ty = i Tds Cans ©)
B

comsus £¢s. (2) and(5) auD sove For Tpt

= 3 _LQ_IIA_
To %?J.f 1+ La Tps

= ;I‘:'ﬂ'd: ‘L'.H(I + —I-L ()

SUBSTITUTE NUME RICAL qmmss
To = 7440 |b-in.
SEGMENT AC ¢OVERNS

(Toduas ™ 5750 lb=in =

7 = Be(2) T 2TmxIy ¢ To
st I, max d da T ds ds
UMITS : NEWTONS Aup METRRS |To 4A e -~ By Te 16 mm
“  ——f
Tmas™ 55%10° Njm* T,= K (4}~d%)=302.2010' T ; @ Ay 20mm
4w g a08m I e o
SUBSTITVUTE NUMEBRICAL VALVES Wro ER. 6): FiNp (T;)m 7z
2 -4 wllse = GOMFs
0.24P = .5(55“'0‘”{;0)::“'2“'0 mt) =7%.98Nm| REACTNE TORQUES (FROM EQS. 3-45 0 AnD b)
P=3320N 44— Ta=To —t1ra 4))
3.8-5 LoLpa +LaIps
' STEPPED SHAFT WITHTORQUE | T, = T ( La Tpg @)
» e Le Lpa +lales

| ALLOWABLE TORQUE BASED UPOM SHEAR STAESS 1

Ta
Tac= ﬁr 11=-;';1rd:’!“-;1- 'ITJ:'C‘» (3)

comsiue E-s. (1) anp (3) Ano sowve For To ¢

= LaZes
T 1+ ——L-L””

3
=','i'ﬂ'd‘fg"(|f Le J‘ ) (4)
SUBSTITUTE NUMERICAL VALUVES »

To = I0TN-m
AI.J.WASI-E TORQUE gAle UPON SHEAR STRESS (i
SBCMENT C B

Zia= 23 Tom b Tds T = s Tlp Ty (8)
COMBINE. EGS. (2) Anp (5) Aup soLvE For To:

--,%rd:t‘,..,(; +

SUBSTITUTE NUMERICAL VALURS »

) 3
% T Tu,

To=I1TiNm
LBLMERT AL (OVERNS
(T)mae ™ DT N-m —
3.8-7]
STEPPED SHAFT
d

d.-

In

REACT NE TORQU 5 (FRovt Eqs. 3-45 e awio b)

T T () (G

INwlien Ly=a o lg=l-a
[CONT-
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[3.8-7CONT] 3.8-9]
() EQUAL SHEAR STRESSES FIXED-END §AR WITH
P o= D g o T (dal2) TRIANGULAR LOAD
Ac Ipa <8 I, ¢ 'to t)= __t_;:x_
Tac=Tca OR ——-—-T;i‘ = _—Tii’ Ta - Te

SUBATITUTE FoR Ta anp Tp AdD SIMPLIFT !

LeTrada _ Lalrsds og (L-a)d, = adg
I’A I”
soLvE FOR &/l ¢t & da
L da +dp

(b) EQUAL TORQUES
Ta=Te OrR LgIpn=L,T,s
1.3 (L"ﬂu) IrA- -5 Ifl

l_g.
L

To = RESULTANT OF DISTRIBUTED TOAGQUE

-l ftez 4 o b
L= tmae=| G5 dp= L
LEQUILIBRIVIM TA*Ta =T = t;.L

ELEMENT OF DISTRIBUTED LOAD
4Ta t)dx dTs
S -

soLve FOR /L.t _a _ _Lpa
I’;"’Irl
3.8-
BAR WITHAHOLE _
otz Lz |
Ta 4A 4d2 T B8y Ts L=1250mm
- B P> L [f2=C25mm

d, = OUTER PaMaTa

- = 00 mm

To= TORQUE APPLIED AT DsTAcaz d, = DIAMETER OF

HOLE
FIND L 50 TRAT TAo=Ty = 80mm
EQUuuiBRiuM Tat Tp=T5 % T;-T.-;E- Q)
REMOVE THE SUPPORT AT END b
2] Ts Q= Auciz oF Tusr
Tea G ——0 AT D
IfA’ POLAR. OMINT
OF MNERTIA AT
If.= POLAR MOMENT DF INERTIA LEFT-RAND END
AT RIGHT- RAND END .
Ta(L/2) | Te@2) _ To(z-bjz) TeGiad
P~ e * Gl Gl €T (2)
COMPATIBI LITY ¢. =0 (3)

SUBSTITUTE E05. (1) AND (2) wro £a.(8) axip
SIMPLIFT 2

RO C— . . S—— T,
4 Igs 4 Ipa Ire 2Ly 2Ipa
OR - R
- 4
Ips 4TIps 4Ira. @

SO0LNE FOR % 2

=5 @
" «--z-(ﬁ‘—)1 |—(m =0.5904

o %-: (3-0.5104) = 753 mem M—

Ip\

\I.iz ¥

dTo= ELemunTAL
REALTNE TORQUE
dTe= ELEMENTAL
From EQs. (3-46 a Aupb)* RE ACTIVE TORSUR
dTa=t@dz (52} dTy=twdz(E)
REACTIE TORQUES (FixEp-END TORQUES)
L
Ta -fJT.aL(g.%)(_l::.a) dx = L= 4—
oL
Bo=fdn=[ (L E)(E)dr = 5 4
NOTE: Ta+Tg = ..h.L_. (cHECK)

3.8-10]
BAR ENCLOSED IN A TUBE

d,=30mm dy=3Cmm dy=45mm G=806f2
POLAR MommroF INERT 1A

BAR: Ip= L 42 = 71.522x10

TURE : I, = I (d5- d)= 2.37.68 x16 'm*

TORQUES I8 THE () AND TUBE(2) FrOM
EQS. %3-44 a AND b

BAR: T, =T —‘r-i— = (500N-m)(0.25070)
Intira = [25.35N-m
TE: . =T (—Iff_si":' = (500N-»)(0.74930)
= 374.L5 N-m

[CONT-.
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3.8-10CONT.|

(a) MAX IMUM SHEAR STRESSES
M = 23.6MP2 44—

"Ll'ﬁ

0.001852 rad

BAR 3 'Z'
BRASS CORE ALLNVABLE STRESEES :

TuBE = T, = TI-M = 35.5Mf2 d— d=28mm  T,™ 30MPs T = 50MPa
(b) ANGLE OF ROTATIM OF END PLATE

T, L Te L = = de
e 6Ip, G Ips 0.007852 rad 0-5(.2_ | SOLATE TRE BRASS CORE AND THE STEEL SLEEVE
(c) TORSIONAL STIFFNESS BRASS CORE : 14 =25mm

T, e ( O T,

= S00N'™ _ 538 AN-
-

COMPOSITE SHAFT

sTEEL SLEvE 6, =316F2 Gye75GFa

L

I,=I &t=38.350x10"m

3.8-11 ]

_BARENCLOSED INATUBRE

A TusE (2) [

Tt s et T oo T2 4400 lkein =

LhEAROE R (EPRT
ENP

I — ds

d=1.2in dy=14in. dy=18in. G=|L(xI10 psi
POLAR MOMENTS OF INERTIA
BAR: Ip == d* = 0.20358 in*

. 4 4\ 4
TUsE : Ip, = K (dy'-d, )= 0ac5345in

TORQUES IN THE BAR (1) Axid TugE (2) From
g_z; 440 andh)

BAR: T, = T-—L) (4400)(0.2.3754) lb-in.
+ta = 1045.2 lb-in.

: T = = 16 1b-i
e ) e

(&) MAXIMUM SHEAR STRE SSES
BaR: 7; = 1{9/2) = 3050 psi —

Lp,
TeE: T, = —MIA’IZ = 4020 psi G—
f!.
(b) ANGLE OF ROT AT 0N OF END PLATE
= _nhb T2l o 5008852 rad
¢ 6 IPI G Ir:_ 8 X
¢ = 0- 507. h
(c) TORSIDNAL STIFFNESS
A= T = 497 k-in. €4—

G.Irb'-'- 1415-63 N'm:.

STEEL SLERVE: | di=40mn
Ts wa— f"'_--[d._zﬁmn_@—»

Tp= 35 (4f-at) = 212.98x10 " m*

Gs Ip= 15,173.3 N-m*
CALCVLATION OF ToRQues (From E§- 3-444)
=T (—(’1—1&—)- 0.085416 T
G; Ifb* 6‘If‘
Te =T-T,= 0.943%84T
ALLOWASLE TORQVES BASED UPOM SNEAR STRESSES

BRASS CORE: o SR ACTEIN o Cadageo Trb
Ies di/2

9 4
0.085¢16T = (20MPD(38350%8 ") _ g5 n3q y.m

(25mm)/2. T = 1075 Nem
_'E.M L= _l)jaltf&
t 3
(sonh)jg.ﬂnw mt) _ 5.
(40me)/2 ki
T= 582 Nem
STEEL SLEEVE GOVEANS

Toax™ 582 N-m &
(3.8-13]
COMPOSITE SHAFT
sTem 6LEsvE G ™ 5000 ksi
s ie Gs= 11,500 kei

Ts

STEEL SLEEVE:

0.714384T =

dy=2.0in ALLO WASLE STAGSSES®:
dz=2.4in. 7, = 45000
T, = 7500 pei
| ISOLATE THE PRASS CORE Anp THE STESL SLEEVE
BRASS CORE : ] 4,22.0in.
Te v— >N

i
In=E 4% = L5708 n#
Gy I = 8.79¢5 2/0° Ib-in®

[CONT.
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3.8-13 CONT]

STEEL SLEEVE:
de=2.4in _

¢, Te

Te a——

Lpe= 25 (af-4}) = LeBisn’
GeIp™ 19. 394 2 10 lo-in®
CALCULATION OF TOAQUES (FRom E@ 3-44a)

=T _EpIen \ = (0.2)204T
thry*@.lﬂ

Te=T-T, =0(871¢ T

3.8-14 CONT.]
ANGLE OF TWIST OF THE COMPOSITR BAR AP
- Llfz) B0/ (o i0r8x16%)T 5403
¢A.l G.I,. G. Irb ( ) )
UvMITs: T=N-m @ wrad
ANGLE OF TWIST OF PART BC OF THE STEEL SHAFT

e = 2L 2 (10,0051 2165)T 2o 4)
B GeIp

ANGLE OF Twi8Y OF [HE ENTIAE SNAFT ABC

D = Pan*tPoc (£Rs. 3 Anp4)

¢ - (l{._?.ﬁﬁ?xlb"’)T UNITS & ¢-r¢d TmN*m

(8) ALLOWASLS TORQUE T; BASED UPON ANGLE OF TWIST

ALLDWABLE TORQUES BASED UPON SNEAR STRESSES

BRASS

. de* 90 mm da‘”"':'r
T
I —
-_— S c
l;.gz.- .o-.l L!:*z-o';l STERL SHAFT

PROPERTIES OF THE STEEL SHAFT (s)

Gs= 80GP2 4, T0mm
ALLOWASLE SHEAR STRESS - T = /10 MFz
L= d = 2.3572 210 m*

Gy Iy 188.574 x 10" N-m*

PROTEATIES OF THE BAASS stseve (b)
G,=*406FP2 dy=70mm &= T0Omm
ALWOWABLE SNEAA STRESS: Z,= TO Mfz
L= 3z (4-47) = 4.0801 x 10 m*

Gy T = 163. 363 x [0° Nom®

TORQUES Ixl TRE COMPOSITE BAR AB

Ts * TORGQUE I THE STEEL &NAFT AB
T, ™ TORQUE I THE BRASS SLEEVE AB

From BY. (3-44a): Tg=T (G—f'r:{f'az—f:)
Ts = T (0.63582)

£R.(1)
Ty = T- Tz = T (a.46418)

EqQ.(2)

[CONT.

BAASS CORE: ¢ = T2 (dif2) 1 _ (CoduaTes | @, = 8.0"= 0.13963 red
b _If" ) t di/a @ = (16.2887x10°) T = 0.139¢3 rad
0.21204 T = AA200pslU210Bi00 2 9504 i, T, = 8.57AN-m €—
Yo () ALLOWABLE TORQUR T3 BASED UPON SHRAR STRESS /i
T =22.7 k-in. THE DAASS SLERYE
T (d
STEEL SLEGVE : z- Ty(ds/2) oo CCdg Tes 7. = .hi(lf@ 7, =10 MP2 Ti-o.%-ns'r‘(:::o;)
Ags dz/2 6sAfs = 4187)(0.045
0.08796 T = L35 ")z" 07 = 15,540 th-in. 4.0841 %107
I-Zin. SOLVE FOR T (meuALTOTL)? -~ m ’
T=153 k-in 03 Alpa A TORRET Te™ 3.4 m ‘—4
3 BASED UPON SHEAR STRELS !
STERL SLERVE COVERNG THE STEEL SHAFT BC
T‘M= 15,9 k"‘n-‘— T(da/ﬂ)
== Ts= ——— T=110Mfs
_COMPOQSITE SHAFT HoMPs = —L(0:035=)

2.3572 2[("¢ sy
SoLve rFor T (eguar To Ta) : Ta= T4t kl-m —
(d) MAXIMUM ALDWASLE TORRuE
SHEAR STRESS N STEEL GOVEANS

Tooas™ 141 EN-ml—
3.8-15]

FLANGED SHAFT AB WITH
SLEEVE

A snarT d, d.,___é:

llllll rarri

Te

el

b

=
ANGLE OF TWIsT OF SHAFT AB WHEN TORQUES To ARE
ACTING AND SLESBYE 1S NOT YET I PLACE

ds
_3--5

L

T —A 44 ) .
- f ' - B
T & -
L= LEMLTR OF SHAFT AR (&= SHEAR MODULVS
. Jak '
@, —C:I—rl" £q.(1)
I=fd £Q.(2)

SLEEVE IS NOW ATTACHED

THEN TIE TORQUES T, ARE REMOYED AND THE SUAFT
PARTIALLY UNWINDS, TUE SYSTEM REACHES
EQUILABRIVM W ITH NO EXTEANAL TORQUES.

[CONT. |
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¢z- ANGLE OF TWI6T OF THE SLEEVE

NOTE THAT THE PIRECTION OF @, IS OPPOSITE
TO THE PDIRECT ION OF @, ) AMP THE DIRECTION
OF Tz 15 OPPOSITE TO The DIRECTION OF T;.

3. 8-15CONT] 3.9-1
FREE-BOPY DIAGRAM OF SHAFT AB COPPER BAR
b
T, ? $d f’ ? Ul T —4d T G=coxi0pa
H <9 ‘ T | L= 30in.
» LA gt d= L5in
T, = RESIDUAL TORQUR ACT NG ONTHE SHAFT > a
= RESIPUAL. ANGLE OF TWIST OF THE SHAPT - 3 max = 4000psi
T loe™ o5 T Tdlme )
&= or- £2.(2) T ¢
1 GIr. If = 52
FREE- BODY DIAGAAM OF SLEEVE () sm:-m ‘m‘
I ld‘ f‘ll¢"_r Uﬂ = I nYFJ ‘% (ZG)(
F ] — = T4 L Thaee g2
— e G
To = TORQUE ACT NG ON THE SLEEVE SERETITE SR ADREINICAL YALNES U= 3530m-b@—

(k) ANGLE OF TWlIST

UEL?.Q ¢9_gi_

SUBSTITUTE For T aup U FROM E@s. (1) Ans (2) -

¢z_—_.- I—‘-—-L'ﬁ EQ. (4) ¢ = _ZL_t'n“_
o Suss fd A VALUES
T[4 44 UBSTITUTE NUMEAIZAL VALUES :
Ips = 37 (ds 47) £@- (5) P = 0.0260Trad =153
EQuiL\BRIgM _.2
SINCE THERE ARE NO EXTERMAL TORQUES, LI STEEL BAR
THE TORGUES T, anD Tz ARE EQUAL 1N T il LIFVIN |
MAGNITUDE AND OPPDSITE IN DIRECTION. —td T C=806P:
h=n £q- (¢) LY v ] L=1.5m
DIAGRAM OF ANGLES OF TWIST . ! d =75 mm
¢ @s = INITIAL TWIST OF THE SHAFT PUE " Twax = 45MP2
?, To Torgues Ty (2. 1) Toax= _L(r_. Ta .L"_J_‘E'._s. 24.0)
Pa @, = TWIST OF TUE SLEBVE AS TWE
SYSTEM PARTIALLY UNWDS (s8.4) | T, = !'.dl.
¢. =<s: ;a;wu. TWIST OF THE SHAFT (;) aru;u ENERLY ,
E 2
COMPATIBILITY U= g’ r, (ﬂ—i_u—) (za)( rd* )
FROM THE DIAGRAM OF ANLLES OF TWIST : L 22
= T LTy 2
S+ ¢ =9, £¢.(7) %6 =2.(%)
TORQUE~ DIsP MENT AELATIONS SUBSTITUTE NUMERICAL YALUVES *
SEE £¢6. (1), (3), Axd (4) U=4L1J €4—
TNE TORQUE-DISPLACEMENT wns | (b) ANGLE OF TwisT
[N YD TNE EQUAT 108 OF COMPATISLIT : V=19 _ ¢ 2V
it . Tk . BL 2 T
GIp, I, G I, svesTiruTE For T amp U From #gs. (1) awe (2) =
2LTm
SOWVE 5;nurmﬂo¢s{.\f =6, (6) A (8) * SUBSTITUTE NUM ERILAL VALUES:
Ti=To= -%‘—I”— Eq.(9) P=00225red =129" d—
i+ Ipz 3. 9-
M A DystviA STREES REMAIN M IN 'l‘ﬂ_s_s»m -
7. = -r:fﬁzg = . Talead STEPPED SHAFT
. Ip) 2(Ip+Lpa) Iy, T de d T d=15ia d ,+2.04,
SUBSTITUTE PROM EQS. (2) R 5 “"‘—CJ‘C'_:_B—” L=80 :u.‘ .
Cns= < £Q. (1) d G:Jf,m';L
=Ty 42 (43 - d5) L/z $=2.5" |CONT
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T¢ _ mweed® [ _dtdl
Um o= “ga L, (d;l“;;

SUBSTITYTE NUM ERICAL VALVES 3

3.9-3 CONT. 3.9-5 CONT. |
STRAIM ENERGY (¢) B0TH LOAPS ACT SIMULTANROVSLY
U=S Tib o JeTiG2) o KT(/2) t -
be Ip 76 d: Te Jl-l == O
= 8r°L (! ! P |
TG ( @ d?) el AT DIST z d;‘] o
A I Q I1ISTANCE FAOM THR FRER EMD =
Lso, UJ z ) L EQ.(2) T nT+tz
EQuaTe U From £as. (1) anp (2) Anp sowve FOR T _ (L ﬂ] -
e L (d?fd:) T& TtL " tl Ll- ‘

® 265 T 26L, T w6I;
NOTE: Uz 15 NOT THE sum oF U. any Uz .

(wnERE @ = 2.5°= 0.045633rad)

U= 106.0 in~-Ib d—

3.9-6 |

3.9-4]

T

—.——

STEPPED SHAFT

d ds

|z | 72 ] L=lim

GC= 40 P2 ¢=35%=0.061087rad
STRAN ENS&G

o KT (L12)
v=5 L= zer

6 d;

* rrf.:&,?L

T di™25mm
d;. 30“

ANTIL R BAR

DISTRIBUTED TORQUE

tr tm=t, (£) 2w DISTANCE FROM
;@LE@:“ e man |
[ _jl:_l;i

ELEmenT Y

CONSIPER A PIFFERENTIAL Summanr d§ AT DisTAMCE
§ FRoM THE RIGHT- HAND END.

4T = EATERNAL TORGUE ALTNG ON TAIS ELEMENT

t

T Ip= POLAR MOMENT OP

(s) LoAD T AcTs ALoNS

b

U, = T‘I" -

ZGIF

AD T

FAOM ER. (.-’SG}OF EXAAMPLE 3~

45— 4—

U=

dT=t(}dJd¥
= TS 4T
T (d: d;') i @_&E =t ()48
ALE; ‘U= I??— EQ.() ELBMENT 4% AT DISTANCE T
EQUATE U:ngm £@s. (1) Anp (2) AuD sorve For T+ | T (%) = INTERNAL TORQUE ACTiiG ON THIS KLEMEBNT
T= r d . }
1L (a4 +a1) ks ™" T T ;o::.rouuurm z=0TO
~I¢ . wee*/ d'd % STl
v T Zet (S Ap-an = o= (e (Ear
SUBSTITUTE NUMERICAL VALVES: @ 1 L
= ‘— AN
39-5 U=3.51J STRAM ENERCY OF BLEmenT dX
= _ [rtel*dz _ 2 (t.V.*
CANTILEVER BAR \WITH du= er, et el - 72
DISTRIBUTED TORQUE -t 4
R e

G = SHEAR MODULUE

IMERT IA
T = TORQUE ALTING AT
FREE EMD
t = TorQuE PER UAT
PITANCE

STRAI ENERGY OF ENTIRE BAR
i z b
= _Sl__g "
U L du = 81-"61,
53
BEGI,

-
v 4<>c1:|:,.4

[CONT.
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3.9-7]

3.9-9CONT.]

STATICALLY INDETERMINATE

BAR
Ta  4A w2l 7T Ts
X< A :

POLAR MOMENT DF INERT JA T, rd?t
4

(a) STRAIN .e.nn

4

SACER IR < N PRY LA z]°

¢Y (From K§. 3-54)

I:.;i I L/2 ILﬁl

REACTIVE TORQVES .
FROM £Q. (3-46a): T = rzn)(%‘-) _13('1-) 7%

T.=31:. T~ 54"'-

INTEANAL TORQUES

Them= L Taum 2= T,= 21

51'Mu nm:m.r (From Eq. 3-52

v=2 KL

- [CE GG )]

= 11LL 44—
U=szer,

3.9-8

STATICALLY INDETERMINATE
BAR

THEREFDRE,

-'-3‘.

U= I 26 L) rr{,t‘( [JA.,(_J‘&)] 29.0)

EROM APPENDIX C 2

dz  _ _
I(g‘bg)‘ 25(‘*‘3

L +d:“' ,,Ta DO PRICEEN .
i Zﬁfnﬂ zc'.:,. [Ti(%-)ﬂ;&)ﬁ;&_)] I [dar (225241 [4. (g,__,_)]

L(dgf “)

TGt

- AT Lldardy) dAgi._
v 2424} vet( <

(b) ANGLE OF TWIST

L
- +
2(dy-d)dg" -’-(d.",-)(d.) 24748
SVBSTIWTE THIS EXPRESSION FOR THE INTEGRAL
INTO THE EQUATION For U (&) ¢

T

WORK OF THE TORGUE T : W= _:EL

Toa W=l m = TL(dardg)
f:’:{:ﬁ-’—_—t‘:;n'f TGt atar
SOLVE FOR
STRAIN EngreY (FROM £Q. 3-51b) ‘P - 2TL gdey dg) =
U=3 &ludi - ﬁzu.st GLnd’, G_Q(_Ize_,in_— “Wetdid
& 2L 2L 2 L 143.9
WORK DONE BY THE. romue T CIRCULAR TUBE AND BAR
Te
W= .__Z‘L T
EQuATE U Aup W ARD sowvk ror § _ S
Gzz : (5&*&") » 1:’z
= _llals g _‘15_&
¢ G(LsTpatlaTps) Pa - T'::::ﬂ ALTING O N THE
(TRIS RESULT AGREES WITR EQ.(3-48) oF
EXAMPLE 3-9, SECTION 3.8.) . Q= ANGLE OF NeT
BAR B

39-9 |
THIN-WALLED  HOLLOW TUBE

B = THickNESS

|—p= 4, = AVERACE
J. PIAMETER AT
END A

COMPAT |BILITY

TE—]

Put ¢¢'P

FORCE ~DIS ALACEMENT RELAT IDNS

dg = ANERALE
PIAMGTER AT
BED B

d (L) ™ AVERALE DIAMETER AT DISTANCE Y. FROM BDA

d(’l)" dA" (-4-!:& x

- Tk
('?ﬁ G Ipa

[CONT.

. -
¢' & Lps

SUBSTITUTE INTD TAE EQUATION OF COMPATIBILITY *
AMp SOLVE FDR Tz

T A (R

T= 'romuﬁ ACTiNG ON THE

Q-Amwmmr

ONT.

T8



3.9-10CONTJ]
STAAIN ENERGY

3.10-1 CONT. |

(o) APPROXIMATE THEORY (FROM ER.3-63)
T = T = 1500 k~in.
Znr -t 2.1 (5.0in)*(.0Im)
Toponoe = 9550 psi —
(b) EXACT THEORY (FRoM 58. 3-11)

= 9549 psi

SHAFT

K.E. =5 Tnuw*

K-E.-z'-r..%)‘

!GOD

UMiTs:

e Ty T X f 1)
U“ij.?r'; 26I,. @ 26Ls  2G (Ip $ J:,.)
suunrum FuTmo SIMPLIFY ¢
U’ I ( l-Irl

3.9-11]
ROTATING FLYWHEEL

FLYWNREL.
d=pIAMETEA
nsrpm

KINETIC ENERLY OF FLYNHEEL

T, = (Foeca)iuern)(sacous)

w = 26"0" N=rpm () = RADIANS PEA SRCOND

K.E = (LaneTH)(FORZE)

STRAIM ENERGY OF SHAFT (FROM EQ.3-51h)

r,-;-za*
d= DIAMETER OF SHAFT

U= BGd'e"

4L

- GItQ UNITS .
S A

= (FOﬂCl)/ T o

Tp = (Leneri)*

4, > RADIANS L =LENGTH
U = (Leaet)(Force)

EQUATE KINETIC ENERGY AMD STRAIN ENERGY

K.E.-U m

1800

u’&d"f‘

- LCd/2) -
T I, ¢

EUMINATE T

GI'

e 649

Gd =zn ;:;,L
Z"..... Z.L'lsd"

{IIEIIQ_

smroadn‘p 2n, J____‘_

MAXIMUM SHEAR .-s'russ

T = B:'_h-l Ip= I%¢_ (4r"+ t*) (ee.3-m)

r
I,= w(s.oh;l(:.om) [4(50141.*('-0;“):]

= 793,25 int

500 k-in)(5.5in.) .

BELAUSE THE APPROXIMATE THEORY GIVES STRESSES
THAT ARE TOD LOM, IT IS UNCONSERVAT |VE.

THERE FORE, THE APPROXIMATE THEOAY SHOWD
ONLY BE VSEDP FOR YERY THIJ TUBES.

SOLIDBAR 5 T
Dl wr i (o
RECTAMCULAR TyBE
jt Au=(d)2d)=2d" (=R.3-¢4)

T ’ il = |
J 7 t-m 2TAm 4&)‘ hs"")
- A d
_IQUATI 1"]_! MARIMUM SHNEAR STRESSES AND SDLVE
ForR t

16T T
¥a®  Atadr Td

tuin™ Ta
3.10-3

THIN-WALLED TUBE (1)

t Am=mr® JT=2rr’t A=znrt
, T T
./jt:'“' ZtAm  ZWrit
T= Zﬂl’"tfuu

U, = T*L U, = (200t Cman)* L
y2ey 26(2rr‘t)

a.lb-l

HOLLOW CIRCULAR TUBE

Sy r=50in

'w.‘ ¥ = ARADIWS TO MEDIAN LINE

di ™ OUTSIDE DIAMETER =110 in.
d, = ISIDE DIAMETER = 1.0in.

u,;Jﬂ— Bvr l't.-‘-"-—f-

U - _%ﬂ_
S0LID BAR (z} £
n A=wr Ip=%n
B = Ia - 25 21‘ Te lrra.fm
O o Lok vr'r....)‘l. - T ;;,,L
2 267-? 86(En 16
BUT Tri=A U= _A:“Eé-l_—
RATIO .—.".:2."_'

[CONT.

19



12.10-4] S 13.10-6 CONT. | N
THIN-WALLED TUBE SHEAR STRESS

Jt=3mm T=90N-m» L=0.25~ a L 15-AN-m -
- Py = Tthn ~ Tmmi,gsomd - 52-5Mi: 4
h=20mm o (50mm)(20mm) |ANCLE OF TWIST
= 50men = 1000 mm" = TL - (15k0w (15m) = 0.01493 rad
(2) SHEAR STRESS (FroM £8.3-61) q’ o (76 6P2)1 8310 =0 3:'5"—
- T - 90 N:m = IS, ‘_
w 2tAm 2 (3mm)(000med) OMFs 3.10-T
(}) ANGLE OF TwIST (FROMER.3-72) . REGULAR HEXAGON
- b R 2Rt t toty=t b= LENGTH OF sI1P&
¢ GJ R Ju bt, +hit: "2 3mm / t = THiIckNESS
J = 2B hz t = Z!SOHM)’-‘;OM!- (s....z Am: }'aa: Bz L,.."GB
bth 50mm + ZO mm
4 i SHEAR STRESS
= B5 MG mm = 85.T14x10 m =T _ o TITV3 <
(p - (90 N-m) (0.26m) 2tAm qpt
(26 GP)(85.114 210 'm4) ANGLE OF TWIST PER UNIT LEN&TH (RATE OF TwisT)
= 0.01010vad = 0.578" @— = AAn o oAAcr . 't

— l--d L 2
3.10-5 | L e

ELLIPTICAL TUBE 2T _-_ 2T __ ¢

S _

- 3
[~ T=30k-in G=i2xitFpsi 31?-'5: 6P ekt
2b t= 0.2in. a=3.0in. b=2.0m~ |

' FROM APPENDIX D, CASE 16 SQUARE ALUMINUM TUBE
Am= Tab =T(201a)(2.0in) ==1"T ngf: :u;;::nws :

. e
= |B8.850in. 50mm G=286GR T=300Nm

=T [15(50in)- ¢ ot | =15.867in.  Tan"20MB Q. 0025
SHEAR STRESS . ): LET b "5'-Onm
" At Am 4(0-2-3"-)(!8.350“& A= 5..t) wgd(p-t
FROM EQ (5‘61) . I’ L - 15.847in. T= 4tﬁ:'i‘ M i " (‘I-'-)’ L-. ‘( )
T sobcin —~_“TRE e - At B0
7= = L = 3180psi <4
ZtAn  2(0.2in)(18.850i) THICKNESS T BASED UPOM SHEAR STAESS
ANGLE OF TWIST PER UNIT LENGTH (RATE OF TulisT) —

J FA
Le# W[1.5(asb)~Vap]

T = -I... t -t} = &
6= = el ——30koin, Tegas T" 3 U y <2
L GT azuw*,.;)(n.qahe) UNITS: b= METERS b= METERS T= NEWTONMRTERS
6 = 139.5% (§° rad/in. = 0.0080%in. €— T = NEMTONS PER SQUARE Mg TER
- ¥y & 00 N:-m - =6
3.10-6 t (0.050m~t)" Ty 1510w
STEEL TUBE SOLVE FOR t:
r«50mm —t_—— - Y= 50 mm THICKMESS T BASED vPod RATE OF TWIST
L™ L5m 8= T f.)’— T
T =15.0 0N m = %7 “ctor V=g
An=Tr*+2zbr UNMITS: L= METERS b= MeTERs T=uswWrOn METEZRS
=T (50me)"+ 2 100 mX50m G= NEWTONS PER SQUAAE METER
- 11'850”“& e-= RADjans PER METER 3
L= 2b +21r = 2 (100me) + 2T (50mm) = 514.2mm | + (0.050m-t)* = (zsaﬁ(‘x{;nﬂ =
41 A% _ 4(Bmed(IT,850m) ¢ 4 | sowe Fort: ;
B L T Bt THON e t = 0.0045Tm = 4.5Tmm
ANG OF TWIST 60YE
CONT. Ein = 4.5T mm —

100



3.10-9]

3.10-11 |

t=t, (14 sn )

r= RAPIVS TO THE MEDIA LNE
L™ 207 Am=¥rt

I=f__%::— ds=rde

rde W Je

THIN-WALLED TUBE THIN TUBE
t Mﬂsﬁl i T= 45,000 lb-in.
¢~ T=20r’t = Freest Tty ™ 6000 psi
Egc‘r THEORY T L s iivcHms
_eys T IXE fa o2 Y= AVERAGE RADIUS 1] = INNER RAPIVE
‘P _GI FROM EQ. (3-117): If 2 (4r +t ) ==¢’_‘m_+{- ‘len.
e T 2T Y, = OUTER RADIUS
¢" GIr ré6r t(‘r:f t‘) & =2in ¢+t
Art,. 2t ; t* (a) APPRORIMATE THEORY
—
4("" » 47‘ T= T = T = —I
I 2tAn 2T(rrd) 2Trit
T —_— . m 45,000 8%~in
s 16 40P = 2z
AS THE TUBE BECOMES THINNER B 45,0 15
AND @ BE COMES LAAGER, THE or t(2+8) = IT G000 - AT
RATIO @,/ Po APPADACHES UNITY. SOLvE Fon tt
THUS, THE THINNER THE TUBE, t=0.263 in. 44—
THE MORE ACCLURATE THE Ib! BXACT THEORY
APPROXIMATE THEORY BELOMES. Tr
3.10-10 s ekl L S
. 4
THIN TUBE WITH VARIABLE =E[rt)*-@]
THICKNESS =IE (£*+8t"s 24T+ 22)
PEATIES OF TRE SacTion
ds ©000psi = (45,000 b=in.) (2+ L)

TE (ot +24t+32)

t=0.277in @—

THE APPROXIMATE RESULT i3 5% LESS THAN THE
EXACT RESULT, THUS, THE APPROXIMATE THEORY
15 NON CONSERVATIVE Adp SHOULD ONLY BE USED
FOR THIN-WALLED TUBES.

SOLVE FOR L=

Le-(5

(Hﬂn%) L |+sin§_

qu A TABLE OF INTEGRALS (SEE APPENPIXC):
d3

[3.10-12]

RECTANGULAR TUBE

L= THIOUQImSS

t

¥ smaL r”(l'-u) t_] p b = Prmgons oF TrsTves
5 g= T
L . [ Zf“(% 'e')] L= z(.,{.b)-(.oﬂ.ifAulT
I-sm{- T = CoNsSTANT
=~2tan (£~ ~Deztan(E) =4 SHEAR STRESS .
v L:‘.i = -SI-— T= _th:‘A"; A-.n‘h-’h
t. Lw=2b(i+g)= cousrmr
A- = 8 = .—LL. =
J'-:I.‘II- J-(—tr nir't, b z("p) Am Plz(up)] 4(“”,_
- 2 TOug? | 2Taet
SHEAR STRESSES = i HA- 2tgr tL.p
T
€=t - P - (it i o)
0=0: Tau= ZmviE, & TRAT T715 Mnliqusa WHEN
= T T % ‘:l AND TEETUBR IS
O=T: T, = 4|rr‘t. < min : seoare. —g7
ANGLE OF TIST I1 o + A HE
¢= o5 crion ¢ P [CONT.
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3.10-12 CONT.|

ALTERNATE S0LUTION

3.10-13 |
RECTANGULAR TUBE.

T = TICANRS S
a,b ™ DIMENLIONS TD MEPIAM
LINES oF THE TUBAE

a
ody
L™ 2(a+h)™ coNsTANT
T = CONSTANT

AN u 1sT i

ot T= 4LAn A wab= B
8 6T I Lm ¢
LT
Z(fﬁ)

4(rprt

le = 2b(1+p) ™ cousTANT b=
& 4
- flm .
A 409" I= L.;cu.J(up)'
- L = ATG ) &
( T; G, T, ANp L, ARS CONSTANTS)

FROM THE GAAPH, WE

SER THAT 8 % NV
WHEN g Adp THE
TUBKE 15 SQUARE .
_64AT
Ca" Gt
2 ’u

2 e;ln
Omin

s

o

ALTERNATE SoLuTION
T . (up*
A TE 2

de _ _4T F‘(QQQ!-{»Q‘@Q =
49 Ctin [ gt ] ¢
or 48 (1epY-280ep* =0 .. g=1
rlu% THE TUBE 15 SQUARE AND 6 s EITHER A

MINIMUM OR A MAXIMUM. FROM THE SRAPH,
WE SEE THAT 8 15 A MINIMUM.

o
)

3.10 -4
THIN-WALLED TAPERED TUBE

T= %. Lup)® A B Lo THICKugSS
tl. é L’I 4 dA= AVERAGE DAMETSR

2L [ p00e=tref@ ].o N S d " arear A

tis s 102 dp= AVERACE Plamarsn
or 28 (A ~(np) =0 .. gl L “"L T-?L::::
ThUS, TNE TUBE 15 SQUARE Aud T is KITRER A MINIMUM -
OR A MAXIMUM. FROM TAE SAAPH, we sag THar 2~ | <2 :"“‘“‘ PIAMETSS AT DISDANCE X PRIV SNp
15 A MIIMUM, y -

d(s) = dat (Loe)y

T =2urt= -L;,L'E
01 E-{s0] " S [onr( 2]

FOA ELEMENT OF LENGTH dX:
dp Tdz = 4Tdx

eI® Gt [d‘f(:dl—éz);]’

FOR ENTIRE TUBE:
dz

o 41‘['[4‘ .:—);]r

TGt
FROM TABLE OF mn CRALS (SEE ATPENDIX C)3
Im ples zb(uh)‘
L
= ret [ z(-h—h)(d‘, ,)s]
B ret [ 2(4--4-)4. z{d.-d.a)d.- ]
¢ = 2TL (dAfd!) ‘

met \4FdF

EXIEN
STEPPED SHAFT IN TORSION
, =2.0in.

E:k::’"" D,=2.41n

R=0.tin. T, = 9000psi
USE Flb. 3-48 FOR THE STRESS - CONCENTAATON

| FACTOR, R O)in Ds 2. 4in
-F'--mzo‘ =0.05 '-"-—t ““'-*—*—&o'n.‘lnz

K2182 oy ™ Klaw ™ K ('p, )
T, = "'P"rm

o F(2.0in)* (2000psi)

16 {1.52)
Toax = 7300 lb-in.

T = 7500 lb-in. —

ez




B.01-2

STEPPED SHAFT IN TORSION
1P

FROM Fib. (8~48) WITH -g;‘— 215 AND K=1.37,
wWE BT R ~0.10

s Rouin = 0:-10(40mm) = 4.0mm —

T 32 T
—
D= 40 mm Dy = COmm T=1100N-m T, =120MF2
sK 3-48 FOATHE s - CENTRAT IO FACTOR|
T =K T, 'K(rq
_D:_Eg. .L(__(_‘J‘_'-'l.'“ =
K= 1T 16 (1HOON-m L87
D: _ 6Omm . ,.5
D| 40 mm

3.11-4 CONT. |

JowER o, (£Q. 3-42 oF sgerion 3.7)
P=wArms n=rpm T= NewTON METSRS
T= = 4,320 Nm

20UnT
0

2mn © 27 (400rem)
USE Fle.3-48 FoR THE STRESS- congumnu
FALZT OA

o Emas (rD7) (l'Ps’J w&&m!_ =
" T 16 (14,320 N-m) £

USE THE DASHEDP LINE FOR A FULL QUAATER ~ SR CULAA
FILLET.

R_~
P % 0.075

R~ 0.075D, = 0.075 (100 mw)

=T7.Bmm

D;= D, # 2R = [00mm +2 (ZSmm) " U5

et D&ﬂ 115 mm ‘—

THIS VALVE OF D; 14 A LOWER LiMIT <

3.01-3]
STEPPED SHAFT IN TORSION
T
f ‘R T
Dp=LOin T=500Ilb=in. D,=0.7 0.8, A 0.9in.
FULL QUARTER - CIRCULAR FILLET (D, =D, +ZR)

R= 262 = 0,500~ 2L

USE Fib. 3-48 FOR THE STRESS—CONCENTRATION
FACTOR

T

-——

T l-hl K
Tonas = K Togm ( ) p' - zsqui-
Dl (m) D.t.fpl R (iﬂJ R, D| K E".....Qail
0.7 1-43 0.15 |0.2i14 | .20 |8900
0.8 L25 0.0 |0.125 | L.29 |6400
0.9 Lil 0.05 | 0.05¢ | 1.4] 4100
B 2000 % NOTE THAT Tax ETS
(ps0 \ S MALLER AS D, CETS
~ LARGER, BYEN THOUGH
. K 15 (NCAEAS NG,
5000 e

OF Dp1s 2855 THAN 15mm R/ Dy 15 sSMALLEA,
K 1S LARGCEA | AND Tuas 1€ LARGER, WHICH
MEAMS THAT THE ALLOWASLE STRESS 15 BXCEEDED.)

PmGOORW n= 400rpm D, mi00mm Zaue=l00MP

3.11-5]

T

-&—

STEPPED SHAFT IN TORSION
D B T
—>

i “SR 1
Pp=t6in T, =15,000psi T= 4800 b-in.
FULL QUARTER = CIRCULAR FULLET D, =D, # 2R
R= P20 =0 75in.~ B
USE Fle.3-48 FOR THE STRESS—(ONCEMNTRATION

- I). K [1amoni
— < / - 00 lb-i:
Tﬂ‘l K t‘m K(_' [ 3 D'. [ T ]
= X
24,450 5,

USE TRIAL~-AND~ ERRDR . SELECT TRIAL VALVES
oF Dy.

D, (in) | R(in) | R/D, K |Taalps)
.30 | 0.100 | 0.077 | L38 |15,400
.35 0.075 | 0.05¢ | L4] |14,000
1L.40 | 0.050 ] 0.036 | L4e |13,000
Tonaa (psi) !
16,000 - Ewn or
! CHAP, 3~
: £‘5'.m..
15,000 —— —%— — L —
14,000 . D, =1.31in.
oy

130 L ‘o 9.{:113

FULL QUARTER~CIACVLAR FILLET IC_ONT’.

FAOM TRE GRAPM, M MoM D, % L3}in. <4

o3




4.3-1] Simple beam
16#- 10 k/Ft

TMe=0 : Ra= 256X +axi0X5]="Tk
Free-body dicgram of segmert AC

ey

ZFet=0: V=7-6=10k 4—
ZMe=0: M=700)-6(5) =40 k-ft ¢—

43-4| PBeam with overhangs

q

Re=R¢ = C}(b+i')

NI

Re v
ZMe=0 ¥\ ™

4.3-2| Cantilever beam

A NEEEREET Arllllllll]ll
r ;P_ [»]
stl!mL 104t LL.% ('?_b..{
TR =170k {Rp=90k Re Re

From symmetry and eq}:iljb*im of vertical forces:

me@g diagram of (eft-hand half of beam:
=0 e

Rp(5)+q(z)(bt5) =0

ZRet=0" V=4+32)=10kN <—
> Mp=0: M=-4(05)-32X25)

: =-17kN-m <—
43—3] Beam with overhangs
p p
1 s 1

A
| ’? L ’@”b__]l

| o

Ra YRs
>Mp =07 Ra=1[PL+beb)]=P(1+52)

p [ iy, | R
4 tm e im oo 2m - .%.::-% —
Free- bodg d|4mmm — 43-5] Beam withan overh
M(‘]"’l fTitiile . eoe il
2m A : 5

=2940 Ib

A o0 =.|= 0t " bRt | b6t
TRa =2940 tb Rp =38¢o ib

ZMg=0: Ra=5[50010X15)-300(6X9))

RERERE __?l )M

72940 b A%
2 Rt =0¢ V"‘ 2940 -500(10) = -2060 lb<—
ZMp=0° M=2940(16)-5000(5+6)

M=% +Pb-Pb- %
M=0 <«—

‘P A . M=-7960 Ib-ft «—
L —1 M =
T ,U 43-6] Simple beam
S TRV 4kN 9kN
T Fert =0: V=Ra-P=Pl1+32) -p A } 1 B
v=22p 'ﬁsml 3 | i5m™ 4
. h m 2m
TMc =00 M=P1+3B)5)-Plo+$) Y IITT e

TMa=0: Rp=1 945)+405)=7.75 kN

[CONT..
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4.3-6 CONT. |
Md_gd_agce_ gkN
M (T D B
Rt 5 kN

ZFert=0: V=9-775=125kN -—
ZMp=0* M=775015)=11.6Z kiN-m ««—

43-8 CONT. |

Substitute numerical values:
M=150N (1M 4 (035m)(tan 70%)]
M=125 Nm <-—

43-7| Beam with vertical arm
" R=4001b
e ;=900 Ib
o] |l k|
s s
1. 404t _watJ
# Ra=1251b 1TRe= 1025 Ib
TMe=0: Ra=3[(900X1)-(400X0]= 125 Ib
Free-body diagram
mb:t
(==
Yi25ib

ZFert=0: V=-1251b «—
TMp=0: M= -400-125(2)=-650 bt e—

43-9| Curved bar Mv\
B B XN

M AT

N\ P, e
P A [ C p A r ©

ZFn=0 4 N-PsinB6=0 N=Psinp €*—
TFR=0 \t V-Pws8=0 V=Pcosh «—
TMo=0* A M-Nr=0 M=Nr=Prenfe—

[43-10] Airplane wing

1600 N/m
"t

A
Fo 26m
=

900 N/m

26m

Loading
700Nm| @

4.3—-8 L Archer's bow
\ i P=150N
Pc Bt
N H H=1400 mm
/ =14m
b=350mm
p =035m
Free- j of point A

T = tersile force in the bwrsl'ring
ZFhariz=0" ZTcosﬁ P=0
T—

Lé,.
‘”Xl

—-—-—-—

chsp

ch 0 F+) /~)
Tleos BIE 5)4TinpXb)~M=0
M= T(“'ccsﬁ-rbsnﬁ)

Fre ===

@

900 N/m

A

Shear Force
ZFert=0 1+ &
V + % (700 NfmX2.6m)+ (300 N/m)5.2 m)
+7(900 Nim)(1.0m) = 0
V=-6040N=-6.04 kN <-—
(Minus means the shear force acts downward)
Bending Moment
DY
=M+ (700 Nim)2 6 m)(2:§7)
+ (300 N/m)}{(5.2mX2.6 m)
+ (900 N/MX1.0m)52m+1§™) =0
M=788.67 N'm + 12,168 Nm + 2430 N'‘m
=15,450 N-m
=15.45 kNm «—

EA il (2TiA

ios




4.3-11| Simple beam with triangular loads

43-12 CONT. |

%
A M,a

W T %>

L .
Ry 1 ! ! "Rs
Reactions ZFM"O . Ra=Rp
ZMg=0 ¢\ /'Y

“Ral+ 44, (5)3F) - 14.(5(5)=0
Ra=d:t
Shear force and bmdmg moment at midpoint

.afﬂj}-wl)m

ZMc=0 9 ~M-(30kN/mYX15mX0.75m)
= %2 (10 kN/m)1.5m)0.5m)
+{SSKNX15m) =0

M=450kN-m <—

43-13| Beam with a cable

Units: 5 P
Pinlb
Min Lb-Ft 8t

P A Bdl— >
R T

%1

Free-body dta.qram

el e .

P A
J‘:L/‘*IU‘?J ::i Bit B Gft Vl;
q v
ZFm 0 ¥ % $4.(3)-V=0 IM=0 > M-Eerm)s Eoazen =0
Vz_ ol - M“-% Ib-ft
(Minys means V acts ypward) Numerical valie of M equals 800 Ib-t.
ZMc =0 ¥y ) . BE b-st=8001b-F P=15001b <—
M- %) + 34(5)5) =0 43-14| Beam with cable and weight
M=0 - £
43-12] Beam uith trapezoidal load Eobly 09m
SOMNAN T 30 kN/m A B ¢ o
r ‘ o oy 1Im 1Zm 12m
A RA.{" 30|I-N ?Rﬁ
R ‘1; L 4®s Ra=20kN Re=10kN
Reactions Ermhqummm_nf;gdklﬁym
IMp=0 D -Ra@3m)+BOKNARBM1SM) i
g 20 %/mam)wzxzm):o R P
A= 4
TFyert =04 RytRg-%50km+300msm=0| Free-bodydia S =
Ra=55kN - 4 z4mi o1 Wt
Free-body diagrgm  40KWm . F17m t.Zm_lla b
v b b ZO0KNA v
=0
" ( 1 | 15m 'SSkN ZFroriz=0 N=24 kN *-—
ZFvert=0 % V—(aon)us-vD-Mﬂan'Srra ZFet=0 V=80 KN ==
+55kN=0 V—-ZSHQ-.——'CONT_ ZMc=0 M=33.6 kNm «—
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43-15] Concrete foundation beam

43-16 CONT. |

%= 2100 Ib/et

D

L_ﬂ _|_ 8Ft | 3¢t Iq"'
ZFW-O q,z(um_q(en) q,l—uoowft
(@)V and M at point B

' v

N PN Y]

L

4 r

<
1

R

LI

PRl
4

Zng-r"-'o

V=Rg~- q_(aa-l;) (iiii’l)(%)(ad'z-)
Substitute for Rs and 5=mphﬁ_.,
V= 4(L+2.a)(q. 4, —-1)

is always ze.rowhen—-—1=0 and

A B
o )™ ZFremr=0
3t |V Ve=3%600 b -—
ZMg=0 Msp = (1ROO/AX3FY1S 1)
=5400 Ib-ft -
(b) V and M at midpoint
2100 b/t
- ¢ 9%
EEEEEREEI 1 )Mm
1200 Ib/ft
| 38t _! ace | Vm
ZFW 0 Vm= (1200 t/eX7£4)- (2100 Ibjt)44t)
Vm- 0 =
IMe=0  Mp=(1200 b/A)TR)Z5R)
— (2100 Ib/FYX44t)(2£E)

Mm=12,600 lb-ft -—

9.. 3 r—
L 4mﬂng

3\ ¥(L+b +C)ek
" \1-,%.?5

Tangential acceleration =1«
Inertial force = M« = Hn. s

Maximum Vand M occur at x=b
m-H(L-bb-f-c.)of- +J e W& edx

Ig:'(ubm) * 35_ ( L+.’2b)

Mmax = H—(L-rbm]{l.-l-c) + f x(x.b)dx

43-16 | Beam uwith overhangs

Tﬂa— (L+b+cXL4+O)+ J%I{-}A(ZLJ»%) -

[CONT.

= %2 If W=25wlL, b=LA4, and ¢c=L/10:
T T = B
A wau T b ~ 1338 1wl3x s
a L #h a Mmax= g
Re Re :5=1] Simple beam
Reaction at B ZMc=0 N D !._,El__...P gi_ﬁ_q
“ReL+q L+20)5)+5(¢ -G WL+ 20) (522 -2)=0 S ' ;5
Solve for Rp: e ey L VI
RB___UZn [‘},‘2"'%)'“},_(1"'%)] Ra=P +~ t Ra=P
Shear force at the midpoint i
4 %-% V 0
T T pL
A M
a 5} L/z l) - PQ
gb v M 0 el ik » ]




IR :
WG 45-7] Beam with bracket

345-3 ] Cantilever beam
= Vo /l\% {

45-9| Deam with overhangs
oy

WZN C}Lf'g
0<Iqty3 \,_] qz.;?_

*=037270L

e 2 A0
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45-10] Cantilever beam

[ 45-11]

Simple beam

e |

45-13| Coantilever beam
10k

45-14] Cantilever beam

45-12] Simple beam

4kN/m SkN

Q:G.Ole
A )
L 4m 4m ”J’
Ra=96kN.F TRo=14
v Rl ML T
N ° & i
*|-144
M
Cicl\l-l'n)0 _

5.6m




4.5-16 | Beam with an overhang 45-13 | Beam with g cable
16kN/m 3.2 kN P Tiaoowb
A4 | i ] "
iem | 16m 1.6m 1800 b
TR=176kN  TRe=11.24N — e e
} 6t ! 6ft | 6ft ?
32 TRA=8001b  Ra=800ibT
— .80 Free -body d.ia..gra._r_n of beam ABCD
'7}!1&” 1440
€l tm A ," : 760 lb’ft
. 800
' = 1800 } 800
45-17] Beam with vertical arm Note: All forces have units of pounds.
~— T P=400 b R=9001b) o
10ft l \/ e e
B ¥ ay e
# e
' 40 # hor;!
YRa=1251b TRg=1025 b
400 Ib-t b
F : jf’ (lgq—ﬁ) 0
‘{usib $ 10251
=4800
0 R — 45-20| Beom with overhangs
2 -125 10.6 kN/m
M T 51k 51 KN/
() g . "
45-18| Oimple beam [ 42m 42m
SkN/m 20 kKNm 5 kN/m
N ’ Re=33.33kN' 'Rc=39.33kN
3297




| 45-21] Simple beam

4k 2k/ft
ﬁl\ 1 CI lI_l_l_l_.'E
?-m | sa 104t
R‘=Bk 4_ - 3

[45-24] Beam with distributed loads
4500 N/m
A
2250N/m
tém

08m |
-4

Cantilever beam

M ol i 3
Gl L 25.043s¢ | o
| 452 :O_J Simple beam {500 N/m
1 ,‘.} 20
1. m
Ra=COON.¥ “Re=T50N

V=600-T50x-3125%> set V=0: x=0.63303m

1]




[45-27] Beam with an overhang_

45-30| Beam with an overhang

3kN/m BkN

L 10 k-ft 1
A'«:_LL L B - m_l_u_l_u C
,;,yo
6ft 4t 5ft 4m Lam ] Bm?
Ra=T4 k Rp=46 k = ‘ ;
V
(K) <
(kM) L0 B 3
) odon o mIN, B
SESIA N o e
45-29] Deom uith verbangs  gogon/m |45-31] Beam with overhangs
%
rp
Ne—sx - IIIJJILEY]
06m 24m ?tﬂ A A B
:ll'lta=asoou Re=I0,800N il a4
3200 *RB:WZ.
The maximum bending moment is smallest whe
Mi=M2 (mmencnllgr’?
L-Q =~
45-29| Simple beam ——Z M;= M%) (Za L)
24. kﬁ»‘t Gk M.—M; (L-a)*=L(2a- l.)
Solve for a: a=(2- SI)L—-O.‘.?SB‘SLd——
M, =M,= %(L'O.)z-‘-'- %’-’(3 -2(Z )ZO.OZHb'qfdt-
2¢t
i’*—wkj: |' 'J' — 'L—ﬁ
R V
Vv CUTN 083334
® 0-*'?'-"-'-"'|.|
. 6.16T £t -Z
M

-0.02145 4>

-Q.02145 gL

Hz




5.0
o
|2mm| '

45-35| PBeam (Vis given)

10 Ib/in.

YNNI PEDUE:
570 1b lzmb a'rom1 150 1b
el a2in Itag]'
570
Vo [Tes
-\L
(Ib) o ~Fy TR
8640 Mm=m‘=° e
B A
. 0 12‘”0 in.

B

45-33 | Compound beam "
N

A B [+ D E

45-36] Moving loads on a beam

45-34] Simple beam (V is given)

6.0 kN/m 18kN
JIIO b,
i 3m | 15m | 15m
Ra=18kNA" ! Rs=1BkN
i 1g

2P P=10kN
r“—éfi*@ ==
A B L=12m

WL -
b= L @
(@) Maximum shear force
nspection, the chear forc
e B A e
IS placed c.lo to, but not directly over,
that su P, 2P
i__ x L-d d

A ' B
-
dra=% Re=P(3- )
X=L-d=9.6m -
Vmox=Re = P(3-£)=28 kN <*—
) Maximum bending moment

inspection, the maximum bmdm
&urs at point D, undeeriht rger

o Ed
A, L B

moment
2P

e~ ah;
[ [
4+ ';PRB
Reaction at support B
RB--?-zf-.?,-:’.’(x-rd) -E{Zdi-?n:)
moment at D:

Mp=Rg(L-x-d)=E-(2d 3xX(L-x-d)
=E[-3x+(3L- “Sd)x +24(L-d)]

H—B:-E(-E)X“'SL 5& 0
Solve for x: ’x-—(s-ﬁ) 40m «—

[CONT.

Eq.()

1n3



45-36 CONT.|

Substitute x into :

Munax = £ [-3(57(3- 297+ (GL-5d)EX3-H)
+2d4(L~-d)]

:%-(3—%)"-‘- 78.4 kKN-m <-w—

64 me= 78.4

! 4.0m lz.gm l 5.6m I
Note: Ra=E@+fi=16kN
Rp=53-4)=14kN

M
(k)

- END OF CHAPTER 4 —
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o i it !

STEEL WIRE
rs20in. d=jg in.
\ d Fm'nEq (5-4):

Substifute, numerical volues:
Emax = 1960 x 107° €¢—

54-5]
| STRIP OF STEEL

L=3bin. t=>04in. 6=029in.

Note, that the, deflection wve 15 nearty flot (L 124)
and © 1sa very small angle.

sin 6= Y2,

-5—4—-2-| COPPER WIRE

d d=3mm Emax= 0.004
L"-Z.'l'p P-#

From Eq. (5-4):
€max =_g_-§% = nd

Lmin = 3d =_[Q$_m[-2..35ﬂ‘—
Emax C. 004

Sustitute, numerical values {p = iches)
usaﬂ#n.»). SONC, numeniollys p= 52 in,

€31 wile m 82 358 x 107"
P 2 B m.

(Shor tening at the fop surface)

5.4-6|

BAR OF RECTANGULAR CROSS SECTION
Y2] P L=tSm heR2Dmm 5225 mm
Note, that the, def tection arwe, is

atdin.=p(i-

POLYETHYLENE PIPE
‘L= length of 90" bend

5.4-3|
d

“,ML 45 f¢ =540in. d=4in.
K 3, L=2%r . ¥c
, + 2

r=p = radivs of curvatre
ﬂl—‘ eﬂm'?ﬂ d!

P %7z ,?_-__.l-_-_ 7 ZU/x
&mx'!_d_-f(binh)_sszoxlo"d—

Angle tquals 90" or ¥/2 radians.

nearty flat (Lis=4o0) and 0 ks a
very small dngie.

sn o=tz
I'4
o= L2 (rodians
He )

5-'(I— m.]-P(t-m#)
Substitui, numerical values :
00025 m = p (|- w6 Agm) (p= medess)

Solve numtficolly = p= U2.5m

- - - -~

€ i!' h}&. {omm. . SBXIO -

m
5.5-1
5-5-1] STEEL WIRE BENT AROND A PULLEY

5-%-H  AnTILEVER BEAM
;A—t L = length of beam
)I L=1.2m Emax=0.0008
Y= 50 mm em"-l-
P-_T_,.ﬁﬂm.z H..Sm"—
&mm  0.0008
o K‘_}_: 0.0160 M-""—
Assume, that 4hes defiection cuve is nearty Har. Then
fhe, distance, BC. ¥ <Ot a5 the, kength L of they beo.

cone=k = e = 0072 5.5-2
6= mﬁ&oﬂf—'*’-wzmd 252 IP BENT INTO A URCLE
§=p (1-c0s0)= (e3m)i-us (a0t rot) = 0.5 om — |E=136Fa L=2m t=2mm
Note: 4= 104, which confinms that e deflecsion (a) Maximum stress in strip
cuve is nearly flar. L=2rr=2%p p=L.
) CONT.

E=29X0 psi dey in. Ra= WS in.

(a) Maximum stress in wire,

p‘ g.‘l'% -%Ql“ - 1&..'1-

7"{--# n,

From Eq. (5-7):

ez = EY = (2250 06)(f4s in) = 40>
P il

oo o G—

(b) Change in stress
I the, radius increases, the SITEss Omax deoreass, <€——

ns



5.5-2 CONT. | 5.5-6
EREIGHT ~CAR AXLE

From Eg. (5-9): » Af te
o = = 2TEY 1+ j

7 St
Cwax = 2NE(t/2) - wEL 1» H T

- .‘°;|R L Kl‘.

Substifute, numerical valves:

If the angit, & INUTSES, The, SITTSS Omax MaRasss.

= =2\ = Pe 465N
Omax = T (136R)(Zom) _ 355 Mpy @— d=80mm L=145m b=200mm
s 2m Mmax = Pb S= 'd‘ Omax = M
(bl Change, in stress Oimax = 2080 = M > 85,0 Wt —
TF thethickness € inureases, he stress < x4 T (20 men®
Omax increases. 55-% |
55-3] BRIDGE GIRDER
' STEEL RULE BENT INTO AN ARC .3 L=170ft ¢ =12KIft
E=29X10% psi  +=010in. L=30in, == =100 S = 2890 in’.
(a) Maximum bending stress g Mmex = _kL‘-
op = L p-_h, —L Wm’“g"‘- 2
Omax = (22X psi) (0.10 ia}{. 0472 rad) 8 (2890 in?)
2.(20 in) 5.5-8]
= 50,400 psi <4 BEAM 1N AN OI-WELL PUMP
(b) Crange, m stress

5.5-4|

WITH UNI
L=3.T5m g=64xiim b=150mm h=300mm
Mow aft | =it
Omax -ﬁsu -_I:.MEEL-
Substituit, numerical yakes:

Omax = 3 Pg:o&m:m}tms mt _soma €d—
4 mm) (300 mm

L"
4bh*

500 mm

l 200 rmen I
Mmax = PL = (3 k)(4.5m) = 1355 kN'm
L=_1 (200 em)(300 wenf’~ 1_(195ww)(456 men}”

— O’nux“&ha__—..mﬁ_mﬂ!irzl.mam <4+—
5.5 - 5l h €21.5 % 10* mnt
' SEESAW 55-9 {
'_f_d_;: K BRIDGE GIRDERS
ooorm . valb'fe '____J_'

i o Hay '

L b=9%n. h-Lbin — . % in.
@ =4lbire Pego% d=85f L=i0fe - g1t

Mmax = Pd +_1§_l-_" = 80 lb-ft + 200 b-ft
= 880 Ib-ft = 10,560 Ib-in,
$=.L°’1_‘. = 3.84n’

t'.!'l'rm-lm =

2 10,50 b-in. , 2750 psi

3.24in*

A
= (350 bife)ise ) %
T

= B.Gb%+ X 5 tb- ft
= 102.9F X 10* 1b-in.

T=_1 (2¢in%in) ~ l (13in)(92in) = 273.0 x10” in*
ll.

‘(--_*,. h,-“alﬂ
H A

Omax = Mmmc_, (310" trnkebia) . 16,000 pui —
2 TP ind

ne



5.5-10

PIPE HOISTED BY A CRANE

de
de=150mm t=6bmm d,=138mm s=4m
r=iB/m® L=Bm a=(L-s)/t=45m
A=X_(df-dF)= 7114 mm*® c=_d._ 15 mm
G= TA=(18 k/m* Y21+ mm®) = 248.85 NIm

5.5-17 CONT. [
YXimum i

s-t-[ﬁ)ﬁ I[
[

e %l R
L x e i
Ry ]
dM._h._ :w_.o
dx

Svestitute X =‘w; into-the. equation for ‘M :

|

[CONT.

I-.;_-E.(dt d’)= 7048 x 10" mm* M = . (). Se( L) - .*NF-"
kS
Bending-moment diagram For the. Yertical wood beam: L=i;Mmax = S
0 5 i Mi-_%--m.ﬁ N-m Eﬂmm_!;m_m? -~
My ML"-%(_%_;).—Q‘S“-"I m." g 305 bt = S
Mmax = 494.6 N'm Sstiture, numenicol values:
Maximum siress giax = 2.32 Mfa —
Omax = Mo < = (42460 = 5.2 Mfa — 5.5-|3| S
i - 10V MAXIMUM TENSILE STRESS
5.5-!l| a) Semici
_RAILROAD TIE (SLEEPER) g i g
l_u 1 . +
13727316 4 L= _g
4
+ " =t
§= = = A
Pe3uk bailin. h-um L=51in. a=®.5%a. T >
S= bht w200’ g= 350 1o/
# % fm = ™ blib b’.-_%h
M M, = ga* . 26X 10 tbmin. Ut | From Appendix O, Gase B
0 /s b 5 RTRE \ 1. =h’ baeb
Mt‘-%(t"—&a") R S 26 (Byrbs)
Mg l-—-—b"-'—‘l w 33bY
= - W2 X 10" fb-in. : 356
Mma= 162210° toin, | <"-Bitbiebil o _toh
‘ ﬁ: ..M - _m
Oinax = Mz = 262X 10° lbein, . 810 psi — " wt 4
3 200 w3 5.5~ |
5.5-12] MAMMUM STRESS
T VERTICAL WO0D BEAM Core, of a circle, )
"’b' h= 2.4m €=150 mm T=9.8l kjm® (o) ;’"”:fﬂ’d':‘hcwﬂfd 15
. . & - - 2a
e I W
[ LEt Qo= rru.n‘mm intensity of r-_:_ a90p-#
digtipored jood. A = radians
Qo= T'bh 5-_%:‘_ d a=rsing barasp
$o

co

n7




5.5-14 CONT.|

I,‘l;é;_ %’({._p ..s‘l‘lpcnbpf?.sinpcns';)
=J§ - %‘( x-p - (snp s p)(1-2.008°A) |
=El 88 (T _p-(yoin 2p)-coo2p))
=T R (Bpephy)

5.5-16 CONT.
Maximym bending moment
Mmax = R(Ii':) -3 ("i’)( 5_:-) = ,4066~3,150 = 8,316 N-m
Maximum bending stress
= %- (150 mm) = 35 mm
I=2 (0o m)(ﬁOm)’-'_liMmm](BOmml’

«f (- -x-d)=F (2L-d-
RaeZ(L X)L (L x-d) £ 2z)
M RaX » P (20% -dx -2x*)

T
dam . P (21~-d-4x)=0 X=L
dx L z

Subsifiuie, X it the equation for M:
Mmax -_L(L*é)"
2L L

Maximumn i
- - P - :.
Otna, = gt = (L= )
Svbstvie. numenical valves:
Omax (3w0in. - 2w in.)* w18.0ks)

-d
-y

2K
2 (360in) (1.2 in%)

=_% (4p - sin 48) = 1I. 48 X 10¥ mm*
- - - - a; - Mo N-m) (35 = l
C = rsinp -25"19 e I LOABXOP mnt PRI
Oy =2 - _Fﬂ_?-ﬂ_L
e F s A EXE CANTILEVER BEAM
for #=60"=%/3 g : 220 b
y
OF - = 10.965 M
mas. T3 > 4t doi b !_E%am
5515 T ase Laiegye 3 o
o W ‘L=30ft =340 in. Mimax = (120164035 £} (20 Ibife)5.b F1) (245
——Q de b ft =32in, = 805 lb-ft + 313. b Ib-ft = 11B.6 Ib-ft =13,423 Vo-in,
& —8 Pu 2K <im it Stress
& S=16.2in? = Me, = (13423 bin)(0.000 ) <4
u g = =
Mai bending moment Maxjmum ompressive Stress,

O’C. - M;‘ = fﬁéﬁﬁﬂ M_:lh = n{” ”i ‘_—

2.8 "
[55-18]

L=0.86m b5 mm h=20mm T =025/m*
(a) Maximum stresses . "
G=TA= r(_%_) Mmax =$_:_=..1?L

- - a 2!
Ja=1Xc Hﬁb?: ..c.% ,c‘u_a_h_

55-16]

160 me
Ll;'"fl- L.-%.u L23m La=L-21,230m

Reaction Ru%qh.qmﬂ

[CONT.

Tensile, stress: O -5151-_- _21‘_1-':
: 3

Compressive. stress: Ot » 200
Substitute, numerical VoWRS: O »2.0¢ MPa —

Oc=4.08 MPa ‘_

8




5.5-19|

5.5-21 CONT,|

_BEAM WiITH AN OVERHANG

M
Oiirrn

A [} Ce
A’l L-p&%sl t:l Ta=5.1¢ in*

Ly=DCHbin, Lp= 24964,
Ran®50 i Rpu2250lb
‘M, = 14062, To-ft = 16,875 (b-in.
M, = 2500 lb—f+ = 30,000 Ib-in,
At oross gepvion of maximunm gositive bending romene
m-%.mmm.mmpu

5.4 it
arc-mf? o (65D 1) (06410} . 2210 psi
Ad gress section of moimum NCQAHVe: bending moment.

e it
Oo= Mg, o (2000 W-nNe.eMim) . 2930 psi
Ia 5.6 Int

& i = &
Retits, BRI D6L] = W50 oo

Maximum Sirgsses,

Progertics of e, Cress seeHon

Kegctions  Ra w300 b (vpward)
Bending- moment diagram,

At (ros

i e b, bendi

t=05In., be=2.5n. h=30in.
Aw»25in" ,=20in. CawlDin.
I"% In* = 20833 in*

Re =240 b (vpward)

Ml. 1200 Ib'ﬂ- ”_,m ®-in.

%

Mz = = 1600 b-ft = ~19,200 to-in.
maximum positive, bendi
O't-.&é;-b.ﬂl)pﬂ ﬂtﬂél_.lﬂ.mﬁl

&. M‘& .I%.*‘wpi d-c.- ‘.’i& - 9,!.?.0 “i
e

Maximum swresses
Oi= 18,430 psi  Oc=13820 psi d—

Oi=02190 @i Ot=wsiopsi d—

5.5-2§l

FRAME TRAVELING HORIZONTALLY

o @ = GCOEEMiON pemass density
Let b= width of vertical
L ¢ arm (perpendicuiar 1o
he. figure)

Let ¢ =incrtiq foree per unit l?um ufm'ﬂ:nl arm
q = pbta. Mmax -5."-_-_. .,Mg.dh
Se bit
B 2 e
Oy . gk -
MNoie,s Typical units for vse in the, preceding equation:
_SEunits p=kgim® (or N-s*/m*)
L ameters (M)} de = mis*
£ =meiers (m) o= Nim* (pascat)
YsCs it p = siug/£4* (or tos[§t*)

[5.5-22]

CANTILEVER BEAM WITH A LONGITUDINAL HOLE

- P 12.5mm
% 0 mm |3
l—Lecem wrstoN § [
) 31.5mm
Bending moment.
M= PL = (600 N}{04 m) =240 N-m

A-wmmmm%mm‘-mdf
SALFi = 2Smm}30 mn )25 ma)
‘s =(F) o mm)* (3LS mm) = 28,305 mm®
|
| | Lq= §=2%emm
‘};..m- £y = 25,24 mm

Moment of jncrtig about 1% neutrol axis
Rectangie: Ta = Ic+ Ad®

L+ft ae = fHis* taft o bift*
5.5-21]
BEAM_OF T-SECTIoN
*

Pen00® ‘,-m

€Y Frrtiincg
l.__-.‘ﬁs..l P——

Li=4ft Le=Bft L3=Sft

—t

——
L.

= wesnsoﬁ (25(SON15~ 24. 1) ™
= 200,420 + 880 = 261,300 mm*
Hole: Taw=Ic+Ads amﬁ.{_ UoN (3T.5-24. W 2)*
-4”.9*[3,”‘-‘-- 14, 460 =
Cross secion: Le 251,300 - (4,460 = 246,800 nm*

Sfresses
: 0= -M
Top of the.beom: & ﬂf—_ i

=25 e Uessior) — [CONT, |

[CONT.

1

19



13.0-2Z CONT. |
Topohboholc, Y = 315 +5-24.162 =(8.338 mm

0= 240 N-mi8. » |1.8 Mra (itnsion)
x 244,800
Bottom of the, beam: 0%=- s, - 340 izt to me)
244, 80D ram™

-u‘sm&wmm) <

[5-6-1 ]

5.5-23] VERT! Cop BEM
'“t h=sft
- t= 2.5in.
= 624 IbIf4®
Lee b= widthof beam
1o the. figure)
Lttt g, = intens 311 ioad
atc&plh d of
Ge=Thd
L=h=tft
Ra= Q-..d"‘
oL
Re=
[
g,
Me = Ra(L-d)

M-t (- L0 52/2)

#)

BRACKET ABCD
;J: P=121b
A
b=125in.
GLASS .
BRACKET) 0 I I Claows = 5200 gt
d = diamerer
F‘1
I=_n'a_ Mmax = P(3b)
Gmox = Mmax(d/2) . 266P  d2, = 9 bP
mex I LT e T Gallow

dmin = 0.085% in? duin= 044 in. €—

5.6-2]

RAILWAY TIE
P ""'"1?-!»»4 ;T: :';;“
Tt mmy
Cotiowy = B MPa bendDmm

Mmax = E‘%"JS ) . 1600 N°m

s=h§: =L(0420 mNd®) = 0.020d2(m?) d>merers

Memax = Gouers S
OO N-m = {BXio® Nim*)(0.020d%) d¥= 0.0100 m*
ds 0400m  CQuin= 100 mm d—

Section modvius:  $=1 bt*
‘O'm-“:-.__!_.[_ﬂnﬂ'.'(l _i,._/.g!:)
@ =7Tbd

U‘m:]:q_(r-%+.zs!./——}

I valwes:
d= depth of warer (ft)
L=h=0ft 7'=e24 ibifs*
Omaox = psi

Oz -L%iﬁi(n- %‘*"3‘/—?5)' a18#9d (4
000

T

t=2.5in,

24+ d/2d)
<

5.6-3]
Ti
E-mﬁlf‘t

F=2000 I
k Labét

Mmax = P 1-_3&_ « 18,000 + 4,500 = 22 500 lb-} = 230,000

S= M - 16.88in®
16,000 pei
Try Wexzl S$siB2in® gg« 2 teyfe
Mo -gi_g.,f » 378 bt = 4535 ib-n.
Mmax = 210,000 + 4536 = 234,500 to-in.
5-% » 234800 Wrin, _ (3, 1p in® (b.%)
oo e wexy @—

AM

LALLR

|
B |

cLrN—0

5.6—4-'

SIMPLE BEAM
Pasooo i

=x31 Use a 12-inch
wide-flangt,
beam

G = 3001}

#r L=is fe _‘9

P_...w

[CONT.
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5.6—-4 CONT. |

Gotions = 18,000 psi
Mmax = gLt , —PL. .. 25,%0+20,000 255,30 Ib-f&
8

= 643,200 Yb-in.

Catam 5 463,100 ib-in.  35.8% in?
Conem 19,000 psi

Ty Wi X35 S=456in> q.=35 lbift
Mo = geL® . 984 lb-Ft = 11,810 Ib-in,
=]
Mmax = 663,100 + 11, 810 = 6¥5,500 lb-in.
SeMmax , 61550 b-in. , 31.53 in? (o)
Govew

5.b-%

FL S

J
¥ Gotow = 1250 R&i
IIIiis] .56 = 1win
.ﬁ. W= 120 b f1% = 0.8333 lofin*
b— L=10.5 f Il (ficor joad)
S = spcing Of joists = 16 in,
Q= WS= (0.8223 ®lint) (16 in) = 12.33 lolin,

Mmﬂ_%é.t = %(ma Iedin)Cizh in)™ = 26,460 Ib-in.
S=Mms = 26,460 1b-in, . 19.6 in> €
Satig 1,350 psi

From Appendix F:Solect 2x10in. joists @

1B:000 08t 1oe Wi2X35 d—
5.6-5]
SIMFPLE BEAM AB
% I % ,

P
l,'-h ; Lia l Ll Iqﬁl [
|Gotow = 16,000 psi La24ft P=22000® ¢ =300 Woife
Munac = PL_, gL*  12,000+5,400 = 400 lo-fe¢ + 208,260 Ib-a.
4 2

S-H a = [505 h-.
Calow 16,000 psit

Try S8X184 S:zi44 in® q.= 184 bIft
Mo = gul® . 1325 tb-f& =15,900 tb-in.
8
Mmax = 208,800 + 5,200 = 2.24; 100 1b-in.
SuMmar o 224, 00 bein, . 14.04in” (0.x)
i 8,000 980 e Sax 184 G

5-6-3|

00D 153

Joists -
40 1180
S
wist 7 ',)w‘l'/'l
3
a-:[hs %0 mm
-
I' L=40m * b = 46mm

L=4.0m Ssspaing Of joists Wede KRt Cimew 3 I5 Mfa
aws S=lht &m-.&g&;ﬁh’;
N b 8 8

5.6 - Gl PONT BRIDGE -
Chress 2
Bolk __~» /
g m - " teicor iead)
e 4~ ==sz=)
n il eNim
} L=26m _é)rl &

Gotiow = IT.5 MPa
For ene. bofx:

Mmox = gL* o _t_ (12 eiim)3.6m)"= 19,440 N-m
g8 8

Gosow S = Mmox

nuum)(.‘b..'). 19,440 N'm

b> = 0.006665 m?

bwia = 0. 1288 m = 188 mm €—

Wﬁ!-d‘ums . ”
%.-_-G&bu(_?,)a’ mrm.)m.’- =

Svipstitpte, numericgl dota:
Coax = 2 (15 MAS)(40 mm X130 mn®) _ 0450 m 450 mm €—

3 (3.6 kPal4.0m)*

[5.6-9]

BEAM WITH AN OVERHANG
oy f-m‘l’l.
,e,.- 0.449 .ﬂ.

< Ea
£

Clo0X 30

%
Al b |
AR
L=4ft Qo =30 lblft (weight of beam)
Allowable, stresses: 6y a20¥si  Oc = 1L Ksi
From Tabie, E-3, Appendix E: 12394 in’

Maximom iNQ moment OCrs at. support B {tersion
on top, n on bottom).

[CONT. |
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5. -9 CONT|

Allowgble bending moment:

Based vpon tension at tht, 10p of the btam,
Me=0Ot T _ (20 ksiK394 in#)

<, 2.364 in.
= 33,050 Ib4n. =2.]154 lb-ft

Based upon compression at the, bottom of the. beam:
Mc = a‘q, (12 xsi) (3.94 n 9

0.649 in,
-n,nso tb-in. = &,0¥ lo-F¢

Tension governs. Maon = 2,754 In-fe
Atiowable uniform tead g
Mailow = (g +t§.]|£" G*qo =2 Efnm

o = 2 Motlow

=344 bm: 20 Bift =314 wift @—

—Ge = xxz(zmm.sn e -

5.b-11]

MOVING CARRIAGE ON A SIMPLE BEAM

4 I3
- Pz=2.4k.
‘ 2> d=51t
%._ [ / L=1lbft
Cosewe = 18 ksi

Let x = distance, from support Ato load f, (feet)
Ra=" (Lo2)+ Pe(bsk=d)= 2 (43-3x) (Ra= Kips)
M= Rax =25 (43-3x) (M= Kk-fa)

Maximum bending momene

To find distance, x, for maximum moment.:
%E_Hgo from whith x,sdf_&- F 10t ft

5.6-10 |
' TRAPEZE BAR (REGULAR OCTAGON)

| 1

i

Meex = (Mhox, = % (2.163 FE)[43-3 (2167 ££)] 223 113 k-fe

(a) Section medulus

S= Mmax . (23,13 c-Fel(iz indpt) - 541" @—
Sattow 18 ksl

{b) Sedect an I-beam (S shape)

L=24m P>u00ON Gomew =180 MFa |_b,|
Find h.
Mw-_-_g‘{__= (oon}{z4 m) - &0 N-m
4

Appendix D, Case, 25:

(B b= length of a side,
N B Legeapesey

= n-&;p-aﬁi.,?'.u';xgnmv
&:2@% b-hm‘-o.ilﬂ.lh

Ic=1.85% b*= 0.054737 h*
S= To - 0OSAIIFRE - 0.1094F h®

We hie.

u w __ %0 h*= 3 1d
G .'_s*_ 8o MR = __btoNy 33.495 x6*m’
hatn=32.2 mm
Nott,: Exact formutas for a reguiar octagen are

as follows:

pe4s® fonpf=ii-1 KL-1efd
b=W0Z-1)h h=(+vI)b

- * oAt -5 \h*

T (Jl_:i.m)b {4u. )h
S=(4fi-s )n’

‘Select S8X123 <

5.6-1Z]

O\NTILEVER BEAM
4 L=2500mm

.deou

ﬂ.-'-' m M'ﬂ
T = T50 kN/m?

@ = Weight of beam per unit length
= T (md* S=
NG
max PL*%_ - Pu-l'.‘rg;_L.
Mmax = Comow S
Lo TR« G 5
Rearmange, the. equation:
Conow d” - 4714 d* - 1:.‘5_1. -0
Substiture, numenicol values (d = mevers):
{80 MRa)d*-4(3%.0 eNIm*X0.5 m)* a*-@,:mwm.a -0
80,000 d®- 37 d* -1.018%9 = O
Sotve, the, equation:  d= 0.0233 M or deis= 233 em €—

L v

T S

M‘ COMPQ!!MQ EﬁM
BIRERIIINE Rl ge
Poin »
. L qglh]]]]:[]' >

Ro=244a

[CONT. |




-2yt
a= 86t =% in.  WIbX5t 5=92.2 in?
e‘-.,=l§&°psi Find Gonow
Mm=%¢_"=&-u5

= 2Gaen S (9.2 in?
e = AT A B(96mT

= 64.03 lblin, =76B.3 bl ft
weight of beam =53 ibift

5.6-15 |

UNSYMMETRIC I-BEAM
Y
pttt—ef
'—Ll.sin. Stresses at
o s ALt nd otom ae
28 e rotio B:3.
. = Sin
e, - 1>%- Find b.
Cip . B . & Lz B (12+1.5+1.5) » 8.0in.
Ghatiorn F L 15

ac;-..l!; (12+1.5+1.5)= .0 In.
First moment of the area of The gross sectibn obout:
e, loweer odoes B8

Cupe * Z7: Ai = (1.25) ()15} @.sXi2)(L 25} (035} ) (1.9)
=21.375 b+ H2.5+180

Lazim Le=25m Floor dimensions® Lyx L
Design load = w = 5.5 KPa

= 5.5 kN/m? (weight density of woed beam)
Casew = |5 MPa

Middie beam svpports 507, of the. load.

L g aw(le) = (s.SKm)(A20) = 4815 Nim
Weight of beam:
gosTbh=4Lk"- £ (55 K (m?) 6"
3 2
=3333 b* (W/m) (b= mesers)
Mmax = (g +qelb = (o835 +13uH 2im) " 15,199 +1b, 1300
z Z n-m)
S=bht = .!E
P

c=8 I5Mf -_g_:_s%wﬁ'm
2 7%

Rearrange, the. equation:
(120 X10%) '~ 430,590 b™~ 402, 290 = 0
Sotve, for b:
b= 0152 m = 5L nm 4
h:_a&.tozmn "__

Allowabie, 10ad : Gatow = 108.3-5% = T i d— =21.375b + 120.5 (in?)
. 5.6-I4| Arco of the oress sertion
CANT ER BEAM FOR A BALIDNY A=15b+11(125)+16(5)=1.50+39.0 lin¥)
k4 ’ ( Distng to the centroid
[:LLLL_LLI—’ %I .&_ L= =2 130.5 = 1.0 in,
L, _ 3 A LSb+ 32.0
— — N

21,315 b +130.5 = (15 b) + ¥(22.0)
0.815 b = W25 b=B.10in. d—

1o thicxness (mm)
Stresses ar 1op ond

h"sm ?’r’ tnThe ratio

l] bei80 mm ‘b Fnd ¢t

Owp =3 =& o= E. (15 mm) = 52.5 mm
Ohetiom 3 La 10

Lo=2 (Wmm)=225 mm
(o]

first_mement: of theareo Of e gy sccvon abovt
the, lower ¢dgt B8,

Qe =ZYiAL> (ﬁ( ja.]mt)*(&]mo-wlﬂ
=& (8625 + %0t ~t*) (t=mm)

A = 2.(35¢)+ (180 -2¢)(¢t) » £ (330 -2¢)

Dissonce, 10 the. (gptroid

Le=Ose =
A

Sotve, foc £
5645 +90¢ —t* = 22.5 (330-12¢)
-psttioo=D t=smm €—

— 4
t (330-14)

- 22.5 mm
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5.6-1%
TID OF WEIGHTS OF THREE BEAMS

L, 7", Mmax, Gmax  art the same,

® @ ()
Ll a
! — |,__n_|
S=M Sinct M and G are. equal in all e
6 cases, the section moduli must bes
cqual dso
Rectorgle: S« %.1;1 b-(.as_)”
A= 2kt = z(..'f_)"'uz c2oFsY®
Squo: S=a®  a=(es)®?
b
Ay = o* = (65" = 3.3095%

Cirde: 5= xd® d-(_s.y».)""
7 w
A.-ﬂ:. 1(&)‘” = 3. 6%05 s
F\w

Weights ares pmpormul 10 cross-sechonal arcas
(sinct> Land 2 art cqual in o 3 ses),
Wit We: Wa = Ay : Azt As
A As: Ap = 2.620%:3.301%: 3005
Wyiwe: W = 1: 1L.240: 1408 —

[5.6-19 |
HORIZONTAL SHELF WITH

ADJUSTABLE SUPPORTS

*
[T IIIIT] -
] | e

» 3
A =
[ L ol
M . .am e » b‘= It.fﬂ.
K N t= 015in.
Mg My, Gatows = 150 psi
b= =

For maumom load - carrying wpacity, plac
1he, supports o that M, = [Me |,

Let x =length of overhang

M, =_‘t3£-_(f.-4x) Mel = g{:
st &élé (L-4x) = ﬂz"
Sotye, for x: x=L ({I-1)

SeustHUte, X mnto MR equation for cither M, or [Mel:
Mrmat = gLt 2@} ()

M rmax =MS-&-(.E£,:) (3]
Equate. Mmax from EBgs. () ond (2) and soive, for -

5.6-18 |
¢ EXTRUDED ALUMINUM BCAW

b= 210 mm
g a7 h:mo mm
. - 1 h;= 80 mm
| 3 I h =ty =10mm
2y 5 A t. &3 = 20 mm
——p&.— a3 ;
Lalay —
|._h"__..|
Axfs 1-)
L=k’ _ 1 (b-te-24s)(h-267- £ )(h})
AT 3

= b2. 340 X 10° mm*
£, = L’\: «00mm S=I - 623 4 x10> mm®

Ly
Axis 2-2

Te=h’ _ nE 1 (hoh-28)(b- 285+ (h-26)t0)
' (¥ iz 1z [N
. aST5x10° mm*
&:%.IIDM Se= Is = 526.3 xio” mm®
4'4.
(@)5:> 52 Beam is stronger wivn

bent abovt axis |-t G

_{_tim-ﬁo ﬂ_?:_ = Lig4 g= 1184 ‘_

= “D'ﬁ"m
Fmas 3LE (3-2Y%)

Substifute, numericol vahes:

Gma = 20.4 tolin. <4
5. 6-20|
WATER PRESSURE AGMNST
AN INCLINED PLANE
* [
% et
= |deee
A L’l r

dmax = maxiowm depth of warer

(Thot 15 O reaction at end A when the. wartr depth
equols dmox)

t = thidkess of panel

oA = angle of indination

T = weight densily of water

b-widihg; pane| perpendiciar o thes plant,

Ge= mnximwn
on the pone

%-e = Pdwa b

of distribured 1ood acting

[CONT.
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5.6 -20 CONT|

The resuttant of thes trianguiar load acks
gh the cenunid of the triangit. This
resvlant must aiso act tough point &

S ohe= dAmax

3
Free-body diogram of part 8C of e paned

il at
Mimox = Mo = (4)( SR 2b Yoy 2oy = tash
Qe 2T dm b3 T30 b

mox =_AT bh’
e 3sinta

e =5 = () e

€}

)

() and (2) and soive, for ¢
‘__

Equate, Mmox from
toin= [_BPR

3
_wwémm

S.6-21 CONT. |
Latio of section medoli

S - 48.07 _ LOLS

Se 456

Percent increase. = 6.9% € —

5.5-22.'

BEAM WITH AN OVERHANG

I]L[L;LLL | RS
BB ¢ b
. N
Ra=2aL. ol L
L L= 150
M N mm
0 Aﬂ & =35 wlim
A u._ o Cadow = 6O MPa

T P=31.0 e/m?®
Mmox = g:'!_." Sn.hE: =20

Mmax = GanowS

ﬂ'ﬁuw

S b- le
BEAM WITH (OVER ALATE

1 o 4D205in coven Prart

. "T |i§ ];u All dimensions
5 L i incnes.

T

| ===t |

= Il ou
WIZLA 25 d=12.50In.
Ao=io.3m? L,=285in* S.=456n’

with are- (2 0 I ax

A= Ao+ (4.0in)(05in) = 12.3 int
First moment with respect o oxs -2
O = 25 Ai= (625 in.+ 0.25in )40 in) (0.5 in) = 13.00 in?
§ =8y o 2002, 105F in.
Ay 123 [at
Ly 6125 0.5-Y =%5.6%3 in.
Le= 025y = 1.30F in,
Moment. of incrtia obowt axis i-1:
L= Lo+ 0K0.57+(4.0X0.5)(6.25+0.25)" 23635 in*
Moment of inertia obout & oxis:
La=TaeAF  Ta=L.o-AF"
Te» 3093 in? - (2.3 in2)(L057 in)* =355.8 in*

Secrion moduis: Use, the smolier of #he. hwo section modv li
S"i‘. w 2358 in® » 48,9 in®

3.50% in.

[conT. |.

L s
b= _3qt*
4 Cancrer
Substitute nomerical volues:
b’ = 3(3.5Elm) (150 mm)®. 0.98438 K6 “m®

4
ba o.oons“::":l 9.95mm <4—
{BlIndude the, weight of the, beam,
& = weight of beam per unit iength
Qe 27 (bM2b) = 270>

L

Mmax -.(gPL =1 (O g [y
s,a_gg_ Mmax = CatlowS

LATE S
gi(.‘n.rs WE = ﬁw(jih’_)
Rearronge tht, equation:
4 Gosow b’ - 6T1LE b -3¢ L" =0
Substitvie numerical values:
(240 x10%)6’~ 10,395b"~236.25= 0 (b= meters)
Sotves thes equotion-
b=0.00%Cm = 9% mm <4—

5.6 -23] RETAINING WALL

|{(}Plank at the. bottom
b tethickness of plonk.

' :pa-ruufcmwtw
S ¥ pont of me figure

£, = maximum Soil pressure.
iCONT'.

2400 Wi f4+* 3 2 1B Wlin™
s=spicing of plles
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5.6-23 CONT. |

&= fub Gasow 2 1200 goi S =Section
M.-mxz_gg;- Pbst S =kt i

5&%9«"5

5= /A Conew t*

2P
1) vertical oi

= 12.0 in.

h=5ft = ¢oin,

F\ = s0il pressures gt the fop
= 100 Iblft* = 0,694+ blin*

q=hs

J\q, $e=fs
d = diameter of pile, =12in.

Divide the trapezoidal load into two triangtes
(see dashed line).
= 3
Mmos = 1 (qu)(h)( 22) . L (quih)( b) = 3" 2prepr)

&

5. L-24 CONIT. |
Laual secrion modvh

Set .gla.ul and seive, numerically For_:___
d - 06801
h

Pt a graph of 2% versus %
:ﬂ: 2 S
- S
0 1.000 10
0251 0.842b ¥ 1
0.50 | 0.888% : |
0.i15| 1.0500 o= :
1.00 1.2963

Moment
> O.GBl'tl

capacity s decrensed when
%40&8&!

- 3
.g“v.'e =t when (H.%‘E‘.J _9(:1._2{‘3”6 =0

a‘-g-:ohabl i
S_tsmnmmnwtmg_ F-l = 0.293%

( ) . .oaase
5.6-25
"_lQEhM OF SDUARE CROSS SECTION

s=_1£1 Mmax = CaowS or
z =
S8= (2501 ) = Guaee ()
Solvwe. for s:
5:4&!’_ = B1.4 in.
16 h™ (2p,+ P41
Plonk governs  Spex = 72.0in. @—
5.5—24[
BEAM WITH PROJECTIONS
B
o Bl
e v L
l-—h—cl - T
© Origiral beam i+
T,=bh® e,=h  5,=1-bht
I z Ly [}
@ Beam with projections
Te=t(8b\W+1 [ b \(he2d)
* u.( 9) n.( SJt .
-_-_&[Bh’a- (he2d)°]
F:.-.h..;-d =_"_ (h* f-d,
Se=Is = h;sh% (hs 2d)?]
La 54 (h+2d
of section moduh

S

5o b8 (m2a)®] _ ge(1+ 32
9 (h+2d){h¥ 9([{» ™

WITH CORNERS REMOVED

a =length of cah side
Basamount removed
Beam is bent obwt‘thb z axis,

Ie
- 5 2 * i and
L-i_tpu/?}[ﬂ.&la_] = A:. (1~-8)

[CONT. |
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5.6-25 CONT.| 53-2

mﬂ eSS ﬂﬂ.ﬂ‘\ p IA_PEEEMJJIQLE&EEM

I= T, + 2L, =a% (1+38)(1-4)° SOUINT CITSS sections

< =0 5_-,3_ o YZ a® (1+38) (1-p)" »~ g ha=height ond width ot smolier end

Ratio Ez[ sction ;"gmi 2 hg=hesgnt and width ot karger end

hyx = height and width at distance, X

(2 L

_sﬁ'_ = (1#25)(1-p) W ——-] el

ha
hxz= has “’I.--hh].!-_ ha (11-..5!,)

SxX = hcv._ (u-
0y = Mx - ..___h!x__

Sx  ha? (1+ %)5
At supgort © (x=1):

s
343 (2
Cross section of mMotimum stress
= 0 Evoluoit the, derivosve, set it equol to Zero,
and sOwve fOor X! X= 2 f—
3

dg =diameser ot lome end
dyx = diomeitr oF distonce. X

r—.&
' ] ds - 2.5
da

dxr:(ﬁ,f{d-"dl)_‘l:z dA(l....%E)

Sx = Xdi. ._ui.(u +.a)’
7 A

0"-_&— 32 Px

Sx ®d2 e+ _EL)'
At point B (x=L):
Oy = FL

1257 :
Cross section Of moximum irgss
dsi =0 EvolUDIt thes derivotive, set it equal 10 2210,
dx ond stive fOr X: A= L <—
Moygimum _stress

A o 256PL
Omes = (Gi)lx =% B S, ‘
Cmax, = 1125 = 1.543
Ca - 1] "_‘

Tate, +he, derivative. and soives s equation for s, | QEIDLM SITCSE )
pn_;_ ‘gﬂuﬂ[ﬂ]n* -%.- ‘__
( i lye, of SlSe ggg._ = 243 _ 059 44—
Substitute A= Y9 into .00, (/5w =1.0535 5_5_3
The, secHion modvius is increased by %.35% when | = __|
S e e ced:! = TAPERED (ANTILEVER BEAM
5 a s | PasSo b e E=2055m,
b 'y d‘- ASIn,
P w A@ 9 de=10.5in,
Soid gwular gpss sections
A g Oaa diometer at smoll end j—’!-:se | at Units: Inches and pounds

=300 in,
dy=dp+ %-dul-&. =2.5+F(X) =3-5(l+.-g.|

Sx =_1%=1 =% {3.5]‘(11-.!3.)" (0.315)
9t x (n-_&_)" Mx = 550x
18 L

G =M
Sk

—
-—

Hiw ()
inj:

3.040,000 = 5081.4 psi
40

Cpss secrion of moximygm shress
doi -0 Ewvolvate the derivoive,
dx SeF it equol 10 2£ro, ond
Solve. for X: xa,{_:lz.g
Maximum stress

Cwmax = (ﬂ'latt .m__ 5-'I'I3'p$| "*'

ﬂﬂ&-._.’-.:ll?—'r ‘ e
Ce 8

M
Os

-

fe —
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5%-9
TAPERED (ANTILEVER BEAM

Fe400N
vior (DS seeHHons

M 2iOWw B ;
L, M
= 50 mm

t:;:om l hg =height at lorge. end

S.3-5 CONT. |
(@Y At end A (x=0)
Ga ={536X10%(t0) - Q_g = 8488 psi #—

T{L0o)?
At 8(x= in.
Ca = &m:")ﬂo} 3,000 _ 23 i d—
w G20)? 3w

From Gase 16, Appcndfxb I= %%’
Ix=T_{(bsllhd) Sx=Tx - _b;m

o4 hn.l:l
(604—30" (in.%

=

391;000
Mz = Mg + Pi = 15,000+ 1500 X = 1500 (10 +x} (I -in)

6; = Mx - 1500 (0+X)(384,000) _ (536xi0%)0n) (psi)
Sx T (bOex) WO}

) = ¥5 mm fc) Cross section of moximum siress
Lﬂlﬁﬂ“fm’gﬁ b = width of beam d6 = 0 Biuate, the derivotive, 21 it equol 10 2410,
AS =25 mm dx Ond solve. for x: x=15in.
by = he - (d) Moxireum SATEsS
%= ha v lhe - hads Gy ® (i hgase = (BHOXOHI0 15)
Sx -.b_hg =.%.[h..+ (ha-ha) X x] nftwus)’ _
- 2 3
"’"f(-s""”{') = 12,523 (24 L) Nott,: Simas = 22 =18 ; Chmx =226 =443
C “Oa Ce
Myx =FPx+Ms = 400x+ 160,000 (N-mm) 53-6G AI
= 400 {x + 400} o _TAPERED (ANTILEVER BEAM
& = = {400)(x+400} g} = [ 24x10* )[(mu) P 8
5, 15,4625 (z.+ .a.) [ (1000 +2) 2 1
At {n/rmw?) dAT@- I de
Oy = (28x10¢ )['ﬁ%"-] lS‘:H-NImm" 515.36 Ny e
[
46 - 0 Evoludic, the, derivolve, ¢t it equal 10 28ro, (5-32) 5-3
dx' ond soive for x: x -200mm<_ 5, = 32Px v (1
Magimym stress T [da+ldg-da)(§)]3
Ciax » (Gihresen =16 Wimea™ =10 Mty @ f ey 0 e o6 3 thot mores 6 0 mexiom
o e N L i IR
5.3-5 N=w [dlrv (d.-dd[E')P [&P
; ELLIPTICAL SPOKES I A FLYWHEEL - Do Pl Or1E3 ] dne Gte-dod BV 2 (do-ata
}i‘"’ ls,owlb-m After simpli tication -
h,.— N = 327 PLdn+ (de- da}(£)1* [dn-2(dp-dn) £ ]
7 >0 " 3 D= T2 [dn+ (de-an) (E)]®
. dei o N_ - 32Plda-2(de-da¥t ]
L: boin. h-»!..bm. b‘; 40"‘ dx u.rﬂ“* a-da} {5)]*
Unirs « Pounds and inchts d& = o da-2 (dy-dp) (L) = ©
brcbas(becbalasze2x ot (on) Un) | ¥ 4 o . @
™y X =
hit = ha +(hg -ha) X n =3+43% 2 L (R} (in) X N )
L 2o ; X versug de d

Moximurn bending stress
4, oS ot the. support
¢ when
\ |‘-d6 PR 4—-
O—S_T““'—-l—d_.
115 2 25 8 oA

Substivie YL21 into €4, (1): Gy = 2P <

Tde
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EXTS N N i

LONSTANT WIOTH AND VARYING HEIOHT
% hx = height at distance %

oI he = height atend &

<ﬁ ] g to = width Lconstan)

A

l
 Hz e
" “ 1

h = height of btom (wnstant)

bx = width ot distonce x from end A (o¢x & ¥)
bg = width of midpoint & (x=1Ln)
Mdigoceyx. M=2L S=Llbch”

Cotow = M - 3P by =_3Px
S by h* Coson, h2-
d ]

=
b’ 2w W*

x 2% bx=2
Therefore, = -2 ond .ﬁ'_?‘_‘___

Nott,: The, equaton (s volid £or 04X4'E and
the, beom S symmetrical obout the, midpoint.

_:‘!u.'!--‘blm_L
VARYING WIDTH AND VARYING HE)GHT

Z
=3y - 2al _ 3(24 wHn) (L35m)
4bh 4@0me

3530‘& ‘_—

Maximun
Mﬂ_ﬂl;"
8 1.
G!m= M _33‘;". 2

5=.hh§'

3 (24 &l Jyn) (135 m)
4 (200 m)250meny™
= 4.41 MPa. f—




L=bftc=F2in. b=3Sin. h=3Din,

Toae, =200 g8 Y =0.02 b/in?

=3V l_&“ii’ 3._5_

(p
2bh 4bh h‘u
-4 = = 4 =
3lah’t %l.. TErht'. Ybhi
=bh(1.f-ﬂ.)

Substitute, numencal volves:

Prrax = (3.51)(3.0in.) (% (300 psi) - (0.02.Wlin®) (32n) |
= 4500 b d—
(This resuit is kased soiely on Tt Sheor stress)

)

Mw (N A SIMALE BEAM

5.6—4
L——Iw i A CANTILEVER, BEAM,

=" B Tuom

L=2m
- o
= mm
£q.(5-39) ™

=N k'
21 ("qh' y.’)
V=P =iOks = 10,000 N I,._‘lqha’gmouo"m‘

h=200 mm (y, =mm)
- 10,200 *oyr Taljmt =
< 2.(008109) [(_1_2_01 ¥ ] ¢ i

T = 8ox107% (10,000~ ¥,")  (y,amm; T=MP)
e | ooy | 03w | cee
100 (1] [+]

B || 218
0.315] 335
4>

o.50i g0
Graph of shegr stress T o

50
3
o

02
35
45
"C.._. = 500 kfa
A9
s

a1

<

NA,

&= 200 telin.
I_L.LL_LL'LL Ihrz.o“
L L=lbin, .4 b..
2y e b=0.5in.
£q. (5-29): ‘tsi(%f_\h')
2T
V=gL =101b I=bh® .1 n*
2 1 3
Unis: pounds and inches
T = 1600 120" yo ] (Mo0)- v
(3) L4
(T =psi; yi=in)
& Jeemiy
o0 | o
" 0,35 |10S0
. 6.50| 1800
X 0.25 |2250
" 4 [+] LAOD
Sroph of sheor strrss T
o
1050
1800
2250
MA, Coex ™ auopﬂ
2150
18oo
toso
o

Gonew = 45w bh? Q)

%-W=_ﬂj‘;fz_‘a“'_ (2)
Bquate, (1) and (2) and SOVe for Lot

R

CONT.




S
Sheor

Trex = 2V = 2L
Za  2bh

3L

Vmox = gL Azbh

Ormex, = Mhwes o &L’- %__,_c:;.abh‘

(4)

Exuote, (3) and (4) and sove. for Lo:
h_( cetow
Lo = — ‘tdew) ‘_—
Note Ifﬂt,ml iength is fess thon Lo, e

(3)

5.8-6 CONT. | 5.8-8]
() Contivever beom sy 2o
i
Mmax ‘_tg S= .bh_

SR e i (T
10 R
AA omen | h =30 mm

1Ovwm

b=30mm L= 320 mm

W=az N
=W =228 _ =joNm
L 320mm

Wz Y2
1= hlﬁ mm)m-o’ D e

S= _&_ L (3omm}20 mm)* = 4500 mm?
o

() Aipwoble, load kased ugon sheor [n glved joints
Torwn, = 0.3 MPa (V= newtons:;
T=va V—-_E_*_g;l_,z?:_._mn ﬁmwms')

[ b
G = (18P lb-in
24 In.

Alowobit, load

4

P = 30 Taitowr =3b(5°ﬁij = 1800 b

= = PL xFy - 18P (lo-in)
Fuld  MESErNE)
S=bh*, I 4in)(6in)* = 24 in?
= 3f

(P=1b;, O~psi)

P-_-g_o;..., g_g_twoopsi)n 2000 b

Shear stress in the glved joints governs .

£=1800 Ib €—

S 5—1[
' LAMINATED WO0D BEAM ON SWIPLE SUPPORYS |
SFEH 2in. L=bfe=3in
H_J-f 2, Totiowe =50 p5i
)| T 2in,  Gatow = 1500 g5l
T )
Miowoii, tood bosed vpon dhear SHEss 0 the,
o 2. 3
T=¥@ Q=&in)2in)2in) = &in.
Th .
V=P T =bh’ = | (4in)lein)= 32 n*
Tz 12 1z :
T=(P2)(lbin3) . P (P=lb; T~psi
(~>int{4in} 20

b
= (20 mm)(10 mm)(iOrmm) = 3000 mm®>
- . 3000 mm®  _ I
Io (b1500mﬁ")(m) 615 mm*
T=NV8 - %2 +t.6N (T=Nmm* = M)
Ib &35 mm*
Sohe, for P
P= 1350 Tt -3.2 =405 N- 320 = 402N €—
(b) Allowoble, logd based vpon bending stresses
Catlow = 8 MFPq
G = Mmax M-n=_;:r_-_+_%.:.o.oep+o.usmm}

(P=ncwtons; M= N-m)

& = (008 P+0.128) (M) (& ¥im* = fh)
4.5 0~ m*

Solve, for P:

P= (56.25 x107*) Catow -1.6
= (56.25 X(0”*)(800" Pa) -16
= 4% = ¥8 N d4—

6_’3-_’| Fd g = 120 ibjft

¥ P = 8800 Ib
o & d=3f
Gonow = 2500 pai
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5. 8-9 CONT. |

Ra = {120 &W(Qﬁ} m- 3433 Ib
Re = 5401b+ = (saoou»— ©40% b

2
= (640F Ibﬂm—a'flﬂ-o by }(3 802
= 18,680 |b—ft = 224,200 |b-in,

Tmox = z\f Areq = SVnaz [ eicai = %1 in*

Q.Taw 2. (50 psi
5"!1 M"_M &’*l‘l

Govew
M Select 810 in. lmm
(nominal dimensions) €—
A= F1.25 in* S=128 i
{b)Considering tne, weight of the beom
Fome = 113 Iolft (Weight density =35 1b)f+?)
Rg = 690F bb+{123 Iblﬂ:)wm AT tIB= 485 1b
Vimax = 6485 [y h-rdni’,g_ = 45 m*
2T otww
BXI0 keam is still sotisfaciony for sheor,
Qrome, = 120 1ofet + 13.3 Tejpe = 33.3 lblit

6’-

Mmax = Red~ qd® = (4485 Ib)3¢0) 2 (15301 (o)™

2
= 18, 83% (b-ft = 224,050 lb-in,

5.8 10 (ONT.
a P
Goten, =B5 Mia O »Mmm

S
Mma = PL_, gL - PUZn) (2184 M0 2m)"
4 8 “ 8

=0.3P+32. bk Nm (Panewtons; M=N-m)
Mmox = SCatow = (1244 X1t mm® )(8.5Mfd) = It, 424 N-m
Equoit, values of Mmes and soive, for P:
03P +32b=1424 P=23350 N

or P=3g.0 xN d—
i siress
Tatiow = 0.8 MPa t=%
v=F = (181 44-Wm) (.20
?..+$aj.=" %4. it ..1;_'_....105.31.00
Va%_ =.%_(aa,womno.g.npa)- 13,920 N

Bquatt volves of V and solve. for P :

P L 10B8=1% 920 P=350L22 N

% o P=35.6 kN 44—
Note: The Sheor siess Qoverns ond Raw = 25.6 &l

5.8—l||
\WOOD PLATFORM WITH A PLANE DECK.
Plonk  Platform : Bft X Bft

€= thitkness of pianks
15:'0\.‘ 1.5 in,
- W = uniform lood on e
ssincd I decx. (lb|£L2)
22 Cattowr = 24CD psi

Find Wee, (bjfey  Catow = OES

(0] Atowabie (0od based vpon kending siress inthe,
plonks

Let bewidth of one plank. (in))
Sreqd = Mmax _ 226,050 tb-in. _ . %04 in? m#wm. A=15b (in.%)
chw Q-‘SOOFGI P—_q szh "-5'. “l
Bx10 beam is still satisfaciory for moment. " C “_ 5
Ust, 8X10 in. beam @— e ' =0.215 b (in?)
5.8- l0| m-body:d-agrmtfowp!anz.auppu'ndm
@
. b-HOmm s 4111111
h h= 240mm ' Puasac
2.5 Sin.
*y;u‘iu_{é; PSR T8 || K4l | LS
,_ S= u,!- - 1544 10° remr?® hﬁ—ﬁ"‘ﬂ_.|
T= 54- kN /m® ""“dszz"“

Lat2m g =Y¥bh ci8l.44 Nim

I CONT,

g= ](b hj:% (to tin.)

rin~lfe

i3z




15.8—-11 CONT.|
Reaction Regq(2¢ih) = (43) 481 = b
(R=1b; w= Iblft*; b=in.)

Mmax occurs at midspan,
Mmax = R ( ?_1_54.&!1) M
= b (46.25)- wh (1152) = 82 wb
3 144 2
fM'-‘lb"l'n.; w= b b=
Alowoble bending moment :
Matiow = Gesiew.S = (2400 g5i)(0.3%5b) = 900 b (1b-in.)

Equott, Mma and Maww and soive for w:
%wb =%0b W=k bipt €

(b)Mlowobie, load based upon shedr stresg
Jh the, plonks

See, the, free-body diogrom in part (a),
Vemox Oaurs at the inside foce. of the support.,
Vm=g.(.&h.)-ﬁ5%=(%$(ﬂ.]._%9wb

(V= lb; W= ife:; b=in)
Allowobie. sheor foree.:

T =2V Vamy =2ACsow - 2(156)(0p) . 1005 (1)
2A 3 3
Vimax r
8o5wb =100b Uk =324 gt € —
298
(c)at load

[5.8-1Z CONT.|
a) ired wi b
Mmax = ?ﬂ-*% =% (5000N)3. bm)q- ? (Tbh)3.em)*

=10,5CON™ + =r (sa:on;r..!mmm m}(&bm)

=m500+19404b {b=rnettrs)

(M = neeuton-merers)
6= m:ﬁg-
S bh Gollow =8.2 MPa

Mmax. = bh*Giow - b (0.280 m)" (B.2X10% Pa)
e b
= 10% 150b
Equare, moments and sohe for b:
10,500 + 1240.4 b = 103,150 b
b= 0.0%8m= DBmm &—
(b) Required width b based upon shear siress
Venax =_'LL,..2E:
ll (5w0u)+ 5 (¥oh) (2 m)
= 9M N+ _5_ (ssoon;n?![b}la 280m)(3.6m)

_gmq-soeob b =meters)
T=23Vmar .. Nwex (V> newtons)
an 2bh
Toaow = O.F MPa
Venag, = 250 Capoey = 20 (0.280 m){0.3010% Nim?)
= |§'m b 2

Equait. sheor forres and solve for b:

Bending SHTSS governs., Wuww =121 it <

M—'R Mga%wm WitH AN OVERHANG
3F

21T+ 3080 b = 120,60 b
b=0.0%8m = #.8mm €4 —

| ) hott:: Bending stress governs. b = 99.8 mm
] =280 mm 59-—l
e % © E WD L OF IRUAR GRS SEETON
L e o P=500 b L= bk =32in.
Ra L2abm Gaow = 2100 psi
" kl\{‘i e Pa 3 KN ‘ | :[ Totow = 150 psi
Ts5.5 wiim® (T8 “‘)1 Fird diorreter d
| i
)%.: “_'_‘E-i;ﬂ; ‘fAnd b Mnm-aﬂ.. (500 10}{(FLin.}=2%,000 1b-in,
13 - s 7o |
M\ﬂ'ﬂ! &=i+$ 6—%:_5_;2‘.&’% d =_?'Z-a% = 1340 in
i ] Rg'.&t*ﬂ_. bdln'n-S.SBI'l. 4‘—
(b) Based vpon shear siress
BY v_-"'"r %" Vmox = 500 Ib
Mmax = 3L , $a L ra-=-___ T=4V , 16V d¥=_leVmay -5¢% in"
2 3 |a 3A 37d* 3V Cmew
dein, =2.38 in, <4—
(Bending stress governs)

I CONT.
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5.3=-Z AntbAe

w
I 1 ¢=850Nim Diameter d=300mm
| 111
AW

11 Catow = 1.5 Mfh
Tawow = 0.BMFa
L=2.5m Find allowobit lood W
fp——"">"—

(o) gased vpon bending stress

Maamum moment ocwrs when Wheel is

at midspan  (x=4Y2),

Mpmox -:m...._ﬁ,- w (Lﬁmh

-ous w?wr (N-m) (w-w)

St%f_d_’ 2651 3167 m?
-
Moox = SOuon = (2.651X167 m3)(1.5 MPa)

-19,860 N'™
1. 0.625 W +6bh.1= (2,880
L( W=30.3 kN H—
(b) Based upon shear Stress
Maximomn  sheor fOree owwrs when whetd is
odjocent 4o suppore (x=0),
Vimox =W+%—£=N+J£.lﬁoﬂlm)(‘:.5m)
aw + 10625 N (W =nuwtons)
A= wd* . 0.030.86 m*
4

1 (850 ¥m)(2.5m)™

Taw = __h.
3A
Voo = 28 Toiow — _i_lomm m*)(0.8 Mfb)
s
a 42, 40 N
SN 0L SN = 42,40 N
W43y €¢—

(Bending stress governs.)

59-3 C(ONT.|

= & + Pt
T B o] ) 2 G
<=4 (d=inches)

z
C=Me o Mdla)  _ 13253 M
I 3c5ud+/40,000 d?

d®= 13.253 Mmax - (1:253)(506,250 1bin)
Cosow GOCO psi
d= 1.3 in. ‘_‘

VUmox =W = I835 b

T=4 .r:._tm:_n_._} ra=d_

re* ¥+t 2

r!""-d— ~t=d_d_2d
2 z

fl:.tﬁﬂ -t-l'l" ’?‘ (.I

ra*+rit -IH
NP s AT
b 7 )(srdtl - % mwi‘-
d* = 1-.0!00!;. golwl{lm ts) =
Tatiow 2000 psi

d=2.5in. €¢—
(Bending siress governs.)

= 456 in®

L 3
+

i

©.5115 in*

LiLLA WIND LOMD ON A Si6N

b =width of sign
w b=30m

P=3.0kf

Coiow = SOMPAI

Tt =l MPa
d=diameter W = wind forte. on one- poles
€= .% =1Dhs.(_b.) = 8.1 N

he=15m

h=60m d

[5:2-3] WIND 10AD 08 A SIGN

" bnw'd'lho'fslgn
he=5¢ w b= 1bf
d Pa 3B bift>
he=20fe Cotow = @000 psi
Totow = 2000 psi
d=diameser W= wind fore. an onts pole)
t=d W =phe ()< 1835 b

4 di
Mmax = wm%, 2 500,250 lb-in,
I=X (dd-d#) damd di=d-2¢= 4d

[CONT.

{q)Required diomeser based upon bending Siress
Mmax = W(h.i-.h) 54. cﬁs mm

G'-J:!‘- I=x (q. d.’Id.-d.-
z- gl (H 3
c=_d

2
G=NMC - m{die) =1F.253 M
I 369 1d4/40,000 d?

d® = 1%.253 Mmear = (7. 253054635 tim)
Calew S0 Mfg

= 0.018864L m?
d =0.206m =266 mm <¢—

2 =md
m )
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5.9—4 CONT.|

(o) Requiced diameser kased voon Shear shress

Vmax =W =8 ) KN

T= r_._.‘«tr,rpr.'- ros 4
%( Rt ¥t ) 2
= d *a d _d_ 2d
2! -n'.rur.*- 4 4(5(!&‘)*(
ri*ar,t t . o +l

Ao (@edt)e g [0 (4 ]2

e ) o

d* = 3,060 Vmax. = m\_tm
Tattow

16 MPa
= 0.003552 m?*
d=0.05%m = 52.6 mm €—

5.10-2 CONT. |

(i) Minimum shear siress in the web (Eq.5-431b)
T = %tm—m- 8.8 My @—

{c) Average) shear siress in The web (€9.5-50)
Taer = _V_ = 228 M2 €¢—

th, ‘._

gﬂ‘.: 1.022
Toer

n (Eq 5-4
Voo = th_ (2Tt Tem)=420en E—

_V_!g=%.9w <4—
v
.10 -
A1 E——
WEBX28 br(.535in. £20.285in,
heBOsin.  h=%130n,
.V’ 0o

12
(g MORimuUm Sheor stress in tht web (£9.5-48q)

T = _V_ (bht-bhls thl)= 4080 psi €—
BIt
(BIMinimum Shear Stress in e web (Eq.5-48b)

Toin -=_§v£ (h*h*) = 2220 psi —
in tht, wtb .5-50
‘br-f_#l: g“m‘ﬁ ‘_

,Im = |.002 ‘—_‘
“Toawr
(gg.5-42
= &h (2 T+ Ton) = 18,20 1p —
Nwes :%-9‘8 ‘_'
v

(Bending stress governs) T=_1_ (bh*- bh®+th?) = %.3% int
5.10~-1 | 12 .
WIDE FLANGE BEM (o) Mavimum sheor stress in the web (€q,5-48a)
=== b=8in. Toox = _V_ (bh*- bht+th')= 4860 psi €—
P € = O4in, 81t
h|h :- 1Zin, Mipi mom T SHESS in the (Eq.5-40
Vs 2000 1 Tos to (-t edu0psi  —
p—L < (E9.5-50
Momene: of incrtig (€. 3-43) Toer =-t!h..- = 4220 psi
4 (bh?=bb2 + th?) = 3%6.1 in¥ ‘: - 0.988 5
aver

i ( -49
vﬂbs%._(?.h*fuhlzﬂel ‘__'
- 0.243

5.10-4|
WIDE FLANGE BEAM
b=220mm +=2mm h=0mm ©h,:=530 mm
V=200 N
Moment of inertia (Eg. S-4%)
I=_1_ - (bn®-bh? + th]) = 350.0 XiIT% m*
(a) Mag_rwm Y sheor $HESS in e web (89.5-480)
Torax =_V_ (bh*-bh*+th')= 323 M ‘_

5.10-2|
WIOE. FLANGE BEAM

Moment of inertia (Eq. 6-47)
I= ' (bhP-bh?+th?) = 2244216 ' m*
iz
{o) Maximum shegr stress in the web (6. S-48a)
Toos = _Bv_u (bh*_bh >+ tht)=235 MAa @—

b=iOmm ¢=Bnm hs30mm ha=239-mm V=50KN

[conT. ]

B8It
Min sheor the, {Eg. 5-4B k)
Tt = Vb (n*nt)= 205 Mo G—
BIt

<) A stress in the web (Eq. 5-50)
‘to-r=.,¥._. = 25. LM&‘_

hs.ullo& <
Toar

i35

[CoNT. |



Moment of ineiia (Eq. 5-4%)
I=_1_(bh*-bh®+th?) = 2672 in*
i

Toew =Y _ (bh*-bht +th?) = 4510 psi —

8Tt
(b) Minimum sheor stress In e web (E9.5-48b)
‘tm=_\‘£ (h*-h?) = 3380 pi €—

(clkwuqr..m Stress in e web (£q. 5-50)
Tover =K__430095l <4

Iﬂ-_-l.bb "—

10— 4 CONIT. 5.10—
2:10 ] ) 203 CANTILEVER. BEAM OF WIDE - FLANGE SWVE
& -
W IDX30
V“b gm (2.'(‘-*‘5—-100[95!‘-&1 ‘— r Fom Toble B-1:
> i
Voep = 0981 <4 b=5.810 in.
v L €=0.300 in.
10~ i
L L [ —_— : N, )
W 24X 94 L=6ft= 12m. ' -‘;:’;?n 2(0.50 in
b=9.065 in. £=0.515in. h=243lin, Catow = 18 ksi I=130in*
hy= 2256in. y=50k Tattow = 9 ksi S=2324in3

(a)Atiowobit, tcad based upon bending siress
Mmax = _yl = SCaww
Gaow = m_.zzs tblin. =230 Ilbife €—
(b} Allowable. Icr.ud based upon shear stress
VgL Toe = V_(bh*bh'+th) (5. 5-980)
8re

(AT¢)
bht—-bh +thY*

Fovww = Nomy - _E___"‘"'" It
L L (bh®*-bhs +th*

=352.1 1blin, = 4230 wift 44—

=

(p)Minimum shear gress in e web (5q.548 1)
Twmin = Vo_ (h*-h*) = 2.4 un, €4—

81t
(¢} Aweroges sheor Siress inthe. web (Eq. 5-50)

-CGw:._vh:.-_-.Zb.DMPn‘—'
t

Tmax = L.O3 <4+
Tover

(d) Shear force in the. web (Eg. 5-49)
Vaeh = &M (2 oy + Trwin) = 8.4 kN d—
3

‘_

Ny, = 0.98
v

“Towver
(d) Sheor foree. in the web (Eq.5-42) (Bendiing stress govens)
V (2 Tmin) = 48.5¢. — 0—

il sl (s.10-8 | &mo&r-:is_tEﬂ orl A SIMALE SPAN
Rt - OA <+ L=l2m
510-6 I b= 450 mm

WIDE~FLAGE BEAM €= 15 mm

bz120 MM t=1mm h=350mm h,=330mm Vaeoxdf h= 850 mm

t a .S- h,= 1800 mm
T =t (bh3- bh2>+th?’l= 20.34x107* m* Coams = 90 MPa

u =
{a} Ma i sheor i (Eq, 5-484) i ' e :ﬁ*’ : 505 t‘:}
Tovax =_V_(bh*-bh* +thd) = 28.4 MAa — = - bh3=bh2+ thi g.
o = 26,03 X m*

S=I - 26030 °m* - 28.14x107% m?
L hjz.
(o) Atlowable. lbad based vpon bending stress
M'u =$L_" = SG'.I-
8
Quw = BSGitr = 14 Eim <
L

{b)Allowoble lbad based upon shear siress
V=gl Tway= _E\L_(bh‘—bh.‘i-eh.‘) (Eq. 5-480)

A It

= 8 Taow T
bh* -bh.* + th™*

Gutow = 2Vme = 16 Tawe It _ = 19 kiim —
L. L (bh*-bh*+th")

Vmax.

(Bending siress governs)

136



10-3 5.10 - 11 CONIT.
{20 BEAM WITH AN OVERHANG |

T=V8  Vaw Tam Tt
"=3‘:°°“:” Catonws = 18 Ksi IE a
ST et = W ks Al _dimensions in_inches:
A —a/ ¢ Stlelt o boom of & shopt 10.209
7-& €a = 3400 1b $00 l
1266 | Re = 14,800 Ib a.so:‘t B B
o B fa ol Lt 8.3
Moximum shear force: Vmax = 10,000 b at x= 12§t 21
Magimom bending moment: 2y ,.,,'I' 2
Mmox = 22,820 1b-ft at x= 6.16 £t oS <
Requied sccrion moduks Moment of jnertia
S= Mo = 2RI = 152 in® ,‘ Lo
16,60 s ot
"I"" Tkl b= A vt o P PP
s S8x23 Fl‘r‘ 110+ 2 (4.00N0.5)(B. =1 in:
I=wom 5= .2 in? = Guen + Quage + Qpiae
b=4.1¥Hn. t= 044 in. = (0.455) (3.50)(3.5)+ (10 205 X0, 360N 1. 88 )+ (. cONO.5XR.5)
h= 8.00 in. h=0.00-2(042) =3 MB In.|  _ 1) 054016542553 =100.0 in®
Ma 5-48a ble forte,
Taon = Ve (bh*-bh"+ £h) Vo = Tonow T £e_ . (4000 pii)(1545 in®}{0,45in)
8re Q 100.0 in3
= 3340 psi < 11,000 psi .- Ok forshaor = 42,2006 4—
Select S8X23 beamn —— 5.'0’]’.[ T—BEA
- T
5-"0 lol SE 16U " EKEEE!E . ] _ b=z220mm
- e h t-_—.ﬁm
?‘.1. c h=300mm Find Trex
| ESR e, S

t0mm [:

-2 i bth-h

200mmn e
= _1_{200)(450)°~ _1 _(180)(410)" = 484.9 X 10® mm* B h-h) +€h,
- oy =mus)9f)ﬂ (300-*8) _ 3635 awm
t = 2 (10 mm) = 20 min ( * (15N135)
Q = (200) (.%_EQ)(.‘!‘%Z)_ upo)(42 )42} = L280X16*mm’ v
Votow = TmeIt o «oﬂ&swuﬂ(m} -:.?3.:. = 235
Q 1.280 X10* mm .
=303 kN € T35 I :mLTLS

MM-MGE BEAM WITH GWER PLATES

¥ T =} (sltm a)’* L_(i5)(Fe.®-25)°
B wiexdz
TS T (U0 In®  tw=0455m, -55 zstlo"mm*
h=le.52in., &=0%0in |Tampe = ,i_(zmusl’fmplus)(a.a-%)"
WA . ]
"= 8.2 " Find Venow = 2302410 me*
p - bnlb.ﬂ.’ﬁn. I=h.lm=”‘ﬂuoﬁm§
Tt = 6000 p5i CONT. | CONT.
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510-12 CONT, |

Arst of

Q = (I15)(223. 2)(m)
= 343 X1’ mm?

Maxipwm Shear sifess

Ton=VQ o iﬁm@?,b;%m‘!
F2.31 2 10* mrtY)

It

=220 MYy ¢—

5. Ib-lbl

S.ll~1 CONT. |
Web is glued to the flanges.
Allowable 1ood in shear for e glued joints (s 30 Uslin.
'\ fotew = FO Ib]in.
Find Vemax

“' VR Vimox = £=!_I-_
I= bh’ - tnd (s}(s 5°- 1 4.3518)°

Y 12 ¥ 3
= 170.5% in*

Q = Qpionge. = Mg dg = (5)0.15)(4.315) = 16. 406 in?

bs {oin.
£ =0.6in Vu-man#a_l;“&ums,m 128l ¢—
a .
ra h= 8in. FIM tl'_ 5 " z
h,= %n. _B,oeo srea. GIRDER
V= 6000 Ib
) weid A r All dimensions
h- | b,* o e
=_i§ = b(h-hll(-ﬁ-rth (h-_;!.-) t'?b ‘;;o n ﬂ!l“lmm.
A b(h-h)+th, =31
= mumx%gm = L683 in, ©=250 Taia
g Mlowable, foad i shear for one weld i 500k8]m .
- < futee = 2(500) = 1000 KNfm
eax| ¢l |4 fedl  VeesfmI
= 3 c £y 3
s _(b-8h’ _ 1 mxhso‘j’_ | o)
WL = e e R g
Moment of inertia qboot the 3-axis. gl e
Lw = L0003 + 101 683-10F Q= Qi = Arde = (250X25)342.5) = 953 X16” mm
3 =l Vi = fosew T - (1000 2m) (12 X10% mer®)
= 50.48 in* __a 1253 216% mm®
Trmpe = 1 (100004 (10(L0)1.483-0.5) il e,
VR =
="_{33 in* 200D WELDED STEEL GIRDER
’ i ¥ .0
I= Tuw + Lotwge = 6531 in* l_'——l""'-'u- ) )
bove, axis weld 9 All dimensions
Q =0.0)e gm(.hgll.)= 1.9% in3 b a:” colez in inxhes,
Movimum sheor stress = ¥ V=250K
Tomee = V& (000115 in?) _ 1@30psi @— =l L0
Tt (531 *)(0.0in) o F =force, per inch of length of ane weld
(S.n-1] f = sheor fiow sz-_e Fva.
I=.&. L:._(wlm _(ua azsm‘
All dimersions -.%,524 m‘
 — h=35 0 inches. Q. = Qptange = Ardr = (16)(1)(30.5) = 488 in>
txﬂ.“ﬁ - F=&= l‘ﬂ.a
21  2(3 51 m*?
= 1670 Ibjin. €—
CONT.
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5.h-5] e

b=60 b=40 h=80 h,=
5 = longitudino]l spoting of e strews

f=va - _2F
| 1 S

b=2850 b,2130 h=300 h,= 250
fasheor fiow berwcen a flongt, ond boih webs
faow = ZF = 15 kN/M

s

f ‘-'_E.‘;c Vemox =‘.£ag:_2'-_
I=bh’ _ bnd - 34t 30 mat

12 ¥
Q = Qtange. = Ar dr = (250/(25)(13%.5) = 8524 &1o* mnr

5.11-4] B 5. 1-6 CoNT.
WOO0D Box BEAM
25 V=32
i Al dimensins in
! ¥ millimeters. I= _t bk’ _t (b-260(h -2 = 340.3 110" mem®
500 S = nail spacing i 2
.o*.m. o B0 i {;u.s:?ri?bemmqfug:aﬂmmts
1 I Al = YO . Smex = 2L
Yoz F = allowable, shear force s 1 Vo
P for ones noil
250 580, 58 (0) Beon ®

Q= Ardr = (bt){ 7).« (200)201(3)(340) = 480 x10° ren?
Sa= .z£_=(=-xmﬂ3(mm*m_%_ﬂ =83 mm G—

va (3.2 kX80 207 mm
(b) 8com ®
Q= Arde = (b- w(ﬂ(ﬁ} ..{wupl( 1 )(340) 544019 mm®
Sp=2FX o =M.9mm EH—
vg (32 mﬁmmo'm':

(c) Beom ® 15 more efficent betouses the. shear fiow
on the, entack aa-foccs is smaler ond There

fower nails are needed

Vioe = forow T - (152aim)(34.1210% men®)
b a 859.4 X103 mm?
=5 9% kn H—

All dimensions in inches.

o
18]
¥ ' F= allowable. shear force for
Lo l,"_",bu.o 8.0 one; woad Surew
} f = 210 1b
V=150 Ib

T

f =shear flow berween o flonge ond both webs
. Smex s ZEL
Ve

12 iz
8. = Gelange = Ardr = (6.00L0)3.5) = 21.0 in?

Swan = 2F1 - 2(21016)(184 in2) . 320 —
va  (uso ) (2.0 in3

{i’

k bqﬂ—.l T&S

F = alloweble lcad, per weld = 2.4 «fin,
Find Vmes

Location of neutal axis ( axis)

Ust, the, lower edge of the coss saction 05 o
reference. axis,

Q= (bth(£)+ (h) [h-—t-}
=(8)0.5)(0.25) +(4X0.5)(3.5) = 11.125 in?
A= bt +ht = (5H0.5)« (6)(0.5) = 5.5 n*

=9 . LIS el - 2022 in.
A 55m*

CGi=h-c2=4.4313 in.
Moment of inertio obour e, neutrl axis

5.l|-(:b|lw 0B ot

Inl P+ ) ¢ (-t ¢t A% (bt)(cr 1}"
3 3 z

1 n
o — rz%a = SL(r-\JJB.ﬂ-BG’ 1%.&53(!.512?}’4» "'E (sio-5)°
® I
: i 30 & [ he2e +B)oSKL¥2H ™ = 23.455in*
ment
Qv bt (-G )= (SH05) 1.123) = 44218 in?
b=200 _ b=200 5t flow & 1ds
:u dimnsimsb:; millimerers.  €=20 mm £=2F =_,,_1g_
= allowoble nail =250N
W - Van = 2FL :"&g"‘wzﬁﬁ K ‘—
| CONT. a 4. 4318 in3
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SN-S] 1 gemn (nanen)
e All dimepsipns in
T millimerers.
Lo V=832 N
ql {.._..'_F " F=allowobies kad per
i nat!
F =400N
b=120 ¢=30 h=i50 h,=I20
S = il spoang
Find Swos

Locotion of neutdl oxis (z axis)

Ust The, tower edge of tht, gass section as
Q referenct oxis,

Q= (ht) (_,_..),. (bt)(h~ £
= (120 (20X 60) + (120)(30)(835) = 702 510° mm*
A = ht +bt = (120)(30 + (120) (20) = 3200 mm*

Cz= & . 702 X10° = %15 mm
A 7200 mm
¢, = h-Cp = 52.5mm

.m:nn_ef_m:ma_m_nm__miu_s_
I=_ tcl+ + t(m-ca+ 1_bt>s (1) (- L)
= _.'..,m)(""’”’

(.aommm _[_(.w (30)*
3 .3

+(120(20)(33.5)* = 14.515 1 10® mm4

FEicet moment of ores of fiange,

Q,=be(q-{_) = (120)(20)(3%.5) = 135 x10° mm*®

Spacing of .1

F:.._&.
S-n-s'-‘ F.'l

Mm:ﬂsx 10* mm*)
V&  (8%2 N(25 Xi0° mm

= 0.050m = 50.0mm E—

3

5.1-9 CONT. |

| 5.II-IO]

Moment ol
I=n+z[%u’+ (.bﬂ(-g_-t-'g‘i—)t':[
=0 in*+ 2[_.;-. [ln{o.sleo)te.sks.sl)"]
=1834 in*

First moment of areo of o, wover puies
Q= M(.d{i): (10(0.5KB.51) = 42,55 in?

Spaging of bolts
‘F=.‘L. _F_

{Lbn 1 in#* - &@“‘ ‘—
(40 p}(42.55 m.—')s

ﬁf’ﬁ”
e

Find Vmox

WI2ZXS0 T,=394 in* d=12.19in.

CI2X30 Y =514 in% A =8.82in" tu=0.50 in.

£=0.6341In,

Moment of incrtia_abour e neviral oxis

I=Tot+2[Les h({—.ptw-t)"]
=324 in% + 2[5 in%+ (8.82in)(5.095+0.510 ~0_6¥4)* ]
= 1025 in®*

Frirst moment of areo of ¢ channel

Q= A('( d .t -c.): (8.82 in:)5.931) = 52. 31 jn2

M) dimensions in inchts,
s itudinal
"o b PO

S= 7.5in,
F = allowable, lood per bolt
Fz24K

S-9]

Seoti Al dimensions in inches.
Cover plotes:
4 VeER 15in, x 0.6 M.
(b= toin. t=0.5in)
F F = allewoble, knd per boit
t<05 o] Fz=2BK V=40K
Fird Swex
Wiex3¥
Ib= 0 in* d= l6.52n,

z
Maximem_sheor force,
F = .ﬁ. = _Z.E.
I s
A} = 2F1 _ 2(246(1025in.4) _ 44—
- Qs (52.31 in?)(3.5in) i
-15"2—-'; _BRACE AND BI(T
AeM  P=25% (ompression)
d M=pp=@sw)(4Vein)
21219 b-in,
d = diometer
4= e in.

A:M{i - 0.(503 iﬂ-‘l
5= xwd? _ o.00822 in’
32
CONIT.




S.12-1 CONT. |

Ge=-P oM ___25Ib . 1219 Ib-in
A S 0.1503in* D.00822] in.
= -l psi + 14,828 psi = 14,0600 psi
Oc=_P_ __ M _ <1bb psi - 14, 828 ps)
A S - 0 p 4—

5.12-5 CONT.
O =-N , Mc .. Psinx  PLEID)
AT 2A 2L
Svbstitvit, numeritat values:
A=l int T=22n* d=1075n.
P=3200l0 L=0Gft=72in. H=45f =54¢n.

MAMM POLE FOR A STREET LIGHT

Weight of pole =W, = 2300 N

Weight of orm = We = 330 N
Distorxe 10 conter of grovity of orm = b
b=t2m

Diomeser (outside) of poit = d = 225 mm
Thickness of pde, = ¢ = (B8 mm

Base; of pole:  p P= W, +Wz
Mrt\ = 2630 N
TR \e web

=3% N'm

A =_£_ [¢=- @ -w‘]= .I_[(zzs men)’ - (189 mm)*

= 1,306 mm*
2 ={4_[d"-(d-2tl"]=_:’_’[&25«nr - (182 mm)* ]

= 6317 X 10* mm*

<=d - 125 mm
2
Cez-P o Mc._ 260N . (3% Nmii25mm
AT ,0%me @I I0

=~D.225 Mfa + 0705 MFfa = 0.480 MFPa

Sin #= 0.6

Ot = - {320016)(0.6) , (3200 tbX%2in)(5.315in)

2 (16.1in®) 2.(242 in*)
==0D psi+ 2920 psi = 2860 psi E—
Ge=_ N__ Mec - -00 psi— 2920 psi

A z
<4—

=2980 psi
5"1-41 CURVED BAR (RADIUS=T)
€= r-rcos45°

I S

-M=Pe_=£a£(z-("£)

h = height of rettangular cross steHon
t = thickness of yectaquiar cross secrion
G-_E_..ﬁ.:Lq..ﬁ:l‘-';@;)_

A S ht  2ih*/ )

P 3r (2-vV7Z)

='hT[“'_—‘F_&']
tmn=__P [Hsfz-rﬁ.f.]
h Gotiow h

Substiivie, numericol volves:

tn = 12.38 mm G—

Pz=lLoEN he30 mm Guew = 80 Mo 1= 300mm

Load P at midpoint
Reactions : RA=Rt=.g_
gar AB: M N = H
I e
v Shd.s H
d Jree it
d= diameter

A -l

Ra
Axiol force. N= Rasin « =.£_$in-‘

Bending moment MaRal = PL
2

=480 Ko <« [5.12-5]
d= & in,
=-0.930 Mfa = - 930 Lo ¢— > =10k o yd* _ 153.9 in*
512-3] »
RIGID FRAME 2300 b S--_'g__'gus.'} 2

oA
]

M= (900 1b) (12 £8){cos 607+ (100 I)(30 £)(tos 60°)
= 6900 lb-ft = 82,800 Ib-in,

N= (P,+ ) sin &' = (1000 Ib)(sin 60*) = B4k Ib

Oe =~ M _

* %‘? l&ﬂn.‘*
‘—'—Gpd-i-Mpﬁ-MPﬂ'
=_ N M - -

6-6 T - ? = bp‘ .”8 ﬂ
<

262 in3

= =314 psi

4!




5.12-6]

ALUMINUM_ POLE

» —a Tsin« L=2Pm
lfm o =128"
[- P — d, = 200 mm
.1114 d’-‘mm
[ I BO Mfa
| At the, base. of The. pole
N="To« = 088295 T (T=newtons)
= (Tcas.d](%+ (Tsina) (L)

=0.11033 T+ 093824 T = .03 T
(M=nowm:ln meters)
A=_1(d,-d Y = 17, 67 x 10 mm'-
= 13.6FH X107 >m*
I= T (d¥-d* = na.2t xw* mm*
. = n3.20 K10 m

(ompressive Sress
=49 96T + 1158, 6T = 208,67

(6e = pascols)
1208.6 T = 8D xjo°

o5

= (Oc) atiow

[5.12-8 ConT. |

Q= Lq-.ﬁ Cavere = AT, 224
A S wa*

T Gasowd>-4Td-32M =0

Sukstiivie, numerical voves:

(w)(125 MPo)d >~ 4(26 k) d - 22.(2.3 EN-m) » O

or 32,699,000 d*-10%,000d - 86,400=0 (d-meters)

Solving, d=0.06I8m = 6.8 vm - —

512-9 | EE :

P=wind pressure
3
H ,.:
1

rd*

§ = pds = intensity of lead
¢ di= = uter diometer
d, = inner diometer

S542-% -

dy= ovier diometer
di= inner diomeser
I=_¥_ (dd-dY
ot
=X {4~ "dt") [d:f d
wt

A= xldc-dY)
N = Weos = M=w_h.z_):in-l L'-l::-i’:-
im - st i, wlligmal®)

¥

N N=wH
Ly M2 gH (1)s L pda B
™M 2
A-{.G:k‘-d.‘)
Ia_z_(d.?-d )=;r_(d; ~d I (A adi)
X = _(d:"’dt"’
A {7
Ge=-N_, M(@a/2) 50
A bn
M. 2T PdaH?* _ diedi
N Ad: 2w H 8de
4= wide + d) 4

4 pde
Suvbstifute, numen'col values:
W= 825 Ibift dy=4ft di=3ft p=io bIft*

Hmex = 32.2 Pt 44—
S.42~1 CONCRETE WALL
h= height of wall

= 1 = thickness of wall

| Ygt'; bR,
N he figure)

v nawugm density

v of onureie

= weight density
ofwam’

e ""”_h;fa B _‘_"d;;af‘ W = weight of woll
o = Qre tan ds +d/’ ‘ W=bhtTe
- 4hd: F = resuttont force. for tht. woter pressores
5.12-8] Fe_1 @\nde) = Ld'n,
CIRCULAR BAR
T=26EN M>=23F palm  Oomw = 25MPa M=F(.£3L)=-cgbd‘r..
Find required diameser d A=bt S= i bt
A= Jd* S= _n:_?_’ b
N ° CONT.

[ConNT. |
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[5.12—10 con]
Go=- W, M - —hTes &%
S .onnobn
1§ w = e -
Ge "T“'E' y R
(alwiater level at fhe top (d=h)

h=2m +=03m d=2m

Te=23 kN/m® 2= 9.8 KiIm?
Substituit, pumerica) valves into Egs. (1, (2)-
Op = —46.0 LR + 872.0 tho = 826 kin d—
Oc = -~ 4.0 KPa -872.0 ki = - 918 ki d—

()}
@

{blMoximum depth for no tension
Solve, Eq.(lH'trcI-. d’=ht‘(.¥;.)

Svbshitute, numencol volues:
d?*=p.9220 m*
dm = 0.7980 m

S.1Z-12 CONY.]

ZNg =0 gives

R=_GL__ -253.19 N
24on =

A distonct x from end 8:

X= meters

N=Rws« + %(L-x).s‘nd
=65.530 N+ (212.13 dNjm) t2m - %)
=1820.92-912. 13X  (newtons)

M = R(L~x) 5irn~4.—%(l.-x)(_l.i}_) oS
=(253.19 N)(2m -x) sin 35*

- (944,93 1im) [ \(2m-x)* s 15°
fijpm-m

2244 56X -122.28 x* (ncwion mefers)

CesN M

<4—
. lt-ll] FLYING BUTTRESS
¥ o, b = width of verticol buttress

@0"

Wp= weight of butfress

1M abth?
a2k = (3 £6)(5 £2X0o )65 1b}54?)
=3%,000 Ib
M{J’N P = 5400 b

N = wW+Wg+ Psin 0" = W+ 39,600 + 540D sin &0°
= W+44, 23 (Ib)

M = hPes 60° = (16 ££)(5400 Ib) oS 60°
=43,200 (1b-ft)

A=bt =Cfi#) = 5"

S= btra_t G5 = s

b b
Ce=- N M - W42 b £32000-f - O
A S 15 1.5 £

Solve, for W: W= 3560 o @—

(perpendicuior +0 the. Hgure)

A 5

! (18%0.99-212 33x)
12.23206°

v p—— ] 12228 x*)
Bl 3% Xl0"
=154 0% - #4.315% * 12154 ¢ - 631 3] «*

Oc

=154.0%+1201.0 X - 63%. 71 x* (kM) )
Matimum siress
id&.-o 120).0- 2.(631. %1 x) = ©

x

Y= 0.94165 m
SUDSHIUIG X iNiD B4.0) for ou!
Ormax = 154.094+ 1204.0 (0.94165) - 631 .31 (0.9445)"™
= 720 kPa -
Note: The stress of #he. midpoint of e bor
(x=1m) is HY £Pa, whith is only 04%%s
less thon the, moximum stress,

s.n.-cs[
BLOCK. OF STEEL LOADED 8Y TWO (ABLES
! talin .

5.I2.-lg=|

d= 125 mm

L=2m

o« =75°

=310 e’
A-_nf:= 12.232 X16 > m*

o)

S

cf‘"‘

S=7d® 19,35 x10 ° m?
3z
= um?lf of bor ptr unit
length
% =¥A =423 Nim

CONT,

$E ik
P=1200 Ib
d = diameter of cobiw
d = 0.2%in.
°=i‘iﬂ 0-625 in,
2 2
b = width of biok
=3in.
t = thiceness of block
=Iir:.
Normal stress on o cmss section

6‘={'_o Foy A=bt=03n)0in)=3in®

& = ' P . &
L _E-?:.Eﬂh\(lmr 0.25in" l:C’_“T

T
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5.12.-13 CoNT. |

5.12-15 CONT,

SHTESS.

m
(a) 12P - 2P b=z ¥d

nd* bd [A
(b} Grusior post :

’ Gc =_ 20F
T4t
Recrongulor post:
Co=_AL =-__4A°F - __ 2°P
od {wd Je)d wd*

Recrongutor post has tht, larger compressive.

<+

(@) Maximum tensite, stress (at top of bilock) From Appendix D, cases 10:
Y' = 0.5 1in. L= o0.10% (.%Y‘: 0.006860 b*
6 = _g_&; _raL._ 1b){0.62% in }(05 in) For tension:
gk EaBin Le=4r - 2b - 0.2122 )
"4oopm+|500pss=l90°psi o — 3 3T
i i (ot ofF For comnpression:
Y=-%£ =-05in, m=r-n=%_&=o.mab
z L
Oc=L By =100 , (12000N0A25 in)(0S: M=P _zh,},-. 0.2122 Pb
N o3 0:28in P 3‘!& P (0. 1122 Pb) (O
. : Ge=F_, Me, o
;40096:-'500!’9 — 1160 psi — * ;. omm?_L o.w_rg&o b+
) If d is iogeased, both stresses inorease =254 P, b.5e% P_ . 21
n magnitude. <4 F v v €
Ge=P _Mcoo P _ (oun2m)028184)
S5.12- l4-| iR A I O.»ap .00 bB6O b*
A=md* S=IL  M=Ed TSt 8L e (L g—
« 32 P A b 5
Tension : a;:-__ _m.. o WP 12f  12-1
¢ SR - SHRT (OWMN OF WinE- RANGE SHAE
ms 6‘-- -.-_- -— .l!E:——z -
Kompressi ¢ _E_ o #g‘* - o P=LbLn b= o mm
Rectongular gost tu = Bmm
Bmm
A=bd S=lkd? M= R i 200mm | = 200 mm
- 2 t =2mm
Tension &=-_ﬂ+.ﬂ.=__&...2&.=-u- .
_ 5 ™l bd W Y P= o kN
Grpresion: o £ M. £ 3o g fombood olh b sewm

2
A = 2bte 4 (h-2¢¢) t =5248 mm*
T = bh?_ ! (b-tXh-24= 3% 6lixi0® mm*
/3 12 .
(o} Moximym stresses
Go_ £ Rlin)
3

-

_I:O.l'd._
248 mn | 33,61 L0 mm*
Oi = ~11.42 MPb 4 15, 00 MPa = 3.53 Mm. @—

0% = = (L43 MPa— 15.00 MPa = 264 MPe. —

(b) Nevtral oxis

a

+

a

A= m(.la.=.€i I-r (b} j:.)’._h_

Ell—IBI BAL WITH REDUCED CROSS SECTION

Yo=_ L o_ _2teuxio*mm* . -3p.2mm €—
Ae (5248 mm*N%rmm)

2
¥
M=P = b PaLK, w10 x 30
(-E-J e T A=8o4int
&=%+&'=%¥f%i : ‘ . h=104%n. I; 130 in#*
a=.&_.ﬁ£=£_ﬂ:=_§; <4— & = 0.510 in.
T W W5 eah _ & -4.9%;
() Coreular bor (semicirwilar omss sechion mn) Beedl 24580,
As.,l_(};h_’),ﬁ.aaaz%b’- a i s
z - o’t=_£+.&r#'2=‘135*pai+lswp;i
A
ICDN'I'. = 480 psi 44— CONT.




[5.12-1F CoNT]

5.12-19]

HAN
oo P _ PoChi2) - 35% psi - 1840 psi S—-L‘Fh
a h omln
= — 3200 psi <4— s31r I
(b Newtra) axis etk U \J - e
Yo =~ X ==38kin — cBx 1.5
At A=338in" h=222u0 in. +tw=Datoin.
5-'2 lé _IM I‘= 1-32 t'l"l-"‘ c|= D.5H !'l'!. ('_‘ |.m .'n_
Eccomirigity of the. lcad
b =200
2 4mm Sand : e=ty —_ég = 0.53 - 0.110 = 0.4t in.
e 2 (e) Locotion of the, neutrol axis
Ay % livoan h= 150 mm &
€ Bmm h,= 136 mm 1-'—‘~-E—=__£-_a_?_-.b.-_._=_o.wh. 4—
tr <16 e (338 in*NoAblin.)
b »
A s BEsk by« 5508 ran® (b)Maximym lood based vpon tensile stress
: by . Gotew =10,000 psi (P= pounds)
b gfuas secvion Co=_FP  Peero_ P, PL41inY198in)
U&mwwerwcggbofﬂbmmcﬂm as At T TTaweRT T L2nt
i ve00=__F _, _€ _-02%P
Q@ =twh, %)-rb“-f("-&ﬂ 3.38 1495
= (BX136X60) +(200)14)(143) = 434, 384 mm? P=3400 Ib = 34K
c;-%um&.@iﬂu.m men Maximum_[ood bosed upon (mpressives stregs
2888 mm - ®
€ = h-¢z = 2.9 mm gau-w -P8d30 psi E (£ p::ls)\
: c=_ P _Pet = _ _P__ pose)in\0Sin)
Momenr of inerta t ;-o::s A I EX T .32 in*
=4 bh+btr(c-. M.)+_'.t-(1:.-w+__;_t-c: 8000 = a:s'sr ~ 0.4953 P
1 (200K)” + (200 W) (209%™ : e
u.( i m(""‘”) P= 16,200 Ib = lb.2 K
1.3;(3‘“7.2.00 = &.130 X 10% l'l'lh‘ Cmm«;n governs, Prox = 1.2 K ‘_ =
Ecoeniricity of tne od [5.13-1§
6-1:;-»_'!2{_:9.1.”'1- 20.2% mm M=2100 lb-in. h=LSm. b=z0.235in,
@M&ﬂ_ﬁ;ﬁ_“ a) Beom wiith g hole,
= e W xio* 5. G—] S5+ Eq.557: &= = 20,400 (1)
e e h o2  bh’-gM  3315-dD
WM&M 4y} E6%W: G- . o
Casew = 00 MR Op=_ _'__'3 (P = nexrions) b d% 3315-d
& | Os
OMR = ___P ﬂm”ﬁttzﬂm’ d | <4 Gman
Mm# 1302 10" mmt* ::‘; OI:H %‘.‘(é: 'ﬁq!"f)” (i)
100=___F P —1051107°P 3 e I =
086 2% 0:15 |0.3000] M0 | reseo (%100
P= §23,000 N = 523 kN ) 1.00 | 0.4ek3| — |28 300{28,300
! Note: The, forger the. hoie, Thes lorger the. siress.
Cuowe = O M2 Gos_ £ _ Ry (P=newtons) | (b) Beom with sotaxs
T
~GOMRI=_ __P _ P(e599 mem) (23:.99mm) h, =128 in
3880 mm* 6130 x 10" mm*® h -1Sin. — 4
=__F° % P =3630x0" P h, 125in.
2808 10434 -<8):
P= 170,000 N = |10 EN Eq&:‘fmm
Compre 5sion governs. Fuex = ITO kN <4— -Lbh.‘ e =




5.13-1 CONT. |

G = K, Semrn

5.!5—4'

BEAM WITH SEMICIRULAR NOTIHES

h =120 mm h, = 10D mm
K
cﬁl 'f‘ (n,.n!’ f,,".‘n Orex = b0 MPa M= 150 N-m
0.05 | 004 | 2.0 |65000 h=h+2R R=_L(h-h) =10 mm
o.10 008 | 2.3 [49,000 2
0-15 o2 | z.v {45,000 R - _10mm - 0.0
0.20 0.6 | 1.% |41,000 h, 100 mm
Note:: The larger the notth rodius, the smaller From fig. 5-50: k=%2.20
the stress., Omox = KGpom = K (_ﬁ.ﬂ_
5. l3'f.|
M=2250Nm ho44mm bsl0Omm InMI’ost?..RD}[ z:mT‘)'
(a)Beam with a holt, Sove for b1 |y s  —
fel Eqo57: Gox_oMh o pbsit un =
b(h?-a% B5,180-d? 5.'3"5
,g,.;__ €q.(5-56): Gpa_12Md o Mo - BEAM WITH NOTTHES mrfp. HOLE
b(h*-d") Bs,i00-d h=55in. h,=5in. b=16in.
= M =30 K-m. Gres = 42,000 psi
d __é_ 0':. “ d-' 2
mm) | T L0 Eq.(2) m";; (a) Ma‘n@ nofch radius
10 | 0.22% 13 - |38 b =550 =11
e | 03¢s| 21 "’ g; hy 5in.
22 |0.%0| 82 | 8
28 |o.e3e| ~ |133 |is3 G rom =_‘:h_=_ 13500 psi
Note : The larger thes hole, the: larger the. siress. K= Grax = 4200081 » 2.15
b) 7 Creem |9, 500 psi

From Fig. 5-50: K% 2.57

Omax = KGram = K[ _&M
ot

O Ksi = 2.5% gﬁ(m_ﬁ:;i]

Solve. for b:
bamin = 0.24 in.

—

h, = 40 mm h_4seom -1 From Fig. 5-50, with K= 2.5 aond h-u we, gof
m 4Dmm R 0.0% by
Eq (5-58): Gram = %-9&5"& Cwox. = K- Crem hl 5 Wi 6 6RO & 08 O ¢
(&) Largest iole diometer:
(fm\ —-:-.— (ﬁ:sal g:;:, Ascume, .d_,_é. ond use Eq. (5-56).
2 0.05 L. 240 &_ 12 EQ
4 o0 | 24 200 bih?®-d%
b 0.15 -8 130
42,000 psi = 12(130 k-in.) d or
el ez ot [ fe ' e mE5n3-a3]
mzkmmgw HEAOIN OO, ety d’+232d- lwb4=0
% 13-3 Soive, numenally
- BEAM WITH SEMIQRIVLAR NOTHES dmoex = 413 in «—
h=08 n h, = 0.80 in,
Omas = (O Ks$i M = 600 1b-in.
hah+28  R=_L (h-h)= 0.04in. - Env or Cuarrer 5 -
2
&:M - 0.05
h, 0.80in.
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Fvom Eq. (6-6b):

“’z‘m.[g‘%{f’h]' 59.2 kNm

MM

Steel governs

X 59.2 kNm @—

6.2 s B | 6.2-3] Hollow Box Beam
oyl e ke bezin | Yl At O ool Flames
_} odin h= 03in b= 4in, h= zin h=%in
ZIHTITTT, h =06 in E,= 1,200,000 psi
SN REEED ; L cs,), = 1800 psi
R O IO.SIH. M= 300 ’b'"] ’;T"md HP
: : E, = 4x10°psi @ Plyrood Webe
| 2.0in |T°-1 m ¢ te1in. h=i2in
B, = 1.6 X 10 psi E,= 1,600,000 p5i
I 2 (h-h) = 0.03633 in* Bpatlon = 2300 PSi
' e - I= %(h‘ﬁ'h&ossm‘
Ig= % = 0.020%% In. L= 2 (] )(tl?)- 249 in*
Iy + 51, = 136,600 |b-mn? EL,+Exly = 9432 x 10 p-int
it Es &a_qw_mﬂw. wood @
From Ey. (6-6a): &, =+ A SN e Y u
we = E Y51, From cG-G e
=12 3%0 psi e m (6'1 llowl c'ﬁ/ﬁ :é, = 23% k-in.
From Eq. (6-6D): 6, 0= + M(ep)Ep Meximum momenl based uponthe phwood @)
EL+EI From Eq. tc—eb)Er =
+ o -’.
=i 63% Psi ‘ me - (6‘1 0"0!1{ Y Eq = 217 k-in,
2-2 Plywood governs Momax = 227 k-in. dg——
Composile Beam 6.2-4
y b= 200 mm Steel tube with aluminum cote
q t =12 mm —
@.F BAZ h = 300 mm —
2 A7 |0 E=E,c $.5GPa y [a
:/ ‘-/5 mm
A2/ b E;2Eg= 204 GPa =
i : . : =
'2“__' :nomg l__!:u ()l 10 MPa Muminum @) -
(6’;}.",. 120 MPa, Tube @: d=odler diameler 4 = inner dinmeler
I| I!)I'l3 = 450x IO mmd. = modvivé deh'ﬁh&l%,
4 = allowable slress
L= g.éb"- 54 x10°  mmi I= _&lp_(%p]: %’
ET) + Ez, = 1434 ~10°  NMom® Core@): &= diameler
Mascisicn 5 H E = modylug o e!ﬂﬂcﬂ‘;
From Eq. (6-6a): 3 116 kN 1,2 1L (4/) 1014
m = (6)aflow [t m
e g ["I—S% ] ET, +EI, = EL+Eal, = %g(ws,ﬁ,)
X. n b& nm

E I +61

(dy) B ]

(;5+%) <4

From Eq. (6-6A) : Mullou= G,-[

M 18

512
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Simply supporled composile beam

v Dsteel
EEREREEEE s
é z % =-:| h
| L 7T
Len fi 3= 600 b/t T [.L_I
Monx = AL = 10,300 [b-ft = 124,800 lb-in

[ates

Wood (D : b= 4 in. hs=usin ﬁ,=lsxw‘pa
g;j_l’ = '506.46 int
Plate @ gs : :o ':}o ‘tpsi o.2sm. h= 12 in.
Ir=b [h-R]= 61.082 in*
ELtE T, = Ewl, +EsI, = £,932,000,000-in*

From E’s ( 6~6a and b) :

6y = _(_’E{?ﬁ = 395ps 4—
E ) +Eelz
€5 = Mmax(h/) Es = g240psi 4—
E:L +EzIz
6.2-6] Stecl pipe with plastic [iner

® Aluminum faces: b=goin. t-085n.
h« 6.0in €, =10.5%10%psi|

Tye 'F‘(h"h:) =33.0% in®

® Foom core : bss.0in h =55in
E, - 19,000 psl
I,- h_lﬁ = np.az in?
1
M- 35 K-in. ET,+E,T,=348.7% 10" lb-in’

ta) General theory (Eqs 6-6a asd b)

& cq, = MMIE, . 3160 psi @
face 1 BT, »E,Ts ps
EI +E I,

(> Approximate theory (E[‘,'LLQ!LE_‘!‘)

£, -L_fh’ W) - 33.08 int

] %-;ﬁ; = 3170 poi <
I
ds Seore = O e
@ O Pipe : ds= IOO mm de= 94 MM 6.2-% wich
4= E; = modulué of elasticily t
C6)allow = 38 MPa R R
@ Liner: de= 24 mm d;= 42 mm % @ h
Ep= E¢ = modulus of elasTicily T oAl s -
E,s.z.}??“s; osg,{:? 75 @ Fiter glass foces: b-somm Leamm hewo
o= G (df-at)= lazeuo-‘vrﬁ 8-75(6;;'& oy
4y = Y =
Ix- £y -dh 1.61% < 10¢ m;’k & Piiotc Cons e 0ol gt
From Eg. (6-6a): Et- 1.2 &fa ik
Mmax = (d‘]m[%’l%‘i] h}_]; 9.245>10 m
= (6allow (E, /601, +12 = %34 N'm M=-250 N-m ET, *E,I, » 73,050 N -m*
| a8 /DE/EQ) (a) Geverval ﬂveorq (Eqs-6-60 ond D)
From Ey. (6-6b): o phelc® | gy =, é@'&éﬁm" 42250 Al
ey [ Bl Eele MODE . 014 M @—
Mmax = ((g],nﬂ.[ {d‘/‘);:] Sone =863 Eﬂ’ﬂ'EuE; (o} Pa

=

Coatton | (E/E2)T, +Iz}= 2% N-
2 N[T—‘ o 6 N-m

SIuLgam_ns Majion= 334 Nm €4—

.Lb.l_ﬁw'_tmug_(&s 6-% ond 6-9)
L=k (W-h) =0.9221 %108
th!&b » B.5( MPa

‘—
4

=

S Core O
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e1-9]

EvJYdA+E.YdA = 0
(10,500, 000) (h, - 32)(4¢)+ (16,500,000 -

=0
Solve for h,: h = 0.06a71 in,

Moments of inertia

h; = 2(%e n)-N =0.0652a in,
(pamllel -oxis theorem)

Bimetallic beam 6.2 -10 CONT.
Crpss section Y o Mowments of inertia (use pamllel -oxis theood
P i s I|=hh" bh e : = 54 2 iO‘ 4+
W 72270077577 T PR NS
4 R NEY] | t=cin Ta= B 4bt(ha~t/2)" = L5 % 10° ot
z | DA | e 2
3 hetin E\IL, +E2Ie = 776,750 N'm
hs e 3}
@ Aluminum E,*Ea = 10,600,000 psi Maximym stresses Cqs. 6-6a_ard b)
@ Copper E,~Ec = 16, $00,000 psi Ew =&, a_Mh,E = 9.1 MPa 4o
" = 10 [b-in. _ E\2, +EaT2 Clompression)

: ; Cs =0z = M = B37.6 MPa G
ﬂﬂ).fiul_@_'_f_'_ﬁ‘{ﬁ’.) EiI +E2T (Temsion )
JYdA = YA = (b, -t2) ()= (n- 52 3Otk l -
£ XA =% Ac= (hy -t-4) ()< (h- BRI | Hood beam with steel pla

OWNood beam be=2 in. h =12 in.

(1) altow, = 1050 poi
@3‘-”*0&! pates p-sin. hz =13

t = 0.5 [n.
©2) dlow = 16,000 psi

T ™ %’*- bt (h,~ %2)** 0.00a12 in?

Lss §,+ bt Ch, -t/2)%= 0.00008647 INT
Et‘zf +E2Tz = 2133 lb-ln’;

Maximum stresses (,Eqs. 660 ond D)
6.0 = d"." = t-‘.hIEI = 4__-
&I, +Eul,

as, = 4350 Pi
e

3430 pSi

Transtormed section (wood)
4 09
1] ]. m=-®
ioHs0r [T bec2o)(Bin)« 160 in.

'———],.,,' For Al dimensions in inchs
It = Vo Q60)(13)°~ Viz 1602)(12)° = 7405 int

Rayimom moment based upon the wood B CEq, 6-17)

6.2-10

Simply_supparded composite beam
Beam: L=3m G= 3.0 kn/m H,,;ﬂ‘.as#r
Cross section: il
b =100 mm
h = roowmm

Y
®"::: 't s g ™Mim

or = Mchizz) M, =(c)aliow 21 «1300 K-in,
IT hy,
Magimym moment the < £

GrweMlhizin M .(5;)%927 = QU Kk-i
= Ir ? Chaf )w "
Heel gowrns. M, = 411 Kein, g

6.3-2

= e
L @ Wood E*Ewu=104P0

20
& 'e @ See! Ep«Eg=20G6P

axi

S X AA =Y A= (hi-%)(bh)=(h-75)(100)(120) e
o Yd& =ToAe=(h +t20)( {128 X103 e

() allow = 6.5 Mg
® Steel poles t « thickviess he 300 mm
EvJ,YdA +Eo L YdA =0 (E6.6-3) Es=2i10 Gl
 {G)alow * 120 i
(1068 1h.=75X100)(m0)(i6 P (210 &PXC h-150)X100) (3109 = 0| Tinmedormed sectton caood)
Solve for h, : h, = 116.74 mm

Nz = het-hn, =426 mm

[ConT.

. 20w Le3.2m ¢=4% KN/m
@ weed Ncngcs .

Box_beam
7
Mmox= = = 61.44 KN .m

-

=100 mm h=300 mm
N =10 mm Ey= 0GR

(see next rage)
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6.3*8  Comeosthe beate

6.3-2 CONT.
Y
i P I n=Es =21
- o Ew
z | g2 I"}” All dimensions (n
2 AN millimeters

tt“ 2t

Ir = Y2 (100 +42¢ ) (300) = Yz Clop) 170 )
* 6.9 » 10° mm*s 4.5t 5 108 mm?

Reqqued thickness based upon bhe weod O (8. 6-1%)

G = MChz) (Ir)= ___-.mgg)-mmro"w’n

Qimple beam L=5m § =32 kN/m
Mmax -'-'3&3 = 100 KN-m

@ Wood beam : b=i1somm h, =250 mm
Ew= [I&HPa

@ Steel plates: beizowm t =50 mm
ha= 350 mm Es =202 @pPa

Imnﬁ{'\gl’mﬂ sed‘u‘on (wood)

Equate It and (T1 ), ovd solve for t: £1212.92mn

ﬂaf".iﬂﬂ'_'dm_hmgd_umﬂ:___@_(_ £-17)

Et'ﬂ_(_halh (T+),= Chfz)hqlﬁn‘lo'm‘
2

Equate I'r and(1v),avd solwe br t:1z» BQA7wmm

Mgw’ns- tm‘-n = |50 mm h

6.3-3 R einforced I - beam

@ Steel beam:S$s 1.4 I, =257.6 in?
d = goom.

ah = ’loq
nb - (n) (tso ywm) =2850 mm
—T— 1s0 All dimensions in
; = 'WI:mo millimeters.
le2850 .| § 3

Tr = 1 (2050) caso}’-r%('zsso- 150)(250%

£6.667 10 mm?
Maximom stress in the woodg} 16-:5)
i b

Tw 70, = =

Mox(mym st.ress tn the steel @(:z
Os =oa s ﬂmﬁL(.hzﬁ.}_n 449 M

(Gidatlow =16,000 PSi

® Weod baaws: b= a4 m. tazin,
(SDalow = |00 psi

Transformed section ¢ steel)

\|
n.E.u.wV!O

~
=

._63_‘J Pla‘stic beam with aluminum

¢tbz3.0in. d-12n.
3d=3.6in.

Ep =440 tlo p5|

@ Aluminum 4rips : b=3.0in. t=o.1in.
Ea= 112 10° psI

® Plastre segments

nbx (l/z.o)tﬂ =0.2 in. t
3 dat0 h=40+5d =56.4/In. M=8.0
All dimensions tn inches ton ¢ plastic)
-1;_‘ Y § 0!
[
_ElJ 1 MNe E a5
IT= 51-6 « Ut (020127~ Y1z (0.2) (8F = 77.27 In" :___]: 1 Ep
64 nbsc28)c3.0Mn)
M:‘H:-Mcga;t M 2 the shel ) | 5T Clagp 2 27510n.
1 - = 31,480 lb-in|
IT ﬂ I ] ]:'4 All dimensions
Im it oosed . 0~17) [— 7 — P in inches
m_-gt_)p_ M, Lﬁ)glgg;n_ 31,4% lb-in p\astlc tI, -2l ¥a (3. o)(n.) +(3.00(1.2)(2 sm‘_]
(d/a +tn > Yz ts.o)rssj = 51.528 In'
By cprnc!dm, My =My cexactly) AuminumiTs = 2% (750 +C75) (0.1XAB)E
¥ A Yz (75)<m)’+(15J(o-l)(lw)"J
! = 200.2 int
ﬁmpk_hm Tr=I, +Iz » 252.71> in‘
. f 612
L=w# I"lmr-%l_- cr =0 -Mha -fl - ge psF‘—
C&albw = - L
i?f“ au lbﬁ-t ‘—- Ca =6 = E%n = 2480 psi ‘——
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6.2-7 CONT.

ﬂutj;_bgam_uﬁlh alum inum strips

@ Plastic ts: be7s mm d~4omm
enen ad= 120 mm Ep=3Gfa
@A'uml’m-..tl‘fps t be7omm = 3amm
Eax 75 GrPa

Maximum stress n the wood @ ¢Bgq- 6-15)

Sw =& = Mmox h. - 100 psif
Ir
Masimom stvess in the steel @ (Eq.6-17)

6s =z » Mmax he M) 6170 pai

Ir

{ Tension)

h=zat+5d =~212mm M=).5 KN-m

6.3 — 8 | Compasite beam o chomingm and stecl

Transformed section ¢ plastic)
'E

7
I. I -
> g | I 1 I 4 ns= 'E&p‘ = 25

5 e - M b« (25) (75 mm)
C 1% - 1875 mm
— 1 r_:L A dimensrons
1375 of ¥ in mrilimeters

Plastic = I, » 204 (19) 40)> (75) (40)§8)" ]
+h (M)Qzo

. 372,934 210*mm?
Aluminum? Tax 204 (1676 () +(1975X(3) (10a.8)"
+d (1876)(3)° +(1979)(2)(61-5 »]
=165,4820 »10°*mm*
TeeT,+Tz ~218.35 » 10®* mm*
Maximum sress inthe plastic @ (eq.6-15)
op = o, » Mche~-t) = 0.71 M
Haxtmum strees @ the alominum @ CEg. 6-17)
Sa -g’;-h‘i!ﬂ .:.-lﬁ.iOMPa‘—

-

6.3 -7 ngf’cg beam
Stmele beam : L = 2%t g 200 lw
Mwax = _%l_._’ = 43,200 lb~fn.

© Auminum: b=20mm hassomm Eu=776R G * a0Mpa

. bs hs=80mm Es=100Gha 3= 9
@ teel: ¥ N s ﬂt!:m inutn
7 oo NxBs = = 2-667
Jallis 2o g aag
] P 80 b= (Z.667) (30 mm)
# = 80 vnm
20 o ANl dimensions

tn milirmeters
Use the base of the cross sectionas a

reference line.

ha == Yr AL - (90X(BO)(RO)+(300) (30X(40)
Fac T #0)(80) + €307C40)

= 34.474

mm

hi =120=-hz=70.926 mm

Mayimom stress tn_the aluminum® CBq..c-17)

Ta.=8) = Mh

b o 2
Maximym 2Lyess in the stee! @ CEg. 6=17)
s = 62 = _I!ih;_g
1

R -n - g - o

s = 1.8707 (40 MfPa)

= 74.9 Mfa

-

]

@ Steel plate: b=ain. £t =o0.51n.
h=hg+t =6.0n. Ei-20

Tronsformed wection (woedy
Y
n=20
h’ 4 h.s's nb = (20)(4N)
3 %] e g = 80 in
e T Al dimensions
in Inches.

Use the base of the cross section as a rehrence]
Ifne.
hy = : p. AL S_O_.i-!fliﬁsfgs)*(mﬁ@)(!-w
. AL = .5) + (&)(5.5)
= L3145 in.
e =h-hy = 468585 in,

Ir =4 (4)(25)"+ (4X5.5)C h,-z_u')zrrk <eo)co.s)’
+ (80Y(0.5) C ha- o.25)*
= 184.03 N

® Wocd beam ¢ b=ain. ‘hy =&6in. | 63..5

® Wood beam : b= 6 In,

Ew=hLZ

s10°%psi

Nu=8 Mn.

{Gually = 1,000 P3i
.t rasm
Es= 302 10%psi
(e allaw = 15,000 psi

@ Steel plate: b= in

Y

oT—F8 7.

T r—h

a reference line.

[COoNT]

ﬂ.ﬁ.:g 225

Eus

L2

nb = ¢25) (e In)
= 150 n.
o5 All dimensions

In fnches.
‘Use the base of the cmoss section as

CONT.
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6.3-9 CONT.

6.3

hZ =ZYi AL
Z AL

- (028)(150)(c.2) +(4.5) () (%)
C50) (0-5) +( 67 (8)

= L9085 in.
hy = 8.5 - = 65915 in.

Ir=f (©@° + 6381 Ch )" + 1 50 0.7

+ uso)(os)(h, 025)"
= 786.22 int
ximo the wood @ (24 65
d‘i., -6-1 -!!I 1

M = (Sulallou X = 19) K-

Ma ximum manent based ypon the steel@Eq. o) 2

s =65 %_n M, = Lﬁ)z_g.:_au;-z.-.zau-m
!ipg_d_eovemg Mallw = 191 k-in e

z

 63-10]

- Maximum stress occurs in metal @ €—

Bimetallic etrip
Metal@ : b=1omm hyz3mm g <1arm
Metal @ : b« 1omm hg= 3mm By=1056Pa

Traneformed section (metal@)

1 N= Er =126 - 18681
Pl i — am T TF

° 3 pbe CLBHT) (1o mm)
k 3 = 19.667 mm

P All dimensions

in millimeters.
Use the base of the cross section as a
reference line.

h; = 2 Yiki »

Iteel beam gnd concrete clap

@ Concrete: bezoin. t=4ain
® Wide-Flanse beam: Wizxsg d = i12.19m
I=3q4in’ A=1a.7in

M = 100 K-ft = 1200 k-in
Transformed section ceoncrete)
,..__lw_..i nels < s o2
[ | ;
h "1 T Wrdth of steel
J beam is increased
nwa by the factor n
to transform to
[ 1 wncn!te.
Al dimensions
n indnes,
Use the base of the cross section as a
reference line. a
nt = 4728 In. A= 116.4 n?
hy = 2 YL AL = (438 ) (176.9)+(14.19)(20) (3)
AL V76,49 + (20) (&)
= 4,572 In,
h =164 -h, = &.818 in.
Ir = L (300(8)° + (303(4) Ch,-2)"+ 4728

* (176.4) Chy- 128)* = 45068 int
Maximom sfress in the concrete © (Eq. 6-15)

Sc =6, = Mhi = 855 pol e
T (Compression)

Maximom stress in the steel & CEq. 6-17)
A

6s5=0C2 = Mhen = 14,110 p5i
Ty { Tevnision)

TAL (10)(3) + C\8.66T7) C
= 3,454 \M] 28}
hl = 6= h n 2.5465 wmm

Ir =g (035 & C10) (3 C g -1 5)"s) (10, 061208

6.3-12

18,661 - 1.9 2 240.31 med®
Mayimum stress in material @ Ceq o-15)

Cp = & 3%? Sﬁ'g-,:'ﬁ = 69.6 mnt

Maximom stress in mterial@ (Eq..b-n)
Op= 6 = = = =
A= S ﬂ%_.n. S % g‘% 50.6 mm’

Smaller section modulus
Sa 50.6 mm® a—

Wood beam and agluminum channel

® Wood beam:

b, = 150 mm
hg = 250 mm
(3“]0““ = 8.5 MPa.

@ Ayminum chamel: t2 5 mm
Dy= 162 mm
ha= 40 mm
(62 )1, = 40 MPa

CONT.

152



| 6.3-12 CONT, 6.3-13
in n Wood beam with steel on top and bottom

Teanstormed section C(wood) © Wood beam: b,=6in. h=8in.
Y X (Swlglly, = 200 pei
i ngs ¢ @ Steel plate on the bottom: by~ ¢in
h, A nb, = (6)(162 mm) ty =o5in. (O ey, = 100 PSI
' 150 = 472 mm 5tee) _ .
i by el i nt < ¢c6)Cemm) @ bar on the tcp . h.';’ un. tf Vin.
t — 7.V} & o 36 mm Transtormed <ection {wood)
o 172 o All dimensions
in millimeters, e ju =20
Use the base of the cross sectim as a } = —— nby= 120 N
reference line. 2 I_h‘ o J_ nbg= 40 in.
hy « 2YcAL — 1 M diwevsions
A 322 Ton fn inches.
Area Ai: Y =3 A =(q12)6) = 5832 Use the bmse of the ooss <edion as> a referonce
', YiAl = 17,436 mm® line.
Area A, : Yz =23 Az s (36)(34) = 1224 hy =2YiAi - (098)(120)€0.5) +(4.5)(6) (B Wa0)6d
Y2 Az =28, 152 mm® 24 (20o5) + (£3(81 + (93(1)
Avea As: Ys = 131 As = (150)(250)= 37,500 =~ 3.49s8 n.
Y3As =4,9412,500 wm® N = 4.5 —hg= 5.507 fn.
h, =71Ai+2Y: A + Vs s & e’ ﬂgw_fﬂ
ATTAy +4As 45,780 mnt Iy = (12060)3 +( 1200 051 (hy - 0.25)"
= 108.92 mm *of (0)(BT + (61D (h-1.0-4)7,
hy = 256-h; = 147.08 mm & (40) (1.0Y% (40)C1.0) Ch, ~0.5 )
nt ia = 213 in}

Area Az Ty =) m-:nre)%cq-zqz)cs)ch-a)’ Maximom moment bau:’d upon thre woed © Cka. 45
> ©5,445,000 Ym Ew = & aMh=-10 . 3T _a%a k-
Area. Ag: Igﬂ'% cas)cnf—"-p;' 36)e)heerrf| CFT T — M !E%L,-a.o Wk
= 9,183,500 mm 2l Mayimom monert bved the (By.(~17)
A : P 50)(250) >+ (150)(250) h,-125) M—ﬁ'
ven Ay: o1, & 1902500’y )Ch, 5 e s « MODn m,,%ﬁ;% Ty . 245 K4n.

= 213, 547,000 mm? L
1'--':1'.*21:6 Iy —-_‘-tz«'l.s * 10% mwm® ood Jteel aoverms M, 2345 K-IN.
(Eg.6-1%) 6.4-| calion ral axis
2
Ew 26 » M Ms (6 0uTr - N2ke I Load Pacts alo
" T 7 i P A . iagonal. "
Mai % based upon the al mu!!w ‘tm-&-‘*_’g :%
(Eg. o) n 3z =hh’
P 12
Oa = 6‘} =% M Mz 'm =g See Fieore G-15b, Ty =%b_!
IT h KN*»m™
g Io -b
Bood governs My = = 11.2 KN-mg— Iy b

CoNT.
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6.4-1CONT| 6.4 -3] Simple beam gifh inclined lood |

' « 10t
- le betueen the z axis and the nevtral ¥ b, q‘ - 240 lb/ft
oxis an m = & in.
6 = angle bebween the yaxis and twe \oad = £ : ;1”-; s. i'?
P ’ l.'t
@ = &«+180° . ')a. ;‘_n.dmngmggIg
tan ¢ = tancea +180°) = tan « Y -—‘h = Q’(f:sfr#)!.
(eq. 6-13): tanp=Is tae s h: tane -naco Ib-in.
N P o —Gyt® =G5l

-(%:) (’3') K -'::x,wo lb?in.
~The neutral axis lies along the dﬂ’" ﬂﬂ"ﬂﬁiﬁﬁlﬁ

dfdﬂoﬂdl RED e Ty =ht_73 = 1aa Int I,= .Lha = 256 n?
12
|_6.4-2] Ltml axis_wn_(Eq.6-23)
Simple beam with inclined load tanp = I= tane «It tana
m ﬂil anp = &
o Bl “(n) tand <o0saze p= 201 w—
n s 7TH . - .
E . ;’so:: Maximom tensile stress (ot point 4) (i
o " g = 30° G = Hy(#) - N (-3) =711 pSi e
Bending momenls ; IT Te
900 L. s 5Ft
H' L‘ -gt’mﬁd)l} Pl 5 K
:ié; Nem A = 2.57°
Momerks of inerfia I:::d: ’—;lange beam:
Iy -%b = %2173 # 10° mm* 3y = 16.7 I
4
Ls :_?413 =11,004 2 lo’lﬂlﬂ‘ 3': :;oq!'nrn
Neutval ayis (Eq- 6-23) ) D = 5.000in.
tanp < § tan® =%$ tana My = PColall = 57,030 Ib-in.
(.E) tana =4 tanz0’ = 2.3094 M = RLEINL = 4, 030 lp-in.
P =66.6 ff— ,ngtrda!tSnn(Eq- 6-2%)

Smax ".’.".L‘ﬂ - ELBJ Pc ngq -IB
o g e

Ty Iz
=um_m£ﬂi5£@.+mam%zz m i |r+
5273 + 0% mm 21,0945’ mm point A : 2, = L -q,qosfn n;-d:-szss!n

Smax = 1.9 NP2 6h =-6u =13,450 p5i <g——0

int® :2p=-ba =-2.q05 fn.
po.'-dr‘zf-sza:h Ggr =gy = GAHIO p3i e
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cmt lever beam wilh fnclined load

L=8ft =aoin
p=58K
d=120
Wide -flange beam:
w B8+2) A

p Ty=4.77 in,

q

I,=753in
d =g.18 In.
b = 5.170in.

Bending _moments
My sp(sinaL = 31,190 lb-in.
4

M; «P(cosa)L = 85,700 lb-in.

- 4‘ = ‘i
t =33 t >13 tana =2.809
an p ‘tl_;_ an @ %:_ . 2.80
p =70.38" e

-18

=Myz  MsY
e =11~
poinl 4 : 2, =P =208 y= o =-4moin

Ca =65 =13120 Psi
Poirl B2, =.p =-2.635 I y,--a =-4. 180 In.
Op =-6p = -3,700 psi «——

h p= 400 |b

L= H‘t 72N
A= 55°

c & b= % in
h! g in.

{ —2— F .b.ll’nwmf

Bending momerts
My « (Feosa)L =20, 365 Ib-in.
My =-(Pslna)L=-20,365 lb-mn.

Negtral

tanp = tane 8 <d +d0°

t i E

anp= 170.61 tan(4s"+90’) = -4.000
g TRL.EET "
= - 15,46 <@

p
tensil ’crg (?ﬂi ) ( )
Maxi wom =%ni°n'e 5 fi ,&quf.k b-18

1‘-

6y 36_ = [Zg Hg!j =
‘E}- (ﬂ m y Iy Ia i

:!:,_ bk = =tasrin

is m ( . 6-23)

6.4-8

6.4 Cantilever b i

S~ " .10
h.f L =15 m
\:Iq- o = 56. )
p b = 75 wm
[ P_S—r| h = 150 mm
n . Iy = Bk’ 2 5113 210°"
g =0T 12

p P %I'L’.-.‘ 21.094 5 10°mm?

ndi
My = (PCo5d)L = q10.) Nom
Ny =-(PsiNA)L=—6613N-m

i .6-13) R
'ta_np =:It3tme 8 = 0h+d0

tanp - i*qs_ ton (36 +30°) = -5.5060

d;;!’ﬂ_ -qu “m gpgmt A) (Bg.6-18)

=% 2415 mm YA"E = 75 ™mm

o-,,_, =6, =Myka %-G%Hh‘—

Neutral axis wn € w

Beam_in pure bending
n
My = 25,000 lb-in.
A = so
S5 ex18.4
1, = .18 inf
Iz » 53.6 int
=, & = 9.00in
= 4.00} in.
> m H’ = nﬂ’éinﬁ‘- ,JWM
= Hoaml. -'l!‘.ﬂlfb'fﬂ.

6= -d w30 {9 Fig. b-15)

td‘-ﬂp

= -90%.60"
Hasimm tensile stress ¢pointA) (Bq. ¢-i8)

«Iz tane = 5.6 tan (-30')=-&ms1
Ty EX7 ]

=M I
ok {%’g ..He};A = 8210 PS

2=~ 7:'- = =2.000 in.
r‘,-—%—r -4 900 N,
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64-9

Cant ilever beam wilh inclined foad

Ccmt lever beo.m with inclined load

P » 2.0k = 2000 |b
Ls6ft =7210n

p=n2al% 4 d =z 55°
z (A W = 10X45
Iy = 53.4 in
A Ts = 248 (nf
n d s 10.10in.
= g8.02in.
Bending_moments

M = (Pcosa) L = 87,5q5 tb-in,
Ma=(Psina) L = 17,960 Ib-in.

Nggtml g_,;; nn (Bq. 6-23)

= qo° - 3F° (secﬂresw)
tanp-P tano -%ﬂtanss‘ 3.2519

p=7'z ar’ f—
si

:,.:,,9_ = 4.0t in.

Cmox= & = 1‘13»

int.A) ¢ B4 6-18)
Y» =g =-5.05 M.
TY»: = 600 POl ——

» 503 ib
= (08 in.

\\l IQ:-M

Ly= 2.%6 m‘

Iz= 8% b“'l

d= 11.9)1in.

b=e s.q70In.

ﬁ_d_'ngmgmens

My = -(psina)L = - 53,000 sinck

M; o -(Pcosd)L = - 54,000 s

a) stress af point A (Eg. 6-1)
= -2 =-1.a85 .y, =g = 5.957in,

U'AI_M{E!_\ -H;Yg

= 4!‘ 2 5fnd.*3&!QCO$d(P9lJ e
(b) Nev r? axis m (fq.. 6-23)

@ =180°+ & (See Figure 6-15)
tanp afr; tane = Ie tan (180°+a)

_ 6 ten (go'ld) - 37.54 tanct
P = arctan (37.54 tana)

6.4-10 Qg tilever beam glth tml_mi_lo;d Catpsh
n 15,00 T
p=15K =1500]b
L= 6¢fL = 72 n. -
dz 0°
W 8x35 ol
I,: ‘I? b‘ﬂ ”.
Tz= 127 int o
g = g.121in 0
= §.0720 in. .
Bending moments l f?“'
Py = (Peosa) L = 94,000 lb-m an'aw izt
Mz = (Psind)L = g3,530 3 :w.wu'
He_utml_a.-ﬁs nn (Eq,Ls-'z:,) C Bxi
g = q0" g =30 (”f‘. f:gu-e 6-~15) < =0.511 iqu
anp ang = an3o® = 1.7212 Iy= 1.92 in
k> i L= 326 in
e= ’q“""—" d= 8.00 in
imym p_qmt_ﬂ_]_(_ . 6-18) b= 2.260in
2y =P =a0tin  y,= "il = -4. oafn T i . 6-40)
tanp =‘E ta:e -% (,i_) = 813723
: 2.07° «f—
Cnax=G) = f;*'-"“ - ”;Y‘ Hmpip_mm tensile stress (pofnt&) .6-38)
Y z 2a =€ »081iN. YA=-% a-400in
= 8070 P31 -f— Sp ~Gas B3NN - ¥ 2530 psi

Sc =Cp = L.lq.!).u

Raximum ;@PMPON B) fﬁ} 6-38)

2 =-(5-0) = (2260-0.5T1) 2=L48A I, Yo= il > 4.00in
= =5, 2105
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HmLm[.u.s{_qu-_L' 0)
- 45° =
tanp I: ane &ﬂﬁitms 3.8831

6= 75.56°

i it pomt A) (Eq. 6-36)
Zy=Cl =25170in. Ya=o

@ = O (ﬂiﬂtﬂ_T@ - (.M)L

Mayi zelolpm r bt e, 6-%)

Zs -cﬂ-_g. = ~1,725 m

Yosk = 4.243 0in
C=da = LMs ")z_g..ﬂﬂm}w

65-2 | . Channel section ©.574 | Angle seclion with equal legs
4 M > 6.0 k-in. y 12 M =5.0k-in
—— 6 »15° = L 4243 in
C 6xi3 heb =sao0in
C < = 0.514 In. < = 148 in
Iy=1.05 M} I, »T; =5.56 int
1z .4 ind To =as
d = .00 n < A=3.75 in
b= 2.157M. " fwin = 0.782 iN.
Mﬂﬂtﬂl aXis_nn ( Eq. 6-40) 3 N I,=Acmin =72-293 m'
Iz =T, +I;-T 889‘27"1
tan P }' tane - tan 19° = 4.4405 Neutral axis wn (Eq. b- 5 R
ﬁf- ,7 5' ‘-——- - -
Maximum tensile stress {pjntﬂ(ﬂq__g-ﬂ) tanp ‘P tane ‘!Ta‘!’ Lanas® «3.8045
Zpy e = 0514 Y=~ ;-soom. P.7sq4l4t—( tﬁ)("i 9
S = 6 (M oin 8Y2a _ (Maese )Ya nsile stress Dom 6-3
e AT Ty % 3 z, =cfi =1.66an  Yp =0
= 1160 pS G— 6 =0, I.E!.?_'Ii)_d Hcogo)YA
Maximum compresoive imﬁ( tb)chq = 'ZBTOPi q_
Zp = -(b-C) = - (2.457-051)= - 1643 In Maximom compressive stress (pon'ib
Yo = %'i“’“ scl'i _Ja. - ~1.160 In. Yo % azm
6c =0z - (M 5imz p— fnwsg)‘fn
€ =0p = (Mbme]zh McosG)YQ
= -3430 PS — vlzo i
2= P ‘—‘
6.5-3| !gwihqml_gg_ -
= 15.0 k-in. - o 1
; "'g' 2 < = :?-d“fo.mqm r
- = & N 2 -
< = 1.78 l“ N I,-: Q".; =
y ) T,>Tg =282 m \ = 0.108797 r*
p : - 424“‘ Lz= %ﬂ
s 8
Twim= 117 in. o = maximom tensile stress
Ty= Ardiy, = W55 m“# O = ax imum comgressive
2 Iz = 1,+4T;-Ty = 4485 stress

Egggaa': 6t =) = _F_-—, 735,-*2.346.'44-
% ==~ r._ﬁ_usn-2.546%‘—
Foro-gz d';as' '%* 386144_
Fe=0y, 2 n.(r;f.l -5.244 M a—

for 9-a5 Eo,rb«o‘ tanp - {_tmo
tang = hm = 3.571841

p=74.2847° ad-p = 15.6193°

= ~2590 pai q——-—

[CONT |
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6.5~-5 CONT.

Maxi ile stress A
Zp=C = 041441 r Y‘ - =T
From (Eq. 6-38):
Sp=Cy = (H&fﬂO)Za ..!E Q! !'ﬁ

1y Iz

zl-c r Cos (g0*-p) =-0.53868r

Ys = r sin (q0"-p2 =
From (Eq. 6-38):

Cc =6-=CMQII-QQ!EE *{MQO)YE
Y Iz
= -3.455 ‘F-L P -

0.7691¢ r

68-2
5:mpla beam with wlde-‘Flg_gercross section
Pl ¥

dimple beam
q,wkﬂ/m L=3m L = 6OKN
d«ocem v=|R-4d| = 36 KN

Cross section ( Figyre 6-34)
h=160mm b=170 mm

6.8-|

Simple beam with wide Flange cross section

b T

, te 4

L_L_.L"". t 3
-y

c;. » 3.0 EEH: L = toft !-%L- 15.0k

dez20ft Va lR—qdl-q.olc
ro
: 10.5 In. E 7 in.
tg= 0.8 In =o-4m
Erf} (6-57% I; = t h* *#
= 132. qun“

(a) Moximum shear stress (Eq. 6-58)
(gt + ) 1

= 2360 psi @
(b) Shear stress at point B

T'm =

a = 20in. be = amin.
E (6"4‘"): T .bhv = 857-' i
% e po
=g () = 430 psi @4—
Ts 'ETz p>

t.f.-. 17 mm 10 wmm

EQ.- (6-57) Tg= ’f.-%h ,,btsh’

o a's 299 r- 10*mm?
(@) Maxtmum shear sress (Eq.. 6-54)

Tws ® (%; ...2) '}Hia = 15.1 MPag—

in
60 mm b4 = 85 mm
Eq- (6~-4a): By hk = 4.758 Nfa
4Il

%,_&(q,) = 3.4 Mfa <€—

a=

6.8-3 |

vy |7

Wide -flange beam

b- 5.15 in.
h=7a in
t.= 0.25 in
t;-04 in,
Vn 6.0 k

(@ gl%igt_;m_hum_uﬂmmm
(seclion 5.8)
Li =51 :
1. -t%hsq-ﬂ_&h‘
2 10.272 + 6%5.531

= 73.803 in*
Maximum sheor stress in the web (Eq.6-54):

2 vt ,(bt_tf 2 h)‘:" = (10315 in)(12. wl’lga

s 3144 psig—me ITN—T—
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6.8-3CONT.|
(b) Calclations based on more exadt analysis
{

6.8-4CONT.

LSection 5100
5¢e ngure 5-389.

Replagz h by by and t byte,

hz = h +tr = 85 in.

Maximum gnear slress in the web (.
Trax =¥ (bbb} +t,h)

=(6.4864 % 10 N/mm® )(247%310 e
= 16.06 MPy @

I; = h‘ + b?h‘ .
- 10.4{7 x 10° mm* 4 63.438 3 10° MM

= 75.@55 x 10° mm*
Maximym shear stress in the ueb(hh. 6-59)3

=(bts . h)vh
T max (%‘f -l-..x)‘%-3
=(316.25 mm)(0.050778 N/mm’)

=1p.06 MPa @— _
fb]fi\ﬁhﬂﬁmﬁhaﬁmimhm

See Fiqure 5-38

feplace h byh, and t oy t.
hlpl= h +t':by -t 264 'ﬂ'll'l"lukH

hy =h-1p =72%6 mm
Moment & nertia (Eq. 5-41):
I =4 fbh: -bh’l > t.h?)

=L (861.20 % 10° mm*)

hy =h -t =75 Note : Within ‘l‘.he accuracy of the cakolali
Moment of mertia (tg- 5-47) : ‘the maximom shear slresses are
I =i-(bh’2-bh:+t'hf) Same . -
=) (842.51.in*) =14.376 in® 69-1] yy Channel section
Maximom shear -:Im;s iri titl‘e web (Eq5-483] ‘ci 12 %207
1 _phta = 12.00 IN.
Tx = o (b - bh o, ) ’ WA 4 b _:;‘ﬂfzip__
< (40.396 lb/in’ )(80.422 in’) ¥ I 21§ bg:caszin
= 9244 psi — ty =§hvgrrku§1§:€,larqe
Note: Within the accuracy of the calculdtions) bg i «asof
the mayimum shear stresses are the b = bot s
same. - ‘; by
= 2801 in.
0= ide- eam ad-t;
68-4] Wideflume ben noadty
b = 145 mm oy n = 11.4449 n.
thi_‘l = h =dzo mm Eq. (6-65): e = tht“%& = 1.0 N
l h {h b, = 8.0 mm f
z e C L 2 t‘ = k.0 W GQ-Q. _
V=% kN Channel <eclion
' : Y C8118.75
( i sed Ji ne dimensions ‘%‘“ : z:gg_,lnén.
ﬁouen‘t d mertia (&g.6-57): be = 2.527 in.

t{-‘ = e 'Fl{l
Enickness °

t;= 0.390 Mn

b= be-tu/z
= 2.194 in.

h=d-t;
=1.610 fn.

Ec&. (b-45) :
e = »bts
tb-lrb £
= 0.674 N g

= 72.267 » 10° yni® CONT.
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G-q"'S_J Channel beam with double flangas

Fy =4 (TR

t = thickness

AT - YO =YaeR)
s 8 3 - It at
Sge T T;".i(
i ] -zfnbt’ b’ﬁ‘tv
,t’t bhsv Fi ‘h.tk
41,
F,-

Shear force Vacts Through the shearcenter§

F, =bT.te = bih
bL.te _dL‘:LV

Shea.r force Vads through the shear cenlers.
LS EMg --F,E ~Fh+Fh «0

e % -Fih c_h’t:(b, bt)
T, =th L2(b+ b,)d:n@r
.H.[ht._.fat;(h. b.)]

1
-«

-

t— + 6 Eilb*bq}
tion (b= 0,

€=

C

e

(Eg.. 6-6%)

mmetric beam ch, = b, = §)
e s_aﬂj(d!w certer coincides with the centroid)

-

_ Vib? “ZMg =-Fse »FhysRhy =0
= 121s FehotFhe » b2t (h1eh?l)
Flange @ == I
F: =YE B z I = L}IIJ +2£b‘t(—’-’-’) +H:(_|Y
"’I!! _ﬁ,.[h3+6b(h"1- h’)]
Shear foree vads > Lt e B
ﬂ'lmh the <hearcenter 5. [ 'Y m -+
$hy =Fhy-Fih; =0
o.-ctb)h,'=(t:b,)h @ 6.9-6 il circolar to
h|+hz = h (2) G‘ ’f);dA )
Solve tgs.0)and C2): h= tabhh  q— =" croing)rids
B+T2 ] = r*t (1-cose)
s r = vadiys
= m 2 ra t = thickness
T, = ¥Qa = rx(:-coso)
i+ I:t
T Iz=1rt
Ta=V(i-cose)
At point A: d4A =rtde
= Tc = momert of shear stresses abal cederC
<, = VQ «bihV Te = /Ty rd A
Tt 11,

=/e'"_|/_r (1-cose) de
w
=2 Vr

Shear force Vacls through the ohear cenlef]

Moment of the shear forre V about point
must be equal to thermoment O'Fag
stresses aboul that same pomt

.'- ZMC - VC - TC

= Zr

e= T -
v
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ﬂil_QO,ue:e_tv_bc 6.9-8CONT.
' = length of each side From BteC: Tp %,T

sth:c,kness e
o~ Ge = thh)+ bt(h) =Lh (heas)
F i Te = h(h+ab)V
Lo 81z
G=ts Fo 2J(Ca+TIbt = bht (he2b)V
BIa
Q= » = =Y
Maigigye | Zrny BT B
Shear force Vacks through the sher certerS.
"Eaab&‘li JEMs =0 -Rerfh +z!~'}(b+e)=o
2iz Lz ;
F, ’T'a!m; bguglk 50261: tuE:.t t;r‘hf"i ,bz,and F, and solve fore:
2

12 12

F::bt(-ti‘:,%i'+5t‘€-'i%) . 32[ th“l’ bt(q_ J ih: fh+3b)

b (2h + 3b) P

ts {2b-5) e=32Cth+3bp
<y r[.% + ub sJ] 64-9 U_Mpm_q::_aeﬁ&m
MO Toe BV AL DITefY Lo Foeponce o £
Fi = Tybt +g m: -Tp) bt = L%V T, f 51; ® ‘2
Shear force V adis ﬂlrough the shear certers s F
~EM, =0 r = radivs

T.= moneny v BDE

t = thick
2(#]£:Ii+c)+'z ('ﬁ')(e) =e P vao o = ¥t %;T) =
Spbstitu or F, and F,andsohc ore: F"bt't _Vpir Qg= bt
T S a oy s
Fromp toE: a,-fydA ’-f crasyridd
= r*tsing
15
8, = Qp +Q = btraritsine
s TCgw Ve ~ = Vr(b+ rsine)
b ° %=
dé Atdnﬂ o:dA =rfde
Shear force Vads \ To= -q.—dn fritde

'l:hrnughﬂnedw\ = [Tyt (b+ram_1_e_
} witer 5

Moment of the shear ’zﬂ”‘""‘"
From A toB: Qg%ﬁ’- £ = TWmcKkwESS fmvmtmaw

2 must be equal r : ",_ i
t-'Iya% ,'&E moment of the shear stresses | i
oS P about that same poirtt, "F‘
A= O‘H zn.. aVe = To +Fi (2r)

< Ltlfyv (7br zr’ b')
Iu-‘l{’—t + zcbtr*}"i'; * o +1

CONT e = w_r‘qbiﬂha +__ *
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of ickress | 6.9-11 Hat section of constant thickness

hija
Y
p g [ oo
| thfa |
— |
t = thickness
. From Afo B :
=5tt;l-0 _‘_&} T = !&*5(@"“*%}% Q =5t {.bq-ﬂ-‘a.] 'C-_¥i% -5[h+0—%)¥i
T,” %(h-m# Ta= 0 Ty = %(hra)zv
F, /"r-c-tds ’Lf (g_-atﬂds =f~ctds=t [bth+a-j)ds
_t_l;'z_mx o Miaksaay

17 1a

Ty & (h:-an_}'_ Qe= atd; a)*bt(_g, Erom Btoc:

‘1:6-— (h+a)

B a‘t (h-a1+bht Qi i(# %]tt(,h,)
Tez[g (h-adafh] v - gt (hea)s bht
F2 24 (Ty+T )bt = .bi[‘m(h'ﬂ}fbh}l Te=[a Chra) v Bh]Y

x3
IF, . oV Fy =27, =V E - bt . (h+a}+bh
2= 4 ()t = BE[20Chea}sbh] ¥
Fy a\([lf (3 -4a) ] ZFgar » V Fblr‘Z.F =V

r . 1t (3h +
fil:e“%:rf;m Va.c.ts through the shea FoaV[|_ & (.’; aa) |

LEMg 20 -RerFha2F (bae)=0 Shear force V acts through the shearcented)
5gbstitute for F,,F;.and Fy and sole fore : ;. EMg=0 -Fe +Fh-1F (b+e)=0
2 P 5 vbsts l',ute‘For F,§ Cl.rdF and sdlve fore:
e =bt [3W (p+2a)-8a’]
1214 e = bt Lsh’cb+m)-ga1
1z -z(,!;th?l‘»zbt(g) ;Ech-m?
ht (h+eb+ )+ a*c2a-3] g[th’wzbt@,) .&(h.'m) ﬁ.t},a

2 h‘ (b+2a) - P— _F[_ ht (h+ 6bs 6a)+4a’ (2a +3h)]
+ 6D+ +40. (20.-3

e
: 3bh2§bfﬁﬁ2’§b.r_3 _Fd-——
.Q_L\gmﬁ_gzﬁm_(ﬁﬂ =T (h+bbtoa) raar (20+3M)
2 ﬁ-tf:-B

Channel section ¢a=0)
(oqrees with Eg.. 6-65 when te =1,) ah?
olit vectangular tobe Ca =) °=F§E
= +3b) (agrees with Eq. 6-65 when t{--.-tu)
Loy

(ogrees with the vesult of problem 6.9-8)
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Circylar arc
t =thickness
Yy = mdil.b
At angle @
3 as= jsdﬁ
=6/ Porsingitd ¢

= r't (@se-cosp)

-
!r‘(.abﬂf Cosp)

- -
I [y’ dA-f :rsmcp) ‘rld¢
& it (p-smpcobp)

- Y cse - asp)
z - Sinp Co5p)

At ang\co J.n-rtd

To = FCrdA =f Vccasa-ggsgz
'I:(p—:mpmp

= 1Vr (5inp-pcosp)

To = morenr
0' ’H‘Hﬁ

P -Smp cosp
Shear force V acts through the shearcenterS.
Moment of the shear forte V about any point
mu&t be egual to the moment of the aha:r

stresses ‘aboul that same point.

_._1'0“2 Hllow civeolar cvoss section

Heutrnl axis passes
through the centroid C.

Use cases 9 and w0,
Append ix D.

b

()
Saclion modulus 3
Is %—-("'I"ﬁq) <=n
5 «Iz =3 (ry -nhH

kY

Plastic modulus 2 CEq. 6-79)
A=A (ri-n") For azemcircle, 7.2
\, Eﬁ.ﬁ; .

s eI Gplet]

-

r

(ry -n

I (=)

Y=V, == 4(7"*,"],4(1-, -
_mm_um
;=r,lsn{(_r’n I

) Thin section

Rewrile the expression for f .

(=1 s(BR-n)(n*enn +r )

LZMy= Ve «T, E= Ui---l"l *) 2(np-x) (V‘z*rJCr *I-I'})
« - IR <« .+ =5 Lifgassy]
B Jﬁ‘r[”tl}—ﬂ 1-("!&:;2J I
T L e {1+ vm i T/t
% 1 e tet %""1 ‘Fa} ~ L2T o—
6.10-1 | Dooble trapezoid 16:10-3] Cartilever o (ratagyler e set
Y Neotrdl axis passes i
_é,‘c".:_>_ 3 U?rumq-n {h; cﬁmid ¢. - 1(> ®
T Use case® ,AgpendinD. | oo by £
L h&t_’;mm Hm” .%.
<=y Ta n 2(h) (sheb) g Plastic woment < b
5= % s h" (sb,+b,) 5 (30, +by) p=
6-1 2z
A =1(§) (+ba)g = b Co+by) Hmox =P ¢ 'Ei'tqh'
V=% =4(h) J.g-_g; in%t?m =i'abst]  Mumerical dota :
Shape factor ¥ (Eg. 6-70) V-N i’v = 4oksi E- 4.0 in.
£ -; zii? &1 <— h = boin - g0 in.
ngc_mLm:ae.—_Bhnm.hua \ 741 G = 8o by, g
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Mp aoy.Ph" = 16,800 N-m

16.10-4 Reclangular cross section - |6.10-7 Wete -Flange beam
~=], b =50mm W 12287
:;I: e M i‘l = 1253 in, b 1228 in
b = 0.810 in. t,= 0.515 In.
ta) Elastic core (M= 13,0 KN.m) 5« g M
1
My -§_Y_6!&. = 11,200 N-m Plastic modulos (Eq. 6-86)

2 = £Lbh’~(b-1,) h-2t2)?]

t; = 12 vm t,.= @ rm
nn modulys T =y bh’—é(b 'tw)(\n-z.ﬁ:)
= IQOO: 10 mm‘"
%{ ='?.OO1'nm 3 -;% -qao:w 'rm-n
Lic 1. 6-86)
zag b h" (b-tu)(h-zi;%) J= 1028210
ﬁba-p_e_‘?ﬁa:
f = =

114 ——

M is between My and Mp. s 1%0.4 in] -t—
Bq.(6-85): ¢ - hl (‘}-.ﬂ. } =%2.a50mn hape factor
Parcent of cross—sectional area. is f =§l = L1 —
= 6,a0 (100
o) - o2 gpcel 16.10-8] Wide flange beam
= 8.4 / - Wiox 60
(b) Elastic core (e = h z 20 mm) " b .
= 1022 in. = 10.0980 In.
Eq. (6-84% MMy (%' 2;,1) te = 0.680 M. t,=0.420 in.
= 15.4 KN.-m g 5. 66.7 in? '
6.10-5] Wide ”ﬂﬂ“qﬂ beam Elg;’[:c modutos CEG- £-86)
h =12.0 in b= 6.0 n. *q[bh’»cb— ) Cb ‘ltﬂ J
tr-0.6 in. t.= 0.4 n - 7% 63 in <
Seg;non Modulus Shape Lactor
== L b - Cb-t) (hol Y £:2 =110 4—
= 216.1 m? N s .
c=h ~eofM S:23 =460 in? 6.10-4 Wide-ﬂanq: beam
Plastic_modolus (Eq.. 6-8C) Wiex77
- 2 + 2 _
hape factor tr= 0.760 in. f.> 0455 in
=§- - L5 o — Sy= 36 ksi S= 134 in>
= My =sv5 a2 2820 k-in. a—
h = 800 yam b::eom Y Y

Plastic wodulus (Eq.. 6-86)
=1|F_Lbh2— cb-‘tb)éh—lf;)z}
= 148.9 l'n3

Plastic momert

Mp = 632 = 5260 K-Mn. g

iee




6-!0‘_‘01 i - am
W 82|
h=8.12gin. ba 5270 in
tf= 0.400 m. b= 0250 In,
Sy= 36 K5i 5 182 in2
Yield momenl
My=6Y5 = 655 k-l f—

Plastic medolus (Eq. 6-86)

6.10-13]  Hollow »

h =a0in. b=5.0in

h = 7.5 in b=4.0n

Section_modulus 4

Tl (bh>-b,h?) =163.12 in.
_;_ = 45 in.

5 =§= = 36.25 In.
yfe-’ wioment

=.}1.[bh’_(b«t‘,)(ih-zt;;)’] My =6yS = 1196 K-in. of—
= 2041 in® Plgstic wmodalus
Plasti : Z =4 (bh*- b,h?) = 45.0 ind
Mo = ' : : Plastic moment
Mp=syz » 7284 K-in. €= Mpe OyZ2 = 1485 k-in q—
6.10-41]  Holl - 6.10-14 Yol am
{ heiomnm b=8in &rzoomm b = 150 mm
. - nd =160 wmm = 130 ™M
t-orsin  oj= 52 kol 8130
Section wmodulus :
: 3 t
T =g bh? ..pi_{b—'zt)(h—‘zt) T =1 (bh3-bh?) = 55. 63210 mm?
= 1074 in? i ‘
c 8.0 i T = 1244 in’ Tog 7o
= = 8.0 in. =4 = . -
Vi ]% it < 5 =Z = 556.3 0® mm®
My = 0y5 =4320 k-in. @— Yield moment
i My =6y5 - KN |
y = 122 M —
y. o *[bhi- (b-lﬁ){h 1.t)1] Plastic Modyl
= nozm Zs_é_(bh‘..b,h,z)
=O0yZ = 5450 k=in. 4— = 668.0 ¥ 10> ™mm>
M Hollow hox beam | Plas ti
= 0.4mM bs oam :
t:zomm oy= 230 MPa. HP'C"YE
S.&Gt.\.ﬂﬂ_stmdﬂkﬁ ‘ = 147 UN-™
T=Lbh oL (b-zt yth-2t)? G015
= 444 & |o ¢ mmt s 0 beam
€= =700mm =1':|:_=2.2zzno‘m h =4 in b =8in
(d | h =125 b, = 7 in.
?"t:? R | oy=ar ks
z =4 [bh"- (b—zt)(ﬁv?-t”)’} =2.9Wom  (See figure 6-47 , Example 6~q)
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6.10-15 CONT.

5, ._Gr_-{b-b,)h",‘ = 26.04 in3
M = oys, = 1034 k-n.
Plastic ﬂggggi

F = force tn ome 'Pla.nae
F = 0yb(})(h-h) = 2520k

o

AO—17CONT.

Plastic flanges

F = force in one -F[ange
F = O"ybt‘(; = g2 K
M2= F(h-'t[,’) = 2151 K-jn.
) Bending momenk
M=M,+My = 2410 k- g

(D Percent due to elastic

E{ga%_ﬂﬂqei
F = Torte in ore flange

F =0y b(P(h-n) = 8RO.0KN
M= F (hih zh) = 334.4 kN-m
(0) Bending woment

M2 M +M;: =524 EN Mo
(b} due_to elastic -

Percent =_’F‘l{l_ (100) = 2%/ -

Mpz F{hah) = 3339 k-in.
( 7 ) Percenl « M Cioo) = 1 /s g—
a) Bend ing wmoment M
M= MW +My = 4430 k-in g— | 6.10-18] Wide flange beam
nt lgatic :u 210 mm {= 130 'mm
B =M, - = 10 mm = &5 mm
Percent M. (o0) < 257 4— o 200 WP
©.10- Hollew box beam Elastic core
h = 460 wm b = 200 ™mm 5 =4 t, (-2t = 24, 10 mn®
h, = 360 mm b= 160 mm M =0;5 = 7822 KN-m
(‘fy: 1:20 Mfa Plastic flanges
See Figure 6-41, Examgle ¢-4) F = force in oneﬂa.nge
ic ¢ s F =6y bty = 260.0 KN
5 =4 (b-b)h = 864210 mm M, =F (h-t;) = 52.0 KN-m
M=6yS =180.1KkN-m (a) Bending moment

Mz M<+M = 5a.8 kN-m  f—
(D) Percent due to elastic core

Percent = %,, (100) = 13/, 4—

©10-19

Beam of T- section

6.10-17 Wide -flange heam

W 12x50

h = 12.1a in. b = 8.080 in.
t¢ z0.640n. t,=0.370 In.
Sy = 36 Ksi

lasti
5, =4 t, (h-.zt;)z = 1.380 N>

M=oy 5 = 264.2 k-in,

CONT,

_ b= &in
1¢.1 -t O-tu a a= 8 in
‘- 1 2 i tl»‘." LS in.
Q¢ '~
L . t;.- L% fn.
o = EXAC ()bt + (@ +4,)(at)
2 T A bh + a-tm
= 8.464 In.
C = a-rt;-cz = 6£.036 n.
Tes 5 004 b} pib-t)cca-t)
. =180.72 1t
Sed = 30. 1 in.

{CONT.
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| 6:.10-19CONT. 6.10-21 Unbnhn;ed_m:;thum
andim - A=btf40tu ’-_Y . q=3bk9i
P I LRI =
| [ 7 : | =% .
LE _1'_"’ h-tu "% h:l— 4|d t, = a5in
hl » 7.00 in. h:l_ ol {“ d = g n,
by =astp-h = 25i0n - dy = 7 in
% sBexeni p—22 ] T4 tp = 05in.
Vo_SYhe _ fbi2 - (b“*u_alh:-tn’ A = b,t,ub;}:*dni..,.
ry A% t Boll = n.oin.' .
F 1.51: in.._ » _; h|f-w1-(b tu)ﬁ?
= ’4-():"'72)'53‘25 n.4— from which u:egetln-uso in.
..3.=l.1?4— h, =d-h, = 6.50 in.
: ﬂaﬂmdmlm
©:10-20]  Beam of T-section PTTRNCAGS GG %Xb.‘t.)(trT
} be 130 mm 4&
Q] —--h-_!,.J{o_ (E‘. 200 mwm = L1872 4n.
z M = 20 mm = hﬁ)(tw)(h:) ( '%Mb;"t-
l_b t b 8 :_ZYLAL-( +n Xg)
e . ! 44;77 m »
Elaskic_bending 24 (Fe¥a) = suz in?
Gozus ()(H)edetdet) | T
=T72.50 mwm th + dt“ n _6.. Z .
C=a+tp-Cy = 192.%0 wm g EGye =10 4- e
S gty6? 4024 bt rcerctey® [ BI022] Come sation o boam
= 37.14 +10° mm? , _ oy = 210 MPa

5 "':':T - 243.5 210" mm
A « bty + at,, = 7700 it
I h,t . }I

|

h, = ls';s mm
hzxait;-h =37.5mm

O
h,

}.
hy

-

Y, - h 2 43.15 mm
Z h 5‘ ".’ (b tu]{}'la.‘t&‘)
Ap
= 73.7% mm

Z= é.. (J,+Y:) = 440.6xw0° mms‘_

F:% - 1.3 44—

womm  dy = 150 mm

d]’ 120 mm

250 mwm

Neotval axis for folly plastic conditions
Cross section is divided into two eq,ual
areas.

A = %L [ (150mm)= (120 yom)* | + (zsomm)(eomy

= rs,sbz -

{_z 6431 ym”
(h) (30mm) = & = 642 ™
hy = 231.0 wm

h, = 150 mm+ 250 mwm-h,
= 164.0 mm

[CONT]
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6.10-22 CONT.
| lastic modoly
Vo ZYiAi for upper half of crvss seddion|

Va
Yo _Zyia for lower halfofooss seckion
T M
2 = B (T, +%2) = (Z Yehi) et E ViR i
{(Dimensions are in millimeters)
2 = (h=79) () (d oV )+{(bz)(0)-
1500+ () (30 Chy)
:'548,000 + 9,400 +B00,400

= 1204 x 10> mm®
Plastic moment
Mpé SpZ

= (210 MPa) (1404 x 10°mm?)
= 2985 KN“ﬂ! ‘—

—EnD oF CrAarTER 6 —
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7.2-1
PLANE STRESS (ANGLE #)
oy = 680G psi oy = 2000 psi
Ty =2750psi 0 =600
ot Oy O~ Ty
=T 2 T 2
= 5580 psi

€S 20 + T, 8in 28

o, -
Tay = ~— 58N 28 + 7,008 20
= —3450 psi

Oy =0xt Oy =0y = 3220 psi &=

7.2-3
PLANE 'STRESS (ANGLE 6)

ay= =11,100psi oy = —4600 psi
Ty =3600psi  8=50"
+. -
o = TS24 D01 006 26 + 7, 8in 26
= -3740psi

-y
LE3Y 2 sin 28 + Ty COS 26

= 2580 psi 4=

o, = oyt oy—0y = —11,960ps

7.2-2
PLANE STRESS (ANGLE &)
ay, =74 MPa oy = 46 MPa
Ty = 48 MPa 6 =25
»v,, + oy - Ty = Cy
2 2
= 105.8MPa

oy = €08 28 + T, 8iN 26

Oy = T,
Tag, =~ 5L 8IN 29 + 7,005 20

=201MPa &

Oy, =0t oy—0y = 142MPa ¢

7.2-4
PLANE STRESS (ANGLE 6)
o, =52 MPa o, = —130 MPa
Ty = —60 MPa 8 = 48°
=% + oy +_a,, -

x 2 2
= —1082MPa &

-2
Y cos 20 + 7., 8in 20

Ty — 0,
Try, = —‘—2135nao+ Ty €08 20

=-842MPa ¢~
Ty, =ay + oy~ 0y =302MP3
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PLANE STRESS (ANGLE 6)

@y = 8300 psi oy = =19,700 psi
Ty = —4800psi @ = 30°
+ —
oy, = TSt 4 T2 005 20 + 7, 5in 20

= —-2860psi ¢

Ty = O,
—_— ¥
Tay, = 2

= —14520psi ¢~

Oy, =0y + 0y — 0, = ~B540psi &

sin 20 + 7, cos 26

PLANE STRESS (ANGLE 6)

ox = —9000 psi o, = —1000 psi

Ty = —4200psl 0= 41°
+ -—
o_"“a,zc,+c.2
= -9720 psi

Z¥ 008 26 + 75, 5in 20

Try = -“—";—czdnza+f,,m29
=3380psi

Oy, =0y + gy~ o, = —280psi =

' 7.2-6
' PLANE STRESS (ANGLE #)
ox=—265MPa o, =55MPa
Ty = —120MPa 6= —40°
Ixtoy  ox-—
T 2 T2
= -15MPa ¢

¥ 608 20 + 7, 8in 26

Ty = -f-’-'%-ai sin 20 + 7, cos 28

=—-178MPa &

Oy =0yt ay— 0y = —195MPa ¢

7.2-8
PLANE STRESS (ANGLE 6)
o, = —50 MPa o, = ~8 MPa
Ty = 20MPa = —42.5°
o to, o,-0
oy = "2 + '2 £ 008 20 + 1, 8in 20

y
50.8 MPa /7.2 MPa
y \ 19.2 MPa
o x
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7.2-9 I

PLANE STRESS (ANGLE 8)

o, = 330 psi o, =92 psi

Ty = =120 psi 8 =30°

o5, = T2 + T2 T¥ 008 20 + 7 8in 26
=167psi €

L -ﬁ—;.zsin20+1x,coc29

=-163psi ¢
Oy, =oxtoy— oy =255p8l ¢

Normal stress on seam equals 167 psi tension.  +—

Shear stress on seam equals 163 psi, acting clockwise
against the seam. ¢

7.2-10 (CONT.) |

Normal stress on seam equals 1440 kPa tension, ¢

Shear stress on seam equals 1030 kPa, acting clockwise
against the seam. ¢

7.2-11 l
BIAXIAL STRESS (WELDED JOINT)

oy = 600 psi

s-m%-maww.w
&+ -
ax'_a'xzo'y cxza’,

= --GL;.zﬁn”+fvm”= -375 psi

co:20+7,’ai129=3’?5pd

‘I'x‘r‘
oy, =0yt oy — 0y = —25psi

7.2-10 I

PLANE STRESS (ANGLE 6)
o, = 2100 kPa o, = 300 kPa
7= -560kPa 0 =225°

oyt oy, Ox—0
3&-——2—Z+—-—-2-—1m20+r#sln28

= 1440 kPa &=

Ty — O,
o = g 8N 28 + 7,008 20

=-—1030kPa ¢
gy‘=0x+dr-ﬂ‘,‘-mm —

| CONT.

m




7.2-12 |

BIAXIAL STRESS (WELDED JOINT)
oy=-45MPa  0,=100MPa 1,=0
= 100 mm _ =
"mzsom_mo‘4_21'w

-+ s
,,'=.°"2°' "2”Icuszo+f,,mzs--2.5MPa
r,,,.=—ﬂ‘;—"2mm+rvmzo=s.oupa

ay, =0y + oy, — 0y = 8.0 MPa

7.2-13 I

BIAXIAL STRESS
o, = 3600 psi o,=—1600 psi 7,=0
a Find angles 6 for o = 0.
a=0
Ao

a

+ —
oy, = “"2"' "zvfooeaoauqmm

= 1000 + 2600 cos 28 (psi)

For @, = 0, we obain c08 29 = —23 and @ = *56.31° ¢
Element No. 1
oy, =0 6=5631°

Ty, = Ox + 0y — 0y, =2000pSi =

. S i
T = T 8N 20 + 7, 00820 = —2400psi &=

Element No. 2
oy =0 &=-5831"
ay = 0x+ 0y, —a, =2000psi =

Tapy = gL 8in 20 + 7,008 26 = 2400 psi ¢+~
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7.2-14 [ 7.2-15 I

BIAXIAL STRESS PLANE STRESS

oy =32 MPa oy==-50 MPa 7y, =0 Transform from 6 = 30° t0 8 = 0".

=0Q. Let o, = —15,410 psi, oy, = —4450 psi, 7, = 2470 psi,
Find angles @ foro = 0. —d 0 = 50"

-k -
do a,,-c‘z—cz-i-o‘za"msae-rf,,ahza
= —14,810 psi
a f,,,.=—-""—;'"£asnaa+r,veosao--ss10pu

_Oxtoy, Ox—0Oy
="z ' 2
= -9 + 41 cos 20 (MPa)

00S 20 + Ty, Sin 20 oy, = 0y + 0y — 0y, = —5050 psi

Foré = 0:

oy = oy = ~14,810psl =

oy =0, = -5050p8i € Ty =7y, = —3510psi &=

For 0, = 0, we obiain c08 20 = - and 0 = =38.66° = 15050;!&
Element No. 1 e —
oy, =0 0=3866 __._T r_lﬂow
Oy, =0yt oy— oy =-18MPa & o x
r,‘,]-—g’%’ldn28+r,,eos20=—dom - —— 3510 psi

, T

18 MPs 7.2-16 |
\:/ PLANE STRESS
\ 6 = 38.66° Transform from @ = 60° t0 8 = 0O°.
v WOMPs Let: o, = —21.3 MP2, 0, = 64.7 MPa, 7, = —24.5 MPa,

\ /‘1\ and = —60°.

_Gxtoy Ox— 0Oy
=T 2 T 2
Element No. 2 ,-w|=—°"‘—;ﬂm29+r,,.28=—25.0m
0, =0 0=-3886°
=oy+oy—o0oy = -18MPa &

008 20 + 7., Sin 20 = 64.4 MPa

o, Oy =yt Oy =0y = —-21.0 MPa

Foré =0:
,m=_£z.%zzgnzp+¢vmm-mun - Oy =0y =644 MP2 =

oy =0y = -210MPa <
Ty = Tay, = ~25.0 MPa &=

18 MPa ‘21.01\{?0

/0\’:‘”““ *__T _L lit'm

}\ /fé--a&w — 250MPa

Y
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7.2-17 I 7.2-18 I

PLANE STRESS PLANE STRESS

ox=2000psi  oy=7  Ty=17 ox= —4000psi oy = 2500psi 7, = 2800 psi
At § = 40° and @ = 80" 4, = 5000 psi For 8 = 6;:
Find oy, and 7y, Ty, = 2000 psi Ty, =y Ty =Th
_d'x+0‘y O'x—ﬂ'y Find and @
=g +— €08 28 + T, 8in 20 . O T 1
For @ = 40°: Stress gp

2000 + o, 2000 - o, op =0y + 0, — 2000 psi = -3500 psi ¢

0%, = 5000 = ———F + ———L 008 80" + T SN 80" | prse g

K + D. = .4 psi 1 -
or 0.413180, + 0.984817,, = 3826.4psi (1) a_x'=°x+”y+‘7x (,1m28+fxysin20
For @ = 80°: 2 2

2000+¢, 2000-0, _ . 20600 psi = —750 — 3250 cos 26, + 20800 sin 26,

Ty, = 8000 = ———2— + ———5—"C08 160" + 7, SN 180" | oy _65 008 29, + 56 3N 28, — 55 =0
of 0.968850, + 0.342027,, =4039.7psi  (2) Soive numerically:
Sotve Egs. (1) and (2): 20, = 89.12° 9 = 44.56°
o, =4370psi 7., =2050psi & Shear stress 7,

~Zx = %Y 5 26, + 7,008 20, = 3290 psi ¢—

Ty=T =
7.2-18 | b Tan 2

PLANE STRESS 7 3.1
0y =100MP2 o, =? T,=7 PRINCIPAL STRESSES
Atg = 30", o, = 35 MPa @, = 6800 psi o, = 2000 psi Ty = 2750 psi
AL® = 50°, o, = —10MPa Principal stresses
Find o and 7 2
; +oxr oy~ mzop=_xy_"' = 1.148

oy = "2 L+ ’2 ¥ cos 29 + 1, sin 20 Tx = Oy
For & = 50° 26, = 48.89° and 0, = 24.44°
T 100+0. 100 —o 29, = 228,89° and 6, = 114.44°

= aE = ¥ v - g _
Iy, =35 2 + 5 ©08 60° + 74, 8in 60° a,1=o";”y+V"zayoos29+f,ysil'028
or 0250y + 0.858037y = —40 MPa M| Foros, = 4889 o, = 8050 psi

]

For = S0% For 20, = 228.89"; o, = 750 psi

_100+0, 100-o0,
7x 2 32

or 0586820, + 0.984817, = ~51.318MPa  (2)
Sotve Egs. {1} and (2):

a,=-193MPa 7, = -406MPa ¢

06 100° + 7, 8N 100° | Theratore, oy = 8050 psi and 8, =~ 24.44° }
02 = 750 psi and 6, = 114.44°

174




7.3-2
PRINCIPAL STRESSES
o, =74 MPa o, = 46 MPa Ty = 48 MPa
Principal stresses
2 -
tan 29, = —2— = 3.429
oy~ oy,

26, = 73.74° and 8, = 36.87°
26, = 253.74° and 6, = 126.87°
_Oxta,  ox—
== + =

For 29, = 73.74": o, = 110 MPa

For 29,, = 253.74% oy, = 10 MPa
Therefore, oy = 110 MPa and 6, = 36.67° | -
o = 10 MPa and 6, = 126.87" | '

%Y cos 26 + Ty §I0 28

< NMIN

7.3-3 (CONT.) |

7.3-4
PRINCIPAL STRESSES
o, = 52 MPa oy==130MPa 7, =—-60MPa
Principal strosses

ngp = ._227_. = —0.6593
Gx—a'r
20p = ~33.40° a,ndvp = -16.70"
28p= 146.60°and09= 73.30°
-+ -
oy = sza" + 0'20100820 +-rvsin20
For 29, = —33.40" Op, ™ 70.0 MPa
Forzop = 146.60':0',1 = —148.0 MPa

7.3-3
PRINCIPAL STRESSES

oy=—~11,100psi o, = —4600 psi
-Principal stresses

7oy = 3600 psi

tan 26, = Py _ -1.1077
Oy~ Oy

29, = —47.92" and 9, = —23.96"

26, = 132.08° and 6,, = 66.04°

Gy +0, Op— 0y

=2 2

For 29, = —47.92": 0, = ~12,700 psi:

For 28, = 132.08"; &, = —3000 psi

Therefore, oy = —3000 psi and 6, = 66.04° } -
@ = —12,700 psi and 6, = —23.96°

0os 26 + t,,,sih 26

[CONT.”

Therefore, oy = 70.0 MPa and 8, = -16.70" -
oy = —148.0 MPa.and 6, = 73.30°

s




| 7.3-5
MAXIMUM SHEAR STRESSES
o, =8300psi 0, =—19,700psi T, = —4800 psi
Principal angles
180 20, = —2X_ — _0,3429
ay — oy

26, = —18.92° and 6, = —9.46°
24, = 161.08" and 9, = 80.54°
oy = a’,;vy Oy ; Ty
For 20, = —18.92" o, = 9100 psi
For 2, = 161.08". o,, = —20,500 psi
Therefore, 6, = —9.46"

Maximum shear siresses

€08 28 + 7, 8in 28

- 2
—_— (5"2—"1) + 72, = 14,800 sl
8,‘==9m-45°=—54.46"andr-14,800psi}
h
8, = 6p, + 45° = 35.54° and r = ~14,800 psi

+
a,.:"’—;"!: ~5700psi  4—

7.3-6
MAXIMUM SHEAR STRESSES

oy = —26.5MPa
Principal angles

@, = 5.5 MPa Ty = —12.0 MPa

7.,
tan 20, = —X— = 0.75
Ox ~ Oy

20, = 36.87° and 6, = 18.4%F°
26, = 216.87° and 9, = 108.43°

_oyto, oy—0oy
™ 2
For 28, = 36.87°: , = —30.5 MPa
For 26, = 216.87: 0,, = 9.5 MPa

Therefore, 0 = 108.4°
Maximum shear stresses

€08 20 + 7, 3in 26

Tmax = (511)2 + 15 = 200 MPa

2
85, = 6, — 45° = 63.43° and 7 = 20.0 MPa
85, = 85, + 45° = 153.43° and 7 = —20.0 MPa

Taver

+
=T %= j05MPa

176




7.3-7
MAXIMUM SHEAR STRESSES
o, =-0000psi o,=—1000psi 1, = —4200 psi
Principal angles
27
tan 24, = —2— = 1.05
o~y

28, = 46.40° and 9, = 23.20°
28, = 226.40° and 6, = 113.20°

_oxta, Op— Oy
Oy, = 5 + > eos28+rn,sin29

For 20, = 48.40°: o, = —10,800 psi
For 28, = 226.40" o, = 800 pai
Therelore, 8, = 113.20°
Maximum shear stresses

Oy — )2 .
Trax = (—é——i) + 12, = 5800 psi
8, =0, — 45" = 68.20° and = 5800 psi ]
85, = 0, + 45" = 158.20° and 7 = —5800 psi

G+ Ty
¢“=__?_Z._

5000 psl &

+

7.3-8

MAXIMUM SHEAR STRESSES
o, = —50 MPa o, = =8 MPa Ty = 20 MPa
Principal angles

2
tan 29, = —2— = ~0,9524
oy,

26, = ~43.60° and g, = —21.80°
28, = 136.40° and 8, = 68.20°

_ Oy +a, Ty = 0y
% =73 2
For 20, = —43.60°: 0, = —58.0 MPa
For 20, = 136.40°: 0, = 0

Therefore, 6, = 68.20°
Maximum shear strosses

€05 20 + Ty, Sin 20

Tyrax ™ H(UL—;—Z{)Z + Tg, = 29.0 MPa

8y, = 6, —45° = 2320° and 7 = 29.0 MPa
0y, = 8, + 45° = 113.20° and » = —29.0 MPa

-—
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7.3-9
SHEAR WALL
o, =0 oy = =1100 psi Ty = ~480 psi
{a) Principal stresses
tn 20, = —2%_ = _0.8364
Ox — Oy
20, = -39.91° and 6, = ~19.95°

28, = 140.09" and 8, = 70.05°
oy, = o,;u-, O'X;
For28, = -39.91°. ¢, = 167.0 psi
For 20, = 140.09": o, = —1267 psl
Therefore, oy = 167 psi and 6, = —19.95%

%X cog 26 + 90 20

-
ap = —1267 psi and 6§, = 70.05°
1267 psi
8, = 70.05°
167 psi P2
\
e X
S

/

(b) Maximum shear stresses
) Oy — 2N\2 .
Tome = (-_2—-1) + 13, = 717 psi
| 9, =6, —45° = —64.95"and 7 = 717 psi
0, =6, + 45° = 25.05° and r = —717 s
o, + O,

=.."_2__..Z=_550psi -—

} o«

T ower

7.3-10 l

PROPELLER SHAFT

ox=—100MPa ¢, =0
(a) Principal stresses

2r,
tan 26, = —3X— = 1.4000
Oy — Oy

20, = 54.46" and 6, = 27.2%°
26, = 234.46° and 9, = 117.23°
_oxtoy ox-0y
TmT T3 2
For 26, = 54.46™ 0y, = ~136.0 MPa
For 20, = 234.46" 7,, = 35.0 MPa

Therefore, oy = 36.0 MPaand 8, = 117.23°

cos 20 + -rx,sinzo

oy = —138.0 MPaand 8, = 27.23

Ty = —70 MFa

} -

(b) Maximum shear stresses

Trax ™ (a."‘—;a:!)2 + szy = 86.0 MPa

8, =8, —d45° = 72.23° and 7 = 86.0 MPa
8, =6, + 45" = 162.23° and 7 = —86.0 MPa

=3";—"Z=—5ompa -

Taver.

j
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7.3-11 I

o =300p8 0, =920psi
(a) Principal stresses

PLANE STRESS

28, = —45.24° and 8, = —22.62°
26, = 134.76° and 8, = 67.38°

+ —
%x = vxzay'*' = 2 =
For 20, = —45.24" 7, = 3800 psi
For 20, = 134.76™ 0y, = 420 psi
Therefore, oy = 3800 psi and 6, = —22.62°

-op = 420 psi and 9, = 67.38°

{b) Maximum shear stresses

B

8, = 8, — 45° = —67.62* and v = 1630 psi
8, = 8, +45° = 22.38° and r = —1690 psl
=33——;-31=2110psi P

Taver

00320+r,ysin20

Tay = —1200 psi

j -

|«

7.3-12 '
PLANE STRESS

oy =2100kPa ¢, = 300kPa
(a) Principal stresses
tan 29, = - _gee

oy — Oy
20, = —31.8%° and 8, = —15.95°
26, = 148.11° and 0, = 74,05"

_ Oyt @, Oy ay
=T 2
For 26, = —31.89". o, = 2260 kPa
For 20, = 148.11% &, = 140 kPa
Therefore, oy = 2260 kPa and 8, = ~15.95° } —

oz = 140 kPa and 9, = 74.05°

Ty = ~580 kPa

008 20 + T, 8in 20

(b) Maximum shear strésses

S— ]{""—;"Z + 12, = 1060 kPa

85, = 0, — 45° = —60.95" and-r = 1060 kPa }
8, = O, + 45° = 29,06 and 7 = —1060 kPa
o+ 0o

am=—2—-1-1zoom -
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| 7.8-14 |

PLANE STRESS PLANE STRESS
o,=16,000psi o) = 2000 psi Tyy = 1800 psi o, = 16 MPa oy = —06 MPa Ty = —49 MPa
{(a) Principal stresses {a) Principal stresses

27 2r

tan 29, = —22— = 0.2671 tan 26, = —¥— = 0.8750

oy =0y oy —ay
26, = 14.42° and 6, = 7.21° 2, = —41.1%° and 0, = —20.59°
26, = 194.42° and 9, = 97.21° 26, = 138.81° and 9, = 69.41°

—_ -+ —_

o,,'e-a’;a"a-c‘zq”ooszsq-f,,sinzo o-,‘=°"‘2a"+0’2””meze+r,‘,sin20
For 26, = 14.42" o, = 16,230 psi For 26, = —41.19% 0, = 34.41 MPa
For 20, = 194.42": o, = 1770 psi For 28, = 138.81% 0, = —114.41 MPa
ﬂ'nrahl'o.o1-18,230psland0,|=-?.21°] - Therefore, oy = 34.4 MPa and 8, = —20.59° ] =

02 = 1770 psi and 6, = 97.21° o2 = —114.4 MPa and 6, = 69.41°

(b) Maximum shear siresses {(b) Maximum shear siresses

Tmax = ("-"_';-Z)z...,fy-mpsi Trax = ’(’—‘;—gz)z+rf, = 74.4 MPa

0, = 8, — 45° = ~37.79° and r = 7230 psi 8"-0,‘-45‘--65.59'“1"=7‘.4MPI] i
85, = B, + 45° = 52.21° and 7 = ~7230 psi = 8, = 8y +45° = 24.41°and 7 = ~74.4 MPa

+ oy + O,
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7.3-15 |

o = —3000 psi oy = —12,000 pSi 7, = 6000 psi

{(a) Principal stresses

tan 20, = ;2:4;—), = 1.333

29, = 53.13" and 6, = 26.57°

20, = 233.13° and 6, = 116.57°

o0 = 01'2"”)' o',;oy

For 28, = 63.13: 0, =0

For 26, = 233.13% o, = —15,000 ps!

Therstors, o, = 0 and 8, = 26.57° } -
o2 = 15,000 psi and 8, = 116.57°

PLANE STRESS

C08 28. + 7, $in 20

{b) Maximum shear stresses

e = (P2 + 73 = 7500 i

8, = 8, — 45° = —18.43°and r = 7500 psi
Og, = 0 + 45% = 71.57° and v = —7500 psi

+

7.3-16 l

ox=—100MPa &, = 50 MPa
(a) Principal stresses

PLANE STRESS
Ty = ~50 MPa

2
tan 26, = — 2 = 0,6667
o5~ ay

29, = 33.69° and 6, = 16.85°

20, = 213.69° and 6, = 106.85°

oy = “x;”y . trx; oy

For 26, = 33.69% o, = —115.1 MPa

For 26, = 213.69": 0, = 65.1 MPa

Therefore, oy = 65.1 MPa and 8, = 106.85° ]
o2 = ~115.1 MPa and 6, = 16.85°

€08.28 + 7,y 5i0 29

(b) Maxinmsh_eustressos

- 2
oax = (25 +73, = 90.1 MPa
05, = 6, ~ 45° = 61.85% and = 90.1 MPa }
8, = 6, + 45° = 151.85° and 7 = ~90.1 MPa

[ X4
,,-m-._"..z._.l

=-250MPa ¢

181




7.3-17 ’
ALLOWAEBLE RANGE OF VALUES

o, = 6500 psi Tyy = 2100 psi oy=7
Find the allowabile range of values for o, ¥ the maximum
aliowable shear stress is 7; = 2900 psi.

Trrax = /(e"—;ﬁ +73,  Eq.(1)

or
-2
B = (P2} + 7%, E4.2)

Sotve for o,

oy = oy * 2V ok — 18y

Substitute numerical values:

o, = 8500 psi = 2V(2900 psiy® — (2100-psi)?
= 8500 psi = 4000 psi

Therefore, 2500 psi < 7, = 10,500 psi

Graph of 7y,
From Eq. (1): Trax = ‘/(ﬂ;'—i’l)z + (21007 Eq.(3)

6+

2.5

O

7.3-18 ]

ALLOWABLE RANGE OF VALUES

a, = 45 MPa Ty = 30 MPa
Find the allowable range of values for &, if the maximum
allowable shear stress is 7y = 34 MPa.

S (ﬁ_—"l)z +13,  Eq.()

2

ory=?

or
Ty —Oy\e . ; .
Au= (P52 4% @
Solve for o,
0, = 0y x 2Vrig — 1,
Substitute numerical values:
o, = 45 MPa = 2V/(34 MPa)? — (30 MPa)2
= 45 MPa = 32 MPa
Therefom.13MPasa,s77MPa -

Graph of 7,
From Eq. (1): Ty = f(is-;;'-!)z + (3R Eq.(3)
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7.3-19 l

o, = 7620 psi Ty =—2010psi  0,=7
One principal stress = 8400 psi {tension)

PLANE STRESS

(a) Stress oy
- Bacause o, is less than the given principal stress, we know
that the given stress is the larger principal stress.

oy = 8400 psi
Ot oy (cr,, - a'y)z
T2 2
Substitute numerical values and sohwe for o,
o, = —2457 psi
{b) Principal strésses

27,
tan 28, = ——X— = —0.57755
Ty — 0Oy :

26, = —30.009° and 9, = —15.004°
20, = 149.991° and 8, = 74.996°
Tx

Ty + TXZ)’

_Ox+ 0oy — Oy .
Ty, = 2 > cosze+f,,sin20

For 26, = ~30.009" o, = 8400 pei

For 26, = 149.991% ¢, = —3237 psi

Therefore, oy = 8400 psi and 8, = —15.00°
op = ~3237 psi and 8, = 75.00°

} -

7.3-20 I

PLANE STRESS

o,= -685MPa 7, =392MPa q,=7?
One principal stress = 26.1 MPa (tension)

(a)Stresso'u
Because o, is kess than the given principal stress, we know
that the given stress is the larger principal stress.
0’1=25-1MP8-

o+ a, (a.-,,—or}z 2

= 2—4 +

Substitute numerical values and solve for o,
o, = 9856 MPa ¢«

oy =

y
29, = —45.02° and 8, = —2251°

20, = 134.98° and 0, = 67.49°
_Ixtoy oy oy
2 2
For 26, = —45.02" 0, = —84.74 MPa
For 20, = 134.98" o, = 26.10 MPa
Therefore, oy = 26.10 MPa and 8, = 67.49"
oy = —84.74 MPa and 8, = —22.51°

oy, 00820+7x,sh29

} <

Y
26.10 MPa
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7.4-1
UNIAXIAL STRESS
oy = 14,500 psi oy =0 Ty =0
{(a) Element at & = 24° (ANl stresses in psi)
2 = 48° =24 R = 7250 psi
Point C: o, = 7250 psl

$2
D (8 = 24°)
28

b

‘R

20
O |B (B =90%) A o,
_/20,[3 —W 8= 0) nt

Dl

14,500
Tegn 1
Point D. o, = R+ Rcos 28 = 12,100 psi.
Txy, = A 8in 20 = —5390 psi
Point D o, = A — Rcos 28 = 2400 psi
Tay, = 5390 psi’

2400 psi

'

A /\:
(b} Maximum shear stresses
Point $:20, = —90° 0, = —45°
Trax = B = 7250 psi
Point S,:20, = 90° 4, =45°
Trin = —R = ~7250 psi
Tawe = A = 7250 psi

7.4-2

UNIAXIAL STRESS
o, = 55 MPa oy=0 Ty =0
{a) Elementat§ = —30° (All strasses in MPa)
26 = -80° 8=-=-30 A= 275MPa
Point Ct o, = 27.5 MPa
5
D
R
B9 =907 R AE=0)
o c Ty
28 = —60° '
R\
(= ~30%
55 MPa
1

T‘l’x

Point Doy, = R+ Rcos 1201 = A1 + ¢os 60°) = 41.2 MPa
Ty, = A SN 1201 = Asin 60° = 23.8 MPa

Point I: o, = R — A'cos 1261 = 13.8 MPa
Ty, = —RSIN 1201 = —23.8 MPa

(b} Maximum shear strassas

Point 5,:20 = -90° g, = -45°
Trax = A = 27.5 MPa

Point 8,:20, = 90° B, = 45°
Toin= —R = =27.5 MPa

Ter = B = 27.5 MPa




7.4-3 I

oy = —5600 psi

UNIAXIAL STRESS

ar=0

(a) Elementata giope of 1on 2

Ty =0

| 7.4-4 I

o, = —60 MPa

BIAXIAL STRESS

oy = 20 MPa

Ty =0

(Al stresses in psi) 0=arctan—;- = 26.565°

(a) Elemant at ¢ = 22.5°

(Al stresses in MPa)
20=45" @4=2X5

29 = 53.130° @ = 28.57
3 Point C. Oy, = —2800 psi:
$2 j1g
28,2-
A -0cl/ & |se=9m
©=0 = 14 Ty
\ 53.13°
R
293‘
D 5
f 5600 L

Point 0= o, = —R — R cos 20 = ~4480psi-
Txy, = Fsin 20 = 2240 psi
Point 0’: o, = —R + Rcos 20 = —1120 psi

Ty, = —Fsin 20 = —2240 psi

4480 psi

W= 26.57°

Point §,:20, = 90° 8, = 45°
Tax = A = 2800 psi
Point S,: 20, = —90° 6, = —4§°

Tomin = —R = —2800 psi
Oper = —F = —=2800 psi

Point D o, = —20 — AR08 20 = —48.28 MPa

Tyy, = BSIN 20 = 28.28 MPa
Point D': o, = A'oos 20 — 20 = 8.26 MPa
vy, = —F18IN 20 = —28.28 MPa

{b) Maximum shear stresses

Point Sy: 26, = 90°

O pver = —20 MPa

Toax = B =
Point Sp: 20, = —-90°
‘rn*,= —R- -4OMPa

8, = 45°
40 MPa
8y, = —45°

2R=60+20=80MPa R=40MPa
Point C. o, = —20 MPa
57
Dv
‘R
A C » B (g = 90°%)
©=0) 28 o T,
R
©=25) D\_28 s
1
40 !'-'-20// 20
60 ’xm ‘
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7.4-5

' BIAXIAL STRESS
oy = 6000 psi oy = —1500 psi

{a) Eloment at 8 = 60"

(Al stresses in psi)

20=120° 6§=60° 2R =T7500 psl
R = 3750 psi Point C.er, = 2250 psi
(8 =60%) 53

Ty =0

B (@ = 90°)

0

1500

T2y,

Point D: o, = 2250 — A cos 60° = 375 pel
Txy, = —Asin60* = ~3248 psi’

Point [7: o, = 2260 + Rcos 60° = 4125 psi
Tx,y, = F5in 60° = 3248 pai

(b) Maximum shear siresses

Point 8;:20, = -80° 6, = —45°
Tmax = A = 3750 psi

-Pohtsz:29,z_= 90° '0,3 = 45°
Tmin = —F = —3750 pei

Tgvee = 2250 psi

7.4-6
BIAXIAL STRESS

oy ="-24 MPa o, =63 MPa
(a) Element at a siope of 1 on 2.5

Ty =0

(Al stresses in MPa) @ = arctan — = = 21.801°

25
20 = 43.603° 9 = 21.801°
‘ I 2R=87MPa R =435MPa
>3 Point C: o, = 19.5 MPa
- |52
v
R
A clL/ \#3693° 18 =90)
@ =0) (e] R oy,
20
R
D
[~ S
19.5
24 23 63
' T“I’I

Point D: o, = ~AcoS 26 + 19.5 = —12 MPa
Try, = FASi0 20 = 30 MPa

Point Doy, =195 + Ac0s 20 = 51 MPa
Tay, = —FA SN 26 = —30 MPa

{b) Maximum shear stresses
Point Sy: 20, = 90" 6, = a8°
Tmax = A = 435 MPa
Point S;: 20, = ~90° By, = —45°
Tmin = —R = —43.5 MPa
Taver = 19.5 MPa
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7.4-7
PURE SHEAR
=0 o,=0 Tyy = 3000 pai

{a) Element ate = 70°
{All stresses in pel)

20 = 140° a=70 R = 3000 psi
Origin O is at conter of circie.
B (8 = 90°)
D@ =170
RA 28—
180°
50° Py
_/
26!’1
3000 psi
D
A (8 =0)
Tan

Poimt 2. o, = R cos 50" = 1928 psi
Ty, = —Rsin 50° = —229§ psi

Point D': oy, = —F-c08 50° = ~1928 psi
Ty = R sin 50° = 2208 psi

. PbintP2:20h-90°

7.4-8

PURE SHEAR
a,=0 o,=0 Ty = —16 MPa
(a) Elementat§ = 20°
(All stressas in MPa)
20 = 40° 6 = 20° =16 MPa
Origin O Is at conter of circle.
D A@=0)

8(8 = 90°)
T
Point D: o, = —A sin 26 = —10.28 MPa
Ty, = —F1008 20 = —12.26 MPa
Point Dr: oy, = A sin 26 = 10.28 MPa
Ty, = €08 20 = 12.26 MPa

(b)anpalstmesas

Point Py: 28, = 270° 6, = 135°
oy =R =16 MPa

8y, = 45°

oy = —R'=-18 MPa
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7.4-9
PURE SHEAR

Tiy = 4000 psl

o, =0 o,=0

{a) Element at a siope of 3on 4

{All stregses Inpsi) @ =mn% = 36.870°
5 20 = 73.740° 8 = 36.870°
. 3 A=4000psl
2 Origin O'is at center of circle.
B{(® = 907
162600 [R
DI
Py Py
‘ (7] Ty,
20 R D
Py 4000
R
A{@=0)
Trp

Point D: o, = Rcos 16.260° = 3840 psi
Ty, = RSin 16.260° = 1120 psi.
Point I: o, = —FAcos 16.260° = —3840 psi
Ty, = —FA5in 16.260° = —1120 psi

{b) Prircipal stresses

Point P;: 28, =90° 8, =45°
o3 = R = 4000 psi

Point Pp: 28, = —90° 6, = —-45°
02=_R= _mpg

7.4-10 |

PLANE STRESS (ANGLE 6)
oy =21 MPa ay, =11 MPa
Ty = 8 MPa 8 = 50°
(All strosses in MPa)
(@ = 90°)
B D@ =50°)
11 / /
R R,
3 o 20 =
5 B\100°
o oy
C
8
R 80°
16 j24
o A®=0)
21
’xm

A= V(5P + (B)2 = 9.4340 MPa
a = arctan ¢ = 57.99°
B=28—ca =100 — a = 42.01°
Point D {8 = 50°):
oy, = 16 + Acos 8 = 23.01 MPa
Ty, = —Asin B = —6.31 MPa
Point Or{@ = —40°):
oy, =16 — Rcos B = 899 MPa |
Tay, = ASNG =631 MPa

y
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7.4-11 |

' PLANE STRESS (ANGLE )
o, = 4500 psi &, = 14,100 psi
Ty = —3100psi 6 = -55°

(Al stresses in psi)

D(® = —55°%

@=
4500
o / Tz,
B (6 =90°
9300 D™
14,100
1‘!’!
A= V(48002 + (310082 = 5714 psi
« = arctan 3% _ 52 ¢°

8 =180" - 110° — @ = 37.14°
Point D {9 = -55):
oy, = 9300 + Acos 8 = 13,850 psi
Tyy, = —F8in B = —3450 psi
Point D'{¢ = —35%):
oy, = 9300 ~ Rcos B = 4750 psi

7.4-12 I

PLANE STRESS {ANGLE 6)
ox=-44MPa o, = ~194 MPa
Ty = —36 MPa 8= -35

{All stresses ln MPa)

44
A @ =0)
—_

\

Point Dr{@ = 55°):

Ty

R = V(751 + (38 = 83.19 MPa
a=amn-:73-g-=25.64°

B =70 —a=4438"
Point D (8 = —35%:

o, =—119 + Rcos 8 = —59.5 MPa
Tyy, = —Rsin B = 58.2 MPa

oy, = —119 — Rcos g = —178.5 MPa
Tyy, = —Fsn g = -582 MPa
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7.4-13 I

PLANE STRESS (ANGLE 6)
oy=—1520psi o, = ~480 psi
Tay = 280 psi 6 = 18°
(Al sresses in psi)
D
r&.
B
R 8 = 90°)
o Ty,
1000
"y,
R/ = V(520) + (280)? = 590.8 psi
= 280 _ .
a = arctan 520 28.30

B =a + 36° =584.30°
Point D (8 = 18%):

oy, = —1000 — A cos B = —1256 psi

Ty, = A sin B = 532 psi
Point &’'(6 = 108%):

oy, = —1000 + Acos 8 = —744 psi

Ty, = —Fsin g = —~532 psi

y
744 psi

D’ \ 332 psi

-\

1256 psi
=18
A X

e

i

7.4-14 f

PLANE STRESS (ANGLE #)
7, = 31 MPa o, = =5 MPa
Ty = 33 MPa 9= 45°
(AN stresses in MPa)
—f 5
©=%7 2 <
R \D(@ =457
33
c B
(2] i8 Ty,
a
> R 13
AG=0
31
T2

A= V(182 + (33)2 = 37.590 MPa

a=aretan-?—g=61.390°

B =90"—a=28610°

Point D {0 = 45°%):
gy, =13 + Rcos 8 = 46.0 MPa
Tyy, = —FRSiNS = —18.0MPa
Point. ¥ (8 = 135°):
oy, =13 — Rcos B = —20.0 MPa
Txy, = A% B = 18.0 MPa
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7.4-15 I 7.4-16 l

PLANE STRESS (ANGLE 6) PRINCIPAL STRESSES
o= —-5750psi oy, =750 psi o= -315MPa o, =31.5MPa Ty = 30 MPa
Ty = —2100psi 6 = 75" (Al stressas in MPa)
(All stresses in psi) S, 31.5
B8 =9%°)
% o\ |30
Py ol 315 ‘
o« / / Py Oy
2100 Ux, 30 20}’[
B9 =9 T AN
@=0)
Poim D: 315 6
£ = 75° 7‘1’1
750 R = V(3152 + (30.0 = 43.5 MPa
Ty - 30
| ' a = arctan 315 43.60°
A = V{32507 + (2100)2 = 3869 psi {a) Principal stresses
o = arctan 2100 = 2287 20, = 180° — a = 136.40° 6, = 68.20°

29, = —a = —43.60" 6, =~ -21.80°
Point Py: oy = A = 43.5 MPa

B =.a + 30° =.62.87°

Point D (8 = 75°):
oy, = —2500 + Rcos g = -735psi
Tyy, = A8iN B = 3444 psi

Point Or{¢ = —15°);
oy, = —2500 — Acos g = —4265 psi
Tyy, = —RASiNg = —3444 psi

{b) Maximum shear stresses

20, =90° —a=4640° O, =23.20°

29, =28, + 180° = 22640° 6, =113.20°
POIM Sy Covge =0 Tingx = A =43.56 MPa
POt Sy 0gue =0 Tpin = —43.5 MPr
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7.4-17 l

@y = 8400 psi
(Al stresses in psi)

a,=0

PRINCIPAL STRESSES

Ty = 1440 psi

20, = —(90° — a) = —71.08°
20, = 90° + o = 108.92°
Point 8. o g = 4200 psi
Point Sy: Ty = 4200 psi

$2
R
B R
(6 =909 v P, o,
Pz»\ (7] C 4200 1440
R
AB=0)
26,
Sy
4200 |
8400 |
oy !
A = V(42001 + (1440)% = 4440 psi
= 1340 _
a = arctan 2200 — 18.92°
{a) Principal stresses
20p, = a = 1892 8p, = 9.45°
26, = 180" + a = 19892° 4, = 99.46°

POirltP1:O'1 =42m+R=8640PSI
Point Py: ay = 4200 — R = —240 psi

B, = —35.54°
85, = 54.46°
Trax = A = 4440 psi
T = —4440 psi

7.4-18 l

oy, =0 o, = —22.4 MPa
(ANl stresses in MPa)

PRINCIPAL STRESSES
74 = —6.6 MPa

% 20
R 2 A@=0)
R ‘6 6
« X
Py '
12 c O] |P; %,
6
R
B
(8 = 90°)
S
‘ 11.2
| 224 Temy
A=V(11.2P + (6.6R = 13.0 MPa
- 66 _ .
& = arctan —-";2 30.51
(a) Principal stresses
26, = ~a = -3051° 6, = —15.26°
20, = 180° — o = 149.49° 9, = 74.74°

Point Py oy = A— 11.2 = 1.8 MPa
Point Pz: O = -112 - R=-242MPa

{b) Maximum shear stressaes

20, = —a.~ 90° = ~120.51° 8, = —60.26°

20, = 90° ~ n =5949° g, =2974°

POINt S;: 0 gege = ~11L.2MPa 1, = A= 13.0MPa
Paint So! opge = —11.2MPa 7,4, = —13.0 MPa




7.4-19 I

oy = 1850 psi
(All stresses in psi)

PRINCIPAL STRESSES

o, =6350p8i 7= 3000 psi

52

(15

8

A m‘;
@=0)
1850

B (8 =90%

1 Iy

R R

4100

Tan 6350
A = V(2250 + (3000)% = 3750 psi
a “m%-&is’
(a) Principal stresses
20, =180° ~a = 126.87° 6, = 634F
20, = —a= -53.13° 8, = -26.57°
Point Py: oy = 4100 + R = 7850 psi
Point P,: o = 4100 — A = 350 psi

(b) Maximum shear streeses

20, =90° - a=3887 6, = 1843
29&-270'—11! = 216.87" by, = 108.43°
POIN Sy: Oer = 4100P8i  Tmax = A = 3750 psi
PoiNt Sy’ Ogge = 4100 psi 7y, = —3750 psi
¥
4100 psi

7.4-20 I

PRINCIPAL STRESSES

g, = 3100 kPa

(ANl stresses in kPa)

@=0
A

a, = 8700 kPa

5

4500

3100
————- 3900 )

e
R = V(2800)2 + (4500)2 = 5300 kPa

= 4500 _ .
a-—&tﬁaﬂm 58.11

(a) Principal stresses

20, = a + 180° = 238.11° 6, = 119.05°
20, = a =58.11° 8, =29.05°
Point Py: oy = 5900 + A = 11,200 kPa
Point P,: o0, = 5900 — A = 600 kPa

(b) Maximum shear stresses

20, = 90° + & = 148.11°
26, = 270° + a = 328.11°
POINt Sy: G gyer = 5900 kPa
POINt Sy 7 pvae = 5900 kPa

8y, = 74.05°

8y, = 164.05°

Tmax = R = 5300 kPa
Tmin = —5300 kPa

183
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| 7.4-21 |

PRINCIPAL STRESSES

(ANl stressas in psl)
A(@=0)

7700 7700

= —12300psi o, = -19500psi 7, = -7700 psi

8
]
26, = 180° — a = 115.06° 6, = 57.53°
Point Py: oy = —15,900 + R = —7400 psi
Point P,: o, = —15,900 ~ R = —24,400 psi

0, = 102.53°
85, = 12.53°
POIfIt Sy Gy = — 15,900 ps
POINt 5% Tyee = — 15,900 psi

fm-_mpﬁ

Tan

Trax = A = 8500 psi

7.4-22 I

PRINCIPAL STRESSES
oy = —-3.1 MPa o, =7.9MPa Ty = —13.2 MPa
(AN stresses in MPa)
31—
@=0)A
- S:
132 -
o
L / C Pl
Py (o] 5.5 oy
132
S =
2 —f e B (8 = 90°)
» 7.9
*W

A=V(552 + (1327 = 14.3 MPa

13.2
a = arclan 55 = §7.38°
(8) Principal stresses
26, = 180° + a = 247,38° 6p, = 123.69°
20p, = a=67.38° 6, = 3369

Point Py: 0y = 24 + A = 16.7 MPa
Point Pyiop = —A + 24 = —11.9 MPa

(b) Maximum shear stresses

205 = a + 90° = 157.38°
28, = —-0° + a = -22.62°
Point 5! oger = 2.4 MPa
POINt ! Ogygr = 2.4 MPa

0,, = 78.69°
8y, = —11.31°

Trex = A= 14.3 MPa

Tenin = -14.3 MPa

24 MPa
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[7.4-23 | 7.4-24 |
PRINCIPAL STRESSES ' RANGE OF VALUES OF SHEAR STRESS
ay = 700 psi o, = -2500psi 7, = 3000 psi oy =26 MPa oy=~TOMPa 1y, =52 MPa
(All stresses in psi) Find permissivle vaiues of 7,
2500 |
© =985 Procedurs |
1. Construct axes o, and 7,,,, with origin at point O.
R 2. Draw line A-A at g, = 26 MPa.
3000, 3. Draw line B-Bat o, = —70 MPa.
Py 1600 0o Py 4. Locate the center C of the circle midway between lines
C T, A-Aand B-8.
o ' ~ 5. Locate points S; and S; at T4, = 52 MPa. (Therefore,
A V] 3000 radius R = 52 MPa.)
6. Draw Mohr's Circle with center at C and radius R.
5 =0 7. Locate point A at the intersection of the circle and line
[ oo A-A. (Point A, represents the stresses on the x plane, for
900 —  Je— which 8 = 0.)
TEn 8. Caloutate (7 imex from triangle A,CA,.
A= V(1600)2 + (3000)% = 3400 psi Mohr's circle
{a) Principal stresses &N
28, =a=6193 6, = 30.96° B A
20, = 180° + a = 241.83° 0, = 120.96° R=
Point P oy = ~900 + R = 2500 psi 2
Point P 0 = ~900 — A = —4300 psi / c o A;\ o,
\ ) o)
R= Ao(8=0)
52
51
48 22 26 |
o, = —70 o=
B 26 1A
Tan
~ {b) Maximum shear stressaes Trangle A,CAy
20, = —90° + a = ~2807° 0, = ~14.04° c 43 A
20, =90 +a= 15193 0, =759 E@,}w
POt Syl drgor = —900 P8I Ty = R = 3400 psi 52 Ao
PO Sy’ Orer = —900 PSI Ty, = —3400 p8i
| (Tdmee = V(522 — (48R = =20 MPa
| If 75, is batween —20 MPa and +20 MPa, the maximum
shear stress 1, does not exceed 52 MPz (see graph on
next page.)
-20=<7,<20MPa =
I CONT.
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7.4-24 (CONT.) |
Graph of 1. versus Tay

e

OF Tmax = V(48 MPa) + 12, = V2304 + 12,

7.4-25 (CONT.) |

7.4-25 I

RANGE OF VALUES OF SHEAR STRESS

o, =—1800psi o, = 7800 psi Tallow = BOO0O psi
Find permissibie values of 7,,.
Procedure

1. Construct axes o, and 7, , with origin at point O.
2. Draw line A-A at o, = —1800 psl.
3. Draw line B-8 at o, = 7800 psi.

4. Locate the center C of the circle midway between lines
A-Aand B-B.

5. Locate points S; and S, at 7y, = 8000 psi. (Therefors,
radius A = 8000 psi.)

6. Draw Mohr's Circle with center al C and radius R.

7. Locate point A, at the intersection of the circle and line
A-A. (Point A, represents the stresses on the x plane, for
which § = 0Q.)

8. Calculate (7)) mey from triangle A,CA,.

| CONT.

Mohr’s circle
All stresses in psi. A = 8000 psi

A 52 B

Ay C

R =

3000 | 4800

1800 @, = 7800

A / B
Tay

(Txyhmax = V(8000)? — (4800)2 = +6400 psi

If 7, is between —6400 psi and +6400 psi, the maximum
shear stress 7, does not excead 8000 psi (ses graph
below).

~6400 = 7, < 6400 psi
Graph of 7., versus 7,

OF Tmax = V/(—4800)2 + 72, = V23,040,000 + 73,

Tmax
“ (psi) /

TR, o s S 2

8000, 1 8000
] i
i 4800 |
1 I
1 I
: :

—6400 0 6400 7, (psi)
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1.5=) | Recr. x Fara e Thissia e
i L=0.25) &,%0.00062 e, -0.0004a8
E= 30x \O%pst D= 03X
Eq_. {1 -aDa): O -( E 5 (& *De ) = 15 FI0eai
At P b aund
- H € a - .
Eg (7-40%) v‘-(‘__ﬁ) (e4* V€)= ~B 100 pni =
Eq.{7-3): €z=_ _g_ (O« T) = -72.2216°

at=€zt = -~ B.22107 % in. #—

7. 5-6 | Busac Siwesa  Tw 65 e Tr -20ME
E=1SGFe D= D2

Divanaicns o Pladg: 200 % 300 % S mm,
Drear Moduws (Eg1-28)1 Q= _E . 28.20G6R

21 )
(3) Masnaes m-mane Sueam St
Principed Shacsses: 02 6SMPa 0= -20 M,
EQA1-20)t = & ST u 4250 MEy
Eq.{1-25): Y= Xaw = 1S10x0° ¢—

(b) CraricE 19 TWCKkoNEss

T.5-2

L= iOvm  €,=350w0™" e 8Sxw0™
E a 200 GFh v=o.3

E
(-0*)

£q. (1-3a): &= % (o, rTy)

Eg, QT-ADb) : G':¢ =

=

-8 x o™

At =2 &t = ~ 180 x IO v —
(Dacicase w thickress)

ReEcrancocar. Fisae w Dhwaaa, Srress

Eq. (1-40a) 0'.=-_E_u_ol) (€, r0e,) = 825 M ¢—

(eyrDe,) = 41.8MEB

E3-(1-39c): = R (v Gy) = - 18 x w0
. [3
At = g.t = ~ 2970 x W %mm ¢g—
(Brcranse in Avidiness)
(e.) Comaote . Nowwome
From €4.0T-a7) av' = Y, (\— 220 ) (Tu+ Ty
YV, = L?.Domskh M)k\Sm) a Q00 % \OP wnd

(_I‘:Ehé)w;«-o;) = 204 X ID°*

AV = 184 et
{(increase. in Aotawma)

T.5-7

15-3 ] Prane Stress Gpoanss Gy, &y D
{2) Norrws. Srasm €7
. (1'%)'ﬁ:.=-% LWQ-Q:‘) :
_Eq_ (1-36 a): 0; = -_EE (e Oa.’)
EQ-KT‘SG\;)‘ Ty= & __(ey+Vey)

(t=-r)
Subatdats. O =nd T into the fiest aquation
and  sSimphfy 1
&y ™ o l-?i) (.e-t"'e'w) -—
{b) Duaraton

%(1;47)'= &= _l‘;_?-’:’ (our )

Qusetiduke T and € inlo this equetion and
Sifnﬁvc‘ H

e \‘_—%g (exvey) —

Pruasial, STRESS, )= ASOC pet &= < IWO el
' - E= 32 xv};, =07
TDieansions o) Flade: 10 %12.% 10 in.
Srear Modulus (Eg T-28): G= _E

12,40 20" g2
D)

(2) Masirwurs ne-mane  Suesn
Principel Sropsses: = VSO0 pa
Eg. (1-20): Tuu® Gi%a = GBSO
Eq- (1-38): Yo Lowg = S12 215 4—

{b) Crassae Th\cxﬁtc:&

BEq (T-2%): €z=_ 2 (Gea)--5l.00 x C™
At x 4 = ~-ST.A X0,
(Ducramos ¢(n hickrwas)

(G) 03 Ve

From Eq.(1-47): AV=Ve (_Li__zp_ (ord)

Vo= (10 )12 tn)(rein) = 120w}

k\-zo)gq*q) =82.6% x 107

AV w 0. 002 ird  wll—

0, = ~ 200 pmid

1.5-4& I
Potthors TS ANS Moowws of  Euasneay
B (1-3% 4 anad): e.,_-%. (- D)

(S~ O%)

BuwAL Seees  §-30MPa T ISMP
£, 2550 n 10 e =l00x O™

1

3
Siubatihde rammencsl vehies:
E{S30» 10*) = 30™Pa -0 (ISHMAR)
€ (ico x 1©7*) = 15 Mfm -0 (20 ™Pa)
D03 E=a45GPa —

ey =

(incramse in Vohuma)

T7.5=8 | Puws Stress Cune: b=40mm
=120 WN E= 00 G OO 34
K=y =_2i = — 8.0 M
. Meassnt,

Eq.01-47): €= :\-I-_:z.e (% + %) = -6.00048

Vo 5 La0wmmY = &4 x OFmmd
N=2V, = =207 wmnd®  d—

T. 5-5 Busin. Srmess 3= Bocoes G -0c0psi
& ™ 700 2 10® € =-BoORW®
Pousscon's RATIO AND MOBAALS oF ELASTCITY
Egn- (-3 a wnd b): &x= ,F\?ur. - we)

ey r AT -OR)
Sumst'dobe Taarmaricm]  valaes:
E (700 x ©™“)= 18,000 pai — O (-, 000 pui)
E{-Sco % i0* )= —9,000 4 - O (1B,conpn)
Sz Seultandoasaly
s ‘/5 E=23% D" ps  €—

STRAIN _ENERAY
A7 -s0): v A (SPegt- 2000
= A 75 1

(?':‘,'.o) = 0.o=3u2 MPa

Ue pV,= 2383 @—

197



T7.5-9 Bsusy. STress = Coscmarn  Cume

——s.

1.5-12.] TrLaATE i Baanial Sreess

b= 4mn.
E= 3.0 x 10° pal
o= 0,]
F= 2D kipa
F4—»
/LF‘

=~ 1768 pai

mm

P FdZ
= 28 .25 Wpa

o e, u_FP
= Y% F
o
Eg- (1-47)s a= I‘Z (ga v03) = ~c.ocoq2
\L-\*i(dh)‘-“h‘!
aV = aV,= -0.0603 st dF—
(Cacr n Volume )

Stmans Esmmay
€. (1-So) pet (R i - 20000y)
a O pet
U-p\’. = 0.0 tn-lb -4—

1.5-10 IM_?&E
| b = Soo mm = A0 v

E= 45 GFa 9= 0.35
R~ 450 kN K= w22.50M5
=150 N o= - 1.50 M
Vv =uo N

'[“.ﬁ.. 550 MB.

O = 42 MPa oy @\ M

Ditwaensions A0o RA400 X IO mea

Clrele of dimmetme d= 200wm

E = 0o GPa D= 0.34

(l)C#u o LEnarW o Dissante. oo % THeScTess
Eq.LU1-37a): e.‘-_‘é_{\c"-oq)-cxcmmm

Arc= &,d = ?.0145 -;u-\‘-—-
fb}m 1 LEGOETW OF DUMWETER i Y Duseanoss,
‘!Pt‘""“’)’ -e..‘-Jt, (o - D0, }» - c.ccacozZBc

Abdw q..‘d - znonos?oqn -

SrreQm s TWCIOMESS,
= B L1 €0 R (5,4 ) = -c.ocoriON

\ 4 - 0. 0038
At = E,% = bk )m‘—

=~ -
Eq-L1-4”): a=1-2D (o e0y) = nomn:z.
Vo= (400)ACOY(Z )= 5.2 X 10 med
&N gV, = I3 ek, d—
{ Orramme)

@)

(9 Sreans Eammay e
g (1-50) p-..z'.iiﬂ'. * 0y - 20au9y)

= 0.00T8D] MPa
Vs uV,= 2504 <4

SHANGE p NVOLDME,

Eq (7-47)r a= 1-2D (0+7) = 0.c002
V,= Bt = 10.0 % 10° mad
avV= N} = 2000 md H4—
(inerease. in Volume)

Srrean: Exengy

Sa- (7S0p pe L (oo -20am), Lo

Ge

u lo.GT GFa

E
(AL 53
Subatihde. renericsl values!

b= 5845 Th
Ve pU = SB.S) —

L 7-5-1 I

Flack wa Flasat
b= 0Dt L2L0th EsppetOlkai ) 023

V,» Bt = 100 o
AV = 2V « 0.0AS| i *—
(ncresme. tn Voume)
ETRAL ENERON
Eg. CT-S0) A= L (W e 0t- 2050) + Lo

Qa3 —E . = 3,985 ks
Z0+0)

Subedvhube rurverical Veloes®
A= (.58 pal
Us pl = 66D tn.mlb @—

7.5-13% l

Casrumvern. Tean

Wy P R
== ¥ A
—— L — Z
WS THE AN,
<
e weeepeowy
= - PO 0= 0
;}% I t
L= 4%
2

The shemr stress produces oo change in vohene.

DUATATON,
LLI-47 - 1-20 Rrdy)s Pli- -
Eq-(1-47) < 11_@- ) _é:'imu 1.)1.

=120k q-_&_ulz.oeo;.\
R= 3ok a;-_a.. 3,000 pai o asy
V= 20k ‘f,,-.&.. 2,000 pei AV = wolume. of camant
o= . = du dy o
SHANGIE 3 NOLLITE . - -
Egq.(1-47): a= ;%m(w.-u;)-n.ooam N f. A@J}=:;-n3l-\nm

algv)= a(av) = ELE‘E"_LQ} (L-x)(y) drdydz
@

Yalf of beam
AV, § alev) = B2} (euty) drayde
. ET

Te cvalunbe ‘nis ovéer tre upeer hodb
et-lh-.bmn.m!ma.-!m-hh.b
b/a.m.m% -}mbhuf.,&d
mmiﬁmo&ul..

Incr volura. of

COMNT.
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1.5-13 conNT. |

T-6-2 CONT:

|

bV, = fé‘i‘ﬁl j_: ji JL(L'*h})d*d‘dz
- " Q . ‘yz . .
- Bad) (=)0 ()] (-8

- 9z ((E)E)

= 3PT(1220) (incaase s volume) €
4Eh

(<)

@)

AQ = A&, B ~0.0BHO0C . (— =&cerem)
AL = bey * ~C.NOBE mun

[C. . C gy 2-0.O0TE v,

‘-—

[ Y
B (TR} @n 1-20 (v G eT)e ~282.0 x e

AV = a (ahe) =~ WIS mad @ —
{dacreasa)

Somass EaERay .
Eq- (1-STa): u= I?. (ne.s ey s GG, ) SeIoMF,
Ui {obe)= 3T T «—

() Decrarse s Vouuswm ow Lower war oF Bmeam
BchiLec The siressse mve numaricmlly the
Sarna n bot helves of the. bepm, A\

B nurmarically e S ma AN,
AL == &Y, (decrcone n vodume) @

(& Ner chamuam e Vewma AV= AV, *AV,=0 o

T.-! Trirss Sruses
s ooopit W ~S00Opsl O s -1500pml
as In besnn., cow Bin,
E=w o4ooka O =033
& Swwere
G l,000 pal Ts-1500ps 033 - SOO0 e
T E20 « Bocopal -

() crmacs 13 Dusemvmcess
& (1-sma) e w %._% (T3 ¢02) = 1264 % o~

Eg. {1-2%): &y« %;,_ %.(r,_w; Ju-IM2 2 x 07

EQ. (1-53): &= -%-ﬁ-- %L"i*’ R = -334.6 x 10

T.6-3 l

Traaxia, STREas
Gy - BSD x0T B x-S xS
€5 ~6S 0"
Ga Ben, E®i4 o000 kal
() pcama srmesses .
.2~ y e &

& L‘l 54.-)‘ £ tl'O)Q.-?.ﬁ)

4 - LOM pai W—
I & simlmr mitr, Ega. (1-64 b andc) give
Ty= ~ Zale pai. U= - Bl pai w—
(b) Mawrm Snear Srweee
T e - 3aAbpal Ty SAbp
T 9:_2-:21 5 OO me: w—

O 0,25

L-Bhe, v Oleyveq)]

T3 ~LOB pai

(&) Commar s Vorss
Eq (1:535)1 @ = €y vy +&, = ~4BO xw*
avV = aol a - 0.0 fod o—
4
(&) Brrses Eicwaa (decrese)
Eq-(1-51a) pa 4 (B€, + 16, + 0362) = 1. 578

U= ,u.a..’ = 7.2 imlo @—

Aa. = A6, = O. Obd2 (A,
Ab = ba, = <0.0033 n.
AL ® CE&z3 -0.00100 In.

C) Crange w Vouosme
Eq: (T-5L) e= 1-20 (e +Tp) v WLIK D"

{r-ln:reasi
. o sdecresia

V= a(abe) » oocepain?  «—
@) , {inerente)
= s B
Eq LT-STa)s * (OLe,» ey rqiee)

= PSS poi
U = ulche) » 549 b

T.6-2 I Trubaa, STRESS
' T+ ~SOM = -A0MG G 36 A
O 250mn b= 1SOwwm, &2 1SOwwa
E> 200 Gia D= 030
(B) MatmOM  SHEfAR  STRITAS,
Gi=s 3 GOG=-40MA. o= -50 MR
T O-'E.g - T.00 MPs @

(b) CrancEs v Dwimison

T-6-4

(@)

(b) Masirvuwn Srecam Sremss,

TR b, STRESS,

€.t ~202B* e w-2B0a"
a= S0 rrn E=eOdl O=0.25

E.pn ~ 2SO IO

m[ﬁt-s})a‘ro (ey+ez )l

= - Sl Gt Ml r——

In o similmr mannar, Ege. (1-54 bard ¢) gue
xfQ= ~S8.88MA. T -38688 M w—

Eg.(1-S4a) e

0;= -38.88 MR 03« -3BAAMFA  G3° -So.cA MA
Tug® S:G . S8S MR w—

£ Cranae i VounE
Eq. (1-585) 2 7c ve v€ = -1i2D x e
AV= et = =140 w3 W—
{decrense)

i nd Edowmrt

() Srmasw Gommeay
Eﬂ-(_l -STa): pa 712 (e » ey 6;_67_)

2 0.0Z128 Ml
Ur pode 3. 41T —

Eg.(1-S3a): &= %_% (T e@) = - 13,007

° - T1.6-5 Tiuax .  Sraass
. (1- =0 0 - a7, _
Eq- (1-53b) &y %i 2 (e ®) 1.0 %10 s Birom: Wy -diSope @i -SMODE
: ; *UA.B v wW* &y ®-Sc2.3 Ko
S R S CALA - 4500 015 o 4
Eg.{1-53x): €,= Ee - % (oy *az)
CONT Eq.\T-53b): ey=%. 2 (Ter %) I COMT
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7.6-5 conTr |

7.6-8 conv: |

Substhube nuverical valuzs and marverges

{c.) STrany EnemaN PEHSITT

T.6-G I Trisna, STreExs

W= -45MFL  O3=-3CMA TG=-Z1MA

€, = ~T740 x 107 €y= ~320 x 107
Fiup X

N T1-53a) €= G _L 03
Q y s B2 (%)

Egq. (1-=3b): ey~ -2 (24 R)
Supatitute marmarcal valillue s and TESFTENGE!

(3.8 %ID“)E = S200 + 1840 © ) g.(1-516): A ku'.‘-m‘wi‘)-‘l (AR AL P
802, 5 CH)E - - 4750 - 210V 2 .
. (e m‘mllﬂr:ﬂ ) Subatthde for o cr‘.,, > andep
Save simultarecvsly Ega. () and (&): - (1-o8pt
E= IO.&ct % 10%pai V= o.8202 M -
w= € = 10.0x 10" pe; W= 1.6 -9 Prass Sprace E=ISKi0pai O e0.34
51-2.1:) T

Lowered in the ccamn +o degth h 10,000
Dismader od=1l.On.

Dem vomber: ¥ = 5.8 biprd

Pressure ¢ 0o = ¥h = 638,000 bfiy = 443\ pai

Eq. (1-59): a.-%_ (1-20) = R4.53 xw*

Ad 3 B = |.O4 2103 (0, #—
(dacremne.)

DEHBMALE oy VoL
Eq.{1-00) a =« 36 = 283.6 x 0™
\ = s.-m-a. g{u)(.}zm-)‘.:.%qm
AV = eV, =k o. AR uvs -_—

= LTS 1
\h- Eq. (1-STe) with oy =0y = Ta =00 ¢

=3 (1=-20)5* = oump
2

U= uv, = 438 ta.-% *—

To~-10 | Srun. Sewems EsuOGR  Ozold
Fydroatatic., Tressurs @ & = D004,
d.-%.‘i:o.m

Eg (1-60) e= .'.w:»é'n -zo)

a € = o0 M

L0 -20)

Presaors £ = TOOMPR, wt—

(6) Youse Mecuie o Ecssvicoy
. (T-6>): K*& o Joomm

=\15 G -—

T =

L d

(c.) Srmand EomRoy
A% ISD e A= 15 parma
Facn Eg. (7-51L) wit ope gy =gy =

= .ﬁ_{.\%é.ﬁh‘.‘g 1. 40 MEn
V'e. ﬁnl‘s

Us uVo = 24707 -—

= 1T 210 *wd

(~740 x WC)E= ~45 + 51D oy (&=
(-220%xw0™)E=-36+606? z), )
Bolae Sirubrorecusy eqlﬁ‘ﬁ-ﬂd 2):
E= 3cco MPa = 30 GFa 0 =0.40
= _E _ - 5.0 cfh -—
L0 -20)
- LRBupgss ciowpER - F
| 7.1 ] 2 %= £
b
?I
Q= -p Op= —9
‘.‘- ﬁl_- =]
(= =
Bq (1-53a) & G- 2 (®e%)
or 02 ep=-1 &E. _p)
2awe forpr P= .I_ )
(%) Snemrerusa: o o
Eq O-53%): &= B - 2 (rs)
PRSSEN . -.._‘?... =
£ .2 2
Subatihce for  and simphily
(r0)(- Z.OI
€4 ."E" = “o\f (Posrtive meAns
increnge train)
&= -elL L+ = Shorienitg) canitin § means
E= _]_( Shertening of the
0_1)) Hhber cyiinder)
1.6"5 l y'- ‘lpr—-u-l. M-\-p P 3
RE
s
Te-p We-p Gx=O k= Boc oF RABER
€= O €4y#0 €Ezéo
(=)

ey, Flosgton®
Eg(1-53a) €= G -2 (oy+%2)

og O =-p-V(f) & PzoOp
() Dusermervens
q. (1-2L): e= ‘_‘EZQ.[T-L*‘N %)

21229 (-p-n)
Subatrhide for o
Qo) -20)8y o
E

as _

[ CONT.

7.6~ | Brouze SerapsE K4S 20%@
L= 12, cooes
%]
- (1) 6= 5 (1 -20)
-6V K= E
e ¢ ) EC-20)

Comiming. Eguations e,-sﬂi.=2:h.uo"" -
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T-6 =11 CONT J

NET VOUOME CHANGE.
Eg: (-2} 2av o= 228 x 107" 44—
¥

Strrnd Eeay DaEsmiry

€Q- (1-516): with I, 2 T =T 7T
P‘m—‘s . ": o 5‘
2E 21K
a 4.87 pai w@—

T.-12 l

Cuse oF Macsumsiom . b= 100 ww
LOWERET (aTD. TWE GeEA: O 0.0 rew
E-4Safs O=0.% ¥=io.0 WL

) Dermi A e TWE oceass

Braait &, OSIBmv, o 180 xiT¢
1O v, -

| p=2l.0oMPa
PS"A <. d-.a - M
¥ 0.0 e
= 2100w, w-—
(6) Denwrss 1w Twrosiry
£g (1-eo) a= e,
Tucrmsas in Yolise: OV = aVy = e
Drabiml  Volumes W
Finml Volumez VYV, JeNs
= N (- 3ey)
M= mads of aprers
Titia) darminy: % B

Fed denih R oEey

= S (o) = 005405 % —
1-3e.

Freom By, (T-9): 0;21%62'5 2 TToMPs,

Fhrcant ncrasse on sansihy - kﬂ;‘_"-_) 1
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LTI I PLATE IN BIAXIAL STRESS

<
7t
¢ =
Ay €3
o

%

®

$= ARCTAN L}— =26.57"°

L‘_ﬁ‘d;t-ral_‘ = B. 144 |N.

(&) INCREASE IN LENSTH

L= s0 N
A = 40 N
€= 185 X107
€& ==125%107¢

Yae= 0

OF DIAGONML

(h) CHANGE 1n ANGLE ¢

(£) CHANGE IN ANGLE ¢

THAT ¢ DECREASES.

AV =128 X10°° RAD (INCREMSE)

f,.:—éiﬂ—i--‘l‘z;f'-coszoq--f“—‘f SiN 26

2

FOR & =¢=246.57" &, =130.18 X107
ﬁd.‘e:.l.iﬂ' 0.0011 T IN.

Ea. (1-68): oK =-(éu-&)SIN B COSE =K, SiNte

FOR Omgp= 26.57": A= =1268.0 X10° RAD
MINUS S16N MEANS LINE Od ROTATES
CLOCKWISE (ANGLE ¢ DECREASES).

Ad= 128 X 10° rao (DECREASE)

ANGLE ¥ INCREARSES THE SAME AMOUNT

-—

—

T77-3 | SQUARE PLATE IN BIAXIAL STRESS

rr T‘; A= 12,0 ipn
= d
ty=421 X107
o <6
X e | —» €, =113 X 10
> (4 'F——'K g=as” Yy =0

T Ly = A2 = 16,971

(@) INCREASE (N LENGTH OF DIAGONAL

b, = S8 “‘T'Qc.os 20 + -!.a"—" SIN 20
FOR & =¢ = 45" &= 270 %107
Ad =€xly= 0.00458 IN. -—

(k) CHANGE 1N ANGLE ¢
EQ. (T-68): ot ==(éx=6éy)SIN B COSO -, SIN'®

FOR Omg= 4S5°: am =157 x10® RAD
MINUS 516N MEANS LINE od ROTATES
CLOCKWISE (ANGLE & DECREASES).

A$= 157 x 10 rav (DFfcrease) -—

(£) SHEAR STRAIN BETWEEN DIAGONALS

Ea. (T-Td): % =— 6"2"* SIN 20 + -g‘_l! cos zo

FOR O=¢ =45": gy, =% X 107% RAD
(MEGATIVE STRAIN MKANS ANGLE ©ed 1, CREASES)
¥=—314 X107 RraAD -—

27-2 | pLaTE IN BIAXIAL STRESS

e 15 -

y -
A

‘~2

o x

P=ARCTAN —i—: 20.56"

Ly= YA +R* = 170.88 MM

=160 M

A= g0 RN
€x=410 X140
€y ==320%107%

Yee= 0

(&) INCREASE IN LENGTH OF DIAGONAL

Ad = €&y, Ly = 0.054n
(&) CRANGE IN ANGLE ¢

{£) CHANGE IN ANGLE ¥

THAT ¢ DECREASES,

6'15%&4.!2&'1(_931.4-% S5IN 20

FOR @ =¢ = 20.56" €x, = 310,97 X107

mnn s

£a.(71-68)t ok =—(éx-6y)SIN B COSO K, 51N

FOR Omghn 20.56¢": o= ~=240.0 X100 * RAD
MINVS SI6N MEANS LINE od ROTATES
cLockWISE (ANGLE ¢ DECREASES).

Ad =240 X107 aaD (DEcCREASE) -——

ANGLE ¥ INCREARSES THE SAME AMOUNT

AV =240X%X10"" RAD (INCRERSE) <—

T7~4 l SQUARE PLATE IN BIAXIAL STRESS

Ea.(1-nk): i-v‘;_'ﬁ =8 s v2e 4 -%“1 cos 26

l7 1¢ A=225 mnm

P 4

€x=845% 107

e |—* & =21 x10°°

° ; F__, g=as* Y, =0
A Lg =42 = 218.2 MM

(2) INCREASE |IN LENGTH OF DIASONAL

G:.:.'=-£"§J'-'--‘--"--l-ﬁ:-gl.f.os:-.ur«hE SiN 20
2z i 3
FOR 6=¢=457: €x,= 528 %107
ﬁd-“émL(S 0.168 MM P S—

(k) CHANGE IN ANGLE &

£a.(7-6¢8): ok ==(éx-6y)SWW O COSO-L, SiNtD

FOR O=gp=45% “a= —-317 x10* Rap
MINUS SI6N MEANS LINE od ROTATES
CLOCKRWISE (ANGLE ¢ DECREASES).

Ad= 317 X 10°° rRav (PFcREASE) @*—

() SHEAR STRAIN BETWEEN DIAGONALS

2

FOR 8 =9 =45° ¥y, = =534 X 10°® RAD

(NEGATIVE STRAIN MEANS !hﬂsluf m lHG‘Eﬁ‘s)
Y=—634 X10™® RAD P
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T.7=-3 | 1= 7

ELEMENT IN PLANE STRAIN ELEMENT IN PLANE STRAIN
-
€ =220x10° £, =480x10°° 7, =180x10°° £, =480x10° £, =140x10°  y, =-350x10
&, -%fl’--» -’%ft.ooszsq--’—;lunzs Principal strains
2
Z’!éﬂ...."'_;flgn29+lg.ng m-f’%cf-tJ[e"—;z-] +[%z-]z-310x10":l:244x10"‘
gy, =8y +Ey &y & =554x10"% o‘.-ssxlo"
S [ S
gy, =481X10° 3, =225x10° g, =239x107® 26, =-45.8° and 134.2°

0, =-22.9° and 67.1°

For 6, = -22.9°:
e +e, -
% &, -'—27—4-&'—;1006284-%?-&29-554“0"
56y ==22.9°  £=554x10"" -
6y, =67.7 £, =66x10"* -
239 x 10'6‘\

7.7-6 |

ELEMENT IN PLANE STRAIN

£, =420x10° £, =-170%10"* ¥, =310x10°®
£, =220+ 2T 00s26+ T2 sin20

Tx '_Cx"g Q_ - 4 e
—IIEI-2 -—-1’-2 gin20+ 2 c0826 .Znén.- _"_2_2.] .,(L;t] =244x10°8
8y, =Ex+8 8y,

Vi = 488x107°
For 6 = 37.5°; 6y =0, —45°=—67.9°OF 12T Yppe =488x10°°
£, =351x10°° 3, =—490x10% £, =-101x10 | 0, =6, +90°=22.F  yq, =—488x107° -

Ep ¥
s...zééff-namxw"

¥y
N

‘):%310:‘104
h..)/‘l

I,.r\ V;lox 106
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1.7-8 |

ELEMENT IN PLANE STRAIN

£ =120x10° £, =—450x10°  y, =-360x107®
Principal strains
2 2
Ey +£ Ey— &
= '2 ':« "z ’] +(Z¥]
=-165x10"%£337x10°®
g =172x10% ¢, =-502x107*
tan28, =—12— = -0.6316
Ex =&y,
26,=327.7° and 147.7°
For 6, = 163.9°:
., -"'—;'-‘l+f!-;—‘£-ooszs+-’-'21unzo-172x1o*
28y =1639°  g=172x10"* -
8p, =73.9° £g=-502#10" -~

172 x 10-%

e, -, ¥ Y
o5 e

Ymmx = 6741078
6y, = 6, —45°=118.9°

0,, =6, ~60°=28.9°
Come =L = 165 X10°8

7,,--574:-:10" o
Ymin = —674x10°%

77-9 ]

ELEMENT IN PLANE STRAIN
£, =480x107% £, =70x10° 7, =420x10"°

Ey = e‘_"L.p“_-‘Lm;gg... hdnzo

=72 2 2
I'-éh--"—;’l’-dnzwlz’!’—mza

2y, =y + £y =&,

For @ =75°:

e, =202x10°% £, =348x10°%

Yry, =—569%107%

3 z
_&xte &, —& Ty
i GOy

=275x107%+203x107®
£=568x10°% g =-18x10"®

126, = —17— =1.0244
‘x_zr
29,=45.60° and 225.68°
9,=22.85° and 112.85°

FotO,-&&S‘:
!,+£ l"-—‘ 3:,!. £
t,,-—"-z +——f-2 cos20+ > §in26 =568x10
£ =568x10"° -~

e ap' =22.8°
8, =1128° g =-18x10"* -

N
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T.77-9 CON 1-__]

Meximum shear strains
1?_{‘:_;‘1]2 +(121]2 =293x10°
Yimax = 587 x 1078

6,, = 6, —45°=-22.2°0r 157.8°
By, = By, +90°=67.8° Yoo =-587x107°

%:27&10“‘

Cover =

Ymax = 5871078

—

7.7-10 CONT.|

26,=1315° and 3115°
6,=65.7° and 155.7°

Principal strains
2 2
_Extey Ex—&y Ty
=3 *J[ z ).
=-775x107% £521x10°®
§=-254x10"% £, =-1296
1an26, = —2%— = _11304
x-tr

2

x10°®

For §, =65.7°:
z,'-%&+£'—;—elcoszo+1‘2‘lsinzs--254ﬂo“
1 58, =857 g =-254x10"° -
; 6, =155.7° £, =-1296x10"° -
E y
r-—mxl&‘f. F3 *1
17=- 1O
ELEMENT IN PLANE STRAIN
g, =-1120x10° ¢, =—430x10*  y, =780x10"%
ex, --‘-‘-5;—8742-;—‘25-000291-121“28
7x, - Fx=8 7 i 2 2
- -—-‘-’-2 dnzo-r%mzs Iﬂzn- 3323!] 4.[!?.] - 5215108
;-"us,-rs,-s,'
Ymax = 1041%107%
For @ = 45°; 8, =8, —45°=20.7°  Ymu =1041x107% —
£, =-385x10%  y,  =690x10® ¢, =-1165x10"* By, = 0, +90°=110.7" 7 =-1041x10°  «
c.,.-—""‘—;'—‘L=—775x10-'
y

y=1041 x 106

0




-1t
STEEL PLATE IN BIAXIAL STRESS
o, = 18,000 psi Yy =0 Gy = ?
E=30x108psi  vae0.30

Straingage: ¢=30° g=407x10°%
Units: Al siresses in psi.
Strains In blaxial stress (Egs. 7-39)

,x=%(o,-m,)-—-ﬁg(1aooo 03c,) (1

1
g, ==(0,-vo, )= —'?6'5'("? —5400) (2)
er=—F(onray) = (18.000+0,)  (3)
Strains at angle ¢ = 30° (Eq. 7=71a)
-ﬁi %ﬁmszaa;%smze

s.(13 1 AR }
40710 ( ZXW 12,600+0.79, )

1 1 Y : -
+[EX——;30”0 )(m.mo—tac,)cosw

Solvefora,: o, =2400 psi {(4)
Maximum in-plane shear stress

(B )y = 2222 = 7500 psi -
Strains from Egs. (1), (2), and (3)
6, =576x10"% £, =-100x10"% £ =-204x10°®

Maximum shear strains (Eq. 7-75)
{¥m) (=2, ¥ (7 ¥
: e N IX X}y L
Xy plane: > ( 3 ) +( 3 )

V=0 (Vmx),, =676x10° -
.(7‘)_48—’82-)/:2
plnar Stz (%)
Tz =0 (Ymax)y =780%10°8 -
. b’"’”ly: £y~ 2 Y 2
72=0  (Yma),, =104%10°¢ —

-r.':-tz‘] '

ALUMINUM PLATE IN BIAXIAL STRESS
gy =86.4 MPa ry=0 0,=?
E=72GPa vel1/3
Siraingage: ¢=21° £=546x10"%
Linits:  All stresses in MPa.
Sirains in biaxial stress (Eqs. 7-39)

& =%("*"WY) 72()00(864 ')» 0
ey = E(0r = vor)= 7555 (0 ~285) @
& =-2{ac+0,)=- 7;’;0 (86.4+a,) (3)

Strains at angle ¢ = 21° (Eq. 7-71a)

f%fl f”——Lcoszei-—’lsinze

8 _
846 x 10 )(72 OOOIST 6+—o‘,

1 1
+( In,ooo)("s‘a —o,)cos42°

Solve for o, = 21,55 MPa {4)
Maximum in-plane shear stress
ay ~ 0,
(rm)xra—"‘?i=324 MPa -~
Strains from Eqs. (1), (2), and (3)
£, =1100x10° £, =-101x10% g, =-500x10-8

Maximum shear strains (Eq. 7-75)

xy plane: (""‘;)xr= Kex;g)z(% )z

Yy =0 (7m);y =1200x1078 “—
(Foadyr _ Wer~e ¥ (1)
= (Y
xz plane: > (™3 ) +[ > )
Y =0 (Ytnu)n = 1600x 107 A
(anu) £, ~£. 2"7 ¥
. 7 Wtz (Y
o T [522 ) 2)
Tre=0  (fmar), =399x107% ~
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T7-13 I

7.7-13 cont. |

ELEMENT IN PLANE STRESS
o, =~8400 psi o) =1100 psi Ty ==1700 psi
E =10,000 ksi v=0.33

Hooke's law (Egs. 7-34 and 7-35)
1 -5
z.--E-(d,—-w,)--sm.SxID

1
e =-E(o,-w,)=337.2x10"
T, 2t,(1+ v
o g-_élz.._“%_}=_452_2x1o-‘

For @ = 30°;
&, -%‘h-’i-;—'imzwzg-mza- -756x107%

"—’zﬁ. --‘-'-;—‘lsmzm-’ir-cosza:mnu"

Yay, = 868x10°%
ey, =L, +2, -, =267%x107°

Maximum shear strains
M-J(ﬂ]z.p[l‘l]z =671x10°8
2 2 2
Vs = 1342x1078
By = O ~45°=54.8° 7o, =1342x10° «
By, = 0, +90°=144.8° Y =-1342x10°¢

g,,_gf!-;lfr.--aﬁno*

=-245x 1078 +671x10°°
g =426x10° g =-916x10"*

tan26, = —%— = 0.3579
e -2
20,=19.7° and 199.7°
6,=9.8" and 99.8°
For 6, =9.8°
£, -51;_‘L+-‘"—;‘Lm29+3'-2‘1ﬁn29=-916x10-‘

£y "26)‘104
£ =-916x10°®

%0, =99.8° -

=0.8° —

6p,

26x106°F

‘;1::: 106

|CONT’-

T.7-14 I
ELEMENT IN PLANE STRESS

oy=-150MPa o,=—210MPa 7, =-16 MPa
E =100 GPa v=0.34
Hooke's law (Eqs. 7-34 and 7-35)

& = %(o, ~vo, )=-786x107"

& s-—;—(o’ - v, ) =-1500x107%

Yoy =%=§yg;‘°-_429x10-‘

For@=50°:
&y, -"—;‘h-i;—’f-mzm%ldnzoa -1469x10°8
¥x E

L= --*—;-flsin20+ Izimsze =-358.5%107%

Yay, = ~717x10°%
&), = £ +£, £, =-907%10°

-~

y %4697“0-6
50°

1
< i)
mxm}%\ /

AL
s“;.:'. ':
y=-7117x10%6 O

Yy
1

| CONT.
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T.7-14 conT. | — TS |

Principal strains

45° STRAIN ROSETTE

£4=520%10®  £5=360x10"  gc==80x10"®
F] 3 - a
- E+&) i{e’ fs,) +[L‘L) F:-'romvKs. (7-77) and (7-78) of Example 7-8;

2 2 2 & =€4=520x10° £ =£=-80%10"°
T - 8 4 2l
1188 x10 i456x10 rx,-.=283~£‘-5c=280>(10-6
§=-732x108 £, =-1644x10°° Principal strains
Y -
tan26, =—2 _=_0.5333 Y 2 .
P ety | PS4 :in —5'2") +(ﬁ‘i’-) = 220% 1078 £ 331 10°%
26,=1519° and 3319° 2 2
0,=76.0° and 166.0° 81'551')610_6 82=--‘1‘|1>(10'_s
For 8, =76.0°: 1an24, = Yo 0.4657
&y +2 gx.'_g S o s v Ex —&
=gt 500520+ 2-5in20 = <1644 x10 20,=25.0° and 205.0°
5B, =166.0° £ =-732x1078 - Gp=12.5° and 102.5°
O, =76.0°  £p=-1644x10"° - For 8, =12.5%

Ecte, Ex—E Yoy o gt e
e,'-—-2—+ 5 C0828+ 2 Sin28 =551x10
a8, =125° £ =551x10"C -

v By, =102.5° g =-141x10° -
\-/ L 1Y
732 10-6 X
Hixi
Maximum shear strains * MT 1
2 Y4
Yoax . [[E2=5r ) { Y2 ] -as5x10°® :
2 2 2 O X
12.5°  551%10°6

Yman = 911x10°8
Oy, = 0p, ~45°=121L0°  yuup =H1x10°

L Maxi hear straing
0,, = 8, —90°=310° Yinin =—911x10°% —“"‘!L"i-—-;'— ;
. ) Yenax _ f Ex —& ¥, Y 8
g.m:i‘_;lfL:-ﬂQOxw"» T‘W-J(-TL) +(—;L] =331%10
541 ym=662;x10"
\ 6, =0, ~45°=-325°0r 147.5°  fpp =662510°%
1190 % 10-63/* 8y, =8, +90°=57.5° g =-662x1078 -
" 4 ) : //xl' 2’4-5 P
- » e.,,.,m--é-l’-zzzoxw
_Amlmxlﬁ

=911 %106 o

(31 _0¢ x
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T7-16 I - 17 I

45° STRAIN ROSETTE
£a=310x10"° g5 =180x10% g, =-160x10" CHCALARBAR FHANE CTRest)
From Eqs. (7-77) and (7 -78) of Example 7-8: Bar is subjected to a torque T and an axdal force P.
£, =£4=310x10% ¢, =g =-160x10"* E=30x10°psi ve0.20 Diameterd = 1.5in.
Yuy =225 - €4~ £¢ = 210X10°° Straingages A16=0% g4=£, =100x10"®
Principal strains At9=45° gg=-55x10"
& +E e ~6, ¥ (7o Y
312=_2£3 _2L] +[_g.) =75%x10"% +257 %1078 Element in plane siress
P 4P o 167
£ =332x10" g =-182x10"° At Y o
Wi2ﬂ,-—!£--0.4466 z,-lonmo“ cyﬂ—w,=-29x10“.
&~y Axal force P
29, =24.7" and 204.% aP e
-aJ-- —L =
6,=12.0° and 102.0° G=FRfE =T 00k «
For 6, =12.0% Shear strain
+£ - _ Ty 215 (1+v)  32T(1+¥)
s.,-"—21'-+i‘?‘elms29+1213m29=332x10" ) 7#"_;-:“ :’E e
50, =120° £=332x107° @ =—{0.1298x10°)7 (T =b-in)
8, =102.0° £, =-182x107® -
Strain at §=45°
&, =ﬁ'¥1+f€ft-mzs+!—2¥-mzo )

z,l=£3=—55x10" 26=580°
Substitute numerical values into Eq. (1):
-55x107% = 35.5x107® -(o.os4sxw4)r

Solve for T: T =1390 Ib-in. -
Maximum shear strain and maximum shear stress

Yuy =~(0.1298x10¢ )7 =~180.4x 10" rad

Maximum shear straing
o o wom e[ ] e
% : * Yrmax = 222X107% rad -
Yimax = 516%1078 . Tonax = O = 2580 psi “
8, =6, —45°=-33.0°0r 147.0° Yy =515x10°
6,, = 6, +90°=57.0° Yonin = =515x10°% —

g_,,,.f'_;_‘l’-ﬂsxw“‘

o
y=-515 x 10-6
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7.7-18 l

CANTILEVER BEAM (PLANE STRESS)

Beam lbaded by a force P acting at an angle a.
E =200 GPa vel/3 be25mm H= 100 mm
Axial force F = Psina Shear force V=Pcosa
{At the neutral axis, the bending moment produces
no stresses.)
Straingages At@=0° g4=g,=125x10"°
At9=60° eg=-375x10""

Element in plane stress

F _Psina 3V __3Pcosa
ey A e
& »126x10* g, =-ve, =—4167x107*
Hooke's law
£ =S PONE o= bhEE, =62,500N (1)

Sy __3Pcosa_ 3(i+v)Pcoscx

Ty =G = Zoha DhE
=—{(8.0x10*)Pcosa @)
For@=60°;

&, -5‘%52 +%ﬁmze+z§-dnze (3)

e, =25 =-375x10" 26=120°
Substitute into Eq. (3}
~375x10™® = 4167 x107° - 41.67 x10°°
~(3.464x10*)Poosa

of Pcosa=108,260 N {4)

Soive Eqs. (1) and (4):
tana =0.5773
P =125 kN

a=30°

Tt

T.71= 'q

CANTILEVER BEAM (PLANE STRESS)

Bsam kaded by a force P acting at an angls a.
E=60x10%ps ve035 b= 10in
Axial forcs F = Psina Shear force V =Pcosa
{At the neutral axis, the bending moment producas
no stresses.)
Straingages At9=0" e4=g,=171x10"*
At@=75 e£5=-266x10""

Element in plane stress

F _Psina
d’,-c—- H'

£, =171x107%

r, v _3FPcosa
o 2A 2bh
2, =—ve, = -59.85x107

o, =0

Hooke's law
_9y _ Psina
Fx BhE
3Pcosa _ _3(i+v)Pcosa
2bhG bhE

=-{225.0x10°)Pcosa

Psina =bhEe, =3078 1 (1)

E
T,

(2

For 8=75°:

£y, -"—;zl+£"-;-—sf~m29+%ldn20

Ey, = £g =266 x10°®
Substitute into Eq. (3):
—266x107% = 55.575x107® -99.961x107®
-(s6.25x10®)Pcosa
or Pcosa=3939.8 b

(3)
26=150°

(4)

Solva Egs. (1) and (4):
tana =0.7813
P =5000 b

o =238°

T

h = 30in
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7.7-20 I

DELTA ROSETTE (60° STRAIN ROSETTE)

Strain gages Gage Aat8=0° Strain =g,
Gage Bat 6=60° Strain =£g
Gage Cat #=120° Strain = &;

‘For@=0% g,=24 -

For 6=860%;

e~ L4 22 co0s 20+ 22 sin2e

25 .‘_":2’34‘4;—‘Ltmtzo')+-’l;lwnm*)

i A

For § =120°:
5, -53-;1+f3-;j'-w328+%z-ﬁ120

e -"—;"L+‘*‘—;fl(mw1+-"-;l(m2w1

7.7-21 CoNT.|

Principel strains ;
e+t f(e-6 Y (o)
fp=—5 Lt "21] +(—;l] =650x107*£900x10°¢
£=1550x10° g =-250x10°%
n26, =— 2 =3=17321 20,=60° 6,=30°
E"_t’

For 8, = 30°:
e, =22+ 22 o082+ 12 sin20 = 15501078
56 =30° £=1550%10" -
-~

6p, =120° £ ==250x10°°

I CONT.

,c-ffdiz-l'a‘ﬁ @)
Solve Egs. (1) and (2
1
g, =3 (2e9+25c-24) «
2
Yy == -2c) -
i '-‘E( Principal stresses (see Eqs. 7-36)
0'1-1—_%(&4'\'2:) ﬂz'ﬁz(!z“’ﬂl)
Substiuie numerical values:
11-21 0, =10,000psi 0 =2,000 psi P
30-60-90° STRAIN ROSETTE
Magnesiumalloy: £ = 6000 ksl v=0.35
Stmingages  Gage Aat@=0°  g,=1100x107*
Gage BatG=90° &5 =200x10"%
Gage Cat 8=150° gp=200x10"®
For@=0%  &y=e4=1100x10"%
For8=90" &, =£5=200x10""
For 8=150°;
& =2 =5£¥L+"—;-‘Loos20+1;lmzo
200x107® =650x 107 +226x 10" -0.43301y,,,
Soive for 74y 7y =1558.9x107*
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17-22]

Pure glumimin: E=70GPa  v=0.33
Steain guges Guge At #=0"  £4=1100x10%
Gage 8atH=40° gg =1496x10°
v Qago Cat8=140° g =-39.44x107°
For@=0% &, =g =1100x30"%
o 4oe:
=s'—'f;—£’-+i;—sleosze+lzlsin29

40-40-100° STRAIN ROSETTE

le
Substitute gy, = £5 =1496 x10™ and £, =1100x107%;
then simplify and rearrange:
0.41318¢, +0.492407,), = 850.49 %107 2]
For §=140°;
' =E;—.el-+£’%slcos2e+lzlsin28
Substitule £, = &g = ~38.44x10°% and ¢, = 1100x10°%;
then simplify and rearrange:

0.41318¢, ~0.492407,, =-684.95x10°¢ @
‘Solve Egs. (1) and (2):
£ =200.3x107% ¢, =1550.2x10°°

Hookg'slew o, =j‘£2-(8,+ vey)= 916 MPa &

177-23 CoONT |

1.7-23]

ELEMENT IN PLANE STRAIN

Tay =180%107%

£, =20x10% £, =480x10"¢

-"—;"-.=90x_10*° §=50°

R= {130 x10°8] +{90%108)" =158.11x10°8

a:am%=34._7o° B = 180° - 26 = 45.30°

Point C; £xy =350%10°°

~ Point D{9=50°) &, = 350x107° ¢ Acosf = 461%10°°

Tt = Reinp=1124x10% 7, =226x10°8

Point D (§=140%): &,, =350x10"%~Rcosf = 239 %107

Ler o _Reinp=-1124x10% 1, =-225x10°¢




[ 7.7-24| [7.7-25]
ELEMENT IN PLANE STRAIN ELEMENT IN PLANE STRAIN

£, =4B0x10®% g, =140x10"" -350x10°%
e, =420x107* £, =-170x10% 7, =310x10"® ) " Togp = SRR

Yy o 475107
!?'155,‘10-‘ 9=37.5° 2
o m
< 170 > << . >

>
b
\@
8
3
175
=

B
(8=90" \
2
295
0

o 170 c &,
o
= /R
B
4 (0=90°
¢ 140
Tan
2
R={(175x105)} +(170x10)° = 243.98x 10"
—8\? - -4
n--{(zss:no ) +{185%10 ]zuaaa.zuw 175
155 a=mm=45.83°
a=arctan_—=21.72°  f=20-a=47.28° PG o =3I0iod
Point C; ¢, =125x107°
Principal strains
Point D (6= 37.5°k: &, =125x10"° +Rcosf=351x10"% 26,, =180°-a =134.2° 8, =67.1°

20, =26, +180°=314.2° @, =157.7
Point P;: £, =310x10% + A =554x10"%
Point Pp: & =310x10° -8 =66x10"%

!izﬂ--asinp-~2u.ax1o" Trg, = —490x107¢

Poim 0’ (#=127.5°): ¢,, =125x107"~Rcosf=-101x10"%

L';‘--Rslnﬂ=2“-8x10" Yry, = 490x10°*

y

oG ==
5
101x106’\‘ :

y=-490x106 O

x

13



7.7-25 conT, |

Maximym shear straing

26,, =90°-a=44.17°
26,, = 26,, +180°= 224.17°
POINt Sy:  Eqpee = 310107~
POt Sy Epyer = 310x10°8

y

-

N

310 x 10-6
4.11
LS

7726 CQH?._T

6, =22.1°
8, =112.1

Ymax = 2R =488x1078
Yo =-488x10~%

< i
“
b ..’/i:
7__433,"0-6‘\ i ,Av;l‘)xlﬂ"
0 \22'10 x
T.7-26 I
ELEMENT IN PLANE STRAIN
£, =120x10° £, =-450x10°  y, =-360x10"®
z21=—1m::10"
<25
st
26, \
2 A(6=0)
R
o I8
/ 165 | 120 Py
285 Z C o &,
2
B
(@ =90
St
< - >
Tan
g

a-m%-&%‘

Point C; e, =-165x10"0

A=(285x10)’ +{180x10-¢" =337.08x10¢

]CQNT-

Principal strains
26, =180°~a =147.72° by, =73.9°
26, =26, +180°=327.72° 6, =1639°

Point P;: £ =R-165x10® =172x10°¢
Point Py £ =-165x10% - A =-502x10-%

26,, =90°-a=57.72° 6,, =28.9°

26, =26, +180°=237.72° @, =118.9°

POIN Sy:  Epyee =—165%10% 3., =2R=674x10"*
Poim Sy Epyee =—165%10% .., =-674x107°

214




27 ELEMENT IN PLANE STRAIN

gx-CSOx‘lO"' a’—?ox'm" yv-mx‘lO"'

lg--mxm*

8=75°

e
Tan
2

R--'@Exm")a +(210x10)" =293.47x 1078
c-m”ﬁf-mw

Poit C; &, =275x10°®

B =a+180°-26="75.69°

Point D (8=75°): &, =275x10"%-Rcosf=202x107*

%h-_nunp.-m.asx:ﬁ Yoy, =-569x10°

Point D’ (9= 165°): &, =275x10°% + Acosp=348x10*

Y - Bsing =284.36x10

2 = 7‘-‘" 3559810-.

348 x 106 y

Hed J

: ?.. 202 x 108

75°

7.7-27 CONT.|

Principal strains
26, = a=45.69° 6,,
20, =20, +180°=225.69°

=22.8°

8, =112.8°

Point Py: & =275x10"%+R=568x10"®
Point Pp: £, =275x107° -R=-18x107*

26,, =90°+a=135.69° 6,, =67.8°
28, =26,, +180°= 315.69° 8, =157.8°

POIM Syt Eper =275%10°% 70 =2R=587x10"
POIM Spi  Epper =275X107°  in = -587%10°°




7.7-28| 7.1-28 coNT |

ELEMENT IN PLANE STRAIN Principal strains
£, =-1120x10® ¢, =—430x10*  y, =780x10"® 26p, = 180" = 13150 O =807
5 nooiin®  pass 26,, =20, +180°=31150°  §, =155.7*
2 Point P: g =~775x10"% + A=-254x10"%

Point P;: e =-775x10° R =-1296x10"%

y

£

Maximum shear straing .
26, =90°-a=4150° 8,, =20.7°

20,, =26, +180°=221.50° 6, =110.7°
Point Sy:  Layee ==775x1078  youp = 2R =1041x107%
POINt 80 qpee ==775%107% 3.0 ==1041x10°¢

A= [(345x104)’ +(390x10%)" =520.70x10"%
c-m%-mw B =180°-a-20 = 41.50°
PoimtC: e, =-775%107%

Point D (8=45°): &, =-775x10" +Rcosf = -385x10°
B = Rsing = 345x10° 7, = 6901078

Point D’ (0 = 135°% &, =-775x10"° —Acosf=-1165x10"
7
—52‘!'---Hslnﬂ--345x10" Yxy, =—690x107°

Y — END OF CHAPTER T —

\y_f':'

1165 x 106

3 B

'}"‘WK)O“ 0 x




82-5 CONT. |

Séen‘g! tank ) - - 2.q)
M = r:@wsw- m-m:-m—w - - a1 .
I';te:'z]prgsmg p= sg'oop" N €, h (1-v) wu-ﬂ"’j} 0.564 «——

[82-6 |

Sphers with brite coat

- e .‘?,m'"“‘ 5-2330 GPa. [stee])
: =i0mm =

t= %3}. -3.6? " - Cthcksoccur::{>6m=2wtl0"

Use next highest ¥ inch: touq=315 in4+— From €4.(84) €max= BE 0-)

< 2k
Sh:['::“:k Croas-Section P Z.'t_h_fw
‘Radits: r= 8m = 2010 < Al = 3.90 Mfp, *—
Internal pressu@: p= 3.0 MR ¥ —ﬁ%--'o% 4 P

Yield stress: oy = 490 Mfa
Factor of safety: = 2.5 18:2-7 |

wall 58 (6 walled f‘:l!l%in. E = 3 10%si

a el t=2in. =029
: = 2600 pSi

t= B = .6L2mm (a) Tepsile lgd?m%! P:, ad

Use next highest mm: tp,=62mm ¢—— T= total load =

load per inch
T=phA = pllira) Csdnm#:u.m of tank = 21

ﬂ%" Hemispharical Viewport f=f= LAY = pr. OMWesdi2hin) = 300 kyine—
%a.dius: ;'=l ;'.3:;' by Max; | I in wall (5q.8-3)
nternal pressure: = N
& Wall thickness:  t=1L0in. T = ﬂ::izw- T500 psi ¢—

18 bolts

- S =T-pA=0 T=Total tensile (¢) Maximum nocmial Stroin in wall (Eq.8-4)
Foex- 8001 DG jm'lrzﬁ'l?lz plwrs) freainibbie e =071 = O 020 = 3442107

% 8.2-8 | | ieided tank

(6 seam = GOO MM E= 210 R

+= 50 mm =029
P = 20 MPa.

B.2-4 - Woh) ‘ @hﬁlﬁnd_m?i_hﬁsﬂ
: Rubber Ball Ie :?it:‘nptlrrl) = er

inch
C= Circumference of tank =207

Radius: =04 mm
Internal : t:?gk;:\n {=%=.ﬁg¥)=%:‘ﬂ%§a=‘_om¢_

Cruas-Secton
O™ B = (B0 POty = 3 47 Mfu 4—

Masimum Strain (Eq-8-4)
e =BT 0¥) = LSBT (1-0.45) = A5 4—
: E= 30210 pei
r A Va {2).%53
m; r= 4-]0 .']. ' - n= 2.
Internal pressure:  P» 12 pSi 3 e = 1000 X10°¢
Vall ihicknesgs &= 0.046 in. " Minimum thickpess for:
Madulus of elasticity: E= Boppsi ¥ TB-1) Ou® ﬁ
Poigson's ratio: Vva 245 or 3 = 0.736in
. - 200 zﬁh‘) 240, 75 .
i = §— (ZJM&Q- To™ £
SO [conT. " CONT.
3

7



[8:2-9 CONT. |
= = (3000p5)(8in H2.75) — :
t, =G = PG = 0254 in

(3) Strain (From £q.84)  Epmex = 255 '
t,ﬂz'%:':gtwf}t e V-0.28) =  288in.

Strain governs Singe 45>t and £,28; & £, = 02%in

1©.3-2 |
ot

]

Vertical standpipe
d=2m t=Smm
. Creumbcrent . vng,, = 1 45 = 32MPa (Eg.8-5)
(o) Height h (meters)
Ressure p2¥h ¥= weight densit.

P e k
r=200mm E=1200GP
P=20 MPa V= 0.28
Oy= 950 MPa ~ R=24

T, =450 MPa Ernas = 120021078

O)iension (EQ-B8-0  Opy, = £
=2 :—ﬁ‘—— = (20 M =
4 20 " 25 2(950MA) 5.053 com
(2) Shear (Eq-8-3) Tmu*$5
'1=_‘E;Tﬂ= 20 MPa) (200 2 = 5.333 mm

(3) Strain (Eq.8-4) e Fe -
b= g "zﬁm:;%iﬁ (1-028) = 6.000mn

Strain governs Since ta>t, andt3>t; & tmin= o mae—

of water= .81 N/ 3

g = Yhr o (AN%NB)0m) ~ 32 MPa,
t mm

Solve forh: h316.3m 4+

&) 2&". .-:- 5:’-"'3;’:'_.'1.“\' Rk rﬂn-‘l"‘«b_ doenty
Boaize the t9p ~f tho Svin fe fp, <5ef is D7 iatirnu b o uatne
tEhG e " T T San kel i ng kil granrdinl) s

duc 0 he vatir presaves aldng. STESE @gNlS gefo. e——

(833 ] o

m Half -circular cylinder

rad0ft p=0.5psi
Longitudinal Seam tears open when T=5401/,,
T= tensile force per unit of seam
Find Pactor of safety n against ing,
i igl Sstregs Oir B (Eq.8-5)
T = Gt = pr = @sp)Me 02w =200%, (653))

__H-Z" L Pressurized sphare under water
- r=60in. @=20pa
< t=05in. }’-Jcnsitlofvmw
_ =62.41bsg,
¥y @inair p=20psi
O iair under £ =20psi
d= depth o Water Cin)
2= Ya={s24B3{d = 0.03611d (ps)
ive Stress in tank wall equals

* 100 psi. {Note : O s positive in tension)

4 = .
® T= %'2'2:.2‘)—

. _ {20ps ~0.02611d){6.0in
“i00pei ™ 20509

Sclve for d: d =1015in.= 84.6 f +=—

=&t

%

[83-% ]

Factor of safety o -
= B = 225 +—

Cylindrical pressure vessel
4 = r= Radius
- * o= Inlernal pressure
G=25 (Eg8-5) 3%
3 = ¢r_ F - %
o E-fefdr |
the stresces O] and 03 10‘
Must be qual in magnitude. and opposi !
i Sigh (see, &.4., Fig. 7-1| in Section 13) g =-0

=~ 7o) Shefor F: Fodmprs «—
Rluminum can_

[83-1]
Cylindrical pressore vessel
p=1800psi nN=20 d=6.0in
Q= 42,000 psi Ty = 20,000 psi
%=%=—. 2.000p43 ;n.u"ﬁ-‘ 16000psi
Find required wall thickness t.
} ien ¢ GB) Coas =
‘ 4= F— -%ﬁ = 0.25%n
(2)based on shear (Ey8-10) Twe =5
=2 L O in) -
BTl %ﬁ%—l = 0.2701n.

£5200 E=10m0%s =033
€™ dn':?f. in strain When presswre

is releasad

=170x107¢

* Find internal pressure .
Strain i loagitudingl direction (Eq.8-Ua)
823 ﬁ(*‘h’i

. LE

b€ & =T
Subshitube numerical values

sheargonms since t2>%, &ty = 0270

\

x 0% oss e 0‘* - 3
. a%o u-;.u ' 50 psi +—
8.3-6 | :‘:,,_,m Cylinvieal tank
Z7 Toe= 82 MPa

28



83-6 CONT- | V=030 ‘
n=2 (factorofsafety) Tau=—fh = 41 Mfa

Find maximum allowable strain reading at the gage.

83-10 |

1% =8 =%
From Eq.(8-10):
From Eg. (3-\a)*
\ €= P 0-2v)
= %Ia-zy) = Emy-2v) = %Eldfﬂ-”ﬂ
€™ so- 06—
-———18'3 1 Lylindar with inberel pressurs
duldlin r=0455in.
«—F F=36001b Tyou=6000psi

Find minimom thiddoess tmin.
Prassurs in cylinder: ?-* =
Maximwm sheor stress (Eq.8-10)! ‘-'-'—:"%" 2%rE
Minimumn thickness : tm‘z"g“'m;:
Subshiute numerical Values:

t‘na

15N 6000 psl) DI’DM‘_‘

— Cylindrical tank
R "B d=tZm  r=0bm
G,‘ r \( [ - 'Lﬂ zom Pelm k“.
| i M‘iﬂ_-ezsa:_@t_l
o= _El_; = 2.0 MPag—
in
%l: = zcr., o 54,0 MPe o
(Eq-8-6)
= £T = 270 MPae—
m.ﬁmﬂmma-_m&ﬁ_l
T, = = 13,5 MPo
in cylinder (Eq- 8-10)
T. = ;E - %_z 277.0 MPFPa e
8.3~11 | oyl

o d=iZin Tr=éin. p=320psi

W‘m*w”n (rension)
- Tasow = 3200 ps
weld : q;_,'-"-uuop;.{mao
a) Find mi of cyli
ension: =% (&‘

8.3- we

d=904mm . r=482mm
«F F=426kN Ty, = 50 MR

Find oiniomm thidness tu.,-
Presswre. incylindar: p=f- =
Maxwmam shear stress (Eq. 8-10): T 52 FE
Minimum thidaess : tun =
Substihute numerieal values *

aan

Conig = Tt'ﬁﬁzunﬁﬁm 2 30mne—0o

Shear: t..,=«§£- tus-w)

Cosin = % 0.30in.

Weld: o= g Cep. 8)

tory = f& = W:OISM

Shear governs. teip=0.30in

J g -
?'ension: o;_a.&"_ (£g.8-)

= 0.24in.

[8.3-9 |
-

t=6in, Y2624 % 2.
] 2
= 130psi
Substitute nume.ruul nhlns.

Vertical standpipe
o= hoo&:t‘mss at
.PF: m%nmgm:m
B R

d= 12fe = 144in. r=72in.
of stand pipe
From Eq.(8-5): a'-En-.Ib_ or h..%—
Homzontal epes
d=Zfe=241n

d’%"' 10

Based on the averuge pressure inthe pipes:
0= 125 psi +——

= r:ﬂm +,= LDin. Lengituding stress a't'§= -gl' = 40 MPp*—
Since the ppes are S e e the depth ofweter to |(8)In-plane shear stregs T, » Gig@ = £F * 20 M
HIM.PO‘*P‘”S isabevt 24 f. Out-of-plane shear stress -r,-{‘..g.. 40 MPy *——
”-“"“‘”3“ B I (\Circambaeatiol Strin. €= b (2)
Mwm)uz._q 125psi 2&

toin = zo:....'.' m 2l = 0.12in.
Shear: T = $f (€4:8-3)

o= e 2%%3 0.8 in.

Shear geverns. £, = 0.15 i, =

8.3-12 | Cylindrs ure ves
e == 6D* r=0&m
o\ £=1Smm P=24MPa
o E= 200 GPa
w=0.30

(Qromfrenticl srms. o= F= LIS Bont,e—

€,= JR1BR(2-030) = 340104 4—
Longitudinal stmin &:=-g+01-2v)

e il T

2\4



8.3-12 CONT. |

(él&ﬁqiﬂ_“ﬁﬁ
o =LD B=W-o=30°

y Cx = 07 = 40MFa
Oy = & = 80 MPa
".“\ asme P Txy=0
8330 = b
\ X q" S ~Tycas 28 + Ty B0
« NV = GOMfh~ (20 MAREDS 60°)+ O
\ = GO MR~ I0MPy, = 5D My
G- B in 20 + Tagess 20

= 4+ (20MPaXSIN60") + 0 = I3 MRy
Oy, = Cx+0y~Ox = 40 M+ 80 MPL ~ 50 MPa.

[ 83714 CONT. |
Strain in_x divaction &,=6, =80%10
inin 3 dirgghi

“,.:iEi'- + c“"_‘_;ng 4&;!’"\29

B ®&=6D"

&= !A{l’l. -r!a!'ér.cnslzt?'-l- -xff-fm 120°

C o=t20° N oot
€= St s bz %Y s

275 2107 = 4010 4-..?- 200107 t!!— -?

Snlrins Ets.(.l)mci a2y &= 34ox|i0"*

= T0 MPy 44—
83-13] T T
Honean w=gs® r=18in.
3 A t=0bin. p=200psi

. ot E= 30x10%psi
V=030

(@)Crumforntiol stress. &= T2 L2 (ooppi4—
Levgibudingl stress 3= i = 5° = 3000 psi =
(b In-plane shoar stress T,= S35 = £% = 1800 psi *—
Qui-of- plore, shear strass Ty =X = 27.= 3000psi <+

(XCruplerrtiol strain, &= 53 (2-%)
€= %(zﬂws 170x 10°6 —
- n &= B0-2v)
q=%ﬂ-zmn} = 40x |0 bt

6 = 0% o = 25°

Oy = T3 = 3000 pei
Oy = o = 6000 psi

= 4500 pai — 500 pui)(cas 507) +0
| 2 4500psi ~ WOpsi = 3540psi +——
Ty, =~ L5 Tgin 28 +T , cos20
= +(I500psi)SinS0Y+0 = |ISOpsi *—
Oy, = T + Oy = Ok, = 3000ps| + 6000psi - 3540 ps}
oil. x ;‘i % pst P

s

Yuy = O (asex

g =£L=125p o= TF= 28p
From 07+ 12.5p = 228885+ 340+/)010°%)
or
0.625p = Z22X08. (4417v)
From Oy * 25, = 2208M.(340 +80v)(10™)
25,2 22240 (174 47)
Si iz}and (£):
Vva 0.3 o= 3200kPn, *—

can be derived for the pressure ¢:

Use transformation equation of plane strin:

275 % 106 = 40%10%+-52 + 0w NP~ D) + Yy (F)
Simglify the equation: 3&y * 3 ¥xy = 1020107 (1)

Simplify the aquation: &y~ IB¥sym1020210% (2

Hookee's law fur bissial streas
Gy lixrvey) Oy (Gyeves)

Note: As an alternative selution, the Follading formula

(s)

@

Ep= E =Z20x107%

E=30x10%psi

€x,» Elr*!t-r Ea=tacos20 + ¥ix sin2e
Sase B_©=60"
6= Sipby Sofropcia® ¢ PLsin 120

Simplify the epution: 36, +J8¥xy = Blo 2107

Goge C ©2120° 0¥
6, = g;:_s: + La-6y o _gx_x_s'mtzw-)
220z 107% = 32£10°% + il- 1z 0% 1-?— -{‘i‘-‘q
M’ thnlgﬂiiﬂt: 36y VS ¥y, = BlbxiD®
mins Eqs.t) and (2): e?:-z‘u’:lb*

\ Delto. fosette
Wl €= BDx10°* (Lq‘-l'gind dirgction)
# €, =€ =215x W0
° A Cylindrical tank: £=25
- E = 200 GPo
" ’.: pctcrmins +he pressure ¢
- in the tank. ITNT'-—

Yey= 0 fas zre

P=45E(B¢p~5¢a)
Substitide numerical values:
ﬁh’ [8(275 x10)~5(804 1043 = 3200 kPrw—ry
3-15 Cylindrical kank
Delta rosette
/ €= 64410 (Loagitedinal divection)

Cylindrical tank: £=80
Determine pressure ¢ in

the ank.
o X Bmmm}_dqﬁsg_pz
Ex=€a=64x]
Strun iny direction
Use trlngforlu{ioh equation of plane strain.

20510 = 32010 # Saf3zai0)-4) - SH-1)+ ¥y ()

(n

(2)

[CONT.

——

z2o



8.3-I5 CONT. |

igl S
a _"w-t% :“""’60 FE

(6’1“9"!}
O £ 40p oy= £5= 80p
From 0% : 40p = 3040701164 +272)(07)
er
5’%%{30341?) 3)
From Oy %=%§|%‘fli(m+mv)tw“)
or i
op = 32 o0+ 8) ®

T V=03 P= 120 psi *+—
Neote: As an al ive Solubion, the follwing Brmula
Cah ba derived the pressure p:
= ZiE(g¢,-5¢ea)
Substitute rumerical values:

p= 3%5‘1@[&119:#‘)-5&&:#‘}] = 120 pSi gt

- |
8.4-2 I{’ 5

pP=120eN  b=\00mm
=—d I. e h= 200mm Cc=0.5m
i L ‘; 4=150mm
--c
£ Strysses & poit B
=B 60 T x10%men? M==Pc = 60,000 N-m
V=P =120%N Yas-t+ d=50mm

O =-2Ata = _ (00008 m){50me) = 45.0MPa
T - &7 % 10% me®

T2 @=bd(R-4)=375,000mm?

T = 420 mell) o (.75 MPa
66 67x 10% mng*

i Ox=45.0 MPa
o= o
t., = &.75 MRa

- —

Rring;

Cantilever beom
P
P=ISk Ca2fe=24in.
Ay [ b=tin  d=3in
i e C ha 0in.
pe4 ¥ Y Stregses at pont.f
1=kl 333354 M=~Pc=-360x10% Ib-in.
VaP=150001b Yo rd=-20in
~ 380202 boip }-2.0in) = ~216Dpsi

qz"'%ﬁ 3333 10"
T=¥R Q=bd(h-2)=420in?

— 485,000 2.0i - .
T= 1333, 3" )4 m) 4725 ps
—== 472.5ps) G5 = ~2160 psi
—)| A |,  #=° ,
Bsng es
tan 26, = 0?'.1-' = -0.4375
s

26, = -23.63%and Bp=~I..B1°
209:= 156.37° and 6p = T8.11°

G, = T + BrReps2p +Tyy 20

For 28, =-23.63": Oz =-2254psi
For 20y 2 15637" - Ok = 98.8 psi
Theretore ,

= M psi and €, =T782° .
gi“ "?E‘.’;O p’uf:d %:-Il-ﬁﬂ"'— it

2 B —45°=33.7°
and = 8o pII
85, = O, W0° = 1282°
and '3 ~1180 psi

Chog = E7TL = ~1080pei

-

= 2Txy_ = .
tan Z6, -—oﬁ_: 0.3000
1p, =16.0° ond G, =8.35"
26p = 196.7° and Op=96.35"
9, = 2295 "-o-iz"ﬁ"cuzo-t '!‘.’;,sinza
For 26, a16.70" : Oz = 1599 MPa.
For 28, = 19.7": 0% = -0.99Y MPa
10 Nt Themzfore,
460 MFP, O, » 46.0MPa and §, =83
di-l"l.b MPs. and Ghsﬂ.a’
- w

‘ ’ o d
%“V!—-’%g;)aﬁy = 23,5 Mfa

85, = Op, ~45°= -367"
and T = 23.5 MPa
95“ e’.*?o.- 53-30
and T = -28.6 MPa

nsun Ton T T2 = 22 MR

1.5 MPe
s ——

T2 8= 170,670*

hefin. A= bh=32in*

. atc . gc*

3 n badin, n":-—r jl?_

= 54,000 ib-in.
c=10Ft L=loft Vs%-qcaq,cwlh
(QNeytml axis -
;=0 g;'sa. ‘C,,-'g-ﬂ-ls'?-!»ru

Rire shear: c{=180psi, 0, <1885, T = 198pal

- M 00015 -3 =632 Bosi
it ey
&=0 - L .
= lﬂlmaufxun) = “40bpai

Ty ™ "Ik
Feom Eq.(8-22): 0> F £ /[ + T2y =312 ez psi

= A = ~e6Spsi A—
O = 30pss &3 ps ]’Eou—f'

22}



| 84-3 CONT.

From £4.¢8-24): Tua ™)+ T2, =346 psi ¢—
Y Top of the beam
= - - - DoO 1b-i 2.t .
o= -Maz ﬂ_l_m_"gﬂm!_ 1266 psi
XR=0 Tyy=0
Uniaxial stress: ¢;

20, 032 1266 psi, Tipas ™ 633 pSI t—m

8.4-6 CONT. |

(a)Top of the beam (point A)
Ox =-.£ic.- ~ (@R kN -m){(i50 mem)
108.89 % 10%mm ¥
e MPa
Oi =0 'f;’ =0

Umo.;zml stress: Oj=0 —I

——

8.4-4]

bd

Qucba.og:g.h&am.
. *—éh e,
l m ?.Smm
y s % | stress at
eri*H pmtbmfgm oM
Determine the 10ad P (nawtons)
H,--%-: =03125 P (N-m) \1-—5« an;P (N)
Stresses at poirt D T=Hi= 7.031% 106 mar®

o;__..*.x‘!:__(_,f_..gﬂgﬂ_*“m? 22222° (fa)

Cy=0
h =

Q= bd(3-£)=39,062 mm’

= VR = =

Toy= ¥2-= [SO0UZIND.—  =nLns (ry)
.

O = —‘z—g +1{.A_ﬂ'5193+ t’,i

= E;*_‘é_l’...ﬁzz)_t.,m_“,);‘ = 2228 P (Pa)

But o7 =49.0Mm. .~ P= '%*5&.”% = 21,990

4
1

>

,-——.-;'

Gi=-8LTMP T, =4I 3Mfa)

MP of the \gh gpdointB —n—
a0, 0 kN -m, p—
'II 108.89% 10% mmt 1148 Mfa
o:,-o

Q=(b)( by hthy = 336 x10% mm?

Ty = ~38 - _ _(60kNXA36x1Pmw?) o -18.S) MP
x It B 10+ e * Y10 mm) SN

v Eﬁ,:—°'9’+ 1L, =-3582+4032 MR,

Oy 245MPa, 0;=-76.1 MRy 4—

Tnax = f(ﬂg- 141:;,' = 40.3 MPy +———
@Neytral qris (pointC) =0 Oy=0
Q= b% (b-tXFUFY = 420.5 %107 mm3

Ty = - KNX420.5 2 o
S (&%oﬁ? 23.17 MPa

Ga

O"E;Gi +

P= 22.0 kN
8.4-5 |

S ? |v Overhanging beam
; Léh L=50mn. b= lOin
al—1 ¢ b h=6.0in. d=10in.
Maximum apo| airess at
'i-‘l'-"ky‘ﬁ-'l Mn‘tD o= 6:0,:3 ‘)
lou! (pourds
HD-—&= ~12.5 P (lb=in) V.G-E-SOSP (1)
MMD I“J"—"!"'&‘-"ﬂ

o :-—.Mj.— - f%%ﬁlﬂz L.‘SMP {psi)

o"ao Qu}d(‘{;-"::;‘t Sum
ya. 5 = .
Tn\= b mw}uo in) O-MQ“ P{P")

,Enmpalm
Sl e

= 06344 P + V06144 P)E + O.6T44 P> = 13923P (i)
O; = 3620 psi .t P= 3620psi -
[ psise P= 'ﬁm =26001b

B8.4-6
- ’ Simply suppocted bearn
: ! P=i20 ky L-30m‘oh
C=Lm
—‘1'—"&4' V--%-GO kN
b=1Z20mm 1= lem Iv.-300mm hy= 260mm
bh’,_ b-& -

ICON'E

Pure shear: ¢ =232 MPa, :-23.2MM
' 1:...“‘:.-. 23.2MPa | T
8.4 .
—;;-—LLF Simely suppocted begm
muiu q.=6.0 k/fr
= I0ft = 120in.
c = 3f =326in.
- M= 3£ 35 = 756,000 b-in
v=3rz_h- qc = 12,0001b
¥
b=50in. 't'. 0.5 in.
h= 12 in. lo 5 in. —f
_ bk? -
I=Bh- 285.89in’ T‘-

Mﬂznzﬁﬂngbﬂnsm_ﬁ)=

= =Mz = - (756, 0001b~in. ¥~b.Din)
o =
= 15866 psi

Uniaxial stress: &;=153Wpsi, 03=0
2 a0 pai | +——

fb!mﬂi_\ of tha web (point B)
a‘; = s 7&“ h"lﬂ-!‘whlz

|

h—b—.

= 28589 n* 13,883psi
G=0 Q= b(h;._hx.'-:_h-) = 21094 n?

Cip = _,__"i 2 +Tdy = 69415 £ 71631 psi
= 14100 psi, 0z2=-220ps) +—
-lif’J‘+ th = THO psi~—

e, 510

[CoNT.

222
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[8.4-7 CONT.] 8.4 CONT- |
rﬂ"’%‘tl’-g:?:%u)(uw BezstYed &%w}oy w5 2
Rure shear: 07=2350psi, 03 2-2350 04}, Ton™ 2350 psi e a"‘:o L =~ @Rl A
8.4-8 | s  Simgly suporied beam ‘;i bR 1540
: M:_;gg_&h s Ty ® Yo ™ e ush)-zoeé psi
e et 3& V=18 k To = Ts O o OB T3, = - 180 £ 2753 psi

O =930 psi , Oz =-45T0psi -

Q= b(%-— (k-h-X%"x%“)'-'- 18.105 in®

Ty = - YO = _ (5108105 ind) = -5330psi
T TTie  (1701a%X0.300i)
Pﬂm: G:m”i’ga-SSW,;&___M’ﬁ "

e 8t
u nggo Sl 3
T=a170in* b=580in. Tes =V(5D) " + Ty = 2750psi +—
. $p=0.810in. +,=0300in. Yy New axis C Oz =0 ;=0
d=10.471 h=d=10.475 i y
-h.: h-gf:-‘ 9.450 in. * g h, Q= bBYH - (b-t)E) (@)= 1335 i3
e 1_ T,= ¥4 = 338 = 2390psi
{Q)Top of the begm (pointh) . Y= Te. @8.0in)(0.2851
o= g6 - MOL) L1 3 | e shoar: 0;m2390psi, 0 =23%0pal T 2390 pai 4
- -gok“ EEE !!I;-... H - - . el
" e [B-%.10) Caafilaver beam of T-section
Oy=0 Tuy=O0 ; P=10kN
e Sl | - | G £
(k) Top of the web (point B) y
. f—t ..._,I 10 kN
=M, n('v,_)g_s_sg_ozl;%;maqqm psi o - I
= i pLD
a0 aableYbh)pacin® A=2bsommiasmn o L b _—lf
- = HSX)M.TeY) o -434 :
T'l‘l" ;':%.-.- HO in = <A b= 150 mm = ] *
Gz Hr% W: -5003% bb2dpsi | =25 mm . @ 150
C1=1620 psi , 03 =-.630psi +— From Eg. (12-7) in |
o . Chapter 12: L
Tomax "VF‘T"’)‘*‘C:;' 6620 psi +— c‘P T3 = e feieyme
(€) Neutrg] axls (pank €) k=0 &§=0 a® ._1_1“

For the web: A= (75mm)(25mm){150mm)= 28,250 mm’
Forthe Flange : §A= U6Z.Smm)150mm) (25 rw)
= 609,375 mm*

Ca= MM’?E}}SQ-’ =
mmb

8. 75 mm

'8.4_-‘1J Btk Simﬂh_ﬂ#ﬂiﬂ_hﬂ:?

Pe §

M= 100 k-in. sectlion

¥ A V=5k D)

[..—l:oh. b

ot A

£=980mn* b=6535n.

t,=0285in &= 0.468in

d=80bin. h=d=806in. & Tu.
by =h=28;="7.130in . * n

T int A et 1
= Hs = - M%)

b o

= _w‘ﬂ%M = ~4NZpsi
D in

= 115 mm = Cp = 56.25 wm
sogt gy "
Equi t erd of bean

A By= Pcos0® = 5.0 kN
P,= Psin 0° = 8.6603 kN

lent
)
Mc= By C, = 28125 Nem

Siress reswtants of fixed end of beam

s N N=R=50kN
Fi v

V=P,= 8.6603 kN
M= M+ Pl = 13272 Nm
= 5.. = 0.17 MPa —T3.03 MPa =~72.3b MPa
R
0"‘ o tl.]":'o

Uniazial giress s 0;=0,02 = -72.4MFa, | <*

q:o Tay =0
Uniaxial stress : 0.'=0.0;.--4"°gai —
Tomax, 2206095 [CoNT

T max= 26.2 MPo CONT.
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[8-4.10 CONT: |
t B
Oy = -,'g'.a.ﬂ.(f-:ﬂ.—. 0.67MPa+19.22 Mfa = 19.89 MPa

cy=0 Q=bt (c,~F)= 4A.06210%mm®

T - V8 o-(Beé03 kN . OB X0V rme?) , - :
TE T T (21502 #10% e XZSmm) EE

= 2%y +3, = LSMLE DZIMR,

8.4-1l CONT/]

E (3): Tx -=—le?5.
Eqs.H} (SLMJ (6): C;=5190psi, 0;=~[90psi, Tue™ 2690ps5i
g-..z in z
!) Ox =10,000psi  Oy=0
Q (3) Ty= ==-625 psi
Eqs), (5), and (6)+ O =1Q 240ps), 5 = ~ 40P, Trng 50105t
it G (y=-3in)

Eq.¢): Ok=i5000p8i Oy =0 Tiy=0

L(3): 'l.';, = "]MP&'
EgS(1), (5), and (6): 0;=190 psi, U3 = ~5190 pst, Taays™ 2640 p3i

| Bink D _(y=0) ,
Oinoafv;=0) Tey = "% = -%: = -}25 psi

Ruz shear: O =128 psi, 07 = - 1126 psi, Tinex = 125 psi

E (y=-lin.
!E(O'=0?*5w0:'psi oy =0 [CONT.

G'az.o.zwl&, Oy =~-0.3 Mfp + Uniadal stress : o; 215,000 psi, 03 = ,f.,a?snopsu
Toas= V[Z5T)E 4.} = 10.3 MPa +— .f\ma_hw?_weém
8.4-1 | A =15, 000
= 1 Simple beam s >y
e § m P=1Bk L=6Din. | . TS
N c-zo;n b=2in. |
f = bin. na.s -nas
£ 5140 -1%e0
H‘—‘L—Hz F 10,040
H:_?_=lwk~m V= zqk. J:(-'u‘.) (“f"‘")
a;,__l‘%\[ =—‘:—::l=—5000y )
Units: y=in., 0% = psi 8.4-12L Singhe beam
Oyme - @ e T P=144kN
Q= b(F-v)HE+v) = 3 &~y?) —Eb L=07m
= . ™
Tuy= —;% = --g'l", (B-y?) = -12509-y%) (3) ¥ | ’ _&' i=%osmm
Units: y=m, T'&,"Phi o z h=|20mm
= Gon [k, ) M= = 1.8 u::. V=f=721kN
o= UG v @ | TIOR8y <
. = @) e un-ts y=mm, O = MPa -
max """-f +T
Sl T =t - ) a
. e YBH-‘[F'-S-'HZM. rﬂts:yamm, Ty -Ml’h.
° .: yﬁa-y'ﬂ.e.-lin. a’f"%* +T4 “)
: Wm0 %= F-vightd )
&]ﬂt a {\‘-ajn.! = L
(e Ox=- 15,000 psi Oy=0 ‘C'; =0 Tooas } +t‘}' (b)
:mddl SENESS: 072 O, 0 = ~15,0005S Togy, = T500FSI Pn Yam Yool m cOmm
{y=2in) Ls T
(1): 0%=-10,000 psi Oy=0 z 4% Yo="Y¢ = L= 4Dmm
(3): Tuy= -'625 pai 7 ig %= -Ye =.E|_- 20 mm
aas. (4),(5), and (6) * [40psi, Ty =-10,040p8} Tay, = 5040 psi e .
A 5 (yslin. ) Yo=20
Ey. (1): ;E---sooops. Oy =0 A (y=50mm

Eq.U):03=-225M1 0320 Txy=0
Vnlaxial stress: O7=0, 03 = ~225NMP0 , Vs ™ N2 MP0

pot 40vam)
U)“D"" ~-130 MPa 0q=0
Ef.M),iS) ond lb): Oj=4MPa, 03 ~154 MPa Tppes = =79 MPa.

E[-(ﬁ) t'x’ =-25 Mha
t -
._;:E;;T:g-i%ﬂl!\m Oy=D ICONT-
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18.4-12 CoNT. | 8.4-13 CoNT. |

BRIt Luy = =40 Min |E:nn 200 | 400 | <00 | 800 | 1000 [1z00
EQA, (4),(5), and (&):0;= [T MPa, G =~92 MPa, T, = 55 MR % 3.0 |40 | %0 |1z.0 | 150 |18.0]

|Roint Doy=0) SV % '
0%=20,0, =0, Txy=-S3x="r = -~45Mfa Note that the ortour-lines are s ve_about
TS TS T ZA T Zbh the newtral axis (b&cm,is?‘ém vared in E¢s.4and S)}

=4 == T =4SMf,
Rire sheors /=4S MR , 03 =~ 45MPa, Tinan Intermediate locations

Rant E (y=-20mm) Use E4.(5)
§.00 G = 75 ML oy=0 sm?fqmue- of Trae
€4- t.:;-'c'x,- - 40 Mo _ Select varicus walues of x
Egs4),(5),and (6) : 3=92 MPa, 02 =~I"TMPa., Thoy, ™ S5MPa Fuu‘:.fmar x; Solve Eq.(5) for the corresponding
| Point F (y= - 40mm) :::xr)- Y (usea computer pregram or use trial-and:
Eq. 1) : Oz = 150 MPa. , Oy =0
€y. (3): 't.;,r- = 25Mf ' 3.0 &0 | 9.0 [12.0] 150 [ 8.0

1.80 | 008 | 04¢ | 0.33 026 |0.22

E1L4), 6), and ()« O I54MPa, 032~ 4HPa, T, = TiMPa | | S088 psi

| Bint § (y=—(Omm)
E-g.w"‘o’;:zzsum oy=0 Ty =0 :ﬁrﬂ
Unjaxial stvess: O;=2Z5 MPa, 03 =0 , Tinge™ I2ZMAL

T'max
Gmphs of stresses = 6008}

&0 | 9.0 |20 |i5.0 |1b.0
1.5 |0.9% |74 | 0.59 [247

9.0 Jiz0 | 50 [ 180 |
L5 | L2 | 087 | 074

"‘I.l‘*(Fx < M) I=xIx]| kelx

A T 2.0 | .0 | 80
B .“"1' =%9‘5 1.6 |20 | r00
3 s§ [P | o [0
o 45 RW”'; L& ‘;?_2_.
& s Stress contours
F 'nm Note: Height of beam is exaggerated for darity.
< - Loy (¥0)
v ey
o) fa
462(“? : L e o %“ii\ —=—
-i]'J _%trcss contours foc T 04 — .\T ‘ =_"‘
PI— / P=200 1 i 3 & S __—un-—1F i)
1"_" = QDEI" b= lin. 1 /@E
x4 a8 h=3in. s ) G P P ~° 3
L — L=1%mn. LS " v & ~
Cross sectionmn 84-14 | Stress contours Sor Tm
M=-Px  VaP  A=bh TI=bR i T
Oxy=_My = ..J.Z_El‘.‘l.. (4)] 'l = Rk % 4@“ b= 30mm
2 OI bh @ b RF z £ h-‘lsggsm
gs wn L= 540 mm
h : L —
Q= b('r‘?ﬁ)("z‘-*vk -2-&',"—'!’) : i3

To= Tt = 5 d™v) &) ;‘_“'P’J‘h "“;P Aebh  E=iEt
‘Glll‘«gli—’! ‘i-fn‘f & I Py b;fl U‘)

Substitube from Eqst), (2),and (3) and Sienplify: Ziza-v)ﬁﬁ“ )= SE5-v)

- & T
Fos= TD.E.\E‘H)‘*('%'?)‘ SRl @ Tuy= W= $2 (32 y2) o
Eq. (4) is the euation of the contour Fres frTipax. T e
Substitute rumerical values: fm= Qﬂl‘_ﬂl
Vou = 4.4V +(225- 4% (5) | Substitude rom Egs. (1), (2), and (3) and simplify:
UBitS : %3 in., g in., Tom" 0 Tone® Lo fo) a [ — i} e

¥ (1-2! ma .Ew Xy ok t"

= 3F - Eq. (4) is the ion of the.contour for .
Tun 2—1‘-;‘; 100 ps | o (&) | Eg. s equation ; bnes For Thax
T orm of 3 =%2) | T = 493.83 oo Rz (8) |

Eq (1) : Times= 35 266.67 2 [CONT. | nits: X=mm,y=mm, Tme= Mfa. lﬁr?'r.—

22
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8.4-14 CONT. |

N | axi =0

Tw= S = 1O MR +—
4

&)

m (y=2%
From Eq.(4): Tinax=25%= 0022222 x
| Thngx (MPa) 2.0 0 6.0 | Bo |lo.O
¥ {mm) 9o |i80 [270 |3é0 |45¢0

Notedntaaecmtarlmm symmeing about
the neutml axis cbeca.u;c.y is squared in Egs.4and 5)

| 8.5-1 CONT. |

1 [ es
o ﬂ - %I =170 p3i=5761 psi = "5340 psi @

Mozimum sheor stress ‘b'm=-l%|- 2970 psi —

8.5-2 |

Drill_pipe.
d,= 120 mm d,=150mm
P=265 kN T=19 kN-m

A=JF(d; -dt) = 6.362 x10 m
= X (d}-d?)= 29342 10%m*

Slm theverti :Al arm.

A

mgdlgh locations 4
Uze Et-cﬁ)l e T ‘-—-1 Stresses ot the surfage
Select a value max P T Y
Select various values of X : S A -~ S
for each vale of X, Solve. E9.LS) for *ﬁr-w;:-'-mms =~ 41.65 MPa ' ,
trial-and-
value)o-t-‘,rt’macmpdnpro_gmorm f"g‘%‘ =mm‘ am) = 48,57ME: -::—x
Conaw %] 90 1180 |270 | 360 [450 | 540 | Fringjpal Stresses
z20MPa [Y]4s |22 | 13 |10 | B |7 Cra= %‘; ﬁ ‘-1-‘!:'.,
Trmas x|180 | 270 | 360 | 480 | 540 Y _4\.{-5 55}:. +@857)*
] 45——2'0 sl i tn =-zosam* 52.85 MFfa
o x [ 270 [3b0 | 450 | 540 O, = 32.0 MPa. Oz = =13.7 MPa_
seoMm [y | &5 3: (27 | 22 Maximum tensile stress Op= 32.0 MPa o=
Tas % |30 _[ 450 [ 540 Maximum compressive Stress Ce=-T37 MPa
»B8.0MPa | Y |48 | 36 |30 -plane sheae stress
TMMP.. X | 450 | 540 | Tmax = V(?)"'P‘C,' = 52.8 MPa,
Zloo Ly lss 137 (Note: Since the principal stresses have opposite.
Stress re Signs, the maximun n- Shear stress is
Beight of beam is exaggerated for clarity. larger than the maximum out-of- plane. sheas shress)
Rl 100 8.5°3 | Geneattor shabt
A A S S . .
45 1 di=%in d; = llin.
[ : __g_f H=2500 hp
0 =2 'mo-—-ﬂ-o '—400—“'0:_" = 450 e
1 /;,.;’/—’—/(““’ P=120k
—ag m— Eq.(3-43) from Chapter3
~ ' H = M Tﬂ‘h'&
51 oo 000
_35_‘1 Bracket T = 222001 =52,521 th-fe = 630300 lb-in.
b, b= 45 b,=3f A= -'f(J; ;) = 3).42 in* Ir%i‘?-!.‘)ﬂﬂ'&m‘-‘
B P= 2.0k ) e-uu.sur 0§
[ dp= 8.0in. X d ?Otﬂ- ‘._,-'= * 3‘- — = -3819 ?’i i Ty
A= -{fu‘-d.)su'?s o | co= Te - Gooonimiss: I ¥
I= n(dt d.‘)ﬁ 83.20in* *y ‘4:;:” ,&3£'
= 43 ; ——
M= PYEF=BE = (2OK)(5EE) S . e t
= 1o k-ft = R0,0001b~in Eﬂ&‘m:‘%-—.
a Oy Oy A
The occuron opposite Gz =% (1")1* Ty

= - 3813 /-3 30)*  (psi)

=190 psi = 4’76‘1 psi

i : Oy = 2860 psi = 6680 PSi
1b-in)i40i8) _ _ian .
= T 52 = ~10p+ 5761 g0 Mmmmk_m O; = 2860 psi *+—
Maximum com '
e [ConT] e g [CoNE

AN



3.5‘3 CONT_] 8. 5_:6 CONT:| Cruing = 60 MPa,
Tirax = V @F-bt‘}, = 4770 psio— _@ (—"'- » Thuww =30MPa
(Note : Since thn.pdm:pnl Stresses M:‘:pp;slm ¥ = _Su_ﬁmm
maximum n- e v stress
;‘a:;auun mm&ﬂ;mpﬁtd«pm Shear | O%= ' -nu = H‘#
T = 6T = 1601 kN-m) =
8.5-4 ] . —p—’ = .s-_,
| Generator_shafe g ety f'”" e
P d,=1e0mm d,= 200mm
T“E':“m@""‘#-ﬁ':"? 0= 2 Y& e
T Thuiow = 45 M. & 930 5,402,300
T A= JFld}-d}) = 1131107 m* o= S *-J{E?, )1"( 3
2 Soive for d: d=53.0
k T,= 3L(d1-41) = 742100 m® | 0 e Maximum compressive siress is amaller
I Mﬂ!&s& I’ _ than the mazimum iensile seress.)
_ S o eaalens : Maximum in-plane shear siress
0;3-*- (;s"":;:inm P‘H;“‘h)) . __‘.f.‘ fmn %) + T
=Tr= )gmgn v
t"?‘“% oy e I (ma2) +(1.%.;_~;=
. “
Maximwm in-planc sheor siress Solve for d; d=5%7mm
{Note: The maximum m-planc Shear siress is larger

fm"'" V (gj +t’°l'

both Sides and replace Taax by Thum =
Tre)* = £'€’)‘+ 'g’?i

t -
s MR)™ = rnat=io? melio

P= BIS, 0000 = DIS KN

{Note.: The maximum n-plane. Shear stvess s
tharthe maximum oul-of-plane shear

Stvess.)

‘ila tz&.‘% MPa)*

Cylindrical tank.
T - d=2 Sin
o il — .%- GO0ps
= |p00 b
‘]"-' P=axial force Thuow = mgt;s‘M)

,5-85
-g—“,-l A of gondola.
! b="T0in. wW=2®=¢s01p
Oy ™ 15,000p3i
-1 T = 1500 psi
-t : .
Find dmmeur d (inches)
- A= I‘_" S= .I.d'._.’
i The m;mm strmcs ocour on
w opposite sides of the arm. The tensile
Stvess is larger than the ompressive
Shness.
imnem ile str,
W _ 650)b _ (6S0B)(120
Gim e = S, 20000

o inomps = 2524 4 Seste

15,000 as 827.6d - 46,346 =0
Solve for 4 4=147in =>—

Maoxi
is one-hal O
Sine e 8 One-half of O, He regared
diameter is +the same.  d=147 in. G——

8.5~

than the maximum owt-o¥-plane shear siress.)
Shear atress governs, 4= 59.7 mmé——

57

o, =2 = __Mei m
u;.tsxc‘-:_ll tam. Oy = p:-u
— ™

o= 5% + zvE
= + M—-: l
e 2E)LiSinlt

In-plane shear sivess

o= S = (- 230 = 15384
Tmax = 3000psi  t= 238 = 00413 in.
Out-of - plane. shear stress

Twax = %. =.§g§. or Toax =
Stress O governs, t =322 = 0125 in,
-of- siress governs, tﬁ."ﬂ 128 in

Cyli sure vessel

‘—r tr = 4
F = 72 kN (corrpression)
Thauew = 60MPa

tﬂi

T":

—_—

%

t'

oz

P
F=FP = axlal force

o:=%=.f_55°m-r)= 12.5p

Units: OiamMfa OpaMPo P3MPa
= r - = -—
oz= BF - 5in = 625p-51%0MP +—

Tn-
Twas = "T"" --k(u,-bﬂ,*ﬂﬂﬂm l

—
G

BE6] s anae

COMPe = A125p +26.65 MPa.
l CONT.

Pmax = 10.0 MPo.

P=80KN T=1IkN-m

]CONT:
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8-5.8 CONT.]

Out -of -plane shearstress
T -

Tah‘==§;. or ‘f‘u_= ———

Fom 0= 60 MPa. = 6.25¢ M,.—.‘l.bﬂ?a.
From 027 60 MPa= 3.126p ~28.65 Py, ™ 20.4 MPa.

Od-of - plane, shear siress. 9overns,  Pray = 36 MPa =

8.5-9 CONT. |

Since the principal stresses have oppesite Signs,
the maximum out-of-plane shear stress is smaller
than the maximumn in-plane shear stress. Therefore,
the use of E4s.(3) and (4) is valid.

Optimu iv :
r=LeSin. t=1 = 0.165in

85-9] Cylindrical .

=000 g3
F_..( F  F=12,0001b (comp.)
= Taww ™= 6000 psi
F= P =axial force 10sE£=20
A=2mre Units: O] and 0 =psi randt= in.
T’: o= % = woo({-) o)
[ G E w2 @
% Tn-

plang shear strgss
l Toe = % = 500(5)-250(F)+ 1
= 2s0(%)+ B2 @
‘Dwzzso(-f-).b _"l:‘t{],
Selve t:
e 5+ 2R @)
Relationships betvicen rit,and
o value r
Calculate t from Ei- (4)

Calculate %
Calclate A=2wrt

r + r A
(in) | tn)| & | (in®
1.0 |ozot] 5.0 | 126
2.0 |0.163|12.3 z.osi
3.0 (0178|168 | 3.3
4.0 |ozcs|194 [5.09
5.0 |o2w|2.8 |14
6.0 0277217 Jio42

From the

ve see

the smallest

areq oceurs —
when X Is x
the smallest,
Therefore,

use

-{,':=ID

Radius and Thickness

re 10¢
. am JOL, OIZVS
From Eq.th): ¢ 24 ¥ Jot

Solve Ror t:: t= 0./652 in. re ¢ =152 in.

.

From Eq.0): 0= tooo(¥)= 1gooo psi

42,

™

L

I

a,
N e
|

T

50 MPa.
Square a
_Shear g

Prin;i
&y =0

'§_|.5-|0 Tersional

T=-—-‘—“ ® T = TR
L= Gr&my =160 Prex  Units: Pmes=r0d

Combine terms, square,and selve. @ 20358 md
Based on in-plane shear stress
mex = ELES)‘ + Ty

S =16eMPa 0z =-30.5 MPa.
Since. the principal stresses have site Signs,
the Mmaxivrum h‘— plane sShear smogrnr;u’ th-‘sn
¢he maximum out-of -plane. Shear stress,

L=im d=4mm M=50kg
G= B0 GPs ooy @ 80MPa
nu:JOHPa g

Q" *\"!“_‘: 12.566 mm2 T

P= Mg = (SO kg)(2.81™/st) T
= 490.5N

XL,
: 1 T= MPa

Ox=0

Oy= £ =39.03 MPa

Ty = =160 Puax  (MPa)
Bosed on tension

= &% + O iz -~z
G= 225 + (G T

BOMPa= 19.52 MPa. +§/380.84 +25, 60005,

z)
=V 380.84 +25,600 Py
nd Solve:  Gma= 0.288 rad

HNENS. Pmayx = 0.288rd S—

- 39.03MPa. Ty =-160(0-208)
OpnI6eS 2 kel MPa

P

by

St

t

!

From £9.2): ;= So0(§)~ 14T~ -l?ﬁﬁirm_ [ t

8.5-11 | Pe dal |

T= %1;. = 943] psi d':'?n ‘:_zﬁ': 37,730 ps:i
337 B0

P=1601b d=0.6in
b‘= 50n. bla 25in,

4 Mw cross section
Q ot A:

Po
Torgne T= Pb, = 400 Ib-in.
Moment MaPb, = 800 lb-in.
Shear force V=P2 160 1b

(The sheor forte V produces zerp shear
Stresses at peint A)

1 e "

|2 Principa) stresses and moyimum sheor
vk Siress

R s (G )

=943) g
il CONT

228



8.5-1l CONT: |
Cx=0 oy =37 730psi Ty= -9431 psi
i,z = 18,860 psi X 21,090 psi

o7 = 39,950ps; 0 =~2230ps;

Troax= VZEI!;S'.- *rTed = 20,090psi
Moximum tensile stress:  Op = 39,960 psi+—
Maximum compressive stress: O =~2230 ps*——

Maximum -plane shear: 3bxe 5S: Temy = 24090p5) 4
Nete.: Since. the principal sivesses have cpposite

Q.S-B CONT. |
Stresse s inths wall of'the Yessel

ox=2r =300 psi cr,a-g:- 7200 psi
Toy= -2-'&:' _zmul\m:;.bt
1 =2-1984 pgi
ta) Principa) stresses

-

T
= Ty foroE v, T = 5400t 2483 psi

q:”bpsi 31=2720ps5i + %cﬂmw'n*—"

Torgue: T =Pby = (600 N)750mm)= 450 N-m
Moment: M= Ph, = (6008)500mm)= 300 N-m
Shear force: V=P=G0ON

|Stregses ot pont A
T=50  An= (b-t)ht)=4omen)(gomm)
v . RO = 3956 mmt
7 ™ 422 MPa,
o= e Iufbl-glb-2t)(h-247
2 2 (SOmm)0wn) ~ A2 o) (52 )
=1L1077 210® mm* T=12 M
+ (300 N-m}48 -
s l.lmnuo‘—‘ 1219 MPa f_
(The shear force ¥ produces zero T
| Pearstress ot polat A) .
Principal stresses and mas: i!rI”T
aﬂ'ﬂﬁit'\{ﬁf—a’)‘*fxf‘
Gim0  Oy=2.MMR  Tey=-1422MPa

Cl,2 = ©.095 Mpa £ 15.47 MPa.
Oi=2L57MPa 03 =-938 Mh

T = ATET w7y = 1547 MR
Maxionm Aensile stress.  0F =216 MPat——
Moximum Compressive shizgs: o = —94 MPys—

Maximum shear Stress: Ty = [6.5 MPa a—n
Note: Since. the principel sitesses have oppesile signs, the
macimum »pﬁ“:ﬁm islarger than the maximum
ot -of - plane shear skress.

B5-13 | Clndical

T Pr=ssure yessel
m T=90 k-Ft = 1080 k-in

r=i12in. t=o06&in.

b i _
DR HALHUNT. g et Shar Sre ot M,,a;ﬁm Maximum io-plane shear stress
the maximum ad-of-ple shear siress. T~ T Ty = 2680 psi
8.5-12 ]| Maui i
[—shaped bracket T = 3000 psi (in-plane, shear s&ress)
- = O% x
T LA | meVESer o
9mm b= 50mm x = 3600 p3 Oy =7200ps)
- | ?: ?&.;w Ty = ~opg, = -0.001842( T
= mm Units: Tag=psl T=ib-i
b= 500 b=80mm by=7S0mm | sSubstiture inte E.; [OF e
3000 = \/[-1800)* + (~0.0018421 T V>
; Selve for T:  T=1L303%10% [bein = 107 k-ft @
= TS Y PabON

8514 ]

Crankshaft
P:l.gokhl d:'.‘zommlzo
§,_= B DR
< at the
Ze ) My=-Ph,~

Te= -Pby = -1208'm
Va= P=LOKkN

> mm
P=).0kN

nlsn:asﬁiﬁm .L,, ) =0
o = = 3“2_&* = 3?"(_-{;23“?5- m) J_. Ty

2 =152.8 MPa (compreasion) '—!Ii
B =H | Mkgle Tt T

{The shear force. Vprodoces zaro shear stess of print 4)

O = g‘%‘ﬁ x >+ Ty
= -7a4DMPa £ 108.04 MPa.
O; = 31.64 MPa. 3 =~184.44 MPa

Trax =W Zg D) + T3 = 108.04 MPa

Makimum tensile streas: O =32 MPg +=———r
Mazimum compressive stress: o = -84 MP*—
Maximum Shear SESS: Tmaa= 108 MPat—

Note: Since +he principal stresses have He signs,
the maximum in-plane shear sitressis langer than the
moximum out-of - plane. shear siress, "

q-

’-Ir 1!'. a‘l‘l“"

. - BT

B T e e

2 |— Toy = 7631 MPa~ %24 MR,
o =92.15 MPo.

l CONT.

=360 psi CONT.
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©.5-16 CONT.]

[8.5-14 CONT]

1 -p Sre
Or=M22 MPa 0a=-T2.2MPa
Tmax = 72,2 MPa,
Maximum tensile stress: O = 72.2 MPo
Maximum Compressive stress: = ~72.2MR<e—
Mmmmn shear stress:  Twmax= 72.2ZMPaa—r
Since the printipa| stresses have site signs,
the maximum vah:wm“hmg:rﬁﬁu
Mo rmum od-aF—le shear stress,

Pure shear:

f

']

T

Stregses at point A
P ___°.I _I-JM("" =166.5 MPa

1:-..:-:1 = _:*;I&)_ = 24,46 MFPa
» »

o= S HR Ty=24.46MPa

Ta= 86.8 MPa =

=

ox=0

._52_\‘!!&.!&39‘—'!51

= 5400 pai * 5469
o, = 10,870 ;fn o{: =70 psi

Vinas = TEB)* 4 Toy> = 5470 P

Maximum tensiie stress: Omax= |G870psie—
Maximum Shear stress: T = S470psie—
(b) Allowable load

Cgarr = 16,000 psi Tauew ™ 6,000 psi
The stressas at point A ane propertional tothe load P
Based on tensile stress:

._h... 16,900 pgi

401D 10,970 553 R =530 b
Based on shear stress:

.;‘%’.. -"-Q-’-‘Lﬁ-l B =3951b
Sheor governs. g‘ma.sqsﬁu“"—"'

8.5-16 |

0w

o

Sign supported bya pipe
d,= 30mm dy= 100 mm
t= D p=L8kPa

w3
“¥ 1 Stress resaltarts ot the base.
Horizontal wind force on the sign= P
P= (18 kPa){2.0mK075m) = 2700 N
M= Ph = (2700N)(32 m+ 0.575m) = %52 N-m
T=Ph = (2700 N){LOM+ 00Sm) = 2835 N'm
V=P = 2700N

Propackias of the caas seclion
T=5(4i-a)) = 2.898%10° mm*
Tp=2T = 5% »10 m-u‘

Qa${r- %) = Fdr-d7) = 40.67410°mm?

8.5-1S | . - -c,-.'l'f-=z4 46 MPa. &
by P P= 360 lb h=25+¢ u 1:1:’% Itzt) (;,“.s et J(2D wem)
T S=10in? b= 4% =LBY5 MPa
¥ M=Ph = (360 BJ2SRN2 V)= 10800l-n,| =0 0320 Tuy=T,-Tp=225TMR
2 TuPb=(%OWM4R)N2YA)=17280 tb-in | Pure shear, T,=22 b MPat—
F V=P=360 b i Stresses aipoiot €
A (a) Stresses at peu 1-'1' f.=¥-zu&uns "l;='y—a"‘—'l.815rlﬂa
Ox=0 oy= = 16800 s h im0 Oy=0 T =T, +Tp 263MPa u
s=% =% q.=zr=2sr 7 Pure shear. T =264 MPaa—— |
= T2 nT = 864 psi 8.5-17 .
B I, 28 o 'WJ ign.m.&gal&.
(The shear forze V ducz.smsbusscs ot peint !,)I T o T‘“ = Bin. d; =10in.
&mﬂ | @ N. W hfoF =38k
oY+ O T o ei Sign= 400 |b
. B0 -i-\/(—‘ G TN T m‘"‘ﬁ“'”‘bm‘

H Horizontal bradet

Axjal force: N=W,+ Nz
Bending moment from w
M-(*'ﬁf&‘glxb{»‘txaw&asmlﬂéa’&)ﬂzﬁ.sw

(This moment causes tension at
Bending moment from vieight of aign:
{Omi}; this mmcnt causes 2ero sess at point Q)

m‘_’ t”*/&‘xz#ismz:x«h )=22,140 lb~in

A=""4(37-4f)=28.21in*
I-Wuca, -d9=289.8)ia¥ Tp=2T= 579462 in®

o e SR i

o= O.'—
lb'

Txy= I'-'- = _
(1 Pﬁncn stmssesaml

O, = _2_“"‘*7 *m;
Ormdlespsi Of = -9,-:..

Trmax =HETDNE + Ty =208Tpsi
Maximum tensile shess: ==+l60psa4——
Mogimun co e m.-.s Ot ==10 psi
Mayimumn Shear SATESS : Tmay = 209 O psit—
Note: Since the privicipal stresses have opposite

Signs, the maximum In-plane shear s s s
larger than the maximum out-of-plane shear stres.

L

=191 psi--——

MSpsurzoa?ﬂ

(From Eq. 5-43 b, Chogter 5)

[ConT ]

A d=60mm C=0.4m
% I Y R=202kN F#3.07 kN
[
p i L“l A= = 2827 mm*™

e 4
f I-mimz %10° mm

[ConT
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____jB.S-kﬁ'ONT- X,=2T = 1272 %103 ma*
A}
EE fc=1228 N'm

M, may be omiled bemuse it produces o siress ot poirkal
T= Pc = 808 N'm V=F, = Z020N
N= 'z = 3070 N (mmpmmon) J T

-
@ﬂ

-N
a;‘ T—%‘ﬂm 6362710 men’
= —1.09 MPa ~5791MPa

‘51-00 MPa. (compression)

‘!:q —-ﬁ*a mﬂ.ﬁlv ﬂ!ﬂﬂ_ﬂ

= 11.06 MPa. + 0.95 MPa. = 20.01 mh.
| Pring} i i r
Ox=-5%00MPa O§=0 Ty =20.0l [ST.Y

e 1’“;!"??* Tay” m-24SMAZ 350N

o= .1 MPa. O3 2-65.1MPo.

Coan = 'sz:me‘t,,’-' = 356 MPa

axi
Ceab.l MRy CE==651MPa Uiy =38.0 M e

W -~

8.5-19CONT. |

Nei resses
ﬂng_c:?\zi%ﬁ’ FRY = ey

= 7‘&65}2 :ﬂ__t_ﬂ’i.wst}{-lmf'
= 9016 psi & 1669 psi )
10,680 psi oz = 1350 ps1

5 s
In-plane: T= 1bd pai
Ot-of - plane : T=Z or S

=

o,

Tonas = 3 = 5340p5

i _._ﬁﬁ_hﬁmm i =19, BOps)

No compressive shresses Tope ™ 5340 ps]

For the entire cylinder: OF 10,630 psi—
No compressive SHELSES Whemmmm

B.s—ﬁ | -
?’ T"SODk-m. M= 1000 krin
P=900ps
I"=Il-0 in 4,22201n.
rp=12.0n. dy= 24.0in.
Mean radins = 1, =|LSin t=\D1n.

J:.“m‘l -4 =gt T =2r=9574in"

Since the shnsses due +o Tand o arg the same
everywherg In the cylinder, the maximum stregses occur
ot the top and botew of +the cylinier hlhnu -t-hs tn.am,
stresses are the loryest.

Top of the, qylinder -——"'t’n
m_ Mr
o X ID
(90 {31 + LoD ki F
= ) Umlitpn)
= 5175psi - 2807 psi = 2668 p3l
cz= .?! = 2(B175 ps)) = 10350 psi
Cez =Ty = ~ (B00k-ia)(12.0in) = -]003 psi
oins ? 1674 ia*
FPrincjpd stresses
Gin= T2 2 f(GEF et
- ﬂz‘iﬂ& :W *C'm"'
= 6509 psi T 3¥I0 psi
o;= 10480 psi g =25 psi

In- : TaA70 pm
Pat-of- 'hnc.x r= -F
of &
o= 10,480 psi
No comprassive
Ty = 5240psi

o
a;-zz"gn-ﬁ = 5175psi #2507 psh
=782 ps.
oy = ¢‘l' - 10,350 psi
4'[’“- = g{. = = 1003 psi

v2 F=5240psi

?

Tenas = 5390 psie——
8.5-20 ERE A P
T T r=50mm +=3mm
P ? »=3S5MPa T=5SoON'mM
Crge = TOMFa

Find allowable load P
Stresses in the wall of the 4, o
o= %:'-" = BEAIZMFa " 1
‘E-.{E: 2917 MPa, iy gﬁj

r"?; :'alr-lv:"t=2-h ]

500 Nerny
zﬁ(M‘(anﬂ) = 10l MP2
T P -
-F" Zlﬂﬂnﬂ}m g-nuanr

Uo.i-_'.- Stresses n I!gupu’qll (MPa)
l'or:r. fn mewtens L
Cr= Oz rO3 = 2‘].!?1-000!061 P
oy = c'" 58.33 Ty = ~T=-10.6)

- Ta+0o
Crangion = ....‘T._t > -‘/(gli-g,)z._'_.t-‘,z.'

TONRL = 4375 +00008305P + /(4.5 + 00003305 1) +{~10.0]
or 26.25 — 0.0008305F =V (-14.58 + D.0005305 p)2 ¥(-10.6) Z
des
S‘L“g:z‘;“”;*n 505305 P)* = (~14.58+0,0005305P)% + 112..57
Expand and combine terms:
0.012382P = 3639}
P=29400 N=29.4 kN -t

—END OF CHAPTER ©—




B3 =T crvate T

93 -3 CONT]

UM = _.!?n.&( L-%)
CEr 43X
rom E’.(‘?—-I?C-): 3:-—5’1:1»"’-—?(!.-15)

The load is a symmetrical, parabolically
distributed load of maximum Wtewmsdy %o,

activg dowwward. 4—%
i J

- -

¥| 5 At ¥=L: M=-=-Rd
‘.'f = [
¥ # T
i -l 200 8 B

Ve — B (T 1052 3%4) Yiw ' °

“lak: 4 consecutive deriyatives awd oblaw: (4.3 —4 Sl ) Cliiboren load)

Rl = §=52L o 2L

Fom B3.(7-12C): B=-EIy™=—Dr_ 3B4EL e

The load is a triavgularly distributed load E” s1+ T 3 &
of maximum Wwensity %, activg douuard. 6'-—%_— or L=l&3 2)

%o < 2 2
_cCCE[E[I v=Me -y M=% o=F7
- - Substitute for & fiom Bg.0) avd for L from
- (2): 2 3E

EE—— N o -~

A!— 8 ., = ISES l

g4 L E Solve for h:

- X S_ o132 4_ 45 - - fa

v ol (RSt waka ™ h ISE® tiS)(?ODnd";U(0.0Im)‘

Take 4 consecutive derivatives and obtaiv: - 0 Wt | —

,?.B—SI Simgle | Ciion ()
WI2x35 L=I4ft T=285n*
=175 kit E= 30x(0° Psi

D Sae=SHe w0177 v, 4—
B-tfgh-_; = 0.003370 vod =193 «E#—

(b EI
> p-5-= S0

23-31& " Lions i gk

14 ks B
Q%»——z
Ld%e b Ad

3 Bd
¢
V= —FE (- 0)'= —E (21~ 2020% %)
V' —z%a_’— 4L%+ 3%2)
v=sE-(21-3%)

Fom Eg.(7-120): M=EIy'=
At %=0: M=2E-= Rd

R

£aL-3m)

[CONT.

= 16,618 iv. = 1385 it —

2.3 -6 —alloy mic
T
T T
FL= 44 AN Smec= 1.3 UM
- 3 g
Fom B3. (9-26): Smax 'gﬁ;'

C=-BLY  _ (44 un)(2spm)
BISm  B(FY 15 mX0.8T won)>(1.3Am)
E=E3=803 Gfa E—

L=25 um
be= 15 um
4=0.87 um

23 HT] <iviole biain (Usiform_load)
TE TP T 117

16I0°
=5 [CONT
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9.3 —7 CONTJ 9.3-10 con-rj

£ > 1610 R = A
S =~ )= e R i
L- 505> <— ¥ E=t. <= SZ-am
Substitute numerical values : -
h=12 ™ E-3Dxlo‘P!i 2=0.} in _Sc \
Q= (2,000 pi et

L=120in. = IO TF «4— ol aﬂi

9.3 -8 -t iever boio (duifom lond)

s=3t 5_ 8L
BEL T = 8EeL "
U'xﬂ—zig{-?-)nit.-_h—
aro 12 _ aL
=By uh L="1% fssx) 2hE
L . 5 _ 500 _5(30M&) 1
=0 == 5 =3w ¢

o5 os o 94

The deflection at the midpoint is almest as
large as the maximum deflectiov. ( The mataam
ditference (s oMy 2.6 %)

3= ¢ s Cantilever beam ( o
ELv*=M=-P(L-%)
EIv=-fx + B 4 ¢

o= nsfﬂ%-L}& <+

Substitute americal alues :
O=9000 Psi L=Tft=84w
= 150 2b/ft = 12.5 Db/iv. E=(0¥i0 € psi

Smex = 0. 680 in. &—

Uy ure
p="¥

2
rr=S3 y=3L

. 38435 »
Lpmgl pieo, S (ETE)
& p= E(gag") %
Substitute asumerical values:
p.=IOBOi~.-‘h7.oﬁ ‘_—

[ (&) Maximum deflectios
B.C. vm- C3=0
Sex SELY L _ bY _ 5%
f I=7% 52 3ZE 2 i, v:-%(af_—«.) <+
o ;i!:% i L =-£L (20-%)
b= 5 - P g
= —U(L) =
Substitute b wto Bp(0): et 3EL

B.C. v =0 =0
EIv= -—-E%- -r—ﬂl‘-rcz

o= -V(L)=-B% 44—

2EL

22 -12)

EL "= M= Mo (1-F)
EL1’ = Mo(X~%) + G0
ELv =M (% - %)+ G%+Ce
B.C. Y0)=0  Ca=0

BC wvw=0 c=-tt=
Ve —Z‘i:i%(zL"-aLx-rx’) «“+—
_EEM_hﬂ&'j!‘_

= ""'"-‘emx (2% 6L%+3%")
Set =0 amd sHve for X:

C at ewnd

4.3 -10] Simple beam ( Coucevtmted load) L=L(-5) <
SC‘" &f?‘.‘—‘ﬂ‘z (az=b) b= la S'ubs%rhde % invto the eguaﬁa! for U:
FBOL Swax= —~ (V)
Swaz= —Pbi-(—g-?—)—- (azb) e
qJ5 LEL oM
sc _3rs(-1+88- 48 ) WBEL
T - )T [CDONT.

33



123 7131 Covtiever beam (Tragular load)
EIv=M=—F(L-%)

' _ X 4
EIv'=-k- (-0 G

=%

B.Cc vw)=o0
sw=_3~—<L-xf_J-,¥Tc,

BC wv(o)=0 Co=
1r=-l—g%f(mL-!oL’x+sLx’-x3) <4—
o, 3_ 22 2 .2
= zﬁ%(a_ UK +4LX-%2)

Se=-U(L)= ‘—

3051
e;: - '[)‘(L) = _%L_ ‘—

Mw ( Couple M. )
EIv'= M--—t‘-‘-“_z- (ps%X<a)
EI‘U"I‘-u%E—EfC, (D£% 2a)
ELV'= M= 2fL-%) (asX=Ll)
Etvr=-0y-Z+ 6 (asx=l)
BCU( V)= (V) ot %X=Q

VW Cp= G+ M
EIﬂ:-% +CX+Ca
B.C.2: Vo) =0 Cs=0
ETv = - M0, &, Cyv Mk +Gr (asisl)
B.C3:UU)=0  Cem-Mla-§)-GL

(os¥=a)

93~ o tilever beam (Distributed moment)

EIv'= M"-—M(L‘tx)
ELV= -m(Lx- ¥)rC

Com — Mo

C = 'an'( 212 gal+3a%)

-
-

v-—--—%c&r" 4Lx%eq?) —
&“-vcu-m <

BC. 1(0=0 , G=0 = —z‘—_—gz-(gm_-sa‘-zlf-.x’) (05 x<4) 4—
ELV= *'m("‘r £+ G r= — M (302 ~3a2x- 204+ 3L x3) 4—
B.C v(o)no Cp=0 6LEI (as¥=Ll)
V= —BE (3L-%) E— o o Mea(L-a)(2a-L)
GEI : So= - V) T
v=-8% sz-xs - Meab(2a-l)
Se= - U(L) == BEI <— 3LET
Og = _v’(l_)__ < ?_—_lr.d(awﬂlewr beam (Rrtial wiiform load)
EI =M= —-%(a-—x) - i—ta‘ 2ax+ %)
3—[5 E with & euled §!!EE°'_"' ( o£xX<Qa)
4 &-_%_L. EXV'= --%-{a‘bax"‘-. -‘{;)-r G (osx¥=a)
A %— BC 1:v°0)=0 =0
EIv"= M=0 tasxsl)
h‘h-%L EIV'= C (as¥<L)
4 B.C2U( V) = (Vg ot X=Q
y x 5
A B: Se ~ C:::;%z 3 m)
Elv=- - G (of
Erv'=M=gL%- 3£ 2 L+ 22Y4G
2 3 BC¥v(0)=0 G=0
i e T Efu=-GY+G=-38% & (as¥sL)
.&c; 'L"'(L)-:zo s o= — 3 B,C_&-(v)mn (_1})&’“, ot %=q
Erv-jﬂ_-&x___%;_ + Ca Q__g
B.C. w(o)=0 = =0

U= v—if-(sa‘ qax+%x*) (0<X<a) 44—

U= "2?&31 (41(_..:;) (as¥Xsl) E—
Sp=-vil)= 2L (4102) 4—
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Efv’= M=—Sb(3L-40)  (o=Xs 4;)
EIV == —_‘%(gm-, B+, tosxsf)
BC v{o)y=0 =0
ELv'=M=~E totxex® (Fs¥AsLl)

EI V= —-E-(L’*x 1 )G (hexst)
B.C. (v‘),_,ﬁa(w)w at %=Lt

13 —18] Contilever beam (Bartial wrk ) A

—-—3——(89: ALK ITH L)
(£<xsl)
4
Sc—"‘l/'(.—f) %f ‘.—

r—i——H ulCa»hlever beom » with a_couple M»
Elv™= V=0 v
EI " = Gy

X Cpm Bl BCl M=M, EIv'=M=M,=¢,
|Ezo- »-%(é% 20 (osxad) [ELV'= GEAG N+ G
| BC.2 ao)=p Ce=0
Be. wo=0 fs=-30 5 Ef1r= M 3?52 '
AR 1o S L TTETS
(T‘X‘L). Bc.3 ‘We)=0 G=0
18¢ (v),_,u.-ztv)m,,,r at yc -\).__25%%, -
L Cq=. .,_2__ "
;-.—.M— - tosr<L) «— . 2
fe=-v(H)= % <+ e e Mol .
292 ET, 65.-=4r(1.)=—ga%~ (Counterclockiise) @—
V--Lftw_“u 96122 8L+ L*) -l -
(b-s¥sL) -4————-—J e b ine_load
— Ervv = ‘Z,(—-)Cn“x +c.
12319 ¢ : ' Lo B = & T« Cx+ G
= + -+
Er = M= _3_3'_1.-._. .3.7_53 (os ¥=%) *
i . BLLl Erv=M EIV0)=0 C=0
Erv=-33LE '%:*C' tos¥=3) |mce EIV(=0 =0
EIV'= M=ig-- _&8_ 4 <xsl) Elv'= - g (kP e o
E.t;v'=-ﬁ%’é—i{=g-+-cz (hsasl) | Elv= gLt nIE . Gy Ce

BC fvjh-ef=(09z;3H at ‘)(c—é- BL3  wo)=0  G=0
- C= G- -25— Bc4 =0 C3=O
EI?'——S‘—%—— m-&(‘.i’-‘-Cg (osrs—g-),?‘ 1)=-.-%?;... <+
BC. wto=0 cg—;o St = —‘U‘C 1ot -
M 21y’ _grx ' -z “n"*EI <+
EI‘U‘_lLé‘_ i_. C %‘*’Q T
(=¥st) o 3Ma ] 3Me =
B.C V(L)=0 Ce¢=-GL- :%_ Rpm3e downard 2 V= -3
' ' " My
BC (U =(Vigge at %= —é ELv"= "—-3—5-
! > CIE_ ?2 3 EIU”=‘1%§+C‘
Vaper - BX Lel6r®) (osXst) €=— IBLL Fry'=M ELvie)=2M. C=2M |
V- (A ) D ] EonT,
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94 -3 CONT]
EIV-—M + 2MeZ + C2

EIv= -—-HEF + Mo+ G+ G

‘U’-—-&-—
V= — zTE:f(L"‘ ) L-3%)
Set v'=0: %=L and %=5
b 2MlE
B = - V(F)= 2725 (downward ) —

'2.LEI (2= 2L%+%2 ) “ng_z;(l-'%)z 4 Line -WL)‘%L

k.4 —5 CONT]|
BC.3 40)=0 =0

ELv = - fo(Rb) ot lf + SlLe _ DL,
BC4 o)=0 Q__lé_?_r-a_l:‘_'

- *ﬁ(‘l-ﬂ-f&t% 4812+ 3WLx- )

e (T-24) ¢—

24 =6l e er beom with o pambolic load
EI'U'.IE. --?. - _%;._(Lt_,xs.)

Ezvr= - B (2x-%)+ G

M_Smmdbmn

N Trrzxsa ﬁ'ﬂ%
(. < S 1 '%

% L =% ‘%ﬁ

V=Ra- 3% = B(L-2%)

EL ™= V=-5(L-2%)

ELv' =& (Ly-22)+ G

BcCl Ervy*=M Ervie)=o0 Ci=0

EIV’=‘§‘(—"2£ —-'52 )+ G

ErvefEE-K)are G

B.C2 4x0)=0 G=0_

BC3 WL=-§g= ‘%‘Lﬁ

- =-..i"a.
&G Az

Ve —EE(5%-8Lx% 4%7)  €—

V= --—-—(5|.3 241%%+ 16%3)

9A-=-v(o)——% ( clockwise) g—

BC1 gry¥vVv EIvi(L)=0 C.-—"’—f'g’:-

SR - S A ads

BC2 Fry°’=M ELVY(L)=0 Co= -i{:
Erve - HE L) B _Bx L
BC3 yo)y=0 Ca=0

Erv=— B bt -0+ BLL_BEE ., ¢
BC4 o)=0 Co=0

U —Bl 4514 a0>6+ISCE-0%) 4—
360l

4+
oG e
V= -—-ggf_iﬁ(lsr. - 203K + oL* 2% x*)

3
%--—‘U“(L}-_%. ‘——

94 =T S te bean with a_parabolic load
EIv=-¢=—48L (0= - 28 (1¥-2%)
Erv¥= —%if_-;-(a:.x‘- 2%%) + G

Ezvi= - By (21207~ %%)+ G2+ G

—‘M—_Slggﬁ ilever beam with a cosiwve load
EIv¥==-%=-% Cat—gE-

ELv"= - %o (20) 2inTE + G

BC1 pry”=V EI™(L)=0 c.n-?%‘:—
EIv'= 3,25 e T + 2BLX . C,

BC2 grv'=M Erv'(L=0 G=- 23;'3
ELv'=RBL ol + BLE_ 28LY

T CronT [CONT

BC1l Frv=M Evio=0 C=0
BC2 provixo C=F-
EIv'= -gﬁs(—sfﬁ%sw‘- 24°)+ C3
3

BC3 (smmety) (=0 G=-2t

343
EIvV= —B%E(L’x-ﬂ-g LK)
B.L4 (0)=0 Ca=

2

36



Q4 -7 CONT]J

9.4 —2 CONT]

= 0.096522.% <4

V= 'q%t?—ﬂ(sz_s ~53% 21 %t x") — | BEE (Visgre= (VIR b X=L
b= BB g Go= G+ 233 @)
Smax = - Ug) = "ST60EL Ery = 3L
L—L‘——J Simgle_beam with a triouguler load |Bc &
: vtoy=0c Cy=0
Exv“‘—-—g-——-&z— Ezv—--%——+ C, » a3
BLT afi)ao for osxsL G=3
Erv'= -8 s cx e Ca Fom B5.00): ¢, _it-’.
BOLl pryvem Erv'oy=0 (=0 EI U~ ~ ﬁt" 33%«:3 ggf'xz %Lx +Ce
BC2 EIvW=0 Co=BL (Luxs%-)
Elu'~ —-B% +.3.-_5§_+c3 BLCE p()=p for Lsxs 3L Qz-%?
5
Etv= -BL- -&gg- v CaX+ Gy v=EL %) (psxsL) €—
BlLS  o)=0 Ce=0 013 = 4_3':5’£) e T HoLr i 2?)  —
B.C4 =0 Ca=--T= (Ls¥s3L)
vV=— - Y *+ 2 4 6c~’1}'(‘il")=l—lm':- 4—.
Soier(TL-tot’4%e3v*) <— 3BREL
ERYS TR
V= 'ﬁs‘f(u - 30 % i5%*) Oc= -5 = (e'éz <+
Sebt =0 : #2=U(1-Jf) %=0SITL pa-to gy
o = = V(% )= 2] BL” (2. 8/ > Left-hand haJF(Pari'ﬂC) osx<—§

Right~hand half (part CB): b < % < |
|BtAC g=0 '

2.4 =9 _Ouerhaming beam

EIv¥=~%e0 (0s%=L)

EI v = losx=L)

EL V" = GX+Cz (0=%=l)

Bl prv=M EIYlo)=0 G=0

ELv"~-% (Lesx =3k

EIvV=-38+C  (Lzx=3k)

BC2 pryvav Ev"@Me0 G i%’-—

2 .

Ervie - B2, 38X .0, (Lexe3b)

B - S - - 'BL
EIv*=M Ev'EF=o0 & —8—

ELv"'= -=D ELv”=C,

EIv'= Qg+ (2 Elv's c,(—‘§—>+czx+ Ca
EIV=C.(£}*G(—§3)T G o

EI‘U‘"” %. %_( L-zx,)

Exvvs B (La-x"+ s

EIv" —-_‘b.(l_x’ %)* Csx*c‘

Bl = S (AE - ) G(E ) GXr G
v = BE - L), G GfEhaxG
[ect1 E:v*=V E@*)=Erv?, ot *=&

BC1 PReYs

Bc4 Ezw'lmr- EL{vhwn o ‘Z— B.C2 Erv'=M EIv(0)=0 @
C‘L“%*‘?‘E‘ j%— C= *‘a“ T =0 | )
EL = -_‘!1?’;‘_ + Cs (o<x<L) 8C.3 EIv(L)=0 QUQ-;-.%G. o)
ETv'm - B, 333 X o B.CA4 (EIV) =(EIV")y for ¥=% J

(L=x=3) CL-GL-2C =L @
[CONT [coNT]

T2



24. -0 CONT]

25 -2 CONT]

Substitute coustants wito cguations for v
and

B.L.5 (U= (VUds for ¥=% (b} Table G '2, Casel  BL=5P
3
CLP+BCa-ColP- 4 Gl - BCy = il s S=SEE- 5;‘;’-1 4
B‘_C'.é w{(0)=0 Ca=0 &) CC)-S_L s -~ a8 _
B.C.7T (L)=0 o g ()T -1 44—
C,L3+aa13+ CCL+ 6Ca=— 3’2'0 %5 —3] I Pl)?q
Table Cases 4 and 6
CnL * 24 GL~- csL 6(‘.2!3 24(»1].. 4‘8C8 m s G‘I L2 4 a. >
- _&L_ (8) 3”351 'L ~ ¢ L= <
2
( : . @ %‘%-—%“NO 'E“""“‘lz- <4—
Cg“ 2 C2=O ) C ;__é’l%. q‘ls _4_! X
= - 3&L 212 *
.C4=O (gs- 2 C&:— oL -raue G‘ -2 Cace 4
. 6T %L L
G=""eo™ Ce=—1920 S - EP *AT-(T %) 4+

&Lbs{-d'u*e Mmencaf wdu:s

Deflectiov_curve for part €8 C5=x<L)

caom)aan;' eolav ! I
Deflection curve for parft AC Cos‘ksvl‘gl & 480216 lam® =g (Gongm ¥ ok ) |
L% z = 45 mm + 20.5 mm
W (37>~ 40%%) <
S760EL = 25 mm  €—
2 .
= — b (3717 120%7) T5CE]
X L , _
En=- v'o)= s?:!gez < let %= distarce to load P o P
’ R BN & 1 § = Jowauiord deflection oo
Sem-vig)=3E5r  4—

Toble G-2. Case 5

=B (1203712 401D+ IC2%-L < 6LEL 3LET
V= Sorsx [ o )S‘L Turtial uwpward d-spla.oemen{- of the bean
" 2 =
A= -5.7—1‘-’-—60LEI£8(3?L—;201:)+30(29: IS M must egual SL—‘K .
Bp= v(L)= ;’Z’ELI 44— ¥="aiEr <
25 = U ot foa 1826 g5 = E B :Im?' B.v
Tab‘eG--;zi Casef:?wld-s 41{3 e a3 /a5 qia PipA
P(L P( PL
e T S e 1 %’E“f‘ +— g(:ble &(1 Jacasei )3
X a - — ——d T 44—
5a==—-i65I (31-"‘%)1-3%%)—(&"%)&-—3%{ @t 3‘—1_5 zeT
5B S0 =i (BT L -2 ) - o (b~ &)
9EL 238t <
= 1 T Té4BET
9. ...—l  Simple beam with 5 joads .5 —7] A P P=36k
(a)TaHe G~-2, Cases 4-cwd é6 ' é‘ ot il g M=35k-o |
= PE) L= 96
8 EEI—[BL 4(—5)2]*-21'[31'2 4'(?)2] Tabe G-1 Ca:e$4- é, aml? EI=21a0% k- ix®
""EL' G =- 9T EI (3""2')
“-;% <+ [ConT ‘*‘*"%g* = [CONT
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95 —7 CONTJ
el ey

L?
= T78EL asr.
Note s + = dowwward ,

—~ = upward

MMMW«:&F}QM
2
31_3__1_“‘3 P

Table G-1, Case §

—&—m;(lm—?a) (positive upward )
(8 Upsard whew B <12 gud douwisard
when -%—>-L% 4

95 =9 o ot o bracket

c[——P
A H
L

Substitute mumerical values : GB‘L%”E)-- '%,E’T(f-%:)('x‘)dx
Se= 013 . Sa= 0448 in. <4— =-(3;&1% 44—
9.5-8) po o with bracket ami overharg SQHLL—%%J[3L‘,‘)-S 2 X)X ELY
Table G-2, Cases 5 amd 2 52l  4—
Moy 15 " | Tieoex
Bﬂ%g 2Lz B M2 es -l2| e | 4 tial an E lood
E&&K?H_’BL‘%_ fa [5@5.) 3(..!:..)..2;_?] 3
6LEL * GLEx Armﬂj - =
""EI‘“(IDL ) > A EH
16261 Table G-2 ., Case 3
(@) §y= Op(-F)=

G.-%——,’_';‘;’z[ 2L~( Lﬂ)]a"%:t (2t-a)?
msh(-bltesa?)  4—
Smes = ZCL [ (10" 41,010 480105 200 ()
—4L(l-aX 5 L(LP]
~ [ L% 48 -6 e 205)]
-ﬁfsﬂ’ %4+ 16a*) A—

Table G-1, Case 4. and Table G-2, (ase 7

3 2
@5 B+ Y ) 4
S (T the right)

&) Aéé%"”
&m‘;’%%gi‘ ( upward ) §—
M_Bmm_*kddw"‘w a_wire

9.5-13]

(@ TaHe G-2. Cases 4 ond 7

&-—% QQH)"O —E-:-—L' 44—
(& Table G-2. Case 4: Table &-1. Case 4
Table Ct-2 Case T

Qa®
59'"1651@ 36r * GafaE)0)=0

P _ 16all+a) <
3L

lP El=T5 kv-m?
* EA = Joc kN
L=05m, LgﬂQTSlﬂ H=0Q8m

Tablc& -£, Can4a~d Table G-2, Gace 7

Scs_ﬂx. 3ET E ..J-( T Px%)
= Pl, (—‘-:':_,"ETQ"' ""Epg]‘) 4

Substitute ymumerical values :
Sc= 2.1 mm <4—

.LM:] -ThN H‘E‘l‘dl strip

%c 2 Y

TaHeGiZ Caseslandlo

4
5= -3 I8

38451

s
31, 104EL

§=W

=

rwe®

% 8= 3 jogEL

P

239




9.5 =15
(1) Assume that point B is ov a rigid support,
Table G':‘z, Case 1
Se=sZbo(b)  (upuard)
(2) Assume that sprin sho&m
Ju e 1
Sc Ss("'_) j'(‘l'%)‘ ( downward )

(3) Deflection at C - -
] L] L o
Som &+ &0 Bz - Ho =0

Substitute mumerical values :
EI=92 k-in?2 L=30o b=ISN

= 28 Mb/iv. —

() Assume C does aot d

b # p ©

q.5 -18] Ce )

C D }P Se--ﬁ—f Bob

-2 oRob=22

S

A

A o M bC

So=fi v b= F e
a

Sﬁ*&'—%‘ ( Dowweward )

(3) Displacement ot 3E

8;=3;+8£--§§§—

(2) Assume C displaces upward

<

{&mnr.nrd)

b2 )b =25

{ Uptsard )

5 -16 Q
Py 8 C }
L & | #F L P
PL(B C)QL

8= PL(55) + QL(-GELI—) =2 (2P+Q)
3
S..=-=9.L\-3%'i- =k (4P+Q)
4P+Q=-LEL 5, (1)

Similariy, Spmz-ﬁ—f(@fp)

P+4R -—%59 @
Sdve Bgs. (1) and (2):

P=21(45-%) Q=ZL(s-5%) <4—
Substitute aumerical \alues :

Sa=I5mm Sp=10mm L=25m
EL= 50xc® Nm?

P=64 kn Q=32kv d—

9.5 =I

A

(1) Assuwme B does wf displace

wire

’J'zb

8- 13-

# 3b

8¢ = P(35)'(gx) + 6u(3b)
O =~ (PX3b)(-22)=2FE-

C

(2) Assume B displaces dowwward

lP

T=tensile force v wire T--Erf—

s
(3) Displacement at C

e Bet Bc = ~€—+S ) <—
Substitute pumerical values :

P=2408b EA= 300::!03.9!:

El= 30x|tf ob~ix b= I0 N

Sc= 022 iN, <—

5"'2OJ Q; ngi bEd!]

M_Cmpnmd_tmm_ (I)ﬂssune B does ot drsplace
@) Assume B displaces d(rumm > 46
3b 2b b % y5L 55“'% 'G%L—’ IQlAET.
Toble G-1, Case 4 owd Table G2, Case 4 rrm mw m w u L S
u EX 3 L &- 5 - 48EL
“35:' 251 (3) D!splaaeneni' a,t C
5_*(&1.&)*%,%_ < ¢ = clearance T 'i = C
16CEL
F="71% <+

240




45 -2] : 9.5 —24|
Beam cuith overhawgs _Trome
gﬂ;( g )ibf 8t ; /iﬂ'

2 3 " = 2 & 1 A $
Be=E () ~ B = B (6812 T} L
&= 9g+9“b--3—'?—(ab“-r sb*L-L’*) Table G-2, Case 10

Op = £LA_
§. =53L% _ (38 2 £ eE
3B4ET ( XEIEE) (51' =258 Tatle Cr;2. Case 4
§c=84 or 48{-—-)1-?6({-?’24(%)’ lﬁf-k-) 5=0 Sﬁm—sz;_"i- - GazL -—6%-(21.*-%)
(@) Solve mer.caﬂy b=o4030 @ — o= 2&--3%(21_* 3a) <+
(b) Sc= [SL ‘24(04030!!.)2] Mﬁwceml directions of a frame
4
=aoozavo—‘g'i- <« . R = Peoect
B= Painot

_J‘?.E ~22 m.‘ug loads on a beam
Al x PI E&lP 5
:4 L é

BymPed*w ﬁelmdsmus-!-hemarfhe
of the beam. Thus, the vange of wlues for %

is -%1‘: L% < _&.
i ¥=% or-&-, the deflection a.i' the midpowt
o &-w(-g_-)[ae e Yy e
. (o 1
BS6EL £
E%c‘xbé- the deflection at the midpoart 15
- XL 4x?) | P04 -1
48ET 48E1L

=—§E—-( 124+ 120~ [6%2)

For the maximum dzﬁechw %%-O

or 12L~32%=0 fx-—a— ( Loads are symmetrical
Substitute y=3L o s;(z)g

5= Bl

B.(3) Is lager thaw Sg(i)

@)

@)

If B ads dove Su=z5- iy (To the ngh+)

Sv= %L-(—%)Lr £L
5 (Dowwivard )
E_&M S..:'=_9%=:'=_ { To the w)

+ Bl =-BE + [%—)‘F
(qurd )

6'("

Defmsaue-blmu’

Sy=fle - BE _ L 5p_3R) (To the riht)
5"“‘23 .ﬁL;zﬁ(-aﬁfBPg) (Upesard )

Rincipal directions

= & - S?

| Zowot B=-2
.‘iv._ ~3Rt8R _ ~3PcottBPomx _-3+8hag
S 2R -3F  2PCl-3PsnX | 2-3 LAk

(M){Q—aM) = — 3+ Blancl
Aoneol + 2 Jant = | =0
domol= -1+ J2  ol=225° and -675" €4—
(Blso, oA=112.5" amd -I575" )

(8w =22 A 06 8} oo bevss ot 4T el
—2§] Fra = o8 ® e
/‘hB Re Table 61, Caseé - - i B
b S"’—E— <4— '
Gum Bk 2 Ty
o IP Table G-1 . C'me;a‘ 5 e Use absolute values.
a 5,.:.&:...{. —-—i—c = o wfx D, Case |18
¢ =L T Z=3s | a=dE=$ [CONT]

24)



96 -1 CONT]|

96 -3 CONT)]

3L
Bain=Op-ba= A =271
Gi=0 G- BE (clockwise) — €—
Q= Firct woment of area A cith respect 4o B

L2

ML

i —

(These results agree with Cases 4 and 6,

e

Use the moment —area sign conventions (Page
2

md Al med Ae-f
- g8

A= Athy =tk P
Baa=Os-Oa=A @4=0 9;"
(Bsmve uhmamkrdndu—jl
B te s m‘ s
(Rstiive whew upwsard )

Now assume that Og is positive whew chckuise
and Sg 1s positive when downward. Thew,

|CO NT

Q=A% [g)(BL -:-g% Table g-1 ),

Sp= Q= “g.‘-;z_ ( Dowweward ) < M_Caxh!gwr bm-t;ﬁh partial wiform_load
(These results agree with Case 1 Table G-1))
LZIMEMMMMI_

oft 8
™M c
EL I/(A’q';"mc"‘a Appendix D, Case 1, 6, and 18
L tlser 9‘-"”5*2-”('5')'12' A= %(%)( ) wesz

Use absolute values. -+ u = (ﬁf =
Appendix D, C’a..s: 20 -ﬁ ﬁ —3- (-g ) BeEL
Fobowy_ 4L, bh s | %= +2{-&)=‘T Aa= z(‘s)('éi')‘—ﬂ“-f

N2 T 5 '-l-'( =24ET =4+Az1'ﬂa-= _'Tﬂ
Oan=Bs-6a= A = -L S2RY
Can=0g-64=A
&‘0 EL i
93 CCbCkﬁll&) <4— O4=0 %_.ﬂ__WEI chck‘o[‘e) 4
=Fim+mml-ﬂfarm6t with respect 1o B| o_p a7, _ 239
Q=A% _(...ﬁ_..)(._.) Sl - 232::%% 648EL
30EL &’: 648EL (DOM) ‘—-
5B‘=Q:"'§;ér ( Dowarward ) <— 96 5]
(These vesults agree with Case 8, Table G-1) | w—@*‘mm({““f‘itﬂ—l
-+ - =iN,
6—3I6mh!mrbeam(ﬁrmlgdcusé_l Tz ke g p=2sk
k: / L =8ft= 76 iN
A' G —E%. EL= 2. QS!IO’ _ﬂ,_mﬁ
(7] E
fe (2 Use the moment—area Sign' cowventions (Bge 630}
""glf sa=Fm+mmi-ofwu‘+hr¢Speofh B

ss=c-“=ifx%3 $EDLE)

e (IMe—8PL) = 0443 in,
M (Minus meaNs dowwward)

e =(EX5) - Bk 2 E)

- ﬁ(em-snk ~0.13T v
(Minus meaws docawward )

Now ossume that dewmavard deflections awe
positive.

83"‘0.443 iN.
8¢ =0 137 v.

<
‘.—
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Use obsolute values.
Sp=First moment of areas with vespect 1o B

Sa= SEELYEN &)+ LERLXLIRL)
= BEE —3—3—- 1.8 wm (Doasard) €—

&-éc%&x~)+fﬁ—&x%)+ 1(ByLys)
--B-'-+5 L — 410 mm (Dowuard) €—

26 6| Cantilever beam (forces B and ®; ) %6 —8 CONT]
o L2 ¢ Lie 8 E-IOkN ._bi.
Be= & kv e A_| &

<RL/2s1 E-ze N ta wa < s &8
_ Le C L B gy e '

o T E = 20068 Use absdlute walues.
e i T =201 510" am® At powt C. the toagent to the deflectiov curve
“Rl/er Is horizowtal.

£ = First moment of area betweew C and B
with respect to B
'&'Ia*ﬂt?:

=Gk 41 SRR

334-51
d=9apheh-m=v support ot C amd the beam

=d = MPL 1upL 384EIA

Substitute nmumerical values :

5_,/’5‘75

[CONT

uﬂﬂ*ﬂnﬁaﬁm d=10 wm L=6m E=200Gf
A c Lle 8 IT={98 x1o® rm* P=éd kv  €—
&% 96 =T st e weth o congle ot 10 o
€1 A By 8 jn.
$.%/gex B‘bda P
s Gﬁ/h'._:;: A{<8 B
" A
Use absolube wolues ' _% 5
Appendix D, Case 17 B 'E‘:n':' /I/l
T=d  A=h=I5 °A iz < iz 8
8&=th+momeu+ofam between Aand B | Use absolute values.
with BB = First moment of area behoeen Aavd B
-(A.m:!(-.z)-_&:ﬁ. tath respeelr-eo
n= BB m S (i) 4 =2(z Eeynics)-Lek-
cc=-BBi i G=TE =2y (clockuise) 4—
“ 48EL AA= First moment of area between Aand B
C2G = First moment of area betweenw A and C M‘fhmpecfwﬁ
with resPec% to C = é("u")(‘-x'zf‘)" 35:
=A% = 28ET - y 95"-%‘-«- H;t (counterclockwise) €—
= - = L Sﬂ. z
( Dot ) C2(, = First mowment of behwesn Aand C
(These results agree with Case 1 of Table §-2) . &:% md.wcmm
w - f%x'%x?)“gzz i
Le < LI §=ca-Gl =l - b o b pnand) €

(These resulis agree with (ase 7 of Table G-2)
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 §

.6 —10

96 —Il CONT. |

EL
A== 2(EDE) =Tk A=~ ek
BB, = First moment of Qrm between A a.nd B
with rtsped-

=A%

MaL

Because the beam is symmetric and the load AA1=:E;:*W”+°FGY“M‘QMB
; , ct to
5 atisymmetrc, e defechon ok he ropod o0 45+ Al + 3+ a3+ ) =0
IS Zero. - 3
pSa o ‘—“P .&&4.,.9 —
2
A 5 lD/S' C~ T——~.8B DD = 3&("5)‘"1%%
# DuD, = First moment of area betweenw Aand D
B with respec’r to D
B LS )"5457:
T B §= DD - DyD =L’ (Dovaiaard) @—
M t-a) a g BYEL
BT A L e B (Note : This deflection is also the maximum deflectnd
) -a / 2
~Mi/ex —w"-l_&mplg bemn oith heo leads
E]’. LEL Bci-sa) 1Y cr > 8
A= (E )(OJ"-&Z([T &
= &My L-2a)
o= £ CER 5= P . B,
t i moment ween A
L fﬂfrespecr *DDFCQTM e s R=too kv B=200k~y L=lom E=2006GR
= A (-5 -a -1-—5)1- Azc-s)(-ﬁ-—a} T=120x10" mwit EL= 240 0" kn-m*
L*:za IL—20) _%l-f_-m_
I2E M
Oy=CC o PACLaNLo2D)  (pckiyise) €—| ET e A m B
6;:2?1_.0)(1_-2“) ta Em %- 2‘5"‘| 2.511';3
DD = CC\(- L{?)"‘ 6LEL A= Et{‘?sorgyg)z 1250 kn-m? -1
= First moment of area between Aand D[ EL
BB (E'I:{- o +o D A= (—%%)(2.5)-.135&3
L-2a oy
- A,64)=-DigLoze) b= ()2 5)= 625 lovm
$1=DD, - 4D, = GLL;? (Downwsard ) | BB = First moment of area betweey A and B
with respect t0o B
Q.6 “‘”IS. te beam cith 4wo_cougles = A(66&?&5)?Ag(a.?'.?m)a-;},fl.&é'i’m)
2 14, 062 ku-m?
A Yy D E /6 B 'T' = 0058572 m
g Oa=-BBe . QO5B572m
A= "tom = 1om
As = 0opses md (clockwise) @—
M B AA, = First moment of areq betweew A and B
Er with respect t0 A
N A A, Az| = A, (3333m)+ A2 (625m)+ A3(6.333m)
o Iz P LUj %B s (7,187 kn-nr®
= 1LIET W _ 0071613 m
BT
E]_M'// Oy = AA. aoTl&ldm
1om = Iom

=000Mé rod (Cowderclockwise) ¢—
CCi= BB, (-§')=002‘?2?6m

C2C=Em+mm+o¥mbefwﬁandc
with regpect 4o C

(clockwise )

i

‘ ]CONT-

GEIL

b ﬂ(té&?ﬂk%ﬂﬂawﬂﬂ MICONT '
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97 -2 CONT.

9.6 —12 CONT.| 3
= CCe— = = 3(Le)? (32X He)® (‘31-/8)(%) _T#L
§= CCi= CaC = 20.6 mm (Dowwcoard ) 4— |& CET * - SET. = A8ET;
DD = AA () =0D17903 m eonetilon
*
DD, = m{- mo.mn{;ooF area between Dand B 53_&,&*9‘(_!?)__1__12;—“(“._‘5_&) <4—
= (08333 ,,,)_M a002t70m (b) Brismotic beam
82= DD, ~ ;D = 15.Twm (Dowwward) 4— &= 851.
(Note: For B=P aud E’ﬁfﬁ. Ratio "L""T“ (14 Iz‘) -4
oﬂ‘i%"? Oo=-gaET () Gnph of mtio
= El; S,= ZQPL
3B4E EBET !
(47 ~1] "
s'— P(%g - PL o +
3EIL, 24EL I 2 3 4 s Ia
+he beam I
m&ﬁ L% (%7 =31 5rgic houm (Uit lood s 0
§ = PORP  (prioXlaf _ SPL different moments of ivertia)
3EL; 2513‘&)_ 48EL, ‘&I s
- (. N5 “ Lt
&="387, En  SEk B:’ R
Deflection ot B
Sem v 5+ BlI=EEL (1+0) 4—|R=Tp M——i-g- o it
{b) Brigmatric, beam Erv'eM= 3% _ 3% (omcs.-;-)
S=3tr 37 EQL)v*= M..J:LE Sg_ (5 <x<5)
Ratio N . I(l?ﬂ_} <4— each +i
142 Gragh of ratio. Ry j%“'%a* G (osxsg) W
| 2&[1}-&_;’!’_.‘.(2 (:lts x;%)

3

e
Bcl (S;r-e*'y) V(E)=0 C -..ﬂ_
R oerv= B - 2L %’.-.—ci-ms@ i
'i".?" Slope ok point B (az-=——) fiom B3.(2)%
7 -2 g ",*‘ 3
&= -BEL, = TeBEm: —%—(—h—)’— %C—i—]’-rc. -t "
Bt AC of the beam
g %= Han=-f5e
ileIE Y4 Slopes of the beam
I: EIv'm M _%_7‘_3 % (0sxs%) @&
3‘; f Zi mL
s Er""'j'a—‘—'g-— (4’51'"5) (5)
Icou'r [CONT.

2
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BG4 (‘l&)m.“.,.v-ft&)m ( From E'gs.'?awd 8)
£ 4'3('5‘“ 481 (o) Com "‘25“'""'

Q7 -3 CONT] 27 —4 CO NTI
Lfrgle of rotation 4 (from 34 BC3 A x=%, (o) =(Whaom (g1 ad 5)
&:_ t{o)-jﬂ:_. *_ &_?ﬁﬂ 4__
Integrate E’s.(4)awd (5): Se __8pt% ¢
‘-'-'W=1"§’3 L-TEG (osxsh) P it 2—5:;3 Gsmieid plif
i v Eg.(5 Somplify s
EI“”"‘S‘"’* % %LB‘*C* (Fsx<E) (D) 4,a4-7‘?6—5(n3-6u3x*8!!.r’—271’) (keysl) &)
BC3 v)=0 Fam Bg.(6) = (=0 Also,
Deflection ot pm;ﬂ- B (x=%) from E3.(6): v=gh= Cat ety -82%)  (hexsl) ()
3s53*
B~ —Giia () Matimum deflectiov

V=0 gives ¥, ==(7-205)=0503IL
Substitute %, iv Bg.(6) axd simplify :

Elv‘:ﬂ& _?.Q.C.
BCL M A=ls, 3%

Deflections of the beam ( Fom Egs. 6 ad ) &w“"“w*%=°m%- <«
ve-ngmeI- ety | @ 475l c b, Cho it ot of
”"12%851(‘3“2%“’ 5“2”‘:*’“"‘) « | EEPv=M=2E (osx<L)
Magmuwn deflection (F;z'_;%w")g' © ELy e M= Bb_ FX hsxsl)
O™ = Vg }“'%%ﬁ <+ Slopes. gy, A . (osx<%)
RT -4 wrth & i BV B LG (Bexsl)
A W&mﬂ_ BC.1 Cortvurdy couditiov for slopes at %=+

s ok 0 cm Bl E7

il } B c " ‘ G ez @
W EIV~%+Gx*Ca (0<%<%)
FomlieB . 33X (oeqshy o Hv=BX P naQ (gexsl)

V= -—-3-§5- {os.ts-g-) 2 BC.2 Wo)=0 : G=0 )|

bom Bt C EIv’-M--E--% (3).&(:& w=0 - Q'___B‘;__’_Cﬂ_ o)

BC.4 Cmfwu.{y conditiov for deflechiov at X= .5-._

B 5P =-S5 ra® G

s C.---E& 351& CL=A2- s GL+34 “4)
EIV--%! -EE-I —&- 3:18- (E<xsl) «-)N Solye Egs. a) (2), (3), o.ud@l-)' 5
Erve R BC_ sl mu’z hsrst) [ Cm-BEL 1T o, o BP0
BC2Z =0 :Cm=-Piacs, Slopes. e 2P ot am®)  (osxsk)
Erv=f§!' %f ﬂg:';. EE&Z %;ms, ‘v—-m(wsﬁ 4061+ 243%%) (§<¥AsL)

(5<2xsl) &) QA.g_V(o).:ﬂ _
CONT. [ConT]




.{L)‘ +_ Fm APR.’NJKX : (e == —m o
B = v ?2?51 _ =(L+2%)
Deflections § Lw:? 2(1-**53;
v=-2EL -2 (0ssk)  4— V=E_1:('6X G i TR ST |
3 ‘—- ﬂ
v_——E——mEI(:aL-WsL%*mW 3‘1‘ ) L) lzernx*q N .
(3_ Xs _Eh[ 4(L1-‘tfz BT L‘] +C;
o ) 2PL 329;_ ¢ IQ(Lﬂ!)’-
88 V(E 218TEL ‘ B8C2 WLY=0 = Cz= (24.)
197 -6] r beam Vel [ - —i?-LTl“L(L,,;f" -2£] 4
M=~PY EIv°=-PX I-%(m%) P
pd _%] $am - 1(0) T uET,
= Ef = [ Le2¥ la7 -8] cantilever bea
¢ H d — .M__——'-——ﬂ——-
Fom Appemdiz C 5_’Z_Z__(Lﬂ), " TR Me-pX EIv®=-PYX I--'B_l_."rzl"x)s
3 ~
B v B Gl
- A% +
B.C1 ’(L) o & G= 8_EI.ar From Appendix C: JT!?L“‘T)‘_ " DELEE
Lt2% 3PL LtX
[ ?%f; 2 V' 8PL . 16P12
3 3PL ), = v C.S'-.v =
"Ej;‘[zcun*]*;n['aﬁ‘] "BEL, —Bﬁisp“é (L) +Z cor? 9EL
TFrom Apperdix C* » ) =2tk [?21_4-3)!} ‘?SEIa oo
1 xaY Ly gPL 16F
S-St | gy ew i o) 45
3 30 L
v=EB -‘;)(—ﬁ*’*&[‘f&*ﬂ"(“ﬂ] From Appendix C: Ié‘mﬂ —nx
_anf xdx | 2L 204%)
BEI.. ¢ Srzm:} 21X +ﬂ"(
“P—'i;[’ (Y 3* LulLex)- ‘3_] The (- 7775 %*ﬂm’o] ient G
BC2 -rll)=0 = c,am BL_[&-Da21)) =—,‘.f§[wx*30“(2“"" L,
3 X L+% ~
v--%"ﬁ[zé'w "'g_!_""é"’k&:r)] BC2 4;([_)::0 -~ Cg"""_ lq‘*-p"(gl')]
gag-woggﬁ%.fﬂ_(sz.z —s)—ooés:s 4— [2L - QL ~d+ 2] «—
197 =7~ ' o | » - -v{o):—E%—[.ﬂn(%)"Tg;] <+
—_ T2 f 4 2) . . ,
M-:-PxprI‘U‘ 2 4 MI 1 (Lrx) 7_§l e (4 1) with o ik l!d
T < B __ Tl logth=2L  T=awnf  oszsl)
L
Aﬂt"dd C: I(Lﬂ‘)‘a- _%(L-Ht? Ef Y= ;;:‘3].’” -:i:z )
<hd :
V=En ['etm?]*c‘ ot V= ELi 2EL (LX) ”
Bol *J:(L)'O - G= -1, From Appendiz C: %: G!Z.Lfﬁ)‘
_ LFAX T 31X +3%>
v J’—Lg[zz‘i’as]& .- e~
-v-:—- Tos) Ea.&'j‘ l'ZEl'A
fe = I—CO N_T“- CONT.
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27 -9 CONTJ

From AgpendixC :}(’%’= ng?ll:::;:) wililuend

3 r  8i%(3[vax) _ — g5
v '?GE[" gl-?&'i?)!— SL A (L)) &2 "a?o_si' <+

B‘C.z VO0)=0 2 Com _jl:_(a *‘E‘L) © wWaxIs L= gft="T2 in.

? - G lbo00 st Eo 30x10*psi
&M{iﬂe *FolL' C;+$J simplify € lengthy): T= 480 in* __%___ L6850
+ +
Y gg—;‘[ﬁﬁmgz‘ﬁ -L(+P)] 4 - !jgg - SLC @ me 2T Ui
Cos4L) {L‘ _ ILOm oe

8‘:m'-“"“')""'SEI.«(:"" -4h2) 44— U=(2H )2 ~TloECE

3'8;31 Catilever beam with a_wniform load

. QLS L+3X * 12e3L%r3%? N
‘V-EIA[ ] SET, W]f(‘. (@) Measure. xfmhrﬁwad*h
s S O
T 2EL (X ' . L _g:;__sr <«
) _ 3l A0E
Bl (Szm;d'v) ViL)=0 = ETh  |(b) From Table G-1, Case 1
B (. iy Measure % From the left-howd exd of he bean :
ZEI‘(‘"‘" TeETy «u‘z—i—(é!.? 4L%+%?)
-2 gLx? <
Al c|.+oc)3] (osx&L) _i-_(aLx 3Ly x?)
- - » -:.._iL—
Ge-vo=giy < A%,._ (12=20% + %)

U~[& (%zr)’d% = B - iy

Substitute @ ivto £.(1): uzi%:'g_'-_

U =480 (T2 n)( 16,000 Psi -
198 = 1| Sumple beam cuth concentrated load | 'Lﬁtmo‘wxwm* A e
@ M=FX (osx=%) 98 -4
" iy Y £ o at midpoist
U= [ M IL(E})’@;:-% < | Guews L.EL 5 (a mudpoint)
(b) From Table G-2 . Cage 4 : Q - '
v=-FLal-44?) (os1s %) vt ny Q=28 0-m)
d'v P s
W R G %J‘ —é:ﬁi)' EL{(-8§fuy 3255 4|
u o2 EL dV240 _ pr ¥ U= Ay = K
LS Y Vdx J:ﬁ(%)z 4
'9551 +— e 5‘“"‘31.‘*' & =TRouE %'"%"’%
ES L ;
© S-E-g*ﬂ P 4 U.,E' )’dx= IL(—%}‘M%M
98 -2] -%%5— <+
Gtvew': L, b, h, ORa Foud: U 28 -5 5 8 lz
L 1
T Q) A #
Cam Mol _ Momh v B2 s N I~
$1%h 16 L0 @From A o B: M-a——E“—“—
e =—leT ¥==Bh 2L
U= PR = [k (- E"“‘J’d’f“%—r

Substitute I=‘—r§- : 4-54";-?& <4— UE“J?'ESE(' Px)’dz::.gg
U=UstUsc=zer (1*2) 44—  [CONT]|
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48 -5 C.ON;I:I 249 -2 lP
@52 =For(1ra)  4— A—a 3 b8
(©) L=Bft=96iN. a=3ft=36n. i AN W L
wioxl2 E=29x0°psi jg.n-.le.ooo psi | Map=BRK Mpg = -Ba%.
I=538 n* c=% = 4935 iN. = - 'z
(x“--ﬂ—" _EQ__ P- EGCI U $2EI. TI ('E]__)dx* -fé_j (-%lfdx
w ——L&ﬂ’; 24| cN'ﬂb éLEI !
6E: 59_, du 33:1:;: P
3CE OIBBL -?—? ar
!
3__.] M, c
?Z”—LB = %
Sagmwi- AB: M=-—
Fom Ato € M=(E+I) ' 2 5§
Uac%%%"-‘ﬁf T Lo Me iy 2dy Lh-J er =Lt ax)’d" &+
) 4 &?ﬂd‘ BC: M:—-Px
A, s AR
M M-=(-£- =YX+ M U’Upgflbc-t—%(l_*ba)
Ueo=4EF =5ir] (€6 —%‘ﬂ*”-] % fem QU Palliza)
: HZEL (le.. *SPLM-"'WM-) qi = ] P
U= Upe + Uea = qm(p 32 GPLM,+16M2 ) LS
‘_EL_ ]_? ' g % a—
<eEt TleEr * < P—'F.c-l-.’nou-s load
|28 =7] ‘7Mhmn_ac_mm M= —Px — S
Part CB of the beam: M=Px o U"I‘EE— 2EIL( 9"‘%— ydx
- -— . 2
:; J—f"— | (Pl = E25 . :gg-é *%&'Ff
e SO Um=2Lb--%- b= —Q%‘aﬂ 3051
Strut €D+ Axial -&m:e F=28ZP Leo=LVZ |Set P=0: g =% <«
Up=ELe = o eizpfis)=4EE oo —E Sbet
3 L 2 Me
Trome U= Upea+ Usp = S5« #9255 AT 2
tem R -2+ BEL  «4— v oty | e
Mo = M--ﬁcH.ous moment
e F S Rom P g '@“% -
Tty | | - H-: '!L. Ml:‘;‘z -% + )’ Ly (Oﬁ%i'i')
U= = e [ =G Mac _ X
aMe L
&-L -B&Ri- (C'DC"‘AJM) "— Se CB: m:m*Mo’(’%“%)x% M.
-k (osx=&2)
S =T+l [coNT
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Gy [P = T ey B

+ 2 f et - Heyr 1 E1dx
Set Mo=

L"f%— RN G O

S TC T 1y 23— (Courterclockuise) —

12BETL T QEL
29 '*6| lﬁ’ 13
ga =

8
Lt L/o
el
Segmewt CB: M= -RBx  (02%<%)

Segr-ud-Acs My=-R(z-&)-By (F<r=<l)
e B o

8=z}, (mx““'nx*ﬁf‘ (MacX
w0+-'-j (~Pa—§)~&x](4: x)d't

(‘23*53) —

'@ —5 CONTJ 9.9 —-8|

‘ﬁf'f B+ 2] | [e{x—é} -RA)Cx)d

Mom=fictitious
ﬁC‘?‘z momet
w2 | w2

=BL (couerclocknioe) — 4—

—Lﬁw%mg—rm%“@dx =g

3
+—-{5P+RB )-4851(5?1-163 i i AB:

- i

Segment BC: Msc---y‘— —EE (0<¥X<L)

8 A
h ";’?rj Mo=Fictitious moment
J
Member AB: Mue=Pb+ M, (o<%X<h)
Bbe b e |
Member BC: Mg .=pPx+M. tosx<b)
-J( )(ap)d‘l
=2 (PosMaXbid + ], (o e MO
Set Mp“(; :
So= g [ bdx g [l
=-L8-(3htb)  (Dwwward)  of—
6. =3 )
2] o eMXodx + g [ lpre My
Sei' M.=0:
; Ih%dx* E'tfpxdr
=22 (2htb)  (Clockwise) —
P
YA B c P=fictitious
Hq( (7. L load
—e % 'Zj
Mag= —Ma—P% (osxsa)

_3.%,._

Segment AC : Mpc= —Mo- 3{- os12d) oP 2
%ﬂ%"“l a"“"Jl 326
Segmext (B: Mcgm-M.-E=(x-§) (Hsysl)| =2 —sz—a)dzv-g-LL‘(—ﬂg-ng_%)ﬁ
A=t s=+ P—o :
=i x Pef, Madt + 2] (K )
’éflf-ﬂ--:’g}t)dwéﬂ;[-u.-%a-%)]gm J-if(:;m} (Counterclockwise) og—
=) (NS
Set Mo=0:
&-é{*ﬂd'x by | TR K+ e - B
Set P=0
-3
e e+

— Mad

ax

- —

(Cowncaard ) <—
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gaﬁL" L 678t
= EHAEL T T2288EL

3:'-;%%‘;—1 ( Dovwnward )

49 -10 P 499 —12 CONT]
 §
I rrIrn Segmext CD: Moo~ 3P )
A S _aﬂﬂ -— (0L X4 F)
I 34 b Set P=0
—s% A &-Jc&£%§
Pe= fictitious load Ae-ac-co-oe-a_— —-—L (-5 )(0)x
-t I - + B fe B 1
P -

Tutegte from A to C ad multiply by 2. +éf_r# (’%‘)(—I'Jd% .

A = 0 ok -~ Bl
&- SbEpx

=262 - - e (-8 5"% i %

<

TIO=1] ot dropping ot a_Simpl beam
B3 (3-94)° Swex=Sst* (85 +2h 8)*

*I(-Eﬂ‘?r)# Bl

"%?‘%‘%?'

el B s o+ )

5om REWA) , PUR g

Fora !:1 c}gﬁm +h§shess QO is
ga —tl] P A g o
A 2 8 L 4 R!'_-_% .‘..%ﬂ_ﬂ‘- ﬂl*(_l""‘ﬁ')‘é
L ﬁ a | Re=-E-(11a) oh %
x i, -—— %- U_‘[ l'l'(l"' ) ] "—
Segment AB+ Mp=~EK %&._-— (0<x <L) o ¢
Seg-:nl'BC Mac=-Px —EF-—'K (02X sa) Tsv 4
of ﬂacspro-g 2
!% 'Z%Ll? (Eg. 2-324) , + +
St sotgy SRS o s 5 o
w=f—%§%’£ (53.5-00 2
~GU - oL rh a;[—%%ﬁi] 9.10 2 werght W diopoing oxto o smple bean

-12 3

“yP

I eV
P=fictitious load  AB=CO=%

Ro= 2L -1

IEEEREEEENEN
A"‘L‘E? 4

Segment AB: Me=-35 Ao (0<x<3)
Segment BC: Mac‘—ng‘-(x*q:)-r(-zﬁ- £x
Mec . % (osxsl) [CONT]

D

7%+

BC=L

Heght h is very lame.
E,.?q-?s) Simax = n[ZhEst

Fora | )relashc.bemn-ﬁeshcssww
pmpoﬁromi to the deflectiov S.

trs. = —"'J—
0—.“-@ wm

g_g__aWEr. e
& S°L 5 )
for a mctuﬂguhrbmn,-%;-*—--ﬁ (3)

Substitute (2) and (3) vto (1):

-~
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‘?‘10"31 Cantile be

L=6f=T2in. W=iso0lb h=025n.
E=30omolpsi W8«2l I=7s3wm* §=182 w3
Ssgﬂwﬁl'n 0.0826] .

Bg. (?-94):

Sln;"‘ Ssx'l' (&:""2*}8&)’5’ 0302 v 4—
&!aﬂmhw behoeen One avd S-ux

& %-%%mzmoo m d—

Note: B3.(9-74) is vald for avy Hpe of livearly
etasﬂc struchare, vcludig o cantilever 2B =1+ (14

210 =5 CONT]

Units : Pounds and inches (fb axd in )
W=4motb h=05iv L=[20;~

S - 24

‘0_4']_§-makbmmm-{h square cress gection

ot ™ Qo = IOMR.  We=20kv L=3m
h= L.O mm E= 2GR

md3= 1+ (102222 d")&

AHer- mnwpg and Squaring :
25004:! 3%d—-45=0 (d = meters)

Solve wumerically:  d=02804 m= 2804 mn

For minomum value, round uprard .

> d= 28! mm —

zh 2(asX51) _

z+

Substitute (2) and 3D into (1):
SI )lﬁ
2F

% Required  §=-2[1+(1+35)%]

V;...,w |B.000 psi E = 30x0° psi
%1 WL _ lzoooo (S=n3)
3
8’*”‘”"_ -g— f:- i)
g;.. Oblew 18,0008 3S
S R |2o,ooo =20 (2

€))

or

Ss&
Stress O s

19.10-5] Simple_beam of wig—ﬂg?:_ieez_
B3 (-9t Sppe= 852+ (55 + 2hSue
or &-—- l -+ ( I‘l‘%}’i

For a fmy elashc beam, the stress O is
proportival “to the deﬁecﬂm 5.

o T )

Tr t*(h'g.;
[ConT.

ioval +o deflectios §.
» O 2h
. "'0?- | + (l'l'E)‘2

+ (dxd) Teal | AQ red
‘I,--I%— Sﬂ%‘a be:m L tELS_ ngl
Smec= Sall+(1+22)%]  (Fom Ep.9-%4) Wex3s| 127 | 312 |46
For o linearly clastic beam, the stress o s W(Oox45 | 248 4. 55D (N&)
proportiom| * to the deﬂed;'a: 8. WIox60| 24| 667 | €33 (oK)
%.5:- % =1+(1+g)" y WI2x50 | 394 “T | €14 (

B BRI WHKx53| 54| 78 | w8 ¢
Q’u""‘“‘(%)(a I Wiex3l| 375 | 472 | eo w)
s,,:*a b Lightest beam is Wi4x53  <@—
S'ubs'l'd:’ﬁ! into Eg-(l)d:‘ Q.10 -6[ lssihiacang 4
Eemd _ v (1 BhEL Y2 From Bob. 98-5 or Rob 99-3
Substitute Mmumerical values : 5c==ﬁ‘%m L=tis a=lac=2lsp

n5mAPle g 4WUe

B& f‘?"‘f‘) 1S mhd 'For Of ' m’l elau‘hc
shructure | iucludng ::? M 4
- N s,,,«« ohSse )t

Ssg- 7 Omac

)

(2)
3)

Solve Bg.@)for h: h= % X(Er 2)
Substitute 3s¢ from E5.01), G5z Fiom Eg.(3),
and Oiunv-.uw-

o ngu (
h EI EWLAI 2‘\”—&
Substitute sumerical values .wh: Bg(4):
W=T50N Llag=l.2m E=I26f

“y

[COoNT
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210-6 CONT] Qi] —| CONT]
1'-—,"5(500 o Y4Oym3 = 2.66Tx(0° m* A ,v(_lé_)“:.ﬂ%m_ -
= 2&6T*I0° m* (Resitive dowwmward )
0;(.»' 45 MR % Q.” "2' Gi !!EIE t:un with han@:a_h re
S =% (500 mm)(40 #m) = 133, 3 x10° ron® \freredtial
=0]1333 rm"; ma E}(?_lw)= = di = ol(T2=T )
h=(Q.08loom)(3.333)(3.333-2) = 0.36om 5 _4’;‘-‘ h
=360 mm €4— ﬂ'*%m-"—‘bi‘—“—x + G,
.10 "7' B hﬂ:ti!l ﬂ:!lbﬂ!l B.L1l 40)=0 L G=0
(7S} WP = A R~T) x
IS s
‘& = - v=2BTK 4
L S TS .B..C..z. ‘U‘(O)zo ou C;-"-‘O
. (B-TY :
R‘.L.qs i A 8 Tl?-;\m :
Disregard the mass of #he beam and all every (Positive v is vpward)
losses due to the Suddew stoppivg of +he | Ba= «:‘(L)-:%'LE;L’ <
rotating flywheel. . (Rsitive  counterclockusise )
kivetic enermy of flywheel : 5.=4(L)=£L.£]%*_H (Rsrtve upward) @—
KE=g T ﬂlﬁ'wm_u@ﬁgm
Straiv  envergy uful;renm $ L fferential
U=J"Ez_st' & %_(1—@): Py d'v _(R-T)
M=R% U.Jf-_(ezm --E"- a h .
o 2EL T (This eguatiov is valid for the entire length
Congervation of ewxergy : . of +the beam.)
KE-:U é.)" =%LT ‘U‘-.&':_T'_)L *Cl
Re [T 4 v METE ey 6y
q‘r _I BCi 4}-(0):0 N Ce=0
i BC?2 )=0 - c,=-ﬂl’2:,{'_).'_-_
B3.(q~100) : on.% __OLCI»H-_TQ V=BT 1) (Rettive ¢ is upord ) —
=37 - “‘T’gm” +G =TT 2‘;’"’ (2%-L)
{BLL (Symmetry) VD=0 = C--‘-"sz“{,-n Be= v L+a)=——-—————°“§;“ (Lt2a) <«
V='ﬂ% -—°—‘—'—f§;‘i?£+cz ( Positive Couvterclockasive )
- _ (=T )(Lro)(a)
BL2 o0 . G=0 &= 4la) 2h -
¥ - (Positive upward)
v.,-_otfﬁ TXx)(L=-%) (Mm v is }
- -4 _Single beam coith temperature
e - XE-TNL-2%) differential proportiows) to distawce ¥
&--ﬂo)gﬁi@_ <4 TE(;I;;P% & _ oAB-T) _ «ToX
i ockwise ¥ V&= h h '
(Posthive ) [CONT. CONT.
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9l —4 coNTl

v oTo ¥t
We=ar="5p * G
U= ot'[ei:h +GEx+ G
B.C1 woy=0 a Ce=0
. olToL
BC2 wnLy=0 o

A= — “"""‘(L’ %) (Pstwe v isupward)
v _olTs _ 2
" —645-( 12-3%%)
Maximum deflection L
w=0 L-3¢%=0 Xi= =

_ __&n®
Vo= %) ‘N’gh

Smax=—thime = ZBL gy, <
q‘l_h %:it;zv:a.rd)

— END 07 CHAPTER 9 —
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10.3-1 | gaorrrn CANTILEVER BEAM

o= AFPLIED LOAD

SELECT N‘, AS THE REDUNDANT REACTION
REACTIONS (FROM EQUILIBRIVM)
M™Ma

Ma
_v—

Ra=-T I ) Re=-R, (2}

BENDING MOMENT (FROM EQUILIBRIVM)

M= Ryw =My = T2 fx-L) 4“1 ()
DIFFERENTINAL EQUATIONS

EXat =m =2 (x-1) + 22X

Exa’ = I (—-—-L*x)-bh"-l-c, )
B 1 (0) -0 LG o ’

E'IN""'—-( P N
B2 m(0)=o I Cum=O
BL.3 A(L)=0 I Mp=—3
REACTIONS (SEE EQS. | AND2)

e o
SHEAR FORGCE (Hton sauu.uawn)

V"Rﬁh - 30 3!"!- —
_snumrs nanmﬂ" (rrom £a.32)

M-——(sz -v) —-—
StoPE gn.an £Q. 4)

y‘z—- ALEI {(zL~-3%) -
nsm.tc-nou Lenon Ea. 5)

- 41..:: (" ~%) -—

3M./2L

W | I

2 or‘ﬁ’i/l"

——

10.3-2 C.ON'I‘.J
REACTIONS

L
o
Rp=Rg =3~ ™a=TMa~ 3~

SHEAR FORCE (From KTQUILIBRIWUM)
Ve Ry ~§3% = %(L-rx)
BENDING MOMENT [FROM EQ.1)

Me --‘-‘.!,:- (-cLx rex*)

SLOPE (FROMm Ea.2)

(L=3Lx r2x*)

L X o
Sman =~M(T) = 35277

K= %L
=0,213L
£

/sc

1z

N

Iz

[10.3-3 ]

10,32 | FIXEP-END SEAM (UNiIFORM LOAD)

SELECT Na AS THE REPUNBANT REACTION
REACTAONS [FROM SYMMAETRY AND EQUILIGRIUM)

Ra ‘l.‘"%':' Mg= My
BENDING MIMENT (FROM Fauibi8wm
m= K.'x-n.--"i‘—‘- -My 1-':!:0.':—5")
PIFRERENTIAL EQUAT\ONE
ETnNtam > -m-r%-cl.x—:‘)

O}

ELn' = =My X -c--—( iy %’-)u:.
Bc.1 w'(oy=o = c,-:o

s T JC
ac.z
823

(z)

) +c, @

f{e)y=o L Cu=O

A

n(L)=o

CANTILEVER BEANM WITH
IMPOSED DISPLACEMENT ¥s

REACTIONS (FROM tddlu‘!.tgn!
R,=Ry ) My=Rgl
PIFEERENTIAL EQUATIONS
EL N =—F =0
ETv™M mym C.
ETA™ mpM = C X +Cy
ECam’ me X/ ¥ e X ¥,
ETAr = /6 + G 2+ CyX + Gy

BC.) scqwe
Be2 zesmo
se. s
.4

sowve

(2)

(3
(€))]
(E)
)
(&)
w(e)=o
A (o) =0
At {L)=e I Gk ¥Cy mO
ar(L)==5g LG LFIC, = —CELS /"
FauaTioNs (B) AN (%)

‘3!‘1: 5

SHEAR Foa.ct LEQ 4)

Ve _*__sim R, = V(o) =
REACTIONS (£@s.| Aws 1)
3KISe
2t

(8
(3]

3E1s
(k]

3!!51

Ra=Rp= . My TRgl™
PEFLECTION (FRom E.T):
x*
V- S (JL-X)
2

L‘L

SLOPE (FRON £a.4):
o 3$.x A5% ) 02)

[conT. |
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10.3- 4 | BEAM WITH S PRING SUPPORT

F#fWENS!TY oFf UNIPORM LCOAD

EQUILIBRWM  Rp= }L"..R. (O]
Ma = - Rpl {8)
SPRING = 4 35p ')}
Y powuwnm DISPLACEIMENT OF POINT B
AEVDING MOMENT (From egwuszmn)
M= Ryx - My — lf

PIFFERENTIAL ngn-nor.ls

- - $x*
EIN" =M —R,.'x-n,,--sz-,

~ 4%
Exn' = R.{:-M,x: = +C
e < F o E - P ean e
- NN ntlo)y=a &G xO
Be.x M=o L Cyvo
- - r»t. M s.r.
$.6.3 A{L)=~Fs 2~gri = ,2 =%

SVBSTITUT S R,, AND H‘ rnan E&S5.(1) AND (3N
'y
- SB - —!L- ’J-

SUBSTITUTE FOR R‘ FROM EQ. (3) AND SOLVE:
b1 S

24EL + AL

PROPPED CANTILEVER BEAN

0.3~ 6 |
PARRBOLIC LOAD g g1~ xYT)

DIFFERENTIAL EQUATIONS

EX o m— g = =g (1= x/0) W
EIN" s Ve ~fal%-23/3%) +¢ @
‘If“‘“‘*M"‘f*(z t'z.::)*c-*"'tz o]
€xat = - g F -E)re, £ ;

$ol2 -GOL" C g i-Ca.K*' 3 &)

=
eTa = -%(35 - 360L‘-)+c- 3 "C‘L +Cax+Ca ()

3.C.1 A{L)=O0 LG LG, SF 1L (X
pc.z ~(o) =m0 Ch=o0
Bt.3 Ar{c) mwo . QL w0
Be.4 ~MLYmo o CLedc, = gL /30 o
SOLVE E@s$. (L) ANe (T): ‘ '
Cy= &t gl 120 Ca= - g, L/120
SHEAR FORCE [£-2-TKX)
- % x_ 2 3
= n.ou.t(“ W — 208 x + 40 x3)
BEACTIONS Rp =¥ (0) = &1 L [120 -
Ry = ~¥ (1% MM HLiI2e o
PROM EGUMLISRIVMS
-
1% 1N .
a = _'(%) (L)(——, g" L= 120

PEFLECTION CURVE (FROM ER.5)

x* L mA e
h(su"—au‘xuotx‘-zx‘)

T X (0~-%)

s~

S,-
PROPPED. CANTILEVER BEAM

10.3 =5 ]
TRIANGULAR LOAD ¢~ Fa ( LX)/ 0

DIFFFRENTIAL EQUATIONS

ET~™ =—g = ——-(l--x) o

(30 28 P x 2 v 2x?) -—

201 ET

0.3 ~7 [ PFIXED~END DEAM {SINE LOAD)
$ =% S X/t

FRoM SYMMETEY: Roa=Rg Mp=ry

-

ET A Vo= ~Pu X +-1!-- +& (21 | DIBPERENTIAL EQUATIONS
x 3 "= g -
€Lt = m 'hx » :»Lx +C, % +Ca (» EX ~* 3»’.‘ ¥Fo 3:: Tale 0}
3 o [ - 2 Foe ¥l
ExTAr' = —--———-’;" 4 o :;’f 1o, Ereixrcy (@ ETatiEV as = r& @
4 Y ». o= -1 . fe
pram = - 4 BXS o g rex vy rrat = B s B2 +Cx 2%
o () zzN“"--—!'—'-—-cos "+c%~+c;x+c3 28
" . St
M_ N‘(L>IQ - C‘L*Ctﬂ {8 er/g-_..._hk ""‘:—*cl "C‘Z 'l'C,XfC’(sj
sz w~rlfo)=o i\ Camo B.6. 1 FRom SYMMETRY, v(i:)ﬂo S =0
.C. n{oy =0 o =0 . =
B.c.3 {0y Ca PR c. 2 wHR)S o o Cy= fu fud
Bet (=0 LGue3a =g (I B.e.3 ()20 Mg, ==2g00/73
SOLVE Fas. {6) ANp (1) N e A{O)=a 5 CemO
C, = 2%l Ca= =Bt
' &5 T s SHEAR FORCE (£Q.2)
o £a.: L L
SHEAR FORCE (fa.2) v= :._ ces 1:: Ra 2V(o)= 91;
vad otk +rxt) Yoo
iy 7.1.:. Re=Ry= -
REACTIONS Ry = V(o) = - :
oOMEN .3
R =— V(t)= hloL - szvnm:bEM ~ r;m )
FROM CQULIB WM M= (s = -2)
o P 2t 25t
My 31"5“‘ -Rgl. = '1&3‘—"' - -—— Mawm~M{@)} = =3 Mg= M, = =t ¢ -
DEFLECTION CURVE (FROM Ea:.5) DEFLECTIDON cvavE (FRon EQ..S)
o3 et e d ALY Tx BUET | tePx
Bl == Yol ¥ (T) EF T) Erar= SN TS e RS T
OR R % oOR 2
- hx - %L f A Tx a . )
= - e {41. -8 x 5L~ x7) rr= =T (s S e TR L)
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10.3-8 i FIXED-END BEAM (TRIANGULAR LOA®) i9.3~9 C‘”‘"’-J

2l SCRe bEELECTION c.uRVS (E£a. 3)
DEPERENTIAL EQUATIONS Ao — (I-. 7__‘) (os"'_._g_}
ET ,‘-un:._v_:_. _1-(‘__7‘_) ) GLEI E% .
s SRR DIAGRAMS
o= y.Su 2
gL =V =-p(x-F)r G @ v £ 5T
. #* x?y _ |
ET A -Ma-f__(————.)ihcx-(-cz (3) o
, %3 L e
ET -—;.(——z*l_)+c.,_’+c,z+c, @ o % z /]_2_,
4
2
er = -f{ e - Bt Tt E R, °
(%) Me
BC.) ~'(o)=o nCgao - W, e
—_— 2
kS
’ i
8.c.2 ~M{WW=o Yo Gk +2Cy = -1;—— %)
BReC. 3 mlo)ywo L Cam2 5 :__rg_._-g_‘_
= . /i nax R8T
(W=o - $ul” . ":fal S Yo
g.c.4 ~(L)=0 LG L*3C= o &)} i Max AT roT of
SOLVE EQE. (&) AND (I): mm.:;nfus
‘ 2%t f‘bl $ T han /2
&= 20 =2
SHEAR FORCE (£e. 2) 10,310 l PROPPED CANTI\LEVER BXAM
Pz APPLIED LOAD AT XE LI
= - o '
v= 7.0\_ (1‘ zoLx vi0x”] SELECT Ry 45 REDUNDANT REACTION
REALTIONS .2V (0)a ’!ﬁ.t_ . REACTIONS (FROM EQUILLS mu:i
Ra = P—Rg 01) Myx == —Rgbk (2)
R. -—V(L): m -—— v . %
BENDING MOMENTS (FROM FaAVIIERWUIM)
MOMENT (f&
BENDING (£33} , MR R, = (P-Re)X — (L5 -4t (osxs +)
M=—~‘0L(3L ?.lLXd-SOI.X —107‘) Me g‘(l.-'x) (——tax. L)
REACTIONS My = ~F1{e) = %t ‘
T N DIFFERENTIAL EQUATIONS (OSX& L/3)
e + Pu
Mg w ~M(L} = —%o—- -— ErArt = w- (P~R.)‘x—(-.1—~k‘ v ®
ECTION CuRVE (EA.8) -
DEFL C’.‘xt CURVE ( ) R E'.I:N‘"-‘(?-R;)—:--("TL—R.L)Z re, @
=R (33 gt x rsLxt-xP) 1 ¢
1I20LEX ET A~ =m{P-R L (—P:—-R = 3
o e BE s x) o - (T -Re% rex+Ca (5)
= oL ’ ' 8.8t A(eime L mo
10.3-9% | FIXED-END SEAM (M, % APPLIED LOAD) 3.2 Ar{o}mo [ Como
BEAM 35 SYMMETRC] LOAD I8 MHTISTANKTAS, DIFFERENTIAL EQUATIONS (/g xxt)
THEREFORE, R, =—Rg Haw—Ng I =0 ELard =M m Ry {L-%) @
PIFEERENTIM EQUATIONS (0% %% W12) -
, e
EI V"= M u Ryx —My (] Era = ReLz ~Rg3 ¥ Ca ©
:\ oo .“t _‘1
ET A = Ry ~ M X+ G, fc2) EIAr = Relg- —Rgg +C3X +Cy (8)
a. 22 i S
Pl e - K 3
ET “«Ra g~ MaT +C% +Cq, (&%) Be3 A(R)TO O CL +C4‘—L.A )

Rl wlO)eO N Ly
BC.4 CONTINUITY CONDITION AT POINT L

Be2 ~Ar(o)no LG e0 -
- ) ’
»C. 3 N'_(-:':)*o s Ma __R:__ Nise, Mgm in!. AT xsz:_ () ene :.(N. )..““, .
E@QUiLissium (0¥ EWTRE unnl (!-A.3(‘3‘)"(%“"’;{iﬂ"38‘&}‘*‘(‘3')*'3;
EME=O Mup+Ma-Mag—-Rpt =20 o8 C;-—-? . )
Ok, ";‘- +*Me ? ““ -R\L=30 FROM Ea.(4): c,‘,_ﬁ‘-_,..g_. (s}

.3

- ﬂh -» - .R-' ax 2L e
Ral i
My [ S Myg=—=Mg= —-.:. e |
I CONT, I CONT.
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10.3-10 CoNT. T

Bc. §

L
AT et (W) e, = (M)ygur

3
(r-Re)3g ~(F

CONTINUITY CONDITION AT FOINT C

-Rg k)%‘: =

[ i 2oy [
Rer(5) ~Re (37 ) - 5(= =
on Re= - -—
FrRoM EQ. (1): ne
o Ra=P=Rgy= '—6—0 A
rromM €a, (2): H;.-%-.,L:-%’:’- -—
ne
% Y SN SN
° sr
e

I
g

DERLECTION CURVE PFOR O£ x4 L/L (FRom ga.S)
-

P
VT {(iL=-ux)
DEPLECTION CUAYE FoR L/n £ %% L {faon £@.9)

= — -

=S 3 L T * *
rre—gm (- ravx st y5x?)

e (L)~ 2 p 10U R ~52Y) e

SLOPE IV RIGHT-HAND PAART O F ThE BEAN
FROM EQ.(T): A — JoET

PONT OF LERC Sioff:
Sx* ~joLx, *4 "o

(A ~eLx +5x%*)

x:‘f:‘(‘“ﬁ)
-o5828 L

:.3

MAXIMWM BEFRLECTION

- = (Ar) = 0.00493\7 T '

w-x,

%&\c_b(/é
3L 5

nAx

SM&

0.4 —| l PROPPED CANTILEVER BEAM

SELECT Rg A5 LEDUNDANT

EeUiLiBRIUM
ka= P-Rg H‘-P&—R‘L

RELEASED STRVATVAE ArD FORCE-DISPLACK PAENT
RELATIONS

‘as :____‘!_;“_L

kS
(‘l)a - "!-:?(’ L-a)

T
-+ R, L’
f———— T
& L B _r
I
M "(s-.}l - (S.)-,_-e
!
Sg= “: (3L - o)- ssr =0
Rg = n" (Sl_-a-) -
OTHER REACTIONS (FROM sauu..un.w;q
Rp= o (30-4%) m=Pobii gy

vor‘—"——g
Ty

M A M, =Ry 4
ol//

-Mp

1o.4--2| PROPPED CANTILEVER BEAM
SELECT Rp mS REDUNDANT

o L
EqQuiLiBRivn RH:T"RO My > = = Ryl

RELENSED STRUCTVRE AND FORCE-~DISFPLACKENMENT
RELATIONS

R ;':::z
ﬂ ——"""'__-—-‘ﬂ— I (s‘)l 3‘;:
A

Rg

So=(5), - (Sa)r =0
SUBSTITUTE FoR (§), ars (33}, mno

COMPATIBLILITY

SOLVE FOR Ry: T
Ra= 128 -
OTHER RAEACTIONS (FROM EQUILIBRIVM)
Sty 13 -
Ra= e Ma= 28
Ra
v
0
I g} 'I -Rs
STL
M Pl EOTY
o ™M 145 §L
MAL 32,768
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10, 4-3 ' BEAR WITH AN OVERHANG
SELECT Mp AS REDUNDANT

i
EQUILIBRIUN  Ry= ——(My+Pa) R.-J&- ( +rL+Pa)
RELEASED STRUCTURE AWD PORCE-DISPL  Fes.

(%), P
A -3 &
&ﬁ% ®) =

] L I o ‘

Pal
¢EL

9, M,
comPaATISILITY 8y = (Q)‘ -{(8). =0

0.4-5| TWO BEAMS SUPPORTING A LOAD P

FOR ALL POUA REACTIONS TO SE TME SAME,
Excr BEAN MUST SUPPORT ONE-MALF OF
TrE Loap P,

DEFLECTIONS

3
P (P Ups (riz) 12,
48E I, % ABE Ic»
COMPATIBILITY v .
Sos = Fes om 20, Lo
3 Ice
MOMENT OF |NERTIA
F
Tas "Tli'-"tnl rﬁ.'}‘.‘,‘"dl
3 s
: La® Lee Kng Lag
- =3 . === — -
Zhe tep P Lep

SUBSTITUTE FoRr (6,) awv (8), Avp

SOLVE FOR M,: Mp = ::.
OTHER REACTIONS (FROM £QUILIBRIUM)
3Pe P
Fam e Favgp(2ev3n e
P
\'4
o ]
I 3P
= Rl
Pe.
m Dl 3

|o.4-4| CONTINUOUS BEAM WITH TWO SPANS
SELECT Rg AS REDUNDANT
EQUILIBRIUM

"ee 2 Res 25 -3 4

REL $£P STRUCTURE AND FORCE-DI mczmi

ELATIONS

_-}g.

10.4 -4 | FIXED-END BEAM (TRIANGULAR LOAD)

SELECT Ma AND My AS REDUNTANTS

SYMMETRY M.= Mg Ry=Rg
EQuiLiBrivm R, =Ry =g L/4 -

RELENSED STRVETURE Awb FORCE-DISPLACEMENT
RELATIONS
¥

da),
Hﬂ (o“}i. M.EH.
(4"%—_—\*) @)= o

e
O =(8), -(]), =2
SUBSTITUTE PFor (§), AND (8,), AN

COMPATIBILTY

SOLVE FOoR M,: 2
H”-n.- I_M- il
§ 13 e
” I—4‘\
[+] \\J-L‘-
) HI 4+ 1
%L
n ST M= S
2231 L
Shi \J sat Ke® a3
R = 9

'p
JERERENEINRENP
*s "yt
B
| 2 | (s), 12eT
" 1
4Rg L
» O ("= Tex
& ¢ 2
R
SOMPATIBILITY
&‘(‘l};‘(‘l)\.--o
N 4Rel® _ 338L
zer ~ qET =% Re= T3
OTHER REACTIONS (FROM EQUILIBRIVM)
Ra= 1"‘—- R.= '?z" —.—

iT

{%Rm

v

L

AN AN
7 i 13
- : T 3
:& J ! et ‘
Mo oy
L T
o 128
o‘-
I__ 3./8 |
-
L/a
F
-7
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1O. 4-7 ' BEAM WITH SPRINGS SUPPORT

SELECT Re AS REPUNDANT
EQRUILIBRIUM

Kp> Rg-FP

Ma=Rgl — 3PL/2

RELEASED STRVECTVRE AND FORCE-DISPL. £RS,

fe

LA e
__— (5= Re¥
}._4-———',__ )= Je3
A
Rg
COMPATIBILITY =2 (5,), ~($8).= %—
BEAM DE: ,&-;%F:E
e Rer?  Rei? _ 28t .
12ET ~SET ~ 4ser 8% g "
OTHER ALACTIONS (FRrom €quiti@Riun)
P _ 5P
Ra= "1 "= 3% -
NUMER|CAL VALVES
P = 1700 LS L=JOFT =120 IN.
Ra= 1100 LB Rg= 2800 LB
Mﬁ = 39, 00 LB8=-IN. -
v oo
(LB
-]
—itoa
M
30,000
{(LB—IN, * 3
ps %= PN
l-ﬁl\ = 11.7.1 N
- 0%, 000

10, 4=-8 CoN-r.J

COMPATIBILITY §4=(5;), + (5g)o ~{3g); = O

SUBSTITUTE Ko (Sa), ($a)a, Awp (S3)y AND
»so:.v&‘ For Ryt

(351 4L + 2816 P-di4aa

R' EIA)

20 48 13

NUYMERICAL VALUES

F* e Xnfrt P=2Kyv a= &omn
LEX4AO0 ™M ET =40 mN-m*
Rg= i\ KN =—

10. 4~ 8 I OVERHANGING BEAM WiTH

SUPPORT SETTLEMENT

SELECT Rp AS REDUNDANT
D= SETTLEMNENT OF SUPrORT B _
RELEASED STRUICTURE AND FORCE=-DISPL EQRS.

¥

- awt

l 3L /4 |L/4|l~14.’
P
o) o) . L
%——cqé (Sg), = TAET
4a _______._.-?A (Se)s = Rsi?
a .K 5}3 3Er
Rp

1o 4-9 ! BEAM SUPPORTED BY A TIE ROD

SELECT THE PFORCE T IN THE TIE ROP AS
REDUNDANT

RELEASED STRUCLTVRE AND FORCE-
IS PLACEMENT RELATIONS

g.
(5
S o3
I 4
B
L‘.I
i sy OO
c
TH
H (5)2 = Fa
B
‘ T
COMPATIBILATY (84), = (Sa)a = (35)4
on, $t 43 TH
FET  3ET £A
= 3vact -—

8AL +214TH

UMERICAL VAL
U] .
§ =200 LEB/FT L= PFT H=E=3FT E=30XIi6 PSI

BEAM: S6X12.5 I=2%.4 tN*
TIE ROD: A =025 IN A =0.04909 In%
SUBSTITVTE: T=398 L8 —
¥ .
¢ JIIIITTL), RevtLoT =60z Ls
\ "h [ -_.u -
M, 7 L ] Mh= > TL
tﬂa. T = 14,520 (B-IN,
802
v ; x
(18) \l 'l
o
I~ _348
[}
x {4756 X =239 v
B= R "'—"'I
¢ 2 d Ko =242 V.
-4, 530




|to.4-10 I NONPRISMATIC BEAM

SELECT Ry AS REDUNDPANT
RELEASED STRUCTURE

¥

h@s
2.€T El

(83), = DOWNWARD

DEFLECTION
I‘_"I"_"] DVE TO %

($s), = VFWARD
PEFLECTION
DPUVE TO R‘

B
»gF
g
TET TRs

FORCE-DISPLACEMENT R ta.n'r\ous

Io.-}—i‘t.i THREE-SPAN CONTINUOUS BEAM

SELECT Ry anb Ry 4 RECUNDANTS

SYNMMETRY ANp FAQVILIGRIVUN
RemRy RasRew3E_ g,
RELEASED STRVCTURE

¥
T171
PSS T

& f & | &

L] Lo 1

IZREES
A

N

FACOM PROB, 1.71-2: §g= u.ae:.(“"‘ Wp
I, =1 IXI,—+2T 17get &
.2 (50)1 ® 3SaET 1R3 TRL:R.
PRGN PEPE. IS s FORCE-DISPLACEMENT RELAT|ONS
PL3 3 Rt -
e v a'r.(“"' s B D (5e), = n st (s SRat’
conra'rmu..:rv Su (3e)y ~ (Sa)\ = © s I2ET 8)1. T eEI
o MTHT IRMF _ _ 11k ; COMPATIBILITY
IS6EE  wET O Re= 33 1L
FQuiLi8RIUM Sa=(8s), = (55), =0 .. Re= = -
= 3¢t = Ly
Ra=§L-Rg = v M, = —R'L- “— | OTHER REACTIONS
FROM SYMMETRY AND EQUILIBRIUM:
10.4=1} BEAM SUPPORTED BY A BEAN - — Mgl
gg— Ru- — e
LET Rg = INTERACTION FORCE BETWEEN BEAMS 1e
SELECT Rs AS REDUNDANT Ro=Rp = 7-;"'*' s
RELEASED STRUCTURE AND FORCE-DISPL EQS.
(5 P LOAOING, SHEAR-FORCE, AnNb
? B} ! IC spt BENDING- MOMENT DIAGRAMS
(bah= 5ex
L Y | ‘Y | La
il i 3 ‘. -D
c .4& g# c# i
A (Se s ($a)a= 1.4:1'
;Rh IRI IR; JR’
g’ L |5 |
(sl)s 3&4:: 2 n 2
e v 3 Z X %
XA AN F
Ly | Yo o
.\,
LOMPATIBILITY ($), = (Sa). = (5a)s Ii'l\] s \J_% ] ".%
s 1 °F |
SUBSTITUTE AND SOLVE g w 4;:? : :
! [
SYMRETAY AND EQUILIBRIVM » 12 |{_:¥
20FP
i s e =LA x TN
Ra=P=-Rp=-Rg =~ &‘3—2 el o
{(MINUS MEANS DOWMWARD) v V
L PL : I
Mp = Ry(5-) -PL = l..;-' -— - 15
BEAM ABC: Map=Mg=— o L
M.- M =~ -lT.
BEAM DEI My, =Mg= o] 2™
I"MJ“ Moan ™ 35
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ro.q-—t.?.‘[ BEMM ON A SUPPORT WITH & GAP

f‘ T LCAP REQVIRED TO CLOSE TRE GAP
A = MASNITUDE OF GAP

10.4- |4.| FIXED-END BEAM (M= APPLIED zoa%

SELECYT Rg AND Mg AS REDUNPANTS

¢ (&), = 254 ::

NYMERICAL VALUES

_ e . M
{Mg), = BENDING MOMENT WHEN ¢ x=§, Hhca* ~° syjf"a
CHSEL  §<4, : 4 ¥
¥ i""' t,ga Leatdr
AMC .
A\A Saa -————::':I v EQUILIBRIVM
tRA L ;Rs L Iﬂc nﬁs_%'}. Ra ==Rg Ma=Mp—Ral~M,
RELEASED STRUCTURT AND FORCE-Di15PL, £4S,
Rp = Re =4-L (92)' -
CASE 2 3—=--‘5—.4 ; j’lﬁ h
D A e TRL L 2AETa A
Se= A= ZRFT ¥e=FF @ : Moo
Q.L 1I2ETA ©e), = Er (‘3 (a....‘. i
(o) = T @
CASE 3 1.)1‘. {(sTATICALLY INPETERMINATE) 4,(02137' (58)
SELECT Ry AS REDUNDANT g-h =3 $h
RELEASED STRVCTURE Rel® 4—;(3
¥ (o%)a, = 2ET (Sa), = Ret?
(%2 = "Fex

e

(5s), ﬁa  7)
(58)a Ret? =] e
A ,/Q:_\C (")!. vy
& % (o9s= TaE (5ay =-Tu
Rg B3 Ex six T 2T
compaTiBitaTyY  §, =(8), (%), =4 co“’"“'“w"_’
OR 5Lt Rl S¢L  GEZA Sa= ~(0e); = (Sa)r + (38), =0
. ZAET " GEf =4 KT -p5 of 2Ry} -3Mt = —2Mnfarmly Q)
EQuiLi8smu.
%—‘-—'1 Bp = ©s), +{%), —(8s); =0
=R Z - l.+Rg & . -
A= Re o Fa "‘;11 . ;;ra OR  Rel* —2Mgl=-2M 0 @
Ra=Re= : u . SOLVE €as.(1) ANy [2)
_ &L 3ETA ¥
Mg = Ral z = > [} Rg = — -———-6'1;“4 M;:‘— "'—- (S.Ir L) -

FROM EQUILIBRIUM:

L ) %
A =0 & IN. LR 40 IN. EI = O.4% [0 LB=IN2 s
UNITS: LS, Ria= 3?:3—9'—9 My = ﬂ;“'——(:m-t.) -—
rROM Fas. (1) ANB(2):  §,= 300 L8/ L
(M), = 240,000 LE-1m. SPECIAL casEl amb=L/2
4le ’ Rpmefge 210 M owome= S0
For $<%,: Mg=< gcog N L BR= o ~= s +
Fok §.7%,: Mg = 300,000 — 200% “®
IMe
£ 2
Ms  3oo,000p = ooo v
(L“IM’ . . ..-.-(n‘)o 140: -o A.f Or ]
T 200,000F fl €a.(3) Mg K-
o I 4§ > 1500 Mo
) 00,000 - ! £a. {4) I’e - Ne
0 f—iv—— — ¥ M *
. K yooa 2000 R/ 1N) o —
~ 1ow,000 + - ' ‘ l//
30—300 ) _P_’. Me
—200,000} “* -
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10.4-15 | SIDE_WALL OF A WOOD FLUME

L ssiegcT Rg As

K%IEE}:;.@B REDUND ANT:
Ma A E@QUILIBRIVUM:

M= B ket

R,t;__q'l._" IR:

RELEASED STRVCTUAE ANG FOALE-DiSPL. £8K.

)

rROM 'rnau-e-g, cns: 8:
(5e), = so:t + 3% 4:: aaer (9= n.o 23 (5"' )

. e § (),
%

BTRI
COMPATIRILITY
i =(".)l ~(Hh=0o
MARIMUM BENDING MONENT
Poaag ~ My

NUMERICAL VALVES
Aw40 1. L= FSo N,

—ELE—N.A._

PRESSURE -f = §o

ReL

fal(s1-a)

'-', g. = 40 L’

=Lg,a-Rel = (1.oz.-xs..L+30.)

Sear
tao >

twits v
MAn widTH OF BEAM
A2 -
2 =3
F=62.4 Ls/r7? = 0.03611 L8/in3

% t-r.&- =ral

10. 4-1¢s CON 'r._l
LOWER BEAM
;F

s | - :
. : _ FL
'—11_ LI?- S‘.— 48ET
COMYATIBILITY Sng =
(2] ] <P
5eL® - Lx L3 Fa 5$L
3840 ABLEI T 48T T T b
UrreRk BEAM
} o
aldt i i edldslas Raw ';:"
. ™
R # =R
i Mmax Ra®Ra
' B
M %= 32
o - = 12
I o, | l x, I ng 2048
3¢t 2
M, = 1IZUgL _
boeR (""")nhx = 2048
LOWER BEMM FL S"H-"
Do = 3= 73
™M /[‘\
° : _ S53%L »
("“)n:m T e

NUMERICAL VALUES

4=6.4 RNV
L=4'mn

(Mag)pas = 605 kv o—
Mos)ran =80 AN -

r
12
Sw -‘-%9-—- = o, ns"“

lo.4-I6| ITwWO BEAMS THAT CRoSS

F» INTERACTION FORCE BETWEEMN THE BEAnY
UPPER BEAIM

%
S e L |

(5¢), = bownwARD DEFLECTION DuE To &
g 254
384 £r
(s’,)t = VPWARD DEFLECTION pvE To F
F1?
48ET

S, s = (%), "(_;"i)'x
L 2 i
384 ET

Mppy = "5 (zoa.-lsu. +3a%) =105 4

5o b o= = 509 P5i%-

3%
48ET

lo.«--l'?i BEAMS JOINEDP BY A HANGER

F= TENSILE FORCE IN HANGER
SELECT F AS REDUNDANT

@ canrinevEr BERN AB

A s Sexlus I=z220 0t
F_‘E,_ L=6 FT = 721N
F ' €= 30 % 0% rEy
3
- = =G F= LS
(), = T, T 18766x 10 F {s”m

@ HaNGER AL

?F deo, a5 1 Lo=1O FT 2120 10
A E,~ 3ox 10° Psi
L
L e P R
c A= ELONGATION OF AC
Fla -%
‘F & Eth-sl.ﬁasxm E

(F=t8, &=1mn)

ICON‘I“.

l CONT.
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10.4~17 coxnT. |

10.4 -18 CONT. ]

Ly =20 FT = 240 1™,

@ p£an _bpce
P AF
[ =4

'E:EEZE%

§ = 400 LB/FT
= 2% 333 LB8/IN.
Ey = L5 X 10* P51

4 IV, X 12 IV (NoMIvAL)

I L’h,|,"'/:. |
Iy = 415.28 IN*

4
(&) - S%Lly L 'F'Li
3 384 E1 T, 48&},
= 2,317 IN, — 462.34 x.w-b F

[

F=LE
FLNITA
DMPATIBILITY

(sﬁ}j + & =(&]’3
-l
187,66 x10™° F 4+ B81.488x10 F
= 2,317 —4672.34 & 10
F= 310 LB
() NAX. MONENT N A8

Mpg = FL, = (3160 u8)(G FT)
= 18,160 LB ~FT

“F

FOR THE SMALLEST MAXIMUM MOMENT:

[Me] =Me]  or My=-re
;‘;' a-ga-l.f-’%'—-

SOLVE FOR Ryt R*'a-l- (v -1

EQUILIBRIUM
EF gpe=C 2R, +R 2L 20O
Re= 2L (2-vi)

DOWNWARD DEFLECTION OF BEAM
¢, = %% - -:—"‘% = ;_!'ft:; (8vi-v)

pownwn.n_» DIZFLACEMERTOF SPRING

15)y = =& = -‘fficz—m

*
(&)| " (‘e)t

COMPATIBILITY
sowve For A: 4BET
—— K3
A= = 5 (cr SR)

= 89.63 —'l‘_f—

-—

® max. MOMENT 1N DCE

s,=-‘i—"-°- %- 2420 L&

2420
1580

@ N\ X
P, .

H
wr TR
o

Mpe = 7320 LE~FT

xX,= 6,050 FT

2420

Mpgpe ™ 7320 Le-rl

M. = 4200 LB=FT

ot —

lo.+-|3| BEAM SUPPORTED BY A SPRING

o
%
P Vi,
£x"
BENDING MOMENT M=Rpx~ ——

LOCATION OF MAXIMUM POSITIVE MONENT

%:o Rpo~-Fx =0 %, = —=
MAXIMUM POSITIVE MOMENT
o Ra"

MAXIMVM NEGATIVE MOMENT
Lt
HCE(H):.L- *L—- T

ICDN'I'.

10.4-19 | FRAME ABC WITH PIRED SUPPORT

SELECT Vo AS REDUNDANT
EQUILIBRWM V=V, H,=F M,=PL/2 -V, L

RELEASED STRVCTURE AND FORCE-~DISPL EFas.

P

c
s(&)t < I €55 .
tv,_ (6s), = ‘{?-‘}"‘"
L 2 ; 3
_ Vel 4V L
A Beda = (O) L+ 557 = 3ET
compaTisiLiTy (8), = ()=

SUBSTITUTE FORr (§.), aws (5), AND soLve:

Ve= 32

FROM EQUILIBRIUM:

3P
V‘ 33 H’-P

REACTIONS

il ———

13 PL

=
iz

AND BENDING MOMENTS

3L
[IHI.U::-..

MAx

13 P
3z

13 PL
32
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110,4-20| FRAME ABC WITH PINNED SUPPORTS| 10.4- - 2] CONT. |

SELECT V. AS REPUNPANT 10.4 -22 CONT.
EQUILIBRIUM V,*Ve Hp® 1-=V, H "o +V
RELEASED STRVCTURE AND FORCE-DISPL EQS. A_ 3 < (52)a = {-‘i-
(’a); c_ ¢ é—‘& fﬂs 5‘ (5.) = R
@) R
¥ Rl
PL (&) i e (5e), = z£(‘a)1 ‘:f‘-') ]"’ 28ET
P = I e . a13
WET )} u.zr =% Y Baer (vPwanrd)
compaTIBILLITY  (§g), — (§g), = IR’—
SUBSTITUTE AND SOLVE:
8 L ¢ Ry w p 2825 tukc
# (;.)1. e WS2 ET +1GALE
Wi rer A%= -—’_,_.!‘:— (NONDIMENSIONAL) w—
fﬁ]u“f"“'} ::r ¥ 3eT . 2 384+ 1A
2 "
(3)n = By) 1 + :‘g"z ;‘g‘;‘ 164 3%
COMPATIBILITY From Egl)'hl’l\uﬂl
LOMPATIBILITY
P 2ves® 3P J%‘—) -—
(&) =) 057 T 38 YeT"3 *— 3‘*— 72 + A%
FRom EQuUILIBRIUNS _ ; Ca- 4
v, = 3P Hy = J3P < JAP ; Re=3 7T+ A"
A% 32 AT 32 32 — e v, e sty
REACTIONS AND BENDING MOMENTS E MUMERICAL VALUES
: %EL ET=6tiz x10® Ls-n* A= 62,500 LB/IN.
8 - S :I]:D:I::h'1 L= 16 FT= 192 1IN, P = go00 LB
L #_,,. e P LI 1o Rg= 3000 L8
7 ar = —— ng -
PS5 32 !%.!L- £T
L R, = 3000 LB =0 -
Z[A  isp " Re
- 33
& 32 A M =l3PL < 600
3P A= o .
# 37 : (LB) o| ]
16.4-21 EAM ON THREE SPRINGS -—]‘30"0

144,000

10.4-22 P
B & ﬂ.s-m) /T\

"ET| =X &+

|8 L L{t e — — Gy o S m——" | m——
?‘ﬁ‘ % 10.4-22 NUMERICAL WVALULS
R* Rg Re '3
er=%21Lx10" N-M* k= 433,150 x10° N/
SELECT Ra AS REDUNDANT L= 3.34 " P= 27T KN
EQUiILIBRIVM
R gr=x Rmpont
ELEASED STRUCTURE AND FORCE-BIS s fa= & Ky RPN L
P
3ir Y s
* 2 s, (W= ®N) 2.0
* A e E ==
$£ $_: ' T Sk —-|55
+ * - o4
p (B[s-4(F"] /]\
(sa) =[5 + (5] + {*}Easi'_fl oo LY p—g
(casE 5, TABLr 8-2) =384

(Sa)y = ¢ P (bOWNWA RD)
| ’ _-l.' 76BET r——"c ONT.
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io.4--23[ FIXED=END BEAT lo.4--?.+| BEAM SUPPOKTED BY PISTONS

4A rrrrrt 2y M, = M, LA—
(: ¥ " 4 %gﬁ
a.l A __]_q, “Mg g,,=p.,.-_-zL A c B

T T e 2

g. L v Rs &z =5 f—_ L # L _-f'
Ry R T 1Rs
FROM EXAMPLE 10-4 €. (10~250): I_Z‘,_ <
P

A l 8 a

ﬁ T P'va" H. ™M
1% 1 ""'u. r’ M= -_'L“ ™M !

Ma o : k o ZIN /TN

ENERAVAY

FOR THE PARTIAL UNIFORM LOAD 2

ket BENDING MOMENT  M=R,x-— ?‘
P . ¥ LOCATION OF MAXIMUM POSITIVE MOMENT
L4 b e | REEE , Ba
I—.'[ nn,_——‘-?f*——- -2;-.--0 Rh”"‘ =aQ %= "
i Curd)/a MAXIMUM POSITIVE MOMENT
(i)l = )xn'x' iy
- & (rraifz x(L-?t)"doc MAXIMVM NESATWE MOMENT
T
(&) M, = (M) -R,L— Tk
(urddle € x=L " 2
=~%- T (Cx-zix*+x?)alx
L™ Y-8} FOR THE SMALLEST MAAIMUM MOMENT:
2 [L"x" ¥ x‘] (Lybd/z [Me[ = [Me] or M=o
. t s
I & “ T3 (L~&)]2 :;' --R,L + -&-a
---(L!HGTR\‘ SUBSTITUTION)--+ SOLVE For Rpt Ra =L (yE 1)
= £ (s "" EQUiLISRIUN
(2) Mp =g = -i— {3L5-4") f— LFigar=0 2R, +rR.-2pL=C
& vy v
_ : - Ro= 2L (2-vi)
) SRAPH OoF th ED-END MOMENT
( . REACTIONS BASED UPON PRES SURE
s oty =) 0 vm e frr sy Ty
g/ L " Lo Ra= Ry wf(E—-) g,_:-f. )
A
0.5y
'—L:;l‘l :-e_- (" - — - 2 z_
©  as iob e a. "'
(£) SPECIML CASE a =t <L/S = 1682
. 1gt* V. J’—- 3.2
Ro ™ R‘_-;—:—E My =HMg = 3':.: (&) nnpg [ Bad 2y ( V_')
' - o.oss'n o -
\i [/"__I\ (£) PIFFERENCE |N ELEVATION
¥ o ~< I :l BY SYMMETRY, BEATT NAS LERO SLOPE AT C.
a ¥ R = gt (VE-1)
A 'ﬂgc $4= DIFFERENCE N ELEY

R.\L i
W= 3ET TEET S 45: (3\"' -u)

= 0.01307 ',._L‘/E'I -—

POINT C 15 BELOW POINTS A AND B v
THE AROUNT 0.0\3074L% /€L,
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Io.4-'zs| TRUSSED BEAM.

BEAN

P 20K
A cl £ W e X119
\& =T ¥r 7= % =210 vt
bt Y2 7 LescEr
'— o o T A2 AN

FRCOMPRESSIVE FORCE N STRUT
SELECT P A5 REPUNDANT

T=TENSILE FORCE VN TWS T RODS
(5, = DOWWRRD DERLECTION OF POINT &
(& = (?—F)ﬁSEI

SUBSTITUT L WUNMERICAL VYALVES:
UNITS: LE, iN.

E(S.)y = 166,95 (P-F)= 15330 x10% 166,05 F
TIE ROE F

H=3rFrT
= 36 IN.

PISREGARD SHORTEMING OF STRUT,
(5),, = DOWNWARD DISPLACEMENT OF C

CSRQUILIBRIUM OF JOINT P2

2T swa. < F

2 S)llz

Sa» = ELONGATION OF vIE pOD

T-L”
I = FA ES»"A (3.0014 F)( swd.)
7o (3omaB)(2eV¥5)
= lac.sa F
DISPLACEMENT BIAGRAA!
o) $as
So= 207 = (B)am 502 s»:nk
N (&)u-»(i_“-.so 9T
= 012,86 F
v
comeaTigiry  (K), = (5,

15.339 % 10%- 26,15 F = 112, 8 F
(=) Fa 801118 SaY, Fm 862018 «—
() MAXIHYM BEUDING STAESS 1w BEAM

&= Meaa /S
LB~IN.

WIBX Y Sw=z3y o7

P-FIL
"mx = ¢ -

= LA2Y X :o

¢ = 5320 P -
JENSILE STRESS IN_TIE Rovs
T= 20414 F = 26,214 LS A=40 1n"
o ™ _:'_. = 4550 pPs) - —

to.4-—zb’ FIXED-END BEAM (TRAPEZOIOAL LOA D)

ey
$3
3

"V Rg

| L/4-,‘
7=
M,
=
Ra
FROM SYMMETRY AND EQUILIBRIOM
b 1
HD = Mg R»t R' = -'2-8&-
SELECT M, AND My, NS REDUNDANTS

RELEASED STRUSTURE WITH APPLIED LOAD
H

s S MECARTCS

]

L
- -

CONSIDER THE FOLLOWING BEAM FROM
CASE &, TABLE G-23

HP Pt,i'

CA
Px{1-x} | & A
o=zEr L= paep (3waxy)

CONIIDER THE LOAD £ AS AN ELEFMENT oF
THE DISTRIBUTEDP LOAD,
REPLACE P 8¢ §dx, WHERE

3—=-i:~"-’—" X FROM © TO L/4
3.:3., X FROM Lf4 To L2
)= gz [ (2002 4
+ :z—s—‘-J;“ Fo % (LX) dx
13> IR LY S5
ISIGET 3daqrz 512, 8T
=g [ O (s -4ty

+ ——-——2451 fm. ;‘z(m."-qix"_)dx

19 gt AR Sk
2048€C 30,720EY

. 1 gt
TJeBOEL

RELEASED STRUCTURE Wity REDUNDANTS

G 52 (8a), (8, =08,
M, A 5 "Ma=am,
FROM CASE 106, TABLE G~1:
= Hat Mprh
Pk = 337 ™ ger
COM'R'TI_B‘L(TY
a.h = (%)4 "(QA); =0
e tar LY X% ,
siz€T ~ 28z ~° YT Top -

CONT,
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10.4- 26 ConT; |

PEFLECTION AT THE MIDPOINT

- k1AL 1hd Ma L
Somx = § =5, = 30,120 €T BfX
361wt nm.‘)F g ’
30,120 £T 266 /IBET
1%L
= JesoET y
BENDING MOMENT AT THE MIDPOINT
L - Bt et
Mo = Ry(3) — M, -.-_Lq 2z
- 31.;(,5__)_ 1Ml™ Tt 310l
L] L z5¢ % %8
MAXIMUM BENDING MOMINT =
. 199, L
Ma2>Me ﬂﬂk‘-ﬂk‘w -~
NUMERICAL VALUES
=18 KN/M L= Zoo Mn
B=¢conmn A=20 N1 E=200 Gra
™
5= M‘i“"'z 40x107° M?
5
I'w =5~ =40 o~ m*
1%L
r‘l,..,"ﬁ—;%—' - 53 A4 N-M
Fare = T2 154 e -—
(S8 Y
Smm = TreoEL © 0-0087%) Mn L

1o % =27 o:oN*r.J

10.4-2"?' BEAM WITH OVELHANGS

BECAUSE THE BEAM \S SYMMETRIC, THE
SLOPE AT SUPFORT C |3 T RO,

SELECT Ry As
REDUNDANT

L. RELEASED STRVUCTURE
WIiTH APPLIED LOAD
(Sllﬂﬁ- (3 +8aL+eo*)
(Se) 24ET
(Sn)a RELEASED STRUCTURE
WITH REDUNBANT
Rpt?
o ($a)= 3e-

 COMPATIBILITY Sg=(5y), ~ (fg)=©
i SUBSTITUTE AND

sowveE ror Rg:

Ra= %-(31.‘1-8@!. +éa*)
BENDING-MOMENT DIAGRAM

™~ Xy H‘

e HY
=V .

0 S S

]CQNT.

BENDING MOMENTS
| s
ﬂﬂ- -_ T
FlL+a)*

M=~ +K.L=-~"’:-{:L‘—1I-"J

rFosiTivE MOMENT M, (azxz rLta)

V=Re-§%
SET V=0 AND SOLVE FOR %1
X - —:—_'-:- - (30 +80. L +4aY)
_ ! 3
%X~ = oo (3 +eat)= = (L+2at)

x‘l
M, = Ry (% -a)- EXL

SUBSTITUTE moR Rg AND X, AND SIMPLIFY:

::; = (1 -z280" 1" + 3¢ 2%)

M, =

BENDING MOMENTE (NONDINENSIONAL FORN)

Ms __ _ _ 2 %
YL /128 64’(:.}

Me 1!."
S e =

M, o - xB&t 3¢ at
;.L‘l/ns [l g

GRAPH OF BENDING MOMENTS VERSUS a/fL1

§C712B “Hs
)
] s
° 025 0O.50 015 lLeo L

THE BEAM HAS THE NUMERICALLY SMALLEST
BENDING MOMENT WHEN —-H.--—-M,_.

THEREFORE a a*

© ea()t =16(a- -3;3.—)

SOLVE FOR ofL:
e 1

TEET

OPF TIMUM CONDITION

- %=t a X-a= -

|
= 4082 - —
Jer =< %

Rg Re=#L ro
Re=Ro = +—(3+7%")
M oS 2
LI i N

L R
V/_ A \l(_‘_
1 12

A3
Z
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6.8~}

UNIFORM TEMPERATURE CA/RNGE

AT = PECREASE IN TEMPERATDRE
USE NMETHeoD OF SVPERPOSITION,

AS RESUNDANT.
RELEASED 5 TRUCTURE

& AT BEAN 8

‘§'7’1 cls Y2 é?

TS CABLE

AT
D

inM
AREA

S3

=25 AR
TeEr (powww Y

(;‘;)‘ =
(:‘)1_ = o HiaT) ~
(&)| = (:'-}1-

= AL R(AT) -

SEAM
S H

CABLE

COMPATIBILITY

s1¥
4BET

soLvE For S:

Sh

€A

_ ASETAHL(AT)
AL® + 43T R

SELECT TENSILE FORCE 5 IM TNE CABLE

T=MOMENT
OF INERT LA

A=CROS5S ~
SECTIONAL

(PeWNWARD)

10.5~3 I BEAM WITH TEMPERATURE

DIFFERENTIAL

‘Pq s
T &

x*x

M= Ry (L-%)

DIFRERENTIAL ERvATiON (R lo-39.t)
FCartap ¢ SET(RT)

E
or EIA"m Rp{L-x) + SET(RIT),
E1ar' = Relx - 2‘(%)+ oHET(R T re

BC.) ~UO)=0 i =0
€1 A = ReL{L)- Re(5 )+4"—!_§fr—":—)-x +C,

B2 Alo)mo L Camo
5 . 3L ET(R-T;
C. L= . =
Bc.3 {L)i=o Re S %Y o
FROM EQUILIBRIVM?
. ; ~T,
Ram=Rp= -3_:::{—("1_’ -—
: - _ 3«zEr {1i-1) o
My= RQL ”ﬁ- 2 A

0, 5-2 l BEAM WITH TEMPERATVRE
DIFFERENTIAL

B

RELEASED STRVCTURE

FAVILIBRIVUM

ZMg =0 M,=R,L=0
* I €L (TrT)

Py .
* 2AL
TE, =0 Rg=-Rp
vERY Ra = 3451(1-,_»1;)
s 24t

UST THE METHOD
OFR SUPERPOSITION.

SELECT M, as
REDUNDANT.

24 { =T}

T - CORRS s :
&L T é’—' (croekwis ®
® (FROM ThE
ANSWER To
PROB. 1.11-1)
"4“(‘ A 3
i X
ia v _ Mal . ‘ ;
(Bn)a = g (COVNTER CLOCKWISE)
COMPATIRILITY {6a), ={8)y
oL {TW-T1) _ Ml M 3% £x (i-7)
z A T 3ET " 24

ol omrer:

-—

z'o..s'--q--] BEAM WITH TEMPERATURE

DIFFERENTIAL

=3

A T 2} c USE TRE METHOD
&£ = = ’& OR SUPERPOSITION
SELECT R: AS!
:- L * lef REDUNDANT.
R"l 'RB' ] Rc

RELEASED STRUCTURE

FROM PROB, Li-3:

A n 31> (TR -1)
T &N
(urwnu»)
* B e From rn.b:. 2.8-5:
y. = Rl
& 2% T (.= ger
{vPWARD)
COMPATIRILITY
e &)y {3 =0
3 (heT) | Rel?
[ BET
er{Ta—
Re= — s.c-:l—r(.-. ™)
FROM EQUILIBRIUM!
_ Ra 2 ET (T2 =T}
Ra=g  Res - -
3R L ET (Ta=
Ry =~ Tf Rg= iﬁ.:(_"_nl e
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BEAM WITH TEMPERATURE
DIFFERENTIAL

19.5 -5 I

g
A l L) ‘kl» 8 < x
-Q- = f :ﬁ #
% L L2
Ra Re Re

DIFFERENTIAL EQUATION (Ea.lo-214)

Ern' =M ¢ SEI(R-T) erfmoh

LET F:.‘Er Ta=T,

FOR CONVENIENCE,

Exn'= M=+

PART AB OF THE BEAM (0&x51)
Mu Ry X ETw"=R,x+(3
ET A =Ry %Y2 +3% + C

13/ # BRYE+FCOX +Cq

Ex~N = Ra

8.c.1 mr{fo)=0 sCy=0
B.c.2 (LY=o SR HGC =—-36L

PAAT BC OF THE BEAM (L&X4 3L/%)
M= Ryx + Rg(x-1)
FROM EQUILIBRIUM,
M= -2R,E F3R,L
ETw*"=rm+B = -2RpXx +3R,L +f
ETN' = =Rax™ +3RpL%X +BX +C5
ETNT
[ X

Rg=—-3R,

rfLy=o
ARG + Ll ebe, =380
B4 a(3Li2)=0
SO IBRALT #1280 80, =9
CONTINUITY CONDITION AT B
(Exat)y, = (ETA')y, AT %=L
FrROM EQS. (3) AND (W)
Ra {E*/2) + 0L + ¢,
OR BRLL*=2C +2Cy=0O
SOLVE £Qs, (5), (1), (19, avp (1) For "*!i

=

PROM EQUILIBRIVM]

ol a-T
Rc"-"h""'"’ -S_.EE.‘_L—A

4L

0]
(=)

™

(%)

)

(@}

&)

= =Rp X2 FBRLL X2+ BT /2 +C3X +Cy

®
™

(o

- Ral*+3R,L" +3L +C3

an

-

-—

Ram—28 - 3*EI(T-T)
Mot 2 AL
ALSO: C,=—@L/4 Co=0 Cp=2pL C=-3pL74
o l6): R L EL(Ti—T})
Fron ra (é) .= =2

-

10.6 =1 ’ BEAM WITH IMnovABLE SUPPORTS

‘-ﬁ@s s—'f—.-

Lo )
du'-

n==5 sIN — xs

== — o5 —/——
L

mx
[

w‘S‘

S

EAA _ nreast
L 4L

£a.(10-43):

EQ.(10-47); H=

———
EQ. {(10-4)" -

(&) ALvruNvm aLLoY
= o/ 3
gg = 2467 X 10 (l. )

E =10 x10% P31 (rs))

..Ll a1
I.

W 400 | &oo

NOTE: THE Ax\hL
STRESS INCREASES
AS THE DERLECTION
INCREASES,

% |ei7 ] 154 67
(rs1) £ .

19.6-2 l BEAM WITH UNLFORM LOAR

¥

,M

le L 0 |
11 =t

A = HEIGRT OF
BEAR

(&) CURVATURE SHORTENING

FROM CASE |, TABLE G-2:
dr __ % y PP P L
e ofoadt > < ¥ il

I o *
€@. (10-42): A= [, (45F)

(4) BENDING STRESS

Mpnn ™ _EE.

Me
- =

T
(£) tMmnovABLE SUPPORTS

WML i eRxy
P

(LR A

X = 2oszorrs |

SR

Ao

iI6T

% -—

— H

b

£a.(10-45): n= 22

EQ. (10~ 46} o=

() NUMERICAL VALUVES $ =25 ¥N/n

L3 M A=300 My E=2006Pe I=36xi0” mr®
A= 00012 MM 0z =112 MPa e
f—

Q= 0.741l MPo

THE BENDING STRESS |S MVCH LARGER
THAN TAE AXIAL TENSILE STRESS DuUR
TO CURVATURE SHORTENING.

- END OF CHAPTER |0
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1.2 -4 conT. |

M, =0 P
M= 2} M, = -8
o)<y b d. 1= 0r8 M @.(Z‘“).)
£M =0 M,-m +P(—)=0
n""-_:.,.‘- Me < ’ N * rL
H En{0,-8)~ps 0, - 086 =0
' 1 Sews For O,
P
2P -
EM, SO SHOWE TMAT Thing Aac * ( z fis. ®
MO RORITLONTAL REACTVONS Comawwg Eaqs. (1) s (2) aup REARRANGRS
AT TaE SVFPPOATS, (PL)‘—GF;('I-) + 49: -
P Sowvil FOR THE LOWES vAwve ofF PL:
é
Cl" pL= (3-VS)p, Ru=(3-vE)
Me i 7 ¢ S = 0.7L4 -—%"-
(-]

B
ot o)
’ Mg=py (z0) M, '£ ‘::.:o':: x::'::’
}'_H. =0 H‘ +M_- l'o(-é-):-o AT T™E SUFPOATS.
Bn (26) + Ba & = 5 0.(%) + o (L) = 6, (L)

5 s oBy= 85 -8,
1.2 l SPrnée AT B:
yrEMma HL=g,0=0 M, =g, (6, —&)
l H=—f8% = 6, (26,-8)
Srave ar C:
a|/ 1'. Mo = pn (63 +61)
clat 1" = gx (20:-9,)
l/ ®
gp‘ . 6 . IM =0 My-P(E-)=0
R ’
{w gy Ba (203 -8) = —5-6, =0
i rJ SoLveE For 6;:
My =0 H(E)-P(F)=0 P
W Ba ao eheTL) o
Ra="8 "L PI
1h.2-4 8 i2m, £M,=0 —M, +P(%-5)=D
JP S -0
c M, =0 Sowve For O,:
L Ly- 8 = & -P
F(q z + 5‘:.1'3 gﬂ. y =0 1': 93 ( ;:*3& I" (2)

a&.‘ (:_E'ﬁ = ‘) & 0]

Comeine Eqs. (1) avn/i) Avo REARRANGE:
(PL)* =128, (PJ + 218y =0

M=% SowWE FoA THE LOWER v;wt oF PL:
3 Br
1.9 PL= 3@,_ fea = T _——

NOTE ! FOR THIS VALVE
ICONT- OF P, WE DETAMIN 6388,, 8, =0.
27




1.3-1 l W B x35 COLUMN WITH

PINNED SVPFORTS
Le=24rr = 286 . E=30x10% ps)
I, =127

(&) BUC X LING ABOUT STRONG AXiS

“
T EL . 453k
L’.

Feg = -

(L) BvCKLING ABOUT WEAK AXS

T, = 42.6 8% A=i0.3 ?

E=10ate” Psn

r-

Pen
n

Pﬂu-v w

1.3-5 I FOR cowwmN CD:

= O, 4119 n-r."

Fog. BEaAM ACB:

L=2512 L= 5w n=1.8

T ET

.21
e m T

w

r [
Qe = = 2B R —
T ET W3-é COLLAPSE OCCVARS
Ba= —fr— = IS2 K -t— A & & WHENR BOTR COLVMNS
L E REMCH THE CRATICAL
NOTE: Pew, 453 K -LI & I 2 LoAD,
%= A 1m3&m‘HKs‘ ' P, X EX
S SO TIoN S SATISFACTORY IF oo 2 44 KS| Pen Fin Qe <r I
- aTtET
IL3=2 | w10 %60 cowmn wiThH EM, =20 Qe=afy=—(x =
PINNED SUPPCRTS
L= 30 FT = 360 in. €=30 =10" pu2

= 341

L, =Ill6 Tl A= )G :N."
() BUCKLING ABOUT STRONG AX\S

TrET,
P =

ox = = T19 K -=-——Ho
(4) BVCRLING ABOUT WEAK Ax1S

Fen

e 8
2 ir‘- 265 K
[k

e

p— e _ 779 K

= 44 KSI|
A 1.6 N>
s SOLUTION 1S SATISFACTORY IF g~ 2 44 KS1

t.3-3

%~

Ea.(2=17) OF CHAP

1.3-7 | (szpsa.a-rn.r mcaensz-A-r)

P = AXifAL cOMPRESSIVE FORCE IN THE BAR

W IO X 45 CotUMN WITH
PINNED SUPPORTS
L=28 FT = 3346 IN.

£ =30x10% s
I, =248 et

oo 53.4 .7 A=13.3 "

(&) BUCKLING ABOUT STRONG AXLS
T
Pc.a' %’5" = 650 K —~—
(4) BUCKLING ABOUT WEAK AXIS
i 8
T E
?:-g, ‘:'Tr‘: |4© K -——
. Pes, &S50 K
NOTE: Fp = —= = —gom = 49 KS\

5 SOLUTION 1S SATISFACTORY (Fd 2 49 Kst

TER 2: P=EAst{ar)
FOR BUCKLING: P=R, =%—
s AT = b e SR
- T AL
“ 3- 3 -n-’-sr. £= 1r‘1=.‘1:‘ 4T ED,
(“!-:.)1L (32
.s r|= 4‘:1
,z y 24
I,= “ T = n_l"
_4,u’ X a2 <
11.3-9 A= RAMYS L= LENGTH
i () RODS ACT INDEPENDENTLY
TET T
X TsTEL() 12 ZE
anlent
Ra= Q2o - <

(4 ROPS ARE BONDED TOGETHER

THE % ANp G PRES RAV

CENTROID OF THE cRoSS sfcTmion. BEcavs e

£ ThEIR ORIGIN AT THE

.3-4 | cor cowvmn Cb:

E=2006Pr L=L8m A=SOrmm m=20
]
s 4
I=W=510.8 AIQT MM

Fen TYET

P.“.u= = == = 158.6 KN
7

FOR BEAM ACB: R, ., = —"Es"—'i

= 5§2.%9 KN -
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12.9)
FRomn Case %, APPENDIX D:
4
™Al /-S'irn.‘)_ nNTA
T=Iy =% Ll Al
rrex  nwlent
NOTE:

THERE ARE THAREE o |FRERENT CENTROIDAL

ARES OF SYMRMETRY, ALL CENTROIDAL AXES
ARE PRINCIPAL AXES AND ALL CENTROVDAL

MOMENTS OF INERTIA ARE EQUAL.
(SeC SecTion

Joinmivg THE RrODS

T™E CRITICAL LOAD BY
OF 3,67,

INCREASES
A FhCcTOR




ll-3"|°| E, L a0 A ARE THE SAME.

*ET . . p - Fiap g
P“"-'_L:— .s I‘:.P.._.P: =I‘,-1’,.T;
(1) CiRcLE Case 9, Arpewpix D <
Td _ wd* i _A"
I=2v A=3 “L= 3w
2) Saquare Case I, Appennix D
A* 3 . >
=g W=k “Ta=
(3) EQUILATERAL TRIANGLE CASES
J‘ A% A
I = {3‘ A = _—E o Isg Ts_'é.-
R:R:Py= | :%: z‘“ﬂl = 1,000 |,047: 1,204
-—
NoTE & Foa. EAck OF !'nt (2] ovc

88 STCTIONS, EvE
w-ra.m M. ADS

n_ rn
Shn' nonun'r oF TATILA.

ll.3-'l+| HoLLOW TVBE

E=12 GFa L=L8 ™
P= 18 kN
P‘ﬁ.

& = 50 mn (ovrsive)

n=20 Fmve Taiexwess L

=nh, ., = 2.0(18KN)= 36 KN

TEET
-
L
NEWTONS AND METERS

Pcn, P“L‘-T"EI

UwiTss
(34,000 N)(1.8 M)"= 7 (12 m18" w/mt)

-4
I= 16414 X 10 n"

L= [d* ~(4-2¢)"]
A= (d-2t)*t = 53,3438 » o "

(ot-zt)" = (o.050 m)*- 28438 110" 1
- 2.906% 210”% M*

d-2¢ = £,04129 M = AL24 MM

4

Jowr B: P=2F ces 15"

; nows
= ﬁ'mn—&——-—-‘&“‘,_'rcl]oxN -

2£=28"1 MM £ =436 M -
1.3~11 W 10 X 45 E= 30 x10° rsi -
I, =z48 ' ILi=s53.4.0% L=i8rr 1.3-15 | Ssx1u2¥ E;" Jo:m10” P .
BUCKLING ABOUT AXIS I-) ____1_____ I, =263 w" =231 N
t L=1275 FT = 3301~
By = Sl = 398.5 X i "
(2L) I,=2T,= 526 i
sk ! b
_gvc.t:t.ma ABOUT AX\S 2 N , 2.(1:,_ *h‘}]
B = L Er, = 33B.% X "4 ,"'!N_ A= Sorm} d=1201w.
I¢= 4518 W%
Fer 338.9 K A
T ET,
Pacrow = oy v e = |36 K *+— B = = . B p—
1L3-12 d=15° E =72 GPa 1L3-16 Em=2006Pa Lz 1
P a dy =50 nm  d, =40 uam 2 d,=100 m £ =6 mn
da Latoin,  BE2RE A 55° d,= 88 MM
= T _fa4 _4*
2 4 FF = % (“z o] ) A C I = 6_':-(‘:-‘“)‘ L% 5 nlo. nn‘
b =18113 x 10> mm* |.._.!-‘""’_"‘..[ Frem me vaw of siwis (Are. €):
F z -
f;” =—.§"— = 1,; EI = 57.21 KN Laa=S5:756 M Lg . =451Tm
L BveruLiNg OCEVAS WADY DNITRAER MENBER RCACKES

TS SATICAL LeAD.

Lw B.S FT = |OZ IN.

= dz=2.75 1N &, =225 1N
2 ;‘ E= z'l x10® PSI mNn=2.0
il P " — s- 4
|y I= o5 (dd-4))=154q
2 T EI

Paow = ?*ﬁr= 21.31 K

JONT At EF pe =0 =P +Tcoesa -o}
€ Fer "0 T swd-% =0
W= 2P TAn =

Than ol = ZAB K w—

SoLve rFor Wi

2 W =280

(Ba)as = l.f—‘: %1 KN
(’tn)nr. = L"'Er = 190, KN
[
B AT aowT B3
7 5o Foe EFrons™? Pas w80 -F, sw3s” =0
N\ E R =0 FigCO550 +Fy COSIS ~W=0
w

SOLVE THE TWO EQUATIONS:
W= LIBF, W=I.3004Fg

BASED on AB: W, = 1.7368(Ra)yg = 203 KN
BASED ON BC: W,a= L3004(Ra)gc ¥ 247 KN

e %.’ = 203 KN e
(mrmeEe AB svckLes)
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W= 2000 L8 J-=45' IN.
STamr AB E=30x10%psi n=2
di= 2o, dy=rL81n

I-‘—-:-(d: -d") = 0.270l¢ et

ThiaveLe BCD TrIANGLE BEA

W= 2000 LB
e =

ACCEPTABLE
VALVES or H

H ()

ieo

Py

25 sSo 1S

SMALLEST ALLowABLE vawE ofF H

SET We2000 18 AVD BOLVE For H.

Hyae = 97,8 1N, H, .= 286 14, =-—

l\.S-l?I FrRAMEWORK ABCD WiITH STRur AB

ARV M
D LoOAR
H W = XN
+H
H A geatE Las
c A 1
s“‘l
CRiTICAL LoAD OoF STRUT AB « e
TrET T*ET
Pc'.-" Ltal - -'*‘I. *H*
Y
Al.l,own!g,z LOAD Fen TET
R ™ ™ T HY) (8) P HAS ITS LARGEST VALUE WHEN
Joiwr B W R Fae = Fac
B % Las (sﬂ‘ TrANsLE BEA) ox c..s‘"p cos O=sn"f sim ®
s
?I P /M TEET H Taw & = coTB 8§, =ancTan(cor™p) @
W =P )a
w e 7 'l('.!-p'-t-ﬂ"],h- (A4 Fe‘.a. 6.~ 18.43° =
Al
3%.487 a10* H w=Ls 1.3-19
—r Tk s . EauitiBRwm AT Jowr B:
= (¢60s & H)¥s H= —] W
W A Ly 8 Foc™ 5w &
(wm)

IL3-18 couﬂ

GRAPH OF LoAD P VERSVS

ANGLE &

Oﬂ = ANGLE FoR

Souipo CIRCVLAR BAR:

1.3-18 TevsSsS ABC WITH LoaD P

Eauiusnvm wr Joiwt Bl
Fa=Pcos® F _=Pswe

FROM TRIANGLE ABC:
Lks = | ces 3

Legcml S 8

CaTicAL LOADS

TYET T ET

F; = =

( Rl)r.l.. L:' - ces™p
TET T ET
(ﬂl‘-}:k - _LQ.“ ™~ a";‘!
Maximum Loap P BasEp uren gAR AB
( Fasden. KT

fas=—so Ea (1)

1_: ces™ g ceso

MAXInURM Loap P pasep uroN BAR BC

(Fackes _
S &

T Ez

Fac = [t Sui"P sa ®

-Ee.(2)

= wdt wd*
% Lse= ks I=43 g
cos @ A‘
T=
4T
£,.= TET  MEA'cos™d
e Lee 4 L
- P W TEA cos o
Fec = For FT O 2 Ty
SOLVE ToOoR AREA A:
awil Y, ¥= ‘::‘:‘:';
A= TEces™® Sive v

WEIGHT OF STRYT = W = FALge=TYA

s)
(L-1
20 [ w ifa. A
Ws cos*® |TESING ) = Costoyamg

Wg

an = ANGLE FoR
MIMIAVA WEIGAT

ForR muirvm
ﬂlt&h‘l"’

cost o/TINT
15 A MAXIMUR,

o 5 e0 . 10
oﬂ/&o 8

-a.‘-‘—(c.os'o\/sms =0 4A45N"O=cos e

1 -
TAN 8=5 OH = nmfnu-{- = 26.57 =t

|CONT.
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1.4 -1 l ALVMINUM PIPE ConvmN

de= 6.0 1 d, =50 1V E=io 400 xsi

T=(dd -4*)= 3244 Lrtos rr
2126 W
() PinNNED - PINNED
P ow I ET 10,400 xS1)(32.94 )
- i (126 1.

= 213 X -—

(2) Fix€p-FREE R, = 1:;: = 53,2 K w—
2.046 T EL
(3 FIXED-PINNED R,=——7 =436 K

(4) F\xED —FixED g‘q—.--"—‘-’-:-- 852Kk <—

\l.4-5 WBx2l L=14FT= 168 0
E =30 x10% ksS4

' I, 153 1% “

I, =497 W
AXIS 1-1 (MIAED-FREE)
Pea ...:_..fﬁ_. 197 «
AX1S 2-2 {FIRED ~ PINNED)
£
z.ﬂ:.-n- EIa = 210K
BUuekLING ABOUT AXIS |=] GOVERNS,

Ea200GPa

Fc':“lr 1M K —
IL4-6 I STEEL TUBE

dy=40 MM d,=30nmm
L= (d2-4)= 8503 Mn”

L=z2.1m
n=30

IL4-2 I STEEZL PIPE COLVMN

dey= 4o M d,=26mm E= 210 GPa
-d:]"l-a.t?.uo’nﬂ‘ L= LS M

-a—-(

(1) PiuNED-PINNED Q_;ll-}ﬂ- 398 KN a—00
o
() FIXED~FREE B,= 1:‘_5: = |0.O0 KN =—
(3)FIXED~ PINNED Q‘s————-ut_fﬂ:a Bl.5 KN a—
13
(4) FIXED-FIXED R, = 41-‘11‘. = 159 KN -

BVCKLING IN THE PLANE OF THE FIOURE MEANS
FIXED - PINNED END CONDITIONS,

T
Bp= Rl EX °‘:;-T?"-'1'- 18.67 KN
P
et ':.u ] 7.5‘60;“.1 26.22 KN
B JomrBB= T = TENSILE FORCE
_— /a w A CABLE
A T T i
Prsow
2.1 M
EFeny = Pariow "‘-"'(z'm

i.4-3 I W |2 % B7 WIDE=FLANGE COLVMN

E = 30 :uo" sl L BOFT= 360 IN.
nw 225 ILp=241 "

_ _Fen TUEX,
?ﬂl.uu =Y e
= 245 K 44—

E
g

(1) PINNED ~PINNED

™
4n

-
2.046T §
';..w‘ W—ﬁ,g@ﬂg -

4 7™
ne

(2) FixEp-FREE F, o= = GLLK -—

(I FIRED~ PINNED

[4)F1%ED - FIXED l:

= = 479 K -

%

Arivond
1.4-77 [ BEAM SVPPORTED BY TWO COLVMNS
cOLVMN BD Em=30 x10¥pst L=35 M.

L]

Awo.625 M. 'rw-‘l%—- =0.012116 I

-
Ca= .‘L".LM = G288 L8

E=30x%10%2s

- B (51) = 10w

COoLUMN CE L=45 IN.

‘1-4'"4'| W 10 %60 WIDE-~FLANGE COLUMMN

E= 30x10*ps L=2S FT = 300 IN.
N=2.25 Tp= 116 1m*

Pe 2
(1) PivnveED-PINNED P .?“-, _1:\5!;

=170 K —

wrET
{Z)FIXED=FREE : -mé—‘ H2. 4K

3
2.046 T ET.
()FIXED-PINNED P -—nLr—l-a 347K -

ATEET,
(A)AxEp~-FIXED B =T T eM8 Kk -

A=oizsin. 1T = ooz 1n*
Pou= TOET
ea= —T = 1859 L
(&) FIND Qca IF Q= |0 1N,
X Q
Q c P..=+—- ?c‘u b
A0 M. >
= — Py Q=4F
rgo Pcl Q F ' (L}

COLVMN BD BVCKLES: Qw3-(c298L8)=8380 L8
COLUMN CE sur.m.ts- Q= q{:u'-l L) = 7440 LB
S Qep = 1440 LB -—

(&) MAX\MUM VALUE OF Qcn

BOTH COLYMNS BUCKLE SIMULTANEOUSLY,

Poo = 6288 LS R =185% L8

TMg=0 Q. ()= e (40 1n)

(185 5 L) (40 1n)
288L8 + 18549 LB

= 9,13 IN, -—

a =

27§




E =210 GFA
L=4dmM

PIPE COLUMNM

II.+-8|

‘.:’:IOG Mmmn
A, = 10 MM

(1) VPPER "END 1S PINNED

T .
P‘-&' ﬁ:"‘.“_t_z.'z zqs KM -

{(z) VPPER _END 15 FIXED
% 4TLET

== (=4 ) = 1688%10° M

Fen = = 583 XN =
{3) UPPER_END 1$ FREE
mw*ET
P:l.. 4'-\ = 36 KN -

{4) vPPER END IS SUIDED

P
.
L Y en

)
TE
‘r__ 146 KN -—

4+

1.4 -9 [ ALUMINUM TUBE (FIXED=-PINNED)

E=10, 500 KS| L=I0OFT =120 IN. M=2.5

ll.4--ll I

coLumMnN WITH ELASTIC SUFFORT

Oy = ANGLE OF ROTATION AT
UPPER END

""9;

:'10:0 H.%.%ﬁ
ETN =M = Hx —Pnr  Ka-f
2 _ﬁu.ol

A TET "

= e, sinhx +Cycoshx + ’l,":' x
B.C. N-(o]:o & Ca=0
sc. a~r(L)y=0 ¢ =-— En Oy
<& P SINAL
wrimc, hocos hu + =25
s.¢c. ~r'(L)=—Fs
—quﬂ%.;'n'a‘.cm‘-&!.i- 3::-

OR, AFTER REARRANGING, WE OBTAWN THE
BUCKLING EQUATION:

5;-::- (,&1_ ca'rall.-l)-&‘L‘-r.o -—

dr= 4.5 N, cl. = -!-.s N, =2t
: =—-(d‘ ~dl) = oo [(«s wy*—(as w.-2t)] (L) criTicAaL LOAD ror Ba=3ET/L
L")
c 8 & £M =0 Q"EP' (AL cor AL =1) - (4L)
s SOLVE NVMERItALLY: AL =3.7264
e @ 1‘ & Q=45Kk P=Aq0
P x Pep= A EYX = (RU)* ir =13.89 —— Er —
.
s = :r.\a. & L:\*t‘:rr ET “_4...‘2_ COLUMN WITH ELASTIC SUPPORT
o - -5 =
pe=p - 2.046T (18,500 k30 L Q] l ETA =M = P(§-~)- 65 (L-%)
el (2.5)( 120 1n)* ) A*=P/ET
SOLVE FOR I: I = 15281 1% #5 \|= w e A "g't'_(?‘l“-"’?")
s ait] b A - M=
Mi[(*"j *{"" 2¢)7)= 1528 L arac, siwhx +Cocos hx
45-28)" = 98.7¢41 45-1t = 3152 §
+ (P =@t~ px)
£ ,=0.674 1N a— — 2 8s
NA— = N":-C,J.c.as.‘x -C..,J. 5!”*&'1'—5—-
- - “”"':' ™l ket + 3 B.c. m(0)=0 1€y +5(-E-)=0 )
———
n,rf\ o W sc. Nife)=0 LG+ S(-%r)-a )
< |e wra €, s hx +Cy coshx+-5° B.c. w(L)=5 . CTanv AL +Cq =0 )
5 2 pc ve)=0 q--%’- FROM EQ.(3): Co=~—C, TANAL
~ L Bc ~o)=0 ¢,=0 SUBSTITUTE Cp IN EQ.(1): €= S(n--—)co-r}.l.
. e M--H(I—COSAX) SUBSTITUTE C, INv £Q.(2) AND REARRANGE
K ge N‘(l.)=o j=cos AL =0 TO o:‘;-mu THE BVSKLING E:ua-rwu:
'] sucm.mr- fQuUATION: coskis=t ET (ranke -ki) » (A) =0 <—
T
Ar=2mw A" --—I_.I_— B %‘!5 — (4) CRLTICAL LOAD FOR e=2€e1/?
BUCKLED MODE snan-" N 2(rankl - &) + (A)? =0
AT x=Lj2, m=§==(1-cos _) SOLYE NUMERICALLY: AL= 20114
Mo L - 3 Mo __S_
§= 5=-(1-cosm) =7 f.=ATET = (AL EI 4070 EX. -
£ PAics = 3
N"—T(l-—CDS ..') e
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COLUMN WITH ECCENTRLIC LOADS

ILS-1 |
(SEE FiG. t1-21)

EQ.(11-49): =~ e(ﬂm
J,L

= T-

M= Pe -Par = Pe(TaN siv A +,c.osﬁx_)

For P=0.,3 F .

Ea. (11-52): Ju_=rr‘\,: =03 = ;7207
cR

P&
BERDING~MOMENT DIAGRAM

1.533

-
— -
—

%
e 0.5 e L

smhx +cos dx -1)

-

Liez (siv i1zt E) + cos v -

11.5-4 I BAR WITH SAQVARE CROSS SEcTioN

A=50 mm P2oOKN € =25 MR
520.8 x 10> mm*

L=2 ™M

T o —=

E= 210 GPo

1"
= y-P_ = :
AL = Ly = 1481
€a. (1-51): &= e(ssc. AL _ l) = B.87 Mm dt—
] A .
EQ.(1-5¢): M, =Pe SEC-T =203 KN'M -—

1.5~ BAR WITH RECTANGULAR CROSS

. SECTION

A= toiN, KwroIN. L=201N.

P=2B00 LB € =0.51IN. E=1ox\o £S)

[-J'—"‘—-o.mfn [V S !.’1 =1.23¢
AL

£a.(11-50): §= e(scc —1)= 0.1 IN. -

51 = 2L L8~
EQ.(1-5¢: M, = PE SEC 5= = 1710 LB-IN.

WS~ | w éxis
L=20 FT = 2,40 tN.

E = £9,000 k5)

Span = 025 W,

Ins-2 l LOAD-DEFLECTION DIAGRAM

£Q.{1t-54): §= e[se.:(%v;':)q]

e=S MM Le3en E=2106P& I=.1.-0xto‘nn

‘"L,_Er 1439 KN

§a 5(sec a.o+|+aJ'F‘ -)
Y T
SotLvE FoOr P: 9353’-"‘[‘**‘"@05(;;‘—)]

F= N
S mm

T

5 ()

te

2o

I =480 1%

e
e

- B.ilin.
e= -

= 238,500 LS

= 4055 iN.

Fa=

£a.(11-54); S=e ssc(—,—ﬂ/—)_l]

O2E IN. = 4. O58 IN- [sec(a.ooszneﬁ‘)# z]

REARRANGE AND SIMPLIFY:
€03 (0,00 3LIGYJF ) = .0.9414
0.003214\F = 0.3426 B .3

= I, 300 L8 *—

W OR300 [E=29000 KSt
ZBIO N . 2405 in.

P=20x A=V—L = 0.006426 1N

-1)

=(2.205 1v) [sec(0.003213 L) "-“i]:

‘l-:s"‘ '7
I =16.7 N4
§=-t

—

40O
ea.(n-5): §= e.(sﬁc
L

400

LOAD-DEFLECTION DIAGRARN

H.5-3

3001 T T
P
Lxies)
200
1004
- § ()
2 o2 04 o6 08

REARRANGE AND SIMPLITFY:
SEC (0.0032I3L) ~1 ~

(]

e 5o el L.'l.t.".;_ Hee
ga. (n-s4) S=e[sec(E  Pen, ) ']- SOLVE NUMERICALLYS
©=0,201N. L=144I1N. Ewioxio’rst I=217 in* Liaag =150.5 IN- = (2.6 ¥T @
_ R*er -
Rp == = 3031 K Paxies N.5-8 | wiox 30 €=249000KkKs)
&= ._o,-p_o(s:c 0.0311_1»\}_'9 -jl) § = wcnes T =67 (Y 6‘“%"—"— = 2,405 IN.
soLvE rom P: P=izsie[wrccos (-0%3-)] §=-t- P=2sx A< E—':.- 2 b.007188 N

EQ.- {n=s): &=¢€ {se ¢tk

—l)

s = (905 m)[ssc (o.00 3592 L) ~1)
REARRANGE AND SIMPLIFYS

sE¢{0.003592 L) —1 — —=

. %o
N
SOLVE NUMERICALLYS

= )26 IN, 10.2 F T -—

L PANR,

277



FIXED—~ BPREE COLUMN

ETa’aMz2P(e+§—n)
et e A e A (e 5) A
aricC bk cosd ~Coh sindx
B.¢. W{o)mo C,=-&-§
8.c. arifo)=0 ¢, =0
-=’(e+":](l-cosiz)
Be. A(L)=5 . §=a(sechu-i)
Mo =Ple+8)= Pe sec £
NOTE: A= efsechL){1-cos hx)

-—

Wi re—

ar= g sivkx e, coshxares§

W.5=12 COoNT,

l

SUBSTITUTE NUMERICAL VALVES:
Em 208 GPa. | m40M €=,60 MM
$ =20 Mt dasiamm L« % mm

T= - (dd-4’) = 5018 x10® mm*

.
Er

P= 13.26 xN

EF -
o = 5313 "fr-
B P 2T SINR 30
P SR 4
T w8 F
Taae ™ -g—e(rs.ze RN) = 829 KN *—

1.5-13 l FIXED -F REE COLUMN

I-I.S;-»*-IOI FIXED = FREE CcoLumN
$ = DEELECTION AT TRE ToOP
l:auwm.zﬂ'r LENGTH 2kt

5= e(see AL-y)
SOLVE Fomr Lt
[

=Y-t Af EL
A= =1 Ln\’_ P ARCcOS
SUBSTITUTE NVMERICAL VALUES:

E=13 6Pa A=z i00Mqm tesmn
P=5So kN §=35 MM &= 50 mm

IT= - L h-2g)* = 4084 x 10" mnt

L -»f ARC.COS E%—T

¢

VSE EQ. (W-51) WITH L RERLACED BY THE

VSE £Q.(11-50) W1TH L REPLACED BY Lg=2L:

Maao = Pe secht A=y

_ BT €230 x10” k51
Mnax = PE s€C ET M = 40 K-IN.
S8X23:

I,-+31 wt b= 4, e=i-zoas (N,
= 4 FT = 148 ua?

SUBSTITVTE NUMERICAL VALUES:

40Kk = P(2.086IN)5EC (o.quz-y’_)
SOLVE NUMERICALLY: P=o 78 x

LS =4 [ FIXED-FREEL COLUMN

USE EQR.(N-5&) WITH L KEPLHCED BY L,=2L:
Mpay = Pe Sec AL A=

=

FROM £a.(1): mev: 2,21 M —
He 5=} [ FIXED- FREE COLUMM

$= DEFLECTION AT THE TOF
USE FQ, (N=-51) WITH L REFLACED BY THE
EQUIVALENT LENGTR 2L:%

S=esec Ay ~l)

S$OLVE FOR L:

* ARCCOS ﬁ-
A=

}[n:' ,

£z = F ARECOS m {1)

SYBSTITUTE NVMERICTAL VALUESH
E=106x10*ks| A=s.0IN. E=0.5 1N
Pw 3ok §3 2.0 IN en2o W
T=bt? -2}t = Foiaim vt

FrOM £a.(1): Loas = 130.3 IN. = 10,9 FT *—
ll.,S-lll FIRED -~ FREE COLUMN
T ST DEFLECTION AT THE ToP

VSE £a. (1N-FI} WITH L REPLACED BY THE
EQUIVALENT LENGTH 2L:

§=ea(sec J;l. -y A
$= e(ssc. \’ =1)
SOLVE FOR P:

pLr
EL

= ARCCOS eid‘

PLE Ev-saxm’ K51
Muax @ Pe SEC \/ =5 Moy, = 70 Kodb,
S10x35:

I, %836 10% 4294418, el-‘-s:a?. 472 IN.
C LEIGFET = 1920,
SUBSTITUTE NUMFERICAL VALUVES:

YO K-IN. = P2 472 1N} SEC(0.3834F )
SOLVE NUMETRICALLY! o pan

(4) OME - HALE THE 10D

nsE-is I

¥

P
. gofdent
S ¥ 3
' L
b .5t
W8 X2 E = 36 x10® Pt
- a LEZ2O FT ¥ 140 1M
I‘.-\ 2€UTVING "' QFT=48 M =16 1N,
{a) vSE Ea.{n-se)
Moae = P& SEC 4=V3z @

J PL
Mo = P& sEc) /—”5  Muai = BOK-IN,
SUBSTITUTE WUMERICAL VALUES:

80,000 184, = P (1618.). 58¢ (0.00 7000/ )
SOLVE NUMER!CALLY. .p

P= 4sc2e8  pe o

= 186 LB /iM.
= 2230 L8P Ta—

I CONT.

P= 2221 LB
SUBSTITVUTE inv E&.(3): 1M,

3.7
80.0

‘g= 3%7.7 K=IN,

-
RATIO =

T 0. 47 -

278



‘o=l I SQUARE CROSS SECTION

PINNED ENDS
J- = 2.0 ).

I L=8 FT = 3G 1M
2015 1N

P= 20k
E = 29,000 kS|

{0) MAXIMVN COMPRESSIVE STRESS
SECANT FO&NVLA (fa n1-59):

JILé-4 , PIPE COLUMN WITH PINNED GNDS

L=2,1 F E%210 GPa
Ay o8 MM L, mEO MM

A =T (dl ATV go4.25 MMt
L= (d2-4%) = a13.30 % 10" mnt

PeiO KN &= 330 MM

FINNED ENDS

F=30MM L=0.6M &, =1SO NP
@wmi0 MM € =100 5Ffe

SUBSTIWTE iNTo E.():

156 = 3o ﬁoo Ji+2 sec(o.ooaf.srff)]’
SOLVE NUVMERICALLY: '
Bow =37,200 N «*—

P L {0) MAXIMVIA COMPRESSIVE STRESS
Goan ™ [1 + —-— SEC AV—')] Q) :
‘& €A SELANT FORMVLA (Ea. h-51):
p A £
*.. —cwSOKSI A== 1L0IN Tun T [“" s“(quea)} S
I = 533 L33% m* - %ao.;n;: w —:—-u‘,qlu MPa L= -%: sS4 M
- L . 2 £L£ -
%r-' .25 = 62.%554 -EPA— = 0,0001T24) A= Y ".51.3-.'1" "M A - L2245
SUBSETITUTE INTO Ea. (1) A= 22,6 MM ELT T~ = 0-35e38
T = 113 K5 SUBSTITUTE INTO E@. () =38.8
(&) maximun LENSTR (o, ., = 1B KS) ‘ Tnax = HFa
SoLvE Ea.(i) FOR THE LENGTH L: (&) MAXIMUM LENSTH (05, .., = SO MPs)
P{C5/n> soLVE za.(t) FOR THE LENGTR L:
2 . A-P = _p{®om) )
“ L=g ARCCOS
sussrafvrr NUMERICAL VALVES: Do T AP
Luaa ™ 462 1N 4= | SyBSTITUTE NUMERICAL VALVES:
- o S0 M e
n.é=-2 I SQAVARE CROSS SECTION Livan = 5-03

SECANT FORMULA {Ea. u-59): F=tox ‘:‘t"“’ 1N
) = 2T AN =2.0 M.
G = ?[H_ SE'C(ZA'\’P‘)] o d,_s; N V= 2.0 IN .
- A: T(‘: —d:) T 0.685%TI IN
Trpa ™ 150 MPa P= nEwToNs A=taqsonnt - 2 e -
. . .
=gmiIsnn at= : = ;.-;. a 75 mat I=z (d;:—d, )=o0.36450 1.
L _ . L - {&) MAaXiMUm COMPRESSIVE STRESS
%_1__-.. z.0 sAVEAR S a.coses 1 ¥P

1.6-% PIPE COLUMN WITH PLNNED ENDS

LESZ FPT= 62.4IN. E= 30x10° ksi

SECANT Fon.run.a (EqQ. 1-351):

A [‘ o e‘ ssc(‘zn.\l[:;)]

-SQUARE CROSS SECTION

1L.6-3 [

PINNED ENDS
P25 ¥ £=21v L=S4iN
£ 'w19,600 KS) I wm b K5

RAg
SECANT FORMULA (EaQ.li=59):

L .‘/'F"‘
IS sec (“zn‘. ":"T\')]

m‘a"‘%{l-ﬁ%ﬁ
a3 &

()

A=A
ec e L

A A 2n VEA
SUBSTITUTE INTO €A, (;)
6:-—;—[1+—ssc(*‘s"“ ]
SOLVE NUMERICALLY?

A

i & 4,10 IN. A

HA]. (‘)
P _ da
e =3.0315 Kk$I € BT AL N
At = % = 0.55250 ' SE- = L1210
: . L
A= 074330 1. = \[Fa o421
SUBSTITUTE WNTo £ (\)
Thnx = UGS KS|  t——

¢} ACLOWABLE LOAD

AT KIY n=2
SUBSTITUTE INTO E& {1):
42 = L+ LA%)0 szc(o.ussm/F')]

SOLVE NUMERICALLY?

Fivp g

[N,

L
0. 5973 [

P=F = .i84 K
P

. R
FOTONRE —%—'—' 3.59 K -

2749



1.6-& I ALUMINUM TUBE WITH PINNED ENDS

P=]8KN €=50MM L=3L5FM
E=13GPa o, w20MPe &/dy=0.9

SECANT FORMULA (E@.Il-59):
P ex L
T = — LS, (O s
max = g ["" R s“(za Uza)]

A (03 -0) = [ 43 - (0142 ] = 0.10023 L8

0]

£ B2 (Lamra; dazew)
-
I=%("—~~¢."’}=o.o-uma: .c..%s

A= —E—-:o.uaiza(.:
es _ 22100 [P _ ecs8.%
n* da, L VEA oL
SUBSTITUTE iNvo Ea.(I):

o ma e d\""o [1 4 209 ssc(“a"")]

R=0.33653d,

SOLVE NUMERICALLY:
da= 131 MM =

1.6-8 [waoxr.o COLUMN WITH PINNED ENDS

L=24FT=288IN. E=30 %10 XS} €=2.0IN
A= 16 INY

I=34 IN*Y Jd=tloz22 N

At = -::—' =138 10" A= 4402 1N ;c--‘:—a_f.n o
=

<= =¢se2 S =os273

/o) MAXIMUM COMPRESSIVE STARESS

(£a. n-s1):

SECANT raz.nw. A

e
Taan = [\-l- sl‘c( VEA)] )
£ alarfels
P=i20K & 2%, 818 KS| £A o431
SUBST\TUTE INTO £a.(1):

d;.la: 0.1 k31|

(A)ALLOWABLE LOAD
RS ALKSL MY LE  PWND R o
sussr;-ru-rz' INTe €a.(1):

[l + 0.5273 sec(a.ows'c'v{F’)]

P=F =39%% K
=P /m= 160K -—

ST = I"!-G

SOLVE NUMERICALLY:
P

Avrew

il.é -'7] COPPER TUBE WITH PINNVED SUPPORTS

L=30 N, da=m20iN. £=at N, d, = L8N,
E=18,000 KS) a=dyfz =101
UNITS: KI\PS, INCHES

A= T (dY-d]) =0.59%90 "
A=0.67268 IN. --';'- = 44,518 EA 10,744 K
SECANT FORMULA (Eq.||~51):

c’;,,,,_:——[t+ src(zn m] m

{8) COMPRESSIVE STRESS VERSUS ECCENTRICITY €

Px 20 K ——=3.3506 KS) £& =z20m9e

_l\_"’_._..l :

EYR a7 0.30424 suasnwﬂ NTo Eq, (1)
Trac ™ (3. 3506 K5Y) [l +2,2009¢ sec.(o.;nq-u)]

= 3.3506(\+ 2.3163€) )
€ (W) | gane (K5)
o 3.35
1 a1 1
2 18.87
3 26.63
Cian 'S LINERR WiTh £,
(&) comPRESSIVE snz;'s: VERSUS FORCE P
P
€=0.5IN. s =1.6153P Sf=p050
ﬁ- EA =0 21513YFP°  SUBSTITVUTE INTO £q.{i):
%aae = L6753 P[ L+ 11050 s:c(o.:.:stsfﬁ")] )
P (K) | L, (KS1)
u -
° ° Trann E=0.5INn
5 18.8 (xsi)
1o 40.6 so
15 L6 4 P
2.0 %8. 3 )

11.6-9 l STEEL COLUMN WITHK PINNED ENDS

{ }
I= G4 i-‘! "‘I ) = 0.110)10 IN. = C LSO 1N,

WItx ST A=168I1M" ToT, =43t w7
& =T 120 1N,
cuw Aj2 = 3.5¢0 1N,
e= L5 ¥ Av= -f—-- 2.5685 M. "
%f- 2.682 = 1,602 IN.
P=15 K £ =30x10° K51 "Et&'= 14B.8 X 10°°

(&) MAX\MUM CONPRES SIVE STRESS
SECANT FORMULA (Ea.U-59):

- & see (5 V7))

mlﬂ—[l-l-
L

2Lh

m

L=ioFT™ = |20 M.

-E-: 4. 404 KS| = 0. 4569

EA
SuBsSTITUTE InTo EFa (1):

P

ok = BAG4[1+2.082 sxc.(o.a:uj]

= (4.8 KS| -

(&) MAXIMUM LENGTH

soLvE ea.ll) FOR THME LENGTH L:
e
an.d ha.c.cos[ P{ /n't)]

=P
&= 36KSI N=20 PR=nP=isok
sugsTiTuTE R, FoR P AND & FOR o, %
”E' Py (ex/2%)
Lagy, = 2 P ARCCOS ['___QA"-N
= IS IN
= 12,6 FT

£

L nax *-—
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Il.é-lol W 8% 35 COLUMN (FIXED- FREE)

Le "2L =2 (%0 AT) =B FT = 216 IN.
E= 30ox163 K51 €= 25N
A= 103>  TxTi=a6 it b= eo020m

A= —‘f—= 4,136 1IN R = 2.0341M. psé’—:mo':‘o
& - . &L *
ot = | 06.2 .—n_'g""’ L2112

(L) MAXIMUM COMPRESS|VE STRESS
SECANT FORMULA (Ea.u-57):

Tan = ?["" ss'c.(z,‘ \/-F_‘)]

o

1L6-13 l C & X 13 POST (FIXED - FREE)

O.514 IN.

\ {-1.54-3 [l
I__J | LS 40FTa48IN, L= 21 =6 1N,
— E =23 %10%Ks1 = OK
A =388 12 T =T, =tosimt
P /"L'.‘ﬁr:'% = 0.2742 InT
—
= M m0.5236 V. &5 06.514 N,
srchw‘r PoRﬂVLh ( EQ. #-59)3

‘;\nn""li’

£L sec(s %)}

42m= ﬁll + 028 sec.(o.us‘qf‘)]

‘SOLVE NUMERICALLY: P=R = 1645 K
P10k Nz ’:’._= 2.35'¢_—.
1"He=1e | C XIS POST (FINED -~ FREX)
T STV A0
* LeBa I o
i" rl LS SF . =e0w. | = 2) =120 W

‘P =40k

E = 3oxjod ks
T=5L=L32 w.*

A
Ar=

= 2,38 Y

% =0, 34905 "

A mO.G2AA I, @ = DS W,
SECANT PORMULA (EQ. 11-59);

A[H-eo sec M_\EE‘)] o

MAXIMUN COMPRESSIVE STRESS
oz .57 V. eL/AY = 0.B349
SUBSTITUTE INTO ER.(NF - _ 5 3g kst

MALLIMUM TENSILE STRESS
o= —-Le8q M. exfrt= - 2410

SUBSTITUTE INTO Ba. (1)t
=237 KSV (+=cOmer.)

Frpr =

Trian ™ a7 = 2.37 kS -—

Pu 40 ¥ T'-::.”SKSS A 1/?—; =0.6042 MAXAMYH canPREsswE S'rg!ss
! . ) LT OS14 ANV CL/AT = 0. 1635
SUBSTITUTE INTO EQ (1)t O, = T60 K5I «— SUBSTITUTE INTO Ea.()?
. ) = o= 3.50 K3 g
L4 ALLOWABLE LOAR MAXIMUM TENSILE STRESS
f_;='36 K5 M=2.¢ “FIiND Parcow L= — LA I e&'—/ﬂ*"‘—3oao
s_vasm_f:fnt wroe €a. (1): SUBSTITUTE INTO EQ.())t
36 --m—3[1 + 1212 SEC (o oqsszt’F‘)] Trnn ™ = 461 KS1 (+RCOMP) J5 = 46! KSI 4—
SOLVE NUMERICALLYS P=FfA = ll2.4k =T =
Bon= Pe/n= S36K - 1.6 H-I W12 K 87T COLUMN (PiungD ENDS)
né&-t [ Wiz X.50 COWMN (FIRED - FREE) L= 18 FT = 216 1N
Le=2L ~ 2125 FT)= 25 AT = 300 V. = 1BOK Ppw 15 K &= 5.0 IV,
Am i Ny T¥L, =503 1" o
a. T E =2%,000Kst of = 36 K5
A= T=»3-33° YA A LASTIN P v
ex P= P+ PLm255 K = —-’-—P’ =4t N,
er 3 e _ '
7 SORT EW30RI0T kSt A=256 WY TeT, 740 in*  oL=12.53 1N
a) com £ STRESS A= -;:--:‘LQ.QI- im?t A= 5 376 N
SECANT FORMULA cea. n-59): -
T —— cx {
4;;‘“=-_[;+ £ sec (2 )] gy | £TEweusm STmo.es
L
: r._ _bpaf P =9.941 KSi =ai-F. so0.3723
PmYOK S=4TCTKSI T VER = 0657 v cA
SUBSTITUTE INTO ER.(O1): L, = 6-BS xS -— {&) MAXIMUM COMPRESSIVE STRESS
(,L) FACTOR OF SAKETY SECANT FORWVLA (EQ. n-s-t)
- 42 KSE SUBSYITUTE INTo E@ () _
* Tne = h.[“' §se( \jza)] )

SUBSTITVTE INTO £a.(1): o"
(L) FACTOR OF SAPKETY

Tone ™ Iq. = 3% KS)
SUBSTITUTE INTO ga& (1):

2:;.&[1'*’0.&88 see °'°z”z'ﬁ)]

SOLVE NUMERLCALLY:
9 =R o
n= P = 2.¢t

= 13,4 KS)

P Py

%=

P= 664 K

28]




IL6=15 | WIoX 45 corvmnN (PINNKP ENDS)
L=ISSFT =162 N
R=100K Po= GO R

q = 42 K

eu—&-—"’- 1.50 1M,

L= 4,0 IV
E = 24,000 KSi
Pw P, + Pow 6ok =
A= 138 Y  T=T,= 248 1n*
Atz -—E—: 18.65

d=joue N
A 45318 1M,

= '1(_ = 5.05 IN. %‘--a4oaz

P L
s = 12,03 KSI ﬁ E_A-

(@) MAXIMUM COMPRESSIVE STRESS
SECANT FoRMVLA (£@, u—a"t)-

Tonn = ——[l + —"—':- sec( H)] D)

= 0,382

) LARGEST VALVE OF Loap Py IF M =2.0
UNITS: K.J 1N,

PP P =100+

Pad _ Pol4o) ec 4003 Py
€= = Teor A 100 + Py
Trina T = 42KS1 PemnP = 2.0(100+%,)

SUBSTITUTE INTO Fa.(1):

=-—Px-[l+e—‘§'-s€¢—-—v SA)]

42w mf{;Tb‘}‘ [| + LOSUA oo, foorimaYiee + 7 )I

100+

SOLVE NVMERICALLY: =784 x -

SUBSTITUTE INTO Za.(1): Tan =173 KS1 =

hée-16 [ WI4XS3 COLUMN (FIRED- FREE)

L=ISFT=1801IN. L w2l = 340 1N

Pa= 40K A= 12 AN
0; = 34 KSI)
e=Ba 50

KR=120%

E = 24,000 KS\
Pw P+ Po= 100K
A=156102

I=T,= 54 m. d=)1342 10,

At = -E-= 34.68IN* A= 5884 |w,

&= —'.f—- =&,%0 IN.

£ oeoze sy  Aa

~ 2nfEA
{a) MAXIMYM COMPRESSIVE STRESS
SECANT FORMVLA (EQ.11-54%)

Gons ™ T[l + -%—; SEC —--"' )] )
SUBITITUTE INTO £@.(1): Trax™ 176 XSta—
(&) PACTOR OF SAFETY
Thax = ¢ = 36 KRS P=Fy
SUBSTITUTE INTO E@.(1);
e . 18
se= -1+ 0.c021 secfo.ons44VR, )|

SOLVE NUMERI\CALLY:

R =302.6Kk mN=-tx328.,5q o—

‘:?_--u 0.6021

= 05748

P 160

&e-17 W2 X35 COLVmN (FIXEP-FREE)
L=I16FT= 192 IN. Le=2L= 384 1MV
A=5 K Pa=r25 K A& =2 10,0 1N,

E =29,000 XSt o0 = 42 KS!
P= P, + Pow OO K
A= 10.3 1N T=T, =285 1

AY= —:—'-= 27 &1 it

e = ""P';;"""‘ 2.5 IN.

d=1250 1V
A® 5260 IN.

55_- = 0.5647

&= i = 6.25 IN.

I Ls
IS = 4709 KsI 2nVEA

(&) MAXIMUM COMPRESSIVE STRESS
SECANT FornVLA (EQ. u—s-n}

=[S sec(TTE] O

SUBSTITUTE INTO 2Q.(1): O, = &7 KS|e—

(L) LARGEST VALUE OF LCAD P, IF\= L8
UNITS: K, IN.

= 0.66M09

P=f+P =154+P

éw Re P {10.0) ef 2.259 %
P 95+ Py P U5+ Py
Grax =9 = *2KS1 R=nP=LB(IS+R)

SUBSTITUTE INTo E.{1):
ec 1[
'{’“_[“'n.‘ SE( !:n)]
L8 (15 +R 2.259
2 =—1£'.'a__)'[‘ * Wc‘»‘% sec(o.o8u1T5+h; )]

SOLVE NUMERICALLY: 343K -—

1L9-1

W 8 X 35 COLUMN (PINNED ENDS; K=l)

A=103 ' R,=2.0%3 IN. E=29,000 KS!

& =346 KS! EQ.(1+=76): &)‘.:v%:z =126.1

Lo=126.l & =256.0 IN. = 2L3 FT

L 1€ FT |20 ¥T |24 FT|28 FTr
L/n 94.58 | 1p.2 | 1419 |65, 5
n, (€Q.1-79) .84 51 L5 - -
n, {£G. 11-80) — - (P Tl B A P L
Gromel/ & (E0-1-8)[0.3793 10,2830 | = W
G/ (Eait92)| ~ - o.20¢0|0.1514
[ s (KS)  |13.65 |10.55 | 242 [ 545
Friow™ AT ow |14 % |101 K| 6K | SGK
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1%~ | WIOX 30 COLUMN (PINNTD ENDS; Kal

EE- T XU A
<= 36 K5

Nyp= 137 IN E=129%,000 K5t

Fa.(11-76): (%)&3@ =126.1

L= 126,V = IM2.8 IN. = |4, 4 FT

L 12 FT |14 FT |16 FT |IB FT
L/n 105.1 |I122.6 |140.1 |1S.7

n, (€@.1=79) L4907 LM | - %
T, (EQ. 11-80) - - L7 | L7

Gwn /G (B0 11-B)]0. 3422 [0.275) | — -
(_m/q (Ea.1-82)| — - a.2w3 |o.16e8
Toiae (KS1) 12,32 |2905 |7.607 [6.004
.5_'-1'_!‘ A s oAk |88k |67k | S3 K

IL9-4 CONT. _l

NEAT SMALLER S\Z¥ 15 WIe X 30, For WHICH
WE PIND Fp o T 8B K L1800 K (NMG)
SELECT W IO X 45

_—

iLa-5 | SELECT A GOLUMN OF W IZ SHAPE
P=t15 Kk L=35 FT= 420 IN. K»} =36 KSI

-1 [ 2 E
£=29,000ks1  EQ.(1-79: (=) = I erz6.
(] TRIAL VALVE OF @, o

UPPER LIMITT VSE EQ.(1-8)) WiTH L/A =0
.

1.9-3 Iwnuso COLUMN (PInsiED ENPE; K =i)
A=IRTING e 186 4. E=249,000 kSt

MAK. TRew =216 KSI
n, 5/3
T - KS BOCAVSE Conumw IS
RY oo = 8 I ¢ SERT Lo
(2) TRIAL VALUE OF AREA
P 115 K a
A= = 8 KsT =22 INn
(3) TRIAL COLUMN W I2 X871 A=256G "
A= 3.07 IN-

(%) ALLOWABLE STRESS FOR TRIAL COLVMN

L _ AzZO0IN L L
o= SO kst E&.fll‘?‘)l (-;‘i_)gavﬂ(_&l =[07.0 e 1 2,07 N, T, ~ > (_E.)b
h 1 - -
Lew 107.0 2 = 2007 IN. =11.5 Fr E:f" (1+80) AnD (1-82)1 Ty = 1417
Tuee = 0.2216 Trnewe =178 xS|
L l2FT (IS FT |[IBFT |21 Fr Y
in 3594 1484 luox. liass AS) ALLOWASLE LOAD FOR TRIAL COLUMN
™, (€@.11-79) |1884 | nton — = Pavow T, A= 204 K 2175 & (oK)
NEXT SMALLER SIZE 15 W IZ%5q, FOR
Q. I~ — - a A
Na (€ 89 2L WHICK WE PIND LJA = 214 >200 (M&)
Frawme/ G (E2.11-8))|0.4057 {03308 — = SELECT WIZX 8T
€ /G (Ea-82)| — — |o.245%|0.1806 I.9-6 ' SELECT A COLUMN OF Wi4 SHAPE
) . .
| e (KSY SAIX (IETN [1aN jeere P=250K LE20FT=2401IN. K=| & =50 KS!
T |
[riow > AGuow [298K (243K |18 sl E=*29000KS)  EQ.(I1~7): {-E-L- -3;'-5-—5-“07

IL9-4 I SELECT A COLUMN OF W10 SHAPE
P=180 X L= 14 FT= 168 IN. K=] = 36 K5!

- _':, ‘
E=29,000Ks]  EQ.(11~76): (n);.""%"'”-“"
(1) TRIAL VALVUE OF o5, . 4

VPPER LIMITt VSE EQ.[11-Bi) wiTH L/A noO

.
= /3 AL Ks)

TRY &, 16 S|

{2) TRIAL VALUE OF AREA
P

L
MAK. G = T

180 K L3

A= = Te KT = 125 1M
3) TRIAL COLUMN W IDX4S A=id3 vt
A=2.01 N

{4) ALLOWABLE STRESS POR TRIAL COLVMN
L _ 168 IN. S

A& ~ 2.0l IN. 28%38 A c(n. lc-
Eas. (1=719) AND (1-81): N, = 1L.879

%&Fﬁ. = 0. 4153  Oriew = 445 KS|
b

{5) ALLOWABLE LOAD POR TRIAL CowvMN
Paow ®Fn,w A= 112 K > 180 K (oK)

() TRIAL VALUE OF %5 o

UPPER LIMITS VSE EQ,(1~81) WiTH L/A =0
s

<
<.
MAX. O o = ", 53 30 K5I
TRY o ., = 12 KS)
(2) TRIAL VALVE OF AREA
P 250K 2
= N,
AR e ke A

(3) TRIAL COLUMN W |4X82 A=24.l In?
A=2. 48 IN,
(4) ALLOWABLE STRESS FOR TRIAL cOLUMN

L _ 240N bk
& 2.48IN. = 4672 s <(n. )a.

£as. (1+=19) AnND (11~81 ) N, =103

fg,\eﬂ- = 0.3090  Trusw = 1545 KSI
k3

5] ALLOWABLE LOAD FOR TRIAL coLumw
Paiow " e A= 372 K >250 Kk (oK)
NEXT SMALLER S1LE 15 Wi4X 53 Fot
WHRICH WE FIND £ = (43 K {250 K (*6)

SELECT WIi4X 82

f—

]can-r. '
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.9-7
d= 6,625 V. £=0-280 IN. E=29,000K3)
A= -:—‘- d.‘—-(.t-u)‘]- 5581 wW?
= ﬁ u!.‘-(d.-zt)‘J =214 1wt

STECL PI\PE corvmn (FIXED-FARE; K=2)

s-\}—f =2.245 W,

1L.9-j0 ll*rl’n. PIPE coLuny (FIXED-IAEE; K=2)

d=20omm Ltz i10 mn E= 200 GPa

A= -}_-'- [&‘-(ut-m}‘] = 5964 nnt

-—-.; *— - * - L] * o = L—
“[J. (el 1*)] 21L01mi0 AR A "h =621 MM

L,.-(I?_S"'l)-i—-- 2%60 MM = 2.960 M

2T E
=36 KSI . (11=78): 126.1
“ e = S & =250 MPa EQ. (1-76): (i"‘_-]”;f E ansn
Le™ — 1.5 Iv. = h g
a= {1261 ) =|4).5 | L8 FT l.,.-(:zs.'r)%-n.m gl %, )
L e FT |9 FT |[1Z FT |ISFT P = 500 kN
KL/~ 414 |9%.21 (1283 |léo. 4
SELECT VARIOUS VALUES OF L UNTIL WE
n, (EQ.11~79) |LB4t |Lea7 | — = OBTAIN FBo.=F (BY INTERPOLATION),
N (EG. 11-86) = = [l | ran IF L& Ly USE EQS,(I1-74) AND{u-81).
T/ G (E@-11-8D[0.4724 03737 | — — IF LY Le, VSE EQS.(11-80) AND (1~82),
w'/‘; f!ﬁ.“‘.z) — ] ©. 1522 | 0,612 L 3.50n|2855 1 |2eom 3.5
Tow (XSY) o3 {13.45 | 2.0 | &80 KL/~ 104.1 |es 5 |io0 | 1067
Riow ™A o @5k [1SK | S1 Kk | 32K n, (EQ.11-749) 1906 L1128 | L90% | 1.909
N, (€a.1-80) - - - -
.9-8 l STEEL PIFE COLVMN (FIXED-FREE; K=2) /€ T
11=81) [0, 3444 |o. "
d= 140 MM k= 7 MM F= 200 Gfa q;u“/a; = BANY 10396 ) 93394 14335
- Q. 1-82)| ~ - - e
A--':- L=(d~28) = 2925 Mn* 5—*—;— % - J
H
I'—'!-[f'-&-ﬂ)‘]-a‘bas-m"‘ A-"’%=+ﬂ.0ﬂﬂﬂ hiiow (MFa) 86.21 | 8440 | 83,48 | 838
= Pow ™A% o | S14hv| 506 Aw| 418 AV 500 Lw
=250 Mfa EQ. (11-78): (-&9“ "-—L- = 125.9
FoR P = 500N, L, .= 359 1 -—

L 26eM |2.8Mm |3O0mM (32 M
KL/n 110.4 | ne.qa |11 4 (13549

n, (€a.11-79) Kl | Lale - -

N, (EQ. 11-80) - - LT LA
G/ G (Ea-N-8)|0.3215 0. 2884 — —
5.-_-.'-!‘; (Ea.11-82)| — - o.2534(0.223¢

Oriiew (MPa) [80.37 7211 [¢3.48 |Ssin4
Bicow = AQuow  [235 KNI KN | 134 Ki|163 KN

1.9-9 ] STEEL PIPE COLUMN (FIXED-FREE; K=2)
d= a4ason. £= 0.297 1V E=29,000 xsi

A= %— [&‘-{al-?.}:)‘]ll 3174 INT
k) -+ r
= % [O-@24*) 2 r2e3 W 3.-",—;— =(.510 .

G =36 KSI  EQ. (1-76) (-L)_ V R 260

Le={126.1 )—= 95,21 IN, = 7.923 n-

| 4+ FrT @ FT B Fr |io FT
KL/A ©3.58 | 15% |127.2 |153.4
N, (€a.11-79) |uB4c [1.24¢ - -
N, (EQ. 11-80) - - L | Laey
G/ & (EQ.N1-B)[O. 4745 (0. 3266 | ~ -
Gusn /% (EQ18Y] — —~  [aases 0aw4
Trnew  (K39) 1708 (13,56 |1227 |sm3
ow =A% 0w | S4K 43k [ 29K | 19K

1La=-1 | STESL PirC cowvmn (FIXRED=FREE; K=2)

d= 40 v, E=a 24,000 xs1
A= -} [d.‘—(d.-aﬁ)‘ =2.680 INF
& [--29') 2488 ot 22}z iasn
A s

&= 42 S EQ. (11-76): (5—)‘. " ETE =116.7

Le=(116.7 ) ¥ =T78.04 N =6, so Fr
P=40kK

SELECT VARIOUS VALVES OF | UNTIL WE
OBTAIN P 0. =F (BY INTERPOLATION).

IF L& L,  USE EQs.(1-71) AN»(n-81),
IF LYy Lo, VSE EQS.(11-80) AND (1-82),

L= a6 1w

L 5.20Pr7|5.25 FT| 530 PT| 528 Fr
KL/ 9234 [24.24 (154 [2208
N, (EaQ.11-74) 1903 L1204 |05 | L9003
Ny (Ea. 11-80) - - = -
G/ & (E0.11-8)|0.3574 |0.3540 [0.3505 03555
E'_m“/o; (Ea. 11-82)| - = e =
Tiow (KSt) I5.00 11487 (1472 |14.93
Brconw™ AT |402 % |39.8 k| 30.5K | 4000 &
FOR P 40K, lpp™ 523 Fr e
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L.9-12 l

SELECT VARIOUS VALUES OF L UNTW WE
OBTAIN Fhow. =P (BY INTERPOLATION).
IF L& L, USE EQs.(u=-79) Avp(i-81).
IF LY Le, VSE EQS.(N-8D) AND (n-82),

5 2250 M |2.55M|2,é0m
KL/n 1290 [14776 (9662

n, (€a.11-79) L81% | L9072 | L1044
N, (EQ. 11-80) - < =

G /G (G 11-8) 0% |0.3607 |035338
G/ (Eai182)| — - —
Firow (MPa) 19646 |1046 [102.G

i,._‘_m-hfm 407 x| 400 £V| 392 kN

FOR P=4oowy L, , . 2.55 M -~

STERL PIPF COLVMN (FIRED ~PREE; = 2)

iL1-14 |

PINNED~ END COLVMN (Kai)
L=SSFT = 660 IN.
d= 160 mn = s mn Fa 210 GPa Y £=29,000 KSt
A-{- d~ Cal—zx)"]asaz.a mmt < =36KS!
= - d-(d-‘j.t}‘] ;“,mllb By A.‘, L =538%2 Wiz X 87
o4 A nn 4
- ﬂ TE A=2S b 1N =53 IN

q = 290 MPa. PFQ. (lh‘l‘}- (5—)‘3 = )19.6 - T, =740 N4 I3-24l 1N
'\A"‘""")'—'- 3220 MM —3.‘2.1. ™ W24 %162
P= 400 kN

w24 xiez A=477IN L =008 m.
I, =st70 N4 I..a 443 INY
ROS. oN

AT L(256)+ 4.7 = 182 N*
Iy=2 (241) + 5170 = Fe52 WY
A=dfr+ 2 /t= 66115 1IN

T, =443 +2[140 + (25066115 ] = 4165 In*

SIA M--'Vtxi.A -Vm,._‘ = £.489% IN,
L me

Ea.(11-76): (— ﬂ}z = 1261
(w-76): (- ):. P

Le= (126.1)a = (126.0)(6.48% 10)=818,3 IN.

L&be & vusE Fas. (u-711) Anp (u=-81)
=R LY
7= AW = 19LT

FROM Fa. (1-1%): N, = L04

FROM E@. (1=B1): o 0w /"% = 0.3544
Tariewr = 0. 354407 = 12,76 KSI

11.9~13 l

H= Fr cer Go* P=COMP, FORCE IN BC

de= 3.5 1. &, m3.0IN.
N LY

~ --;_—(t‘ -d4')= 2,553 >

T= (24 )= 3300 e*

< =SoKks) EQ.(N-70): (—l‘,—})‘n
Le™ (Io'l.o)-ﬁ'- = 176.3 M. =147 FT

E = 24,000 K51

= |o7.0

(@) L=12 FT} FIND Huax

ﬁ"- = 87,38 €a.(n-11): 7, =L108
EQ.(M-81): o, [og mo341 o, T 1244 KS\
’mw"ﬂwﬁ = 4471 x

Fhany = Pariew COT GO & 2518 K
(4) H=16%; Fivp Lpax

Pz Tav e =2 K ASSUME L, KL (e
23

A= (Ex. 11-80)
CIL!A')‘-
- 1
Q. (1 a:) %ﬁ 2T (KLIAT 1)
T K
Buen™ A T Tss3 v T I108S kst

SUBSTITVTE INTe Ea.(1):

.85 kst _(10ne) (L b
5O kS| z(zamco.sﬂ)‘(k‘?

SOLVE ForR L:
™= 37,380 10"

Lax > be

M ASSUMPTION IS VALID,

toLumn B¢ (FIXEP ~PIVNED s K= 0.60),
FRAME ABC WITHR MORIZ, FORCE H,

A= VAL =L1S2 IN.

Prirew = o A =127 k5)(18.9 11*)
= |Le0 K —-.—

1.9~ 15 | W 8 X 28 COLUMN (PIHNED E¥ps; K=l)
A= 825 IN®  T= 217 o =36 K51
A=2ATTA = 1622 1N € =2%,000 KSI

£a. (\1-76): (&)‘_ --\f-?-dl‘;'—' = 126.1

!

uﬂ. Lin Thanew o
LEY Pﬁ (Lfﬂ-)‘ m :::. = -h-_
IF B£), USE EQS. (N1=T1) AxD (N-81)%
L ‘_ipt <)
AT Frieoie (es1) O
IF 21, vSE £as. (11-80) AND (ii~32):
P [}
s T 2@e (pzvy @)
(o) P= 6O K Assume (321 (Fe. 2)
GO &
(&13;‘(3“ 3 Pt B=1L136 >

Sz (1264)@=1433 Ly, =(1433 )2

=232.4IN= 124 FT -

(L) p=120 x  AssumE B<)  (fa. 1)
120 1-+6* =
(8.25)(%) B =0.0%08

F+ie-w0’
%-(lzs.n)p- 8711  Luag =(81.11 )2
= 413 W, wIL8 FT -

'LT‘KHRT' TTHOD
UsSeE T ”

AND ln.noa

z85



1L9~16 [wuoxq-.s CoLumMN (PINNED ENDS; K=1)

4
A= 133 IN®  T= 534 IN. & w42 KS)
2=A[TTA = 2,004 IN. £ =29,000 KS)

FQ. (\1-7¢): (_EL)& --\/3-3;5- = 116.17

o Lin LA Truew _ _P
LeY P" ('-/"-)Jr- 6.1 oy AT
tF 3£, vsE E@S. (11-71) AND (n-BI)3
p__ M-zt
A _§+_;_ﬁ__%_’, ( £s)) o
IF 32), vsE £as, (11-80) AND (11-83):
P I
— 2]
Y Y (Bz) )
(o) r=125 K ASSuUME (321 (fa.2)
AL 6 B=1080>1

(33 (4 - 23 pF
S (We)E=126.0  Lp,=(126.0)a

=252.5|N.=21L0 FT <

(#) P=200 x AssumE g<&| (£a.1)
200 K 1-4-8"
g=o0.7186
(1 3)(42) %‘,_3_‘3__;_{,:

S =(16T)p" 309 L =(1212) 2
=186.8 W, =I5.6 FT =

=18
“4] PIPE coLumn (PINNED ENDS; K=!)

L= 35 m P=2 130 KN R =d /20
Ew 200 GPo. oG = 275 nfa
T, nt 2
A= -:-[d. —{d.-zg;)t]_o.u-'lz'Sn'- =VT‘
A

e x +
I= ﬁ[.{,"'_(d, -24)*)=0.06 8814

&)L ._.,V?_:J’. =ua8 L .=(138)r

SELECT VARIOUS VALUES OF DIAMETER J
UNTIL WE ©BTAIN fy . = P.

IF L£La, VSE Eas. (11-179) AND (11-B)),
iF L2 L,, USE Eas. (11-80) AND (11~82).

d (mm) 18 99 1oe
A (mnY) 1433 1463 1492
I (Mn%Y) 1587 210" |lerenio® [1688 %107
A (mm) 3296 | 3%.30 |3%¢ca
Le {mm) 3450 |398a |4eo30
L/n 106.2 108, fo4.0
M, (Ea.11-79) | w2 LA A48
Gowe /% (EQ.NN-81) |0. 217 S [0.2209 |0.3263
Fnow (MPa) |B32 |8A53 | 84713
Pow TAT o 1251 KN[129.5 KN [1334 KV
FOR P= 130KkN, d=9% Mm -—

1L9-17 I PIPE COLUMN (PINNED ENDS; K1)

L=20 FT =240 M. Pm 25 K £=d/20
‘Ew2%,000 kSt ogm 36 KS)

T2 a
Am ;—[d. ..(‘,L-zz)‘]= o.14923 d =

T= %[J.’-— (d_..zg)"]ao.m&ni &' A
(—i—]‘ = z;r;&‘ = 1261 | =(26e1)n

SELECT VARIOUS VALUES OF DIAMETER A
UNTIL WE 2BTAIN e = P. '

\F L£ La, USE EQS, (11=79) AND (11-81),
IF L2 L,, USE €as. (11~Bo) AND (1i-82).

11.9-19 l PIPE COLUMN (PINNED ENDS; K=t)
L=tilL5 FT=R8IN. P= 80 Kk L=0, 30 1M

Ew 29,000 ¥51 o4 = 42 KSI
A=t (-2 2y
+
=
Le=(ne)a

bl L =

I= H[.t ~(d-22)"]
L ZOE

(=), =VEEE = e

SELECT VARIOUS VALUES OF DIAMETER A

UNTIL WE OBTAIN P = P.

If LELa, USE Eas. (11-19) AND (11~81),
I L& Ly, USE EQS. (11~80) AND (1-82).

d () 4.80 |4.40 500 d  (v) s.20 | .25 | S0

A (iny) 2438 [3.s82 | 3.73t A (w3 4.418 |4.4¢5 |4ma

T (%) gact |a32 |1e.s51 T (m*) 1341 i4.34 | 14978

A (in) LGI+ 1.c48 | ez o () L3¢ L1532 | 1A

Le (1) 204 208 212 Le (1) 203 208 207
L/n 148.7 145.6 | 1427 L/n 74.44 | 7872 | ThAZ

M, (EQ.11-80) [23A2 3. 123 M, (Ea.11-79) |.883 1. 881 L8s8e
Goowe/ % (EG.1-82) [0.187¢ |0.1257 |02037 Grar/ % (ER.N1-1) |0.4074 |0. 4107 |0, 4133
Gow [(KS1) |&154 |7.044 |2333 Giow (KSI)  [17.3 .25 | 136
B E AR s 232K | 252 K [224 K Fanow ZAG o %4 K j8o5 k|88 K

FOR P=25 Kk, d= 489 v -« FOR P=BOK, d= 523w -
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IL9-20 ‘

PIPE CotUMN (PINNED ENDS; K=1)
L2 3.0mM Pe Booxn A= 2 mn
‘Ew 200 GPa og= 300 MPa

aw [ (d-22)]

A==
= Z[d*-d-24)") A
(7‘;-)‘ =V3—‘—-;"l§- = Ha7  L={t47)r

SELECT VARIOVS VALUES OF DIAMETER A
UNTIL WE @BTAIN Fauw = P,

IF L£La, USE €@s, (11-79) AND (11-31),
7 L2 L, VSE E@ S (11=80) ANp (11~82).

d  (mn) 123 t94 1as
A {(Mmn?Z) 5202 (5231 |s254
T (n*) 22.08 %10 [22.43m0* |22 Bo10®
n (mm) é5.13 [emag |esBa
Le (mn) 7470 7510 | 155e
L/r 45.96 | 45.82 | 45.57
T, (£a.11=79) | 1809 1.809 | 1.808
Goon /% (EQ.11-81 ) |0.S0g2 |o.5087 |0.5014
© Bew (MPa) [152.5 [15L6 |[1SL8
e AT, o 7234 kM| T8.3 KN |803.8 KN
FOR P= 800 kv, d.= 114 Mm -—

J119-22 | ALumivum PipE conun (2014 -T)

PINNED ENDS 4,17 44 IN.
(K=1) 4.3307 M.

A= (4l -4}) = 2.800 n* a=E
r=-x 2 A " n
_a(d‘-‘.)w"].iasl + M= LGOTZ IN.

USE EQS, (11~84a,t, o)
Taions = 20 K5t
ow = 30.7T-0.23(LIA)

da= 120 M
dy = 1o Al

osL/nt it

KSt 115 Ua £ 55

uaw = S4,000/({LiA)" kSI  sFsun

L (™) I n zn Im lan

L Qv 34.37 |78.74 [ gl |isas

L/n 24.58 | 49.15 |73,73 | 48.3¢0
Cprion (XSY) 2505 | 19.40 | 1.934 | 5588
Prnew T ov A [ TE14, | 5431 | 27080 15.65

Pariae (X¥) [312 gy [ 242KkN| 124 KN| TO KV

1L9-23 | ALUMINUM PIPE cOLUMN (6061-T6)

FIXED - REX de= 3.25 W,
(k=2) o, = 3.00 IN.

o~ *
A=y -dr) = 1227 1 1!‘“
q. ') ‘R.- %

+»
T= 6—1—(&,‘,‘-&,‘") - .500 V. = (1L10G \N.
vse Eas, (11-85a,t, 2):

Tacew =19 KSI oLKLIASAS

Fpinow ™ 20.2 = 0,126 (K/a) KS) LESKLIAL 6o

IL1-21 I

ALVMINURN PIPE convumnN (2014-~T%)

PINNED ENDS dr= 560V
(K=1) dy =480 IN.

’
A= S(da~dt) = 6.535 v" ‘.a-‘f_}_‘
Tep(dl~a') =22.22 Wt A x LBes
USE EQS. (11-84a,.l; c):

o = 28 KSI osLiag 2
Grow = 30T=0.23(LIA) KSI 124 LA 5SS
Groew = 54,000/(LIM* %51 sFL N
L (FT) G FT |8 rr [10FT [ 12PF
Lin 3405 | 52.06 | 65.08 | 18.0%
Tpow (XS) |z2uv2 1843 [12.95 | 8.86
Privow THhuww A |14z k |122 k[ 83 k | SBK

Taew = TVLO00O/(KLIR KS1 G SKL/N
L (FT) 2FT |3arr JaFrr |5 FT
KLy 43.40 [0S0 |86.80 1085

Triiow (KS) [ 1473 12,00 | €77 (433
F, = e A I8 K |17 | 8.3 x | 553K

||.1-2.+| ALUPMINUM P\PE COLUMN (4061~T6G)

FIXED-FREE de= 80 MM = 3.149% N,
{v=2) Ay =™ 12 MR = 2,8346 IN.

A "'};fd:'&,‘) = l.480 n* "‘"]’T::
*

™
T= g (dd-af) = 1601 A= 1059
usE eQs. (11-85a,t, 2):
Trew =19 KSI o%kLin 545

Trew ™ R0.2 = 0,126 (Kt/a) KSI LFSKLAL 60

e = 51,000/(KL[R)* KSt ec S kLA

L (M) et |[oem |Le ™M (L2 M

KL (IN) 4124 |ez2.9% |TR714 [94.41
xiin 4461 | 59.48 [ 74.3% [84.23
Tarsow (KSY) 14.58 |12t |4.226 [6.405
Panorns =05, 00 A [21.58 X [18.81 K | 13.65 K| 448
| Phuew (kM) |9 %N | 84 kn| &1 kx| 42 xd
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n4-25 | ALUMINUM BAR (2014-T6)

PIN SUPPORTS (k=1) P=640¥%
(O FIND Ly, IE L = 2,0 1™

=B 34z = T4t
A 3.142 ) I ot
ASV —-=05 IN.
= 22K = 1210 KSI

o = A 3.taz it

ASSUME L/2 1S BETWEEN |2 AN SS3
EQ (W-8a4): o7 . =307 ~0.%3(LJR) KSi

AL :
OR Yvilo = 307 0. 23 (Lin)

“"’"’"_l_ ALUMINUM BAR (6061~ TG)

PIN  svProrTs (k=) p=i1ox
(&) FIND Loy 1F o= Lo v
A= 3‘*— =0.71854 in*  I= E—f
A-"Jj.i-—‘ = %—'30.2500 TN,
Taon = hi = ————~—C:f’,,§54_ o = 12.73 xSt

ASSYME LfR- 1S BETWECH A5 AND GGi

Ea. (1=85L) sFiew = 20.2 — 026 (LIA)
oR, 12,13 = 20,2 =0. 126 (Lir)

KSL v

ASSUME LlA 135 BETWEEN 12 AND E§5:
£, (184432 op . = 301 ~0.23(LIA) kS5I
oR 20.20 = 30.1-0.23 (L[N}

SOLVE EOR LJA: %.—.45.55 frs = 5%)

Lir= 14.48/1.6496 = 557 > 55 (or)

Lipag = (4565)A =180 1N = 457 MM w—
k) pmp e 17 L=06 M= 23,62 IN
: A Lo 2362 . _ 34,48
A3 a=g ,L_*' o
P 3934 K 50.0‘1
Bure = A" TL574 (s
ASSUME LA 1S SREATER 'nuﬂ 5572
i ad: 54,000 KS}
Q. (N-B4e) 0, = W
op 2004 _ 54000
FAd (4981 )T
= 280 Wt Lpuy = 1696 1,2 451 MMt

. L
SOLVE POR LjA: —=— = 50.43 (=% 5 455) SeLVE FOR Lia: =512 (454 TL'S“).
Ly, = (50.43)n = 25.2 v P Loax ={(5%.29)2 = 148 1. -
rx
d) pins ol 1F L= 30 . (J.)Fmo Bmys IE L 201V
™ < L SCIN. 120 AmEd ’"‘- s L Lo 2O N 8O
Ps L0 K 76.3 . - L 1o K 12,13
rﬂu’w‘ T. T 7 3 (Ksl) P o A a4 2 (KS')
ASSUME L{n 1S GREATER -nun' 55; ASSUME LIA 15 GREATER THAN 4Gt
. 54,000 K5| (1-852): = Shode ks,
EG.(U-B‘}:_). d;l.gaw W !Qt(ll SSA‘-J- ’g’uﬁd (‘-I"v)z
ok 12.73 5009
oR '15;.3‘1 £4, oooL £ (Bofd)?*
A (2o /d) &2 n5ar et d.= 12 W -~
A= 2037 Wt = 2oz i -— 8/& S '
) o= 80 =T
Lin= 120/d = 56.6 »55 (o) L= ) el Lo
“"I'ZGI ALUMINVM BAR (2014-TG) __J;m-zsv ALUMINUM BAR (6061~ TG)
FIN SUPPORTS (Kk=t) P=itg AN PIN SuPPoRTs (k=i) P =COAN=BAIK
= 4
{82 FIND U, IF & =d4OMn=1. sis ot ¥ (@) FIND Lpag 1F d =30 MM = 1181 IV,
ed xd* wat
A= E— =948 1? r= .._.'Zf A= = 1035 ret I= =23
n.='¢ = 0.3438 I~ rafE - %—-_-o 2953 1.
3834 K o P _ a3.4ax
Girow = p = w.—am.f=- il e = = THap T = 1232 XS

ASSUME L[/t V'S BETWEEN 1.5 AND Gl

EQ. (I-B54) Riew = 20.2 — 0,i26(LIn)
oR 12,92 = 20,2 ~ 0.12% (L/a)

SeLvE FOR Lla:

L1

=t L
A =62.54 (54 g é5)

Lijnax (&z:,st{-)ﬁ. = 19,4'1 v, = 4569 M i
.().) Fiv0 dhe,u IF L2 0.6 M= 23.62 1M
Rt el - [ 23.62 N, 94,48
A== A T i o
. 13,49 i« 17.18
uow= 7 T4 i (ks
ASSUME LA 15 GREATER THAN 4G
T REC) - 51,000 ksl
TR (1-85<); o, W—-
orn -~F18 55,000
a4 (aa.48/4)"

dt= 3007 MY dp= L3177 N, = 314 MMe—
LI =a49.48 /1310 = 72 5> 66 (oK)
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L9-29 |

woobD PosT (PINNED ENDS)

iL9-32 I wWooD PosT (PINNED ENDS)

A=35IN. A= 55iv. A=k =925 57 A= 140 MM A= 210 MM A=bf = 24,400 Mt
E. =2000P51 E= 1,800,000 Ps3 det=3.5 18 E =12 Mfa E= |0GPa d=Ar
Ke= VO, 45€/F, = 2012 K.= Vo 4SE/F, =1a36
USE E&S,(11-86a, L <)t USE Eas,(1-86 a,l- <)
Tpow = T 05;’-.‘&!! Trow = e o:ﬂ.-i—-s_u
_ 1/ Lld Llc(. 4- L
Thriow = l;[_l ~3( % )‘] |1£T5 Ke Thuow = ‘[n NAF-£Ke
O3 E L o3E L
Farnow "W KeS £ 50 Thusow =W Ke T % 50
L (F7T 2.5 FT|5.0 F7 | 1.5 Fril0.0oFT L (M) LEM {25M |35M [45M
d (w.) L5 35 | 35 | a8 d (MmM) 142 | 1ao | 140 |1a0
L/d 857 |14 |2sm [34.29 L/d 10.771 |17.86 |2500 [32.14
Gusw (F31) |2000 |64 | 8162 {4523 Trew (MPa) |12.00 | %103 | 4800 [2.904
%m‘“’&.....ﬂ 38.5 K |37k | 15T K| B8 K Brisw ™ Dusone A 353 KN |2468 KV [14) KNI BS kN
1L9-30 | \woop posT (PINNED ENDS) 11.9-33
A=100 MM A= 150 MM A=tf =15000 nn*
E =14 MPo g= 126Pa d=t WOODP COLUMN (PINNVED ENDS)
- 40
K‘-'JD.Q—SE/_F; - fhck F. = {7100 P31 E= 400,000 PSi P= 40 K
- b
USE E@s$.(11~86 a, L, ): Ke=V0.45E/F, =1a.25 A=t
o = P O.‘.-ﬁ&_-au USE EQs. (n-—téu.,.lu-a.); .
Lid 4 J'M.,, = 0 —z=1l
e = 1= 3(5)°) "*iﬁ‘- - V7 Lld e %
03E ﬁ["' (5] NS S Ke
Tarvow = TUTINT Ke® ?-' *8q 03E 4
Thrvow = — 4 50
o = LA o
L (m) Lo M | LSM |2.0M |2.5M (0) FIND Loy 1P b2d =55 .
d (Mm) oo | toe | teo | 10o P _ ¥ 40K
L/d o | 1§ | 2o Porae 2T TEseos 132 T
b ASSUME Lfd 15 BETWEEN 11 AND K t
Tpowe {(MP) 14 12.4t | 4.00 [5.76 1322 P81 =(ineo n‘)[' _5_(’:!;)4]
e ™% A 210 KN | 186 kN |135 KN| 86 KN
soLvE FOR L/d: S-=iv40 (U i—;— S o)

1.9-31 woop PosT (PINNED ENDS)
A=351w A=125in A=kl=2538 w3
E= 1000 PSI  E = (,300,000 PS| J-IJP
K.=Vo.45E/F. =24.14
USE Fas.(1-86a, 1 c):

P 0% 5= 4
Grsaw -_-sl;[l-:;-(—"-,f-f—)‘] N& g% Ke
o ™ ‘:'Tj"fif Ko 5 & 50
L (F7) 4 FT |4 FT |B Fr |lO FT
d (in) 3.5 |35 |35 [35
L/d 1.7 [20.57 |27.43 |34.2%
Trow (P51 ) 9656 [825.7|518.3 {3317
Ruens ™ Taow A 24.5 K (210 K |[132 K | 84K

Lpan = (IT.40)h = AS LB IN. =97 FT &

(4) Fivp A (=4) 1F Lell Fr =132 v,
s = e = 25EE (r)

ASSUME L/d |\S BETWEEN K, AND SOi
40,000 0.3 (1,400

ad* {131../9&)2

sove For o el = 6.38 10 4, =638 tN.am
Lide 207 (0K

=
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1.9-34 [
WOOD COLUMN (PINNED ENDS)

E. =105 MPa = 12 GPa Pm 2004N
K.= VO 45E/F. =122.68 A= kT

USE E@5.{%~86 a, - )t
Trow = Te cst-gus
Ghow = B[V -3 (52 /o =4 P
Tpirowe = F_eff}'r X< ';L: £ 50

{0) Finp L pag JF A=A =150 mm
: _'_. TR T
Drow = Z Il e 8.869 MPa

ASSUME L/ 15 BETWEEN u AND K1
[XP
8.884 mra =(lo.5 nﬂ)[n 3

22, 68)‘]

(IIiTﬁ K‘)
Lyas = {19.68)d = 2800 MM =280 M a—

SOLVE FOR L/d1 {-: 18.68

(k) Fivp b (=d) 1 L=40mM
P 2004AN
= F = T
ASSURE Lild 15 BETWEEH Kk,  AND So!

Aaw = A

280,000N 0.3 (12,060 MPa)
a (4000 /)2
sorve FoR el ded =133 nm b =173 e
Lid= 234 (o)

it1-36 |

WDOD COLUMN (PINNMED ENDS)

F.®w 80 M\fa  E= 8.5 GPa Pw 100 AN
K= VO.AS5EJE. =21.87 A=t
USE E@s {it-86a,lr c):

Oiiows ™ 1% 0% en

1A
H - ;1'.!,-9-|r
&

Lid

o = 11~ ("]

0.3
Tpurnow = mf—’g:
(a.) FiND L;nx_'P A=l = 1;0 MM

106

{Lw=l—'r~ E,I—m-—g—)?—ﬁ."44 M Pe

ASSUME Lfd 1S BETWEEN Il AND Kt

6344 MPa= (80 mPa)i- ‘(LM) ]

2.8

SOLVE FOR L/ds -&- =17.3%

ﬁ:sTsn‘)

Lpian S {(11.35)A = 208c MM =2.08 M o

| () minp & (=d) 1F L= 401

2 mo.lgn
A "-'P g R

ASSUME L/d 15 BETWEER K, AND SO
100,000 N 0.3{8S500 MPe)
ar (4000/dD*

soLve FOR oi =i 158 M 4 =158 nne—
Lid= 253 (ok)

1L.9-35 |
WDAD COLUMN (PINNED ENDS)

o= 900 PS! = 1,500,000 P51 P=m=BOK
K= YO 45E/F. =21.39 A=
USE EQs.{1-860a, 1l 2):
Prons = oxt-gn
’ ) Ll W '
Trsw = I';[l —-—-(—-K:—-) 3 [lii—&.l‘;
0.3 € L
Tpuowr = (L/‘] Kksx‘.---so
{a) FinD L, 1F b=d=35nN.
P . ¥ T Box »
B 3T R T Tas s oS3 P
ASSUME Lk 15 BETWEEN 11 AND K

 Efel

5.1 Pt =.(qao:rsv:)[|- ; (z-r ”Y]

. I SR .
sowv€ For t/ds <= 2409 (X T £ Ko)

Luan ™ (26.09)ch = G131 IN. = LCLFT =

&) Fing A (md) IF Lm10 €T
. : P 000 LB
ASSUI‘!E Llﬂ. IS BETWEEN K, AND 50:
gooo 0.3 {1,500,660)
o (1ze/o)*
soLve For d:  det = 200N 4 = 4.00 ina—

Lid= 30 (oW

=ITT IM.

- END OF CHAPTER I -
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12.2-1 I y
dA= xdy = b(1-¥/4)dy
= e/
hszﬁ”fbu-w dy el
h :‘.’Jﬂ
Qu = fydh= Ivb(t-md, I' ;
-'blh' 5__,:.‘ b

TS mh o
Similarly, E--k—ﬂ—
12.2-2 l
Width of element

=b+(a-b)y/h

dR=[b+(a-b)"/h]dy

=l

12.2-5 |

A= ydx = h(1-£3) dx

=Qy_ binsl)

2{n+

Znol "

A= (® n b

Z‘Sf}ﬁi;" A RPET
B [
""‘{a".-:) o |

Q, = JFan= § Ehi-ER KR - 25 ) dx
~Cl;*~‘ En—uﬁmﬂ

Z
_ ,anaﬁ,[m.-wfh]a,m-g-tbﬂa)
-G -

Idnﬂjfb*{d-h)%]gv "l—;i/;z}l\_} w23

= L) in, —

3(4-!-
_ 2-2-3] y :
%
K. 4
Y 84 r
QFZY';“FT(;J*'TQ( )“%’
X "=Q!.‘=5£4—
X=YTQ/ T2
12.3-3 | b Y 2
a= 6!‘: @ﬂ {C '{@‘E@
IsI
¥ ° % *
A=be=2in* §,=2in.
Ay =ab=6in%Z §=05in
A=ZAi= 7-“;*"3_-!0“""
Qs-z?i = 27.A + Yo Ay = 110in?

29!




A=bc J,=b+% . ! c ®) A, =1%3mm  X=220mm  §a = BOmm
A=ab =P/ Ie ' A=ZA;=A,~Ay~A, ~Ay = 1,620 mm2
M Oy = ST A; = 7, A = Rp A= A
- L L y iR = XA~ Rphs=Fghy =Ty Ay WB42 x10°mn7Y
A'—IA;—Z&‘.‘ﬁz“ b(ZC‘l‘Q) = =SM3-"I'DL = 137 mm C——

12.3- 4| b vy s 12.3-8 CONT]
Lk el @]
7
Y

Qu=ZViAi= 2§,A, * V2A, = Y4 (4bc +2c% +ab) _ ezo
y= 8« - Mﬂi}& Qx = ZY; & =TiA, "7253'7333'3-‘44\1-:9"“”?”"“
A zlzc+ q:%:%:lszmm*—.

Set y=b and Solve: 2¢%=ab +—

12.3-5 l 12.4 -1
W24 x 162 Aate: Bn. x07Sin. L_@ ﬂuﬁ‘h UFE'!M nt Y
A=477 in* §= % =128, 4 = b@h:! .
d= 25.00 in. " —3 1
o b A

M= O e Hz 250050 @) ) | |da= B0 dy

25.315 h
A=ZA= A+ =5370in* x I 8T x = Jy7dA =5‘,_?‘b‘-"—;”dv
Qu=Z7iA = y,A, + YAz =49 5in3 =bb? e

12

y= %z= 13.9 in. ¢

12.3-6 | _ ':&‘;i R
ﬂ::M#O,erd‘ o = a+(m5h:l) 5 — % l“
c b

, = 105 mm -
A= 202030 +1203) an=lastoapl &y h 3
TR et 5 Too=Jydh=[yi[o no-aff] dy= Wigarb),
2= ", e ——
A= ZA;=A+Az= 21,600 mmZ ! LE';;" . 124'3 I Y
e e W RSOkt Width of eleptent
= A = 52.5mm 4+— =b-x=b-b
12-3-7 | n ki —ﬁgl g
. dA = b(1-YVh)d
=(3.5)(0.5) =175 in> t=0Smi " " h!
'2?: 0.25in. ﬁln 2.':5'»1- bin. ;-::c L—J‘]zJﬁ=_“;vzbcl‘mdf= szh-'
Az=(6)(0.5) =3.0in* "‘f 12.4-4| b

Fa= 3.0in. ¥z2=0.Z5in. iy
R S N | T *Wd?"m{ ki .&;.‘
Qy=Z?IN=?.H:*YzAz=4-"Ba‘”’" AIhjf :Jﬂ-. M&Yrg_ 'ﬁ__l) ~c :

- " =Jrt e
Qx =§ Tiki = ViA, +T2R, = 9438 in3 &
Y=ot e 199 e— 12.4-5 | A 8
12:3°8 ) sna=R=EmE hamas K
AUl dimensionsare in millimelers. @)= - ™ o6
Dimeurn"holgs'—'-swn I‘ = Momt Dflﬂtl’t\ﬁ DF

Cenfers of holes are Bowmm fiom edges. inangle ABB with respect to BB B v ¢

A, =({280)(200) = B4,000 mm > o T = i (VP +h* Jh2
R, =150mm  §, =140 mm - 3 K3

Ay =Y20130)% = 8450 mm? T 12 D)

%y =300 - 13%/3 = 256.7Tmm =27 = b h3 -
Vo= z.so; 130/3 = 236.7vwm Les ' bbtah?)
A= -T{—EL - 1—'(50)" =1963mm? .
¥3=B80mm Y3= 80mm ICONTZ

232




12.4-6 [

Diamelas = 50,100, and
150mm

4
Ix = lz% (for a circie)
Tx= ZT.";. [us01*-1100)*+(50)*]

Ix= 20.2%10% mm* +——

12.5 -1 |

W IZ%X50 4
IT,=394 in.
d= 1219 in. i
I,=T,+a($
= 334 +14.7 (6.015) = HO 1n* «—

| e———|
[+

A=141in* !

[12.4-7] 1y
In=T,+I, /@

=45 P+ | | @
—¥

= 361 7!")."-‘-—— bin

I’ = 1-3 + 14. e 4in.
= 1(05)4Y +3(55X0.5)3
= J0.9 inbt—

bia.

Y
e

[»]
t=0.5in.

12.4-8 |

Rl dimensions in millimaters

(g

r= 150 mm 1 X
b= 100 mm lolS0 I
h= 50mm —_— ‘3

Iy = (T semicinre _(‘I"-)rutalglc et = -%'

= 195 % 10® mmte—o
A= Jz[,‘-bhnao.ﬂxm3mn1

Nt =VE/A = BQIwim S

lz-s-ﬂ»l ‘jl '-"L
From freb. 12.3-2:
Feafles «| [®)
= ‘ ot | © —%e
Y=5%, : & | ®| [
1 32N 3= 38 R
Iy= T, + A7
- + (3 - lo*
Tom T = TeoAyte - ) gt
i2-5-3 | lin. Y[¥e  tin.
From Prob. 12.3-3: c 1
om e =1 . Xe
A=10.0 inl 3w A 15 r‘ +
= .10 in. L.
¥ 3in. © 3wm. r{_’

T, = % )P+ 2(5)0(3)% = 19.33 1%
Iy= Ix_+ h\'iz'
Txe = Lx—Ag2=1933-10.0X110)= 7.23 nta——vp

lZ.S-—tI-l

b=40mm T, =90 x103 mm®
T,= Y2bh®

12.4-9 |
Wiex100 d=16.97in.
tw= tyep =0.585in.

h= _,VI_IIbI = 30mmn

ot

LS . T
I. = 3z bh® = 30210° mm*
T, = T+ Ad %= 30x10% + l40)s0)(25)"

=VT/4 = 210 ne—
6=V, =2.52 ine—

Note that these results are in close
agreement with the tabulated walues.

b= 10.425 in. = 2 4
tr = trignge = D965 in AP K107 Wiy
Al dimensions in inches. 12.5-5 l ”,‘ra;%h.
I, = wbd’= (b - ) d-24) From Prub. 12.8-5:
= 7 (10.425)006.97)°~ & (9840)(15.00° 7= 133 in.
=478 in* say, T,=1480 inta4— % "
Tz = 2g)teh’ + iLd-zte)ty? T,= 5170 in*
- g’ ismess? A,
A 1&: ;: (d-2¢ ;?3’ e The =T, + A(§ ~% )= 5170 +AL(140) "= 5240 o
= £ F = [ o
=2 un'-&zs)to.qbs) +(15.000.585) Ye = Tp= 443 in.
= 249.8) n?

Plate
L= hal ) XU +¥5- 0"
= .281 +b(2500 +0.375 - 34)*
= 0.281 + b(11-48)* = 70 int

Ty ="%2(¥4)(8) = 320 in*
ntira ¢ s
T, = Ij, + 1%, =52604790 = 6050 in* «—

Ty = T, + %, = 443432= 475 inh *—
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Ay Tx= Hzmmn)’ 432*0*-»-:"

12.5-6 | wommn || /D12, -3 |
From Feb. 12.3-6: | fl J W 822!
: isfl m:m‘ 1o CitlTs L, =753i! 1,297’
Ay Ix= 42(350(30)’*350)‘?)(!‘5)1 @\ -‘_@-’- A= 6lbin?
=199 % 10° mn* > [T Depth d=8.28 in.
Ay : T = Via 020X30)* + U!D)(So],ﬁ)" Zemm Width b= §27in.
A Ty= I,+Al4A) = 15,3+ 6ab{d H)*= 1809 in?

Py’ L= 20.52 ¥ 10% vam* I, = T, + A% = 977 +616(2.635)F = 52.5in.*
Ip = Tx + Ty =233 in4 *+—
Enkire orea: £ Y
I.=|ts..2no" ” I'2.b-4]
I= Ix-Ajt = wszx - (2),600)(52.50)*
e x fbm 4 —— Ir"'(r:}*ﬁd" h 6
12.%-17 ] =" (Tr= SR (h*+s*) o
Fom ﬁ;u;mg-m A=tkh 1 %I | s
A=4.15 in/
¥= L1997 in_ ‘lz'—(‘i"“'})" "E"%)‘ | bh | b
= 0.9861 in, = 6. & =
From Problem 1247 % %
;":'?:.';* = M’ (h" b+ .hh(:’!‘ + h") = (L"*h‘) -

2..6 5]

Ip= ‘%(bu (1) R —

Tec = Te—Aj* = 365~ (479)01987)* = 12.40; 0% @— 9 Y4
Iye = Iy =A%* = 1090 -(425001869)" = 27 int —— | A= (-T4)r* -——t—
12.5-8 l Wide-Flange Beam = (- SWie) r* ST'" /
Al dimensions i milimeters. Iy =(s - Tu)r+ i
Tx= Z(b)250)° ~ 5 (b-15)(220)° T=.2r 7= élwz%r 0 c Jis
iz iz x= = 2
= 0.4147x10%b + 13.3) £i0* (mnr*) 33-¥) t 3 8= "
Ty=2(5)Us)(b?) + Liaz0)16)3 Tao = Ta-AT? = (12e=03T9r7)
= 2.5b>+ 6,860 (mm*) Ty = Txe 3, symmetry)
Equte Tx 10 3Ty and rearrange: = o 176 .-g,{f S
7.5b*~ 0447 x10%b -13.42 105 =D (o=2Tx r ( = -)‘
Selvng : b=250mm *— 12.6-6 |
__Il?..h-l ! Al dimensions n milimeders. ek
Point C: Sk No. .r ©
(ro.= 5._".(41,3... 3b%) Ygh | A =(200)(200) = 40x 107 mat 2 -
“ ; S
Point A : Ll W et oo B ’
Tp = Tn+ ARRY b .&&%@ﬂym_ﬂﬂ ° o
= % (424 3b) +.ﬁ2:.b(§h)" = 72(19)(90) = 4.050 =103 mm*

F2= 1o + ¥4(90) =170 mm
Ty, = V3o (9)(30)* + (4.05210*)(170)" = 118.87 % 10* wom?

12.6-2 | v e
1 3
= _ =r? Ay= tma)i% obtain
(Tpb=Lx+Iy="Z ) =,§.M %103 mm ‘:’:um
A=ur? . §s= 100,72+ Y3(78.28) af aras
7= 28sine =127.8mm BN
- Ty = Y (78.26)M.28)+ B0k 4xP)1zr8)
(I;)‘:(T_,),- AjteS= —ar ( ) = 51.09x (0% yum*
£ aur-8 shePo) o hrea o. (B) (Rectangi) S
_ A= (78.28)(81.72) = 6.3 =10  mm? |
(nt-nd;nns) 7= 20 & % (81.72) = 60.8b mm [ConT

21
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12.6~& CONT. |

Ty = Vra (18.28X0-72)% (6.5175x 103X (06)% = 27 25 w10 rems’
Area No.(B)(R
Ag = (BL72)10) = 13.015 *J0? mm
Je= 20+ Y2.(1b0) = 100mwm ‘L
Ot

Ty = Y208 72060)>r (13.075 %1% Xpo0) = 15864 1

[Z7-4]

(Tu), = 12F°

(Lol2= Txeye +A:d.d,
=0+ (b-OO ) (B2

. tL 2 42
=;(b—1.)

Tag = (Tay),+ Txydy ‘3%2(2.5”-{‘) -

A=ZA = A-Ap=Ay-Ay-Ag = 13.41%10% mm?®
Qx = Z 7 hi = 7A, ~Fauhy = Tahy —Fa Pa— Vsl
= 1.223 X 10* mm?

f=§.“""ll-zomm =Y

\|
I&=I.Ig.|"—" Is,-rx‘-It,-I;‘-I,‘ c
= 177.5 % 04 mm*
ovigin O: (Tp)= 2Tx = 356.0%10% mnt i
Conbreid C: M-f}:r}ﬂ- Air A= g‘.ilgzil.

(Lo = 365.0x 108 —U3.4] 2RDENU20)* = 152510 werrt B

12.7-5 |

A=()0) +(B)) = 11.0in*
= (LXN{3) +(SY1HOS)

n.o \ bin.

&

c

¥

= L.86% in. X =¥

A _| la

T, = 4,(30-F)-R+0.5)+
A, -§+0.5)(3.5-%)

1, = -205 int €4—

]-.-‘--z 6%

= (LX) 0.136) (1. 364) + (DO 1.36A)1.636)

'_i-hu.-%}

12.17-1 [

Product of mertia. of clement a
A e
its own ¢ i L — -
qu-l,‘ zeco. il
Paruliel - axis theorem applicd 4o element dA :
dI gy = O+ (AAYdds) = (ydx}xN¥z)

S (g o

[2.1-6 ]

(Txy), = (Is;)_, =0

(Lxy)e = Tx¥e * A;d.4;
= O+ (Orm)(30 w1 Smen)bOmm)
= 1215 % 10* mm*

a ‘!)q = (Ixy)=

Y

Ty =2012.15 2100} = 24.3%10%mm @

- k(R X2 - brht e [SHoE
Ly=[dly =3 [20-3) %= *7" i W ikl 4asia,
A= (£)0.5) = 3in!

12.7 -ZI i [ A= (35)0.8) =178 in? on| [e! Xe
X% +(y-T=rl %\ % = 0.9868 in. |?
re -yt = (y-r)* 1:! g = 19868 in. . o, X

Prodict of inertia of B |awe ____z__(o.S) (£ =225 i

Goment P osen thoogh P |Gy STy =0ty S5 rasin) = 01044 e
its own centmid equals zero. Txy =225 +0.9344 =3.234 in?

Parallel - axis theorem c:rr\ul to clement AA - T, Ye = Lny~AXy =3.234~(475N0.9860)(1.984P)
dI:y =0+ (JWJ= r“’l)“f)(rF')‘-Y) s =I:£.O77, in? ——
=g Ur-nydy = Jly-rPydy 12.7-9 Mo gors site
Txy= % Syly-r)3dy = L AR dmensionsin llimcters.
xy 50‘! Vr)idy=or Spm— &s,: solion s Pres 2.6
.
12.7-3 | Y Cacestnid | Contrordal distances. o
Triangle r Txy =Taey + AXY
W2 = bizdts il %
Loy = 'lé -%- jb_ ¢ T L'ML@__(D_“.‘E_“‘H“_") o -
Semicircle x| A= 402103 mm? 17831
I" - I’c’f: + "dvdz ¥ b Ya = o0 mm i|= 100 mm
Trye=0 " A= %{_‘ d=r 3:= - 3%‘; Tap,= Y4 (200)*(z00)* = 400 % 10* mni®
2, 7 4r)— .2c% Ao No. (2) (Triangle
I-‘T=°+Iz:! () 51")" - =4.080 210 mm?
te area * V2= 170rmm Xz =170mm
Ty = b_srz W %:. =0 bz 2r <— ;,,,‘_-_-gzmﬁmf..umm’nm)uw)=1&3 :‘wf CONT

2
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12.7-8 ConT. |

r i 3
Ay = 3.004%10% mm?  §,=127.8mm L=122.8 mm

Tayy = iz (78.28)*(78.28)% (3,064 x107)(228Xi27.8)
= 49.52 % 10%mm

Arza. to.® (Rechangle)

§=60.Bbmm X, =20+BL7245{178=140.86mm

Ty, = (6347110760 BEX140.86) = 54.84 110 mm*
cta 3]_¢_,)_
Ag=13075 x10? mm?
Vo= 00mm  Xg=20+/%4(81.72) = 60.Bbmm

Ty, = 20754 103)000)(60.86)=79.57 %10 mm*
Composite ares
Txy= rx,r!—rxh "be—ra.""Ix's

= 99.9 x 10® mm ¥ ¢——

12.8-3 CoNT. |

& =56.40" ze=112.9°

= E_’L;_I‘f + Zz-Zy cos20 - Txysin2o
= ﬂ!iﬁ? +.?3.iz:fﬁmogz.q9 -0
= 159 n% @—

12.8-4 I lY

a=150mm b=100mm

t= ISmm ©=30 4 .

Ty =50s)050)* + LUes)1s)* 1] =30°
=16.97 x10"mm* o —X

b

Iy =-§-{l 3sXisY '+ i-{s}um]’: 5.152 % 10°mm*

Ty = FUS)2 (1507 + (BB)ISNIENST8) = 1.BIS 210 men
Substihde inte Eq. (12-26) with =30

Ty =12.4 210°mm* ¢—
Substiute into Eq. (2 -25) with 8 =120":

12.8-\ I i Y Y
Tx=Ty= L. Tg=0 \ b
Tx= Tx+ Ty 4 Ix=Iy o0 b| ¢ X
2 2
- Lxy Smze b

1z
b'l’
Ty, =L e—
Tay= Z22%1 5in26 + T,y cos 20 =0 4——
Note that all moments of inerlia are the same and the

product of inertia e always 2ero (with respect to
axes a-rm‘gh C). ' i

IA.+ Iy. = Ig-i-]:?

Ty, = 9.68 *10° mm ‘e
Substihute into E¢ (12-27) with 86=30"
Tx,y, = 6.02 * 10° mm

IZ-e"S | 7‘ Bin Y "\
Ix= poX4P-k(2.543° S
= 10.38 ind 2in. G
Iy = 3@X0.5P+ 2(p)os)25)® % P
+2(2.5X0.8)(15)* 2 ™~ 4
=697 in} [ |'-’¥:
Lxy=2(25X0.5X1-75X-1.5)
=-6562int

Subs¥itute into Eq. 12-25) with © =60°:

12.8-2 |

Te==2 hb? =
T = F Txy=0
h
[« o s\ =
056 = Yozaht ne biah?
0520 =cosiP=5in6 = bi-h?
b2+ h*
2 — 2bh
sin2e = 2ZsinBcosE = 'ﬁ%}'ﬁ-
Subshitute inte Egs. (1Z-25), (12-28), tt})-zv)r
I, =bh’ g 7 = Bhlith
¥4 bLb% +h2) I 1IZ(b* + h2) -
‘Zhl’. T L2
I =b (h?*-b%)
s 1Z{bE 4+ h?)

Ix, =13.6 inte—

Substitute. inte Eq. (12-28) with p=150":
Iy, = 3.84 nt@g—

Substitute inb Eq.(12-27) with e =¢o""

3

Iy = 47 int 4—
Y
| e
[}
T

[2.8-6 |
Tx= {80Xiz0) - (68X 96)*
= 6.506 *10%mm*
(Omem
Iy= -.‘i{uo)tl?.))-f @)X £

+ 202)(68){40)*
= 3257210 mm*

Il, - 2&“!5"!‘ 40)

C
—

12.9-3 |

WI2x50 TIx=394 int
Iy=56.3 w4 Iy=0
Depth d = 1249 .

Width b= 8.080in.

Tan b= 4 . 12,19 = 1509

—— —

b 8.080

= =3.526 % 10% pm*
Substihde inte E% (12-28) with © 235%
Ty, =875 %106 mm* ¢—
Substitute infe e,.uz-zs) Wwith 89120
Iy, =102 10" mm* €—

Subs¥itute infe Eg. (12-27) With 6=30%
Ixy, = —0.356 #10% mm* *—
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12.9-1 Y
(@) At a principal point, ﬁ' _*‘i\"r o
all moments of inertia z d —x
are egual. \‘—j;/| b
et In' = I" (‘) & ! (-3 =
3
Iy= l‘:'& (Appendix D, Case i)
Paralle] - axis theorem: 3
I-xr:'Ix-I-hc.' IKE-‘H—%b' A=Tab

s
Tup= .E:_x'i + Tabc?

from Eq.(): Tab’, Tapcx = Tha?

Tha
+
ve C=-2t_- aZ.p? a——
M) c=b b= %¥at b*
Selving, —E; =Y5 «-—

r‘F %=l’, =0

LS E<Y5S—

12.9-3 CONT. |

Substitute into Eq (12-33b):

Ty, =311 in¥

o By, =~2907" arl &, =07
I,=3h1int Gp=-29.9"<—
EI,=88.1.‘»." By, = 601" *—

Substide info Eg.(12-33a) : T, = 3W.1 ip¥
I, =889 n4
Substitute into Eg.(12-25) With &= -29.87°:

I

A []

X

12.4-4%

From Trob. 12.8-%:
Ix= &.11‘!0‘“’
I, = 5.152 %% mm*
Ixy = 1, 815 % 10* pom t

tan26,= = 2T = =0.30772
v In—Iy

26p = —=\.07"and 162.9°
Gp= -B.5%" and BLHL”

12.9-2 I

Consider Point Pz

Iy =0 because y, is
an axiscf symmetry.

Ix,y,= 0 becausedreasl

R
and Z are Symmetrical abodt the y; axis and areas
3amd 4 are symmetrical about the X: axis.

Two different sets of principal axes exist at point p,.

<+ P, isa principal point €

Consider Poirt pg:
Lxyy, =0 because Y,

is an axis of Symmetry
Lyoye =0 (s-oh-ag
farallel ~axis theovem :
Lraate = Ty +Add:

Towre=4F) i) = - 45
Parwlle) - axis theorem:
Txote = Ty ™ Adyd, 4= 4= ;_lhf
¥
= 5 i) =0
TwWo differert: Sets of principal @es (xy; and x,y,)

exist at poht Pz-
S Py i9 a principal point -

$ 3]

¥y
1® T

%

A‘ -2;‘ ds-dg=6#

%3

Substifde. ni
Ty, = 1124 %10% mn*

Ty, = 4.8 % 10°mm?

T | Therefere, I,=57.24210° mm* G,
L,=488x10%m" O, =8l.%" € |y /v,
[

Note ¢ X, and Iy cen alse
be Found from s.‘;ab
(12-33a) and (12-33b).

]‘l

By (12-25) with 8= -884":

Substihde b Eg.02-25) with ©=8L%":
- -8_5?..‘——

[

+\

—_—

I?.'q"s l

\"5\

From Pl 12.8-5:

Ilﬂ Dl” i“‘

Ty= 697 in¥

1;,’ = =562 it

- 2T =
tan 28, —"'::,.-:, 3.848
29' =95.43" and 2B5.43°
©p=37.72° and 1227

Ty, =545 %

Tx, = L0 inl

20, = = 59-743° and 120.26°
8p = —29.87° and 60.18°

[CONT.

=

c

Substitde imdo E¢- 112-25) with ©=32.72";
Subshtute o Eg.(12-25) with ©=127.7"
Therefore, T,=(5.5i" Op=37.7"@—

taon 26p= '-:z,i-;‘,' z.1m

2Bp=65.2" and 245.25

IZ.‘I;,?[ See c:g 7, App.P e y T,=i9im®  Op = i227"
Ty=S — &% inl R i Note=T; and T, canalsobe fovnd {rom Egs.(2-33c) and Uiz 328).
Ty= 22 = iaeind 12.9-6 | |9
= b*h*— g ; vy | From Prob. 12.8-6: L—\ %,
Ty = "b:T = foin} O b=bin p Tx= b.506 % 10°mm™ J
ton 28, = ~2E2 = 17143 Ty= 3,257 x 10" mm" c x
MG S Try™ ~3.525 % 10° mm* |
—
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12.9-6 CONT. |

12.9-8CONT. |

Bp=32.63° and 122.63°

Sub stitube into Eq.012-26) with 8=32.63":
Tx = 8.7 * 10¢mm’

Substitute ink E,g.f.lz-zs} with 8=122.63"
Ix, = 100 x 10° mm*

Therfore,
T, = NM6 X10° mum ¥
T,= L0510 mm"

Bp = 244" g
Ep, = 66 0"

Note:T, and L, can also be found From Egs.
tz-33a) and (12-33b),

26p=33.690and 213.6%", Bp=16.85" and 106.85°
For 26p =32.60%, Sin26p= Zamd @o76,= %
Substihde if‘:'b Eg.(12-28)1

T = 2(5+Vi3) = az30%0 bt

For 28 = 213.60] gnzq,s% and 00529!.:-%
Substitude, into By, (12-26)*

x =%(§-TE) = 0.03873 b

TMQ(:, o i g
I.=(6+Yﬁ)“=o.23°lob 6, = k.8 *+—

Ay

Ex, = 25.77in"

Tx,=217n?
Therefore,

T.=258in*

I-z_ =2.2'nt

WG&#G) L,=8"76* 0% pm? =32.6"%
T =1.00 % 10* mm"* Qhaszz.s'd 2.9-9 | "
Neke: T, and Tz can el be fornd fomess. 02330 and 02-80. | T, = Lisx@™ iz 2sXs2s \ —
12.9-1 [ See Case &,App. D y h=2b = 22.35 in? & /}{
éin -~
T, =bb' = 28t 1 Ty = L)+ 2o 3Ne4
= h? = b * + 2(2.025)03%)0S) e el ]
i T , =5.587in? - e, e
19 h ' b2
Tey _.bthi_ Bt b3 Ty =2(zusxﬂ(2.ﬂ5)(!5)
% - 18 =8.306 In*
= - 2T = b
tan 20p= - ZEn % ten 26p = ~ ZI% = -adiw0

20p=-94.7¢* and 136.267
6, =-22.37" and 67.63"
Substitute nte E¢.(12-25) with &= -22.37"%

substitute into Eq.(12-25) with ©=62.63":

op,= -22.%" g—

Note: I, and T canalso be found fiom Bgs. (12 -33a)

Tay = 2070)UONE0)LT0)

= 3.920 %10 mm*

ton 26, = — 2 Txy = -LI429
Tx-Ty

29|.=-qe.m'an.l 121197

8 =-24.4" and 65.59°
Substitute Into E‘l; 1iz-25) with 6=-2¢4°
Ly =09 10%mm"Y

Substrute into Es. (12425) with 6=65.59"
Tx = )05 xI0°mm?*
e [CoNT

= 1.549 x 10° ym?

= 7.77%4 x 10° mm*

Tx-Ty

.= ts-'fa)-g-: = 0.03873b* &p,= 106.8"— a:: “;'355) .
Nots: T, and I, canalso be foond From eza.(lz-zwnucz-m)_ Lu t=lomm :
.!'z—'q;—é—[ 3‘\ l'j ﬂ’: “.‘i’ﬂl b_' i e
=342% £ 1Prvom X
Te= 580X 2 0)30)° ] ’ ’ :,.\ o S _If
L Py "y
= 9..8% x 10°mm* ot P x| _ Sle.aq.:f:n 103 o
T, =20s0)00%) *i(‘:i)“’xb); o | — %M = 1996 mm
+ 2 (10X10X40) %‘ 1
= 2.82Y x 10Omm? Tx ﬁbb)(ﬁb)’ﬂw!lﬁ)l'w- 1992+ é{{ﬂ)ﬂ;}'

+ U316 (199e~-8Y

Ty = L(eo0)3 +(BA06KE1 Jo-Bo0)2 + (OUSW
-+ (13D UIL)(83-54.9)*

Iy= (BoXI6)40-14.96)-58. 96+ 8)
+(I39)16)( 83~ 5¢.96)X~1996 +6)
= =1, 92§ x10* mm*

tan28p = — 2TX = -D.62h

20p= -31.85" and 14D.15° [ConNT. |
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12.9-10 coNT: |

ePn-ls.?Z.’ and ‘71%4.08°

Substiwe wlo Eq.(2-25) with ©=-1692":
Ix, = LOORIO® mm?

Substihude irro €9.(12-25) with & ="T+08":

Lx = 829x0*mm*

Thevefore, .

L, =829 %10mm* B =Tk d—
I,=Loox10bmm?  Op, = 159" s
Note: I, and T, can also be oblained Svom
Egs. (12-33a) oind (12-33b)

‘ZOq-‘I' 1‘ k- Y »
__—j n 1‘1::'%'-

A=A+ A, =5234 a2 o .
Y= (A rhansieaskyg) o] | © sswsm
' 5Z3%% | | 41
=223% in 6.
152 US)EXS/E) +{Hh5315X5e) - :
Y oL A 0.13%41n.

Ii=g (—é) 5 G 15-07370% _';.ts.avsx-f-)s :
+ (s.'s-;s)(-f-)(onm—%)" = 3.23 in?
Ly=53XE24 a2 28-8) « L(B)531F
* (5375)'@(3&25—2.238)2 = 18919 in¥
Ty= ({05~ 073795 -2.238)

7+ (539 B.azs—223e) 7 -073M)
= =267 in?

tn 20, = - 2Ty = . -0.543%
P I!_."Iy

26p = ~2B.54° and 16196
Bp = —1%27° and 75.73°

Substihde info Eg.U2-25) with @=-1427°:

Tx,= 2.12 in¥
Substihdz into Eg. (12-29) with ©=16.73"
Ty, =20 in*
Therefore,
Ty= 20,1 in¥ Bp = 1T
T,=2Rrin% op, = -1} —
‘Note : T, and T, ¢an alsoloe dbkiined from

2g. U2-33q) and (12-33b).

-~ END OF SOLUTIONS ~
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