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2.2-13 The horizontal rigid beam ABCD is supported by
vertical bars BE and CF and is loaded by vertical forces
P, =90k and P, = 80 k acting at points A and D, respec-
tively (see figure). Bars BE and CF are made of steel
(E=29X 1[)6 psi) and have cross-sectional areas
Agg = 19.5 in.? and A = 16.8 in.2 The distances between
various points on the bars are shown in the figure.

Determine the vertical displacements 8, and &, of
points A and D, respectively.
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2Mm =0 = P (5f) = T (5f) = P (12f1)

=> Tc,; :-"53 P+ P :-%* 8ok + ok =102 k

sMie =0 = Plot) + Tee (5§t) ~ P (TH2)

> Tee =2-2P, +% P, =-2x90k + '57‘ x 8ok =-63k
) D?fonnaﬂon of BE & cp.
Ase = 145 it Ag = 16.8 i
Lag=t0ft = 120 in Lep = 84t = 96
E = 29x0b psi
lengthening  of = BE .
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S = - (l02k) (967n) . -
* E Acr (29xof psi) (6.3 0-020 in
©) Dns&@ggm_t’mLLbeum_M Ts assumed to he ngid)
~T 1% See =-0.014 M
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Aa
= Spg - 4 = Bee- A

= et - (6 - See)
= 2d8g - Eq'_

= 21-0.014 1) ~ (- 0.020 n)

=-0.008 in
So = 8 + 83 =5q:‘|“-5LA1
= O + T (Sq: - dee)

= %&F - }7-555

) .
= gX(-0.00in) - -slx(-o.ou )

=-0-0287n
Note . |I- "

a,n

means skcrteninj since "+ 7 le«gbkw?vj.
2.3-6 :

2.3-6 A steel bar 2.4 m long has a circular cross section of
diameter d, = 20 mm over one-half of its length and diam-
eter d, =12 mm over the other half (see figure). The
modulus of elasticity E = 205 GPa.

(a) How much will the bar elongate under a tensile
load P =22 kN? (b) If the same volume of material is
made into a bar of constant diameter d and length 2.4 m,
what will be the elongation under the same load P?
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where
N = N> = P = 2kN

L= L2 = l2m
Et = E2 = E =205GPa

= Fdt A = F o
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E=205GPa

P

2 Nkl (2 k) (12m)
d-:?i—.—. = ! |
1=|E| ' (ZDSGPa) [ % (2omm)‘ + ﬂ-(umm)']
= (.55 mm
(v) Priswmatnc boy
4
P p =2k E= 2056
L= 2.4m
ongmal bar Vo = Tl +7dL
pismatic bar Vo = Fo*L
Vo= vp > Fach+ Fall = F4d7L
D d= dll L+d)’L = di? + i
L Z
=[omm)*+ (2mm)*
2
= 1649 mm
g=PL _PL _ & (2k0) (24m)
BA - g Zgr T Cosam) (1p-49mm)
= 121 mm < .55 mm
—_— ( Continuedl )
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e 2. Solve the  problem
Note : A prismatic bar of the same volume wild 0 FBD. _— @ te  lengthening  of the dssembly 75
a(wa.ffs hane o smaller cf«a,\je n le’j'd" than §z-04% L = -o000lL
will . nonprismatic - bar . provided the  constant Use (5). L
P
axial load P, modulus E , and total leagth L are S el T e e
the same N where
ih ] . Ea=T2GRA Es = 100GPy L =350 mm
- — E ,‘h‘br{um’ late Na-+t Nt P20 ... . (D . e i e g S Y
2.4-2 2.4-2 A cylindrical assembly consisting of a brass core and e v‘»_ — O]L P AA' -T“L [(40 m,m) (’SY"’f’) J . 7608‘ mm_
an inum collar is c d by a load P (see figure). (6] DE‘fW""'ﬂfAm ’
The length of the alumi Ii 4 br . s R - R
350 mm,the diamete ofthe core is 25 mm, and he ousice lengthoning_of- AL Po = (smmp = 490.9 mm
fiiameter of the f:ollar is 40 mm. Also, the moduli of elastic- o T T o ) R . R e e
7 e i, 1 s 2 1 100 O, e, o P e ool (ks +Eeks)
(a) If the length of th embly di by 0.1% ) . . i .
when the loa?! ;nis ap‘;ﬂied? :zshsatn}s )t,he e;f;f;deyof the |9"j b‘m'ﬁj 61’ Brass = 0.00} [(YZGPa)( 765.8mm’) + (oo GPa) (430 .th’)J
. (b) What is the maximum permissible load P, if the . b . = .0.00) (1.0R x (07 kN)
allowable stresses in the aluminum and brass are 80 MPa Sa.= N5__ (3)
and 120 MPa, respectively? (Suggestion: Use the equations B.= EQA‘B' - e S - - = 104.2 kN
derived in Example 2-5) ( cannot’ remember in exams ? . . Suhl bl U
P Let's derive themy? ® Compatibitity (b) _ Allwable ... leacl
TN N S 62 = ~ S0 MPa G = ~120MPa
Alsminum collar o ) ) .
Fom .~ @) ogain, " means Compressive  Swess.
- - (5) Use (8 for AL
> 6 e T i - :
. S > p=- SA"(EAA‘A +EpAs)
Na 2 = PEA Aa . } ) et e ~Ea- e V
: EaAr t En Ap . (-SBMPa)(l-Oq‘ZHQ;KN)
PROB.2.4-2 [ = T
Y - .
B — 1%4 woniy woeeoe Eadad Fede i5 8 kN
Lo Ve ressions for . 8 (elmgation of the assembly), o o -
+ Derive  expressions for g "f Y, v lse (8)- for Brass
64 (stress Tn AL collor) ond  Gp (stess ™ Bragy 2 Na PEa S e 6o (Eahn +Es As)
= T R e (8) - T .
R ; i . . On Aa EAhA"’EBAB @) - EB ‘
Core). ’ ' ' o - hoMR) (1-042x 105 KN)
. e . S S - (00 GPa
Sign Convention :  tensim is  pesitive  and /ugt&zntnj, Se = T T TE A fEshs 1)

Is Posmve .

 (Gontinued)

Note : "-" means R stesses i Al and Bras
are both oa'mPressW& N . »

~ (Cortinued)

= 5.k

...Soi Al jovernsﬁ Pmax = 5.8 kl\/ ‘




rigid beam of weéight W = 800 Ib hangs from three Page 7_18 #M‘t’d) Page L
y spaced wires, two of steel and one of aluminum
ﬁgure) The diameter of the wires is 1/8 in. Before
were loaded, all thre€wires had the same length, Note :
What temperature increase AT in all three wires would
t in the entire load being carried by the steel wires? N ~ ¢ :

ume E, = 30 X 106 ps%, a_,=6.§X 107%°F, and L Sine m s o [oad on  the  Aluminum BWAYE. .
=12 X 107%°F)

the elogation of Al Ts only olue to  the chemge
| OFBD (at desied sta) S

- temperpline.
¥ of . temp
2. Due to symm . the fension in each steel wire
S A j eﬁj
l Ts —lsl_L .
5 (No load ) 3.l the temperoe mcrease is lwmger than aT

the Al wire wowld be T conpression , whik

s not  possible (Wires & «SWinjs can 'mfj support
without [oad or temperaturé

change tension ) . Thorefore | the chee( wires cotinue

with leodardl Te:»’z:r\;?re w0 cany all the {oad . it the wamrtﬂ»e
6,=elmjatzbn of sfeel due to temperalure  chonge norease s less than AT . +th Al wire wil
= ds (aT)L be in tension and camy part of the (oad.

S = elmgatirm aj’ steel odwe t0 [opd Wk

L
= g (EsAs) #351

ds = e‘mﬂqm ¢ A olue tv Temperdture “““7@ I - Name. : Tian Tang
= . no load contribution at
T lemL o desired state) - I did these "Problems" 1, 3.4.5,15,21,22, 23, 24,25
Compati bih : ’
® P *tj + |3 took me 0 hours 15 minnTes
55 = 5; + 52

“ The best & worst parts of +hese tutorial  were .

> o (DL = dsaL + ¥ (F5) |
To me, these tutorial  were o litfle boring

W
2Es As (da —ds) ESFeu‘an the rart # Internal loads . However , the

|

> aT

_ goolb tutorral - explains  definitions ond  thoories  step by
2 (30 2108 psi) (F (5 m0*) (124107 - 6.5%10%/)

step which . I think | s 3006‘ for beja‘nners.
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