TN
L
Ainal) Luutig) and Civil Eng. Dept
Aesfalfiatag 2", Stage
N— _——

Mechanics of material

2023—- 2022

Sheet.1
Z-AJGA

- Direct Stresses
- Thermal Stresses

Dr. Maloof Mahmood




x3 .
Tkg,?rzi; AB Sheowvn below /s a7 bm'/,fj aﬂ /ﬂvv‘fi\ 2on
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A= PL A=3000 wans SO0KNA___ B 50kn
Ae 5 — A

b 0 s
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AN ::(5-.0”03)’”(3’0)((@ = 045 viamn
3000 x /10X 103

EXtens:ionr due 7o rrse /r7 ZLLer?‘zA:a(L ST
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bar a,f dn.r'/;rm Cposs—3ectlior  Stress| B
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point B 138 thal of Elastic Liwmit beyorad Ry )
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W not- be recoVered whes loeaz /s remtoved .
peint C . /s calley the j;‘e// peolat | the metal Shews.
A,Flﬂr'cc;'n.ble Straln even Withrutl /ncrense.
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Aividesd d)"j/‘ﬂa/ Cross- Secl;0rin/ area

Necking 7n the barv @/ Stavt 67@:7/%’0:’:?5‘,2
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Axjally Loaded Bay
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Agssume a S'trm‘th raetal

| f— P
. bay of Hﬂl'ﬁr‘m Cross—-sectrn |
Moadded at its ends by a pair Bar jn Tens/en

. of: oppesi t‘e(}; Adirectéd Collinear

-ﬁor(:es 4/:'2! the /a;ya‘u/fﬂn/ P D
'aX:s’ of basr . ™ |
1f the frrces ave directed Bar in Compressien

A Lrone the bav 1t /s
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the forces are directed Crward ¢he
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: Df Compress/on -
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The intens 'ty of (/?&rm.c/ force per un’t avea ;'s Levmed
)
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Strain /s a ratio or (’/M-nj—z Per wnit /e.ncjr‘é/ /'me,_

It /s ofimension/ess. .
| Normally | Zensi/e 3trains are Considered Pos/tiVe (+)

wohile Compressive strains (decvease Lo /e.,qJ}é) are negat/y
(-,

Hooke’s {aw
Th/s Szales thad~ Stra/nr /3 Pro/?orz"/'dna/ & te

Stress Praduc;g rt .
o=E € ..
AJAMQ./ o= a_fJ/J/z'ea’ Stress y
E = 7'ﬂu.r:f} nodulus
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Within the /[nmits )[or' which Hooke's law s "é"ff&‘/
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Two Solid 3teel ?j/fﬂt/fl.o'\-/

rads AB and BC ave welded o o-QOM £ l.20 M ¥
Logether al(B) and (oaded d, . ds ,
125 KN Y

as shown If d,= 30 mm A, v il Y 7
d = o 103 GlfH D @ 7
& 2—50W\M 4£5=2¢XMP4 ~N + ',‘ZSKN + g

() Find the average rormal
Stress uadte patd section
of rod AR & red BC

(2 Find the fotal Change i /mjfﬁ of tte z2_veods due
% the a.,pp/:‘&:{ extevynal loaads,

() Rod_AR:
Ferca P=Go kN (tewsion)
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4 = P ;
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A C‘hcwd‘e 477 femjafrat‘ur-e Can Cause = bc:'ofj Lo C‘}?qn(j‘

[AY]

(s dimernsiorns \ If the lesmperalime 1r2Creases te évaa’é; :
will EXpand and vVice Versa , If the wzatesr’alss /sotrog/c
er4 kdmjanwus’ ' Sas beesr founs from €xperinmeat
that™ the isplacenrent” of a mermber havizza fenjﬂ,
,L can be calculated using tre formaula )
j A= BT
*a)here/ A — Ftre Ch—af:fe_ 7 Lo /&yﬂ% e 1r7enlfesr
X = Lhe linear CoeffiCrent of rfhermal EXpansien,
E oT= ZZe C/tmye /7 KWfMJure csp Ihe n7€imbes,

28
A Stra ght” aluminum wire 3o m-/a,? ’s Su?'gcte_y
6 Lensile Stress of 75 Nfwum®(A1Pa)
1) Deternrine the Lofo/ c"/éﬂjaﬁbﬂ of The tire ,
2) What Zempze paZure Gﬁmg,e LIould prodAuce tiig
Sawe e/eriga ior7 ? ang ewhat /s ﬁl.ez.%efmaj etralin
Produced ? Given: E=70x10>Njmm?, L=39x10 /¢

J

T

i) ﬁfu/é’/":jﬁl"z'fﬂ FANE— PL . — oL 75x(30x/0%) = 32 wanA
Ae £ Foxto3

Z) A= o LS’T
32=39x/0"% (30x70%)x 3T

32 x10% __ ° :
2T = —g-;’i-?.a = 2%.4 C the VC?M-rPa’ terH/J.C}ane .

L 30:‘/03 7

Th&rrnat/fz'?*m'_n ﬂroa/ucedz A _ 3z zI.O?x/a_Smm/T
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The copper rod shoor below /'3 r':‘j/afy allaches o the

tonlls Al 2Ae ends AL B . Rod SLicmeter D= GCu
At 36°C e rodrs stress free.Delermirne the Stress
jrr Fhe Fod if He Zemperature /5% Hrepped To” 5 °C .
o Copper Lo = 110X10° Nfming® , X= (7x70"% %

2

/ r

A5sume tants e Pod /'S Cute Pree —— B
[4 ;L e ——— “;J:—PPI gB

d s

A:Q?XID"G);{(B‘oxlOE)x(BCD .53 viawn

'S

v ¥
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Prova Mae wall af e ewd B |
Herce the oo o/l Cortlract by’d—a/f's'f‘ﬂ«vx?eA

5T=35_5 - =0 <

—
[ N—

2z
X—gec‘tiwp,_o Ao QF ’Y'Oal :A :—ZE?_:W;.GO‘)

A=2827 vauw *

Z«Lﬁe Voo é‘7 /.53 mr .
Note: We lknow thal fhe M/BJ Aoes 170 ,pr0ve al al/

tIhen the Z‘&n/a. Arops .

PL Px (3.0x00%
A = —_— /.53 = Kio )
A E > 2827 xlloX 1%
SR LIRPSA Y PV

Fat
So P= L53x2823x119 x 4073 . 158.6 kN
3 -

Axral 3tress c{evdop&»/: 0—2_5—
—. /58.-Gx 103 — 5G.¢ N/mma (e Stress
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;1 b oA—— q = ] : -

&) Joiat A !

rl_b) = PL -L“&J""L\ of AB = #‘83‘.:'.4’" = S vy~ L 5os

-y

771.2. z‘wus_;. Sheows .ée/aw 3’upf>ayf—; a Siacle /aa.ada}!(Saom)
Jaﬁt‘{mt—(g) ALY matastares haye. A..ﬂJeAvl S{aﬂ'_sgupﬂat__hgf
(420 Nlmint) » ASsuane a foctor o/‘SaL/’dg of. (2-4) jﬂw
(Htnsi0) Ay (2.2) for ClruPression wWith (F=200x1d N/.ma
(a) - Dedermine the . pequr 'red X-sectiowal Axven of (AB_Ac gé

k) Frind tZe Clavige iv tesigtts of bars (AB) ed (DE)

F;"M gamm&«{‘ﬂt\{ RA:':_ QH: 250 EN

B e D F' &;9+ zZSe=—o
: ngﬂ = —250=) F' =" 5X232 ~212-5 kn

z&,‘:c: /4 3 m
6?—(,1" (=2125)cer & = 1
- .
Fac=+3125x B = 4 /875 (4ews) R4
Jerat £ :

SFy -0 f;g-_— seo ki (Heus.)

Fov S’J-Q,ﬂ_/ 0'3 420 N/Mmra‘ﬂ Weri n4 f.l-q..pg,(c" oie ‘-:." -}#
C _ _4ze - 7y NIM\M"‘“ e
-'*«-’mrc)te,“; 2.9
(¢%.,), = $2= /3125 N/wm®
A Seee Arenm = A= P o 18234103 = s07/mn (Ac)
Ae =¥ 17 v
X boe A N
Ape= Ze2/= 2857 wnt (DE) qiw
,4‘4 3!2 § x"(pao——— 228} mAaw b (AS) A.‘ | H
BT 3l s 1375 Q1375

Agc .
Contire c€iomm Oﬂ AR = Ac.,q:‘n S'xio,;5xw3 = 3. ZSW\W\
P 238|xzwm/02 =

Covtrgct,
iis*

Elovgibionoff DE =50XXAXI0F . oy '35 vawn
2REZ xZ00Xin2

&h 1:'0-\,,
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The Flirrk AC. bhans o un t‘ﬁrm k"e_ci‘wza/ulw X-sectipy, =f

_(_&z .L‘Z.W)M Camd s wmaade *’F B f:‘&a,e v 't ...Li[ﬁllndnLﬂﬂrmaf
__________5_-Eres__g_‘_( T =4zoNfwmuw). TE /s cennected b a S‘uPPQr{—

“’fw} Aaef G a weuwloer (BCD) sz a Sin /e, SLLLMP,',,

afa&‘w ete (101 . The vaeinbe, B p s “connecled &

a h:‘n(?& Sulyloort" al B), The pin ab () has aw uldimads
Sheaving Stress of (180 Nfuwin?) .
USr'nJ X fncter of .Saﬁiy of (3.25) delermine Hee

Nalleroalble Value of Yo /oad €D, dpp/;’ea/a&’D),(Sie- fJ Lely,

Consclr tre FB.D of mewe(Bep) TA _

Tolce wnonenls abasl B ‘\:-Zﬁ/’g:jj
Pr25 — (e Towb) 1S = o
25p - %3“'5% Fac= o &ﬁ%l’-’
E:JC::?—’- 033FAF:

s Pzgay = 048R —Y

Base?/ dn Stremyth of |k (AC)/a-M-;al-zo

’4‘1‘191‘: G(IZ"O):J'ZMML adbane 4§Fﬁc

B
(F;C)u: O'I' X Aﬂd‘ ‘—.;Pi“,s : Y
£141) =420x12.= 5040 N 2
P = 048x 5040 = 2419 N = 2419 EN
| g
Based on Streagty of Pirn al (&) (Tu~idonin)
Apra = 1= Z(180) =735 mwa™
Ul t shear S}v-c-o:34op pra T, = /8o N/WM‘L
~FEaou= 7% A, = 122 ’f;;g'_r = /41 EN

Pu = 0 4FF, = o482 X4 = G286 KN
‘AC,' B Ce "__r
Chonre The Swmallpyr £, = Fz = 2.9417 KN <27/

o A eroa b /e value #o« P = ? =24 - 4.244 kN
.S, 3.2%
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In the ;’Jure Shown belorw, the Lo Steel bars AB W Ac

(are pinned at eack Eszd And Suﬁport'z.%t /aa/(Z?oK}gatB
| The bars' material hras a madimuywn J el Stress 0[(420NM)
| A facter of safety of (2.0) for tensi/e members ard

(3.5) for Cormpressive nrembers are o be use,
Q) Determine tha re?ar'wu/ Cross-sectidna/ areas of

the 2_bars .
& CalCujate e dﬁaxné& rr2 Zhe /&:7

_ Es=20ax103% N[aan® .

% of each bae.

Ze—ﬂ‘j?% Aﬁ_‘: B-SLMG0 = 2.0% v
, Cﬂﬂﬁt“{.&y‘ F. 8.0, a/ };’&r'ﬂf' -
) Jeint g :

§F'J.-.c. . £2%0 + ?CS-L»\'BQ =0
! —
557:“140 kN comp.)
55:6@ %:4 -f-F Ces530 = O
F o = (-S%e x_.s.}-m-f—ﬁlcﬁku
84 - (tens)
|  Alowable $tress o7 = 42 ﬂzlaﬂ/m ﬂ,@eﬂ_) Fﬁc
: a;:-?‘-?—"—h_ /zo N/A«mzﬁ/r(&uﬂp) i
A /4'45’ mew\" 210 ———
= o 54&){/03 = /20 =D Age:,._éﬂi/.—-ogﬂ_: @GS0 v
ABC. /2 )
3.0 x/0%
AN ‘:-—PL = 4":’8)(/0)( — = 3.18 1 Incveas
8T TAE 2229x200X LO¥ m )
A — _—S540x/0>x B,s’x,/q’ = 24 nw (cecrease . \eMjH\J

8¢ dsoox zoox /03
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