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Statics

n13auAa (equilibrium)

naeanfiluaumidineldmandiuiunsinuingingadaieindeuiinigld
mansg¥hresasEABUen MvtuiseuansAnweentd 2 du fio
namansvoaudauaznamansvediva @slina1nluiit) namandvesudeduuy
YDULIANISANIBONIBN 2 AU Ao naanansinguianis (Mechanics of rigid
bodies) LLazﬂamam%aﬁaaLU?{WEU (Mechanics of deformable bodies) &
wsnatiunsAnwaninvesinglasasmliingdanuudants nan Aeliaou
sUsreuLaEMAIN1INTEIveINITENIBUEN ALNEI NG ANTILNTS
novAUBIwRIIRgReAsEAEUDN naNAe IanavAsuulasgussluegnsls e
fansemeusninnssh dufeyatandulsslomidenminlussnuuuingiu

[ %% <@ < @ 1 ) 1 N a 1 .
naanansingudaniedegnuusesndu 2 mu Ae ainAians (Statics) uway
War1ans (Dynamics) duusnagsiaiuanInaunavasing valsiauiiaadiiu
NS ARBUNYRITNOAILALLS

a § & o w = s o a o/ Q’lj
atnmansilusngudfgrensfinuinamansvesianguasugy adewmeil
wuaRadAgvasadamansIuduidasizimnaiszangly a diuladruniely

109 Ingafeaun1sauna

n1saunalugasdia (2D Equilibrium)

Upper
handle /,/;;277" )

Lower “—-

handle

Distribution of
forces on elements
Pl — i

:f —— at internal surface

jiet

1=

V

t i Statically
00 N ' equivalent internal

force and moment

asznely : N A us9nsa1n (Normal force) V Ao wsa@au (Shearing
force) waz M fa luwuddna (Bending moment) 5augn O

Source : Steif, P. S., (2012). Mechanics of Materials. Pearson Higher Education: New
Jersey.
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Statics

Equilibrium

n1saunaluaudif (3D Equilibrium)
Applied Loads '

(External loads) ﬂ'1iauqaﬁluamjmguaaﬂﬂizﬂausuaqmizyﬂw’[,ul,wumaﬂ:mLLamm'gU
PNIAWNHIN LIIPIRINVTTNYITUAY UMY AIULTIRDUNUITTA YN UFDILT
ANULNUDIDINNNUA VNUBRLITUY JUUARNILide99RUsENaU Vaeh
lutuunda (Torsional moment %30 twisting moment) axilasAusENoULAY?

Wi
M,
Internal Loads 2
(@ considered cross- |
sectional area) Bending moment A
components M.

S N G

Source : Ugural, A. C,, (2015). Mechanical Design of Machine Components. 2nd ed.
CRC Press: Florida.
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Geometric Properties of Line and Area Elements

[ ]
Sta tl CS Centroid Location Centroid Location Area Moment of Inertia
Equilibrium
J"=4LJ“{H—J;sin2HJ
AUUALTUIVIANAYDINUIAAVDIING
Applied Loads (Geometric Property of cross sectional
(External loads) o]
area) .
{ U U L3 U o v ! =ﬁl'!
UBNIINNTAUAATIKARIANUFUNUTTEN TN TEA B RN U TEA 8L J— {
o o \ uarter a Semicircle arcs
antRgasvadnvesmiidavesingiiludiuddyudenty iilidoswgay —a— A=lh(a+b)
I Y o v a '3 v | h .f=l.fri‘
JusuusdAglunsiiasizinnudusely L = 5
| b |T JLG::;:}“ 1 =%.frr‘
Internal Loads . | | Trapesoidal i
¥ A a = A o 1 a a 6 1 & = = ¥
(@ considered cross- mgwnlddinsfinwisesiananilunedratinmansnaipe NMsAnyITeINs i :
sectional area) mﬁgmﬂ‘u&jﬁh\‘i (center of gravity) Qm@uéﬂmama (center of mass) Qm@uéﬂma I@
- F p A4 o o & L +
JUNTUTWIAN (centroid) WUl (area) luwudnNuRoedmIUNUN (moment H
, k4
of inertia for area) kagluURAMULRBYEINSUNIA (Mmoment of inertia for Semiparabolic arca Circular arca
mass) T /,_,4=;",;, ¥ A=bh
i & |, i '
==10 =
3 P o [ dy al' I (% Ao w v a a a L_b_'.'
TuudauRaedsnsuNun lufwUsidAganTun1smanuAuinnn Foxpoeabalic arca Rectangalar arce
Tuudnn wazlauadn N15ANUIAUKIATTULHUAANRBEFEINSUNUTIADS
v o Yy a oy _1
A9AAAINULNUDNID N LY A = gbh
L x
——
Parabaolic area Triangular arca
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0 Mechanics of Materials /

Static Equivalency

Mechanics of Deformable Bodies

N159LASIZHNN5ZTUSTAUAG & N9NaAIEns

YY) [y

Internal Loads R 4 . 4,
ANIILAINEUANNIITNNIENINU mquaq 3 9¥0U AD

(@ considered cross-
sectional area)

> seAuTEUUNNGNG (SYSTEM level)
msleseilussiuidninaudazegluneinadneansnienamanilng

ofannsaunaludAny Mnnesijatiunsmaissiinszyvessuy uazse

Fudrnusartuluszuuiy mszmelussuasieindumszmeouenidefiansan

FuauwAazTUlUsTUUNY - Eixteeral finoce
o , on system
P seaUuN1AaIU (SEGMENT Llevel) SEGMENT |

nynseilussAutdatiunsmaiseneludud a dudanaula _—
nierna

(segment in question) Lﬁammizmﬂuqaqm (maximum internal loads) loisds on I

ioTlavihlumaudutasmseenuuuiudiutusely nmsinsiesiseauiisay e
nulusreivadamansitulsieniuy
> sTAuAUAVSaTEAUUIeEaY (ELEMENT Llevel)

mslemeilussduiagnulunamanivesian ujatumamnanudugaan

(maximum stresses) MIN3ZYNUURUNIANTNNDIIU (cross section in question) 7 Internal forces

(per area) an
element: skresses

donnnediunszatelugaan m'mLﬂuaaamwanuﬁlﬂiﬁi’ﬂumqwgmflmaama
wazndnn1sdy 4 fisadeslunisesnuuuiudaudunundnnisniseanuuy

RTEY. PR OUIIER (design for strength)

Source : Steif, P. S., (2012). Mechanics of Materials. Pearson Higher Education: New
Jersey.
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g ° ° Source : Hibbeler, R. C,, (2016). Engineering Mechanics: Statics. 14th ed.
M ec ha n I CS Of M aterla I S / Pearson Prentice Hall: New Jersey

Static Equivalency 3

-

Mechanics of Deformable Bodies Bending moment
components A M.
Usznnnisenelu -
4 S MNormal force
Internal Loads (Type of Internal loads) .
(@ considered cross- 4 o “ 2 o, - s o AV z Vs Torsional moment
sectional area) Wieslnnszneuenuinszyideszuunenansetiuduladudiuniluszuy Avsii \ X ¥
Tszuunouaussienszaeueniulunn q Judu Weliszuutuainsnyau ‘.fL,:. —y
g (function) & J
7V
2 = ' o A v MJ: \ 5 .
Fudumnils 9 aznevausIianIszneuen lngardunisznielunmlaainns o Shear force components
auna Tnefnnuduiusseiausameluiunisdeugudel yd
- X
mszangly nsiUaeusy )
W3IF/N9 N138AA7 (elongation) #39N15UARNL 77 I '.
(contraction) "
& Y U
BaNbaEN nsldaa/oudy Undeformed Elongation Shear
luuadn N150AR/1UA? .
’ PP
[EET T N13AARA/ L1 G,.'
Twisting Bending

Source : Ugural, A. C,, (2015). Mechanical Design of Machine Components. 2nd ed.
CRC Press: Florida.
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Mechanics of Materials /
Mechanics of Deformable Bodies

Static Equivalency

A3LAU (Stresses)

adnenansuaznamaniidunmusinseyivieingranedululassasiamisenaln

Internal Loads
(@ considered cross- ) "
sectional area) giunaransvesdanunisvivsenauiniud “useninaduluniazinguuay

inliinaanudemensaasusuaninuluwsaliuazagnels?” Aaiuiidin

Fansiasanussinsyisenarnsisuslresdiudosvioiuudian 9 Tu

?g
dh
i
Ay

\WeTng Inuvseuszneudeiuduniadauesing a duvsls ¢

F9S0BIUAMTS WU 1S9 AP 9EnSEUY AA vnTmfueALusdey 4
AU T fuTun sl M A usafinszvindoealuisInAne AMP ogdls
Aaulosfinandasaiu (MP)/(MA) = AP/AA diuldiniless
Tt fnsnsduAarSnai

LSIREINAIULAY (stress) 21 LHuANMITLTRILsIN1eTus o NUNNTNEAN RSN

b
o O . T S PR SRV

) =& ga ~ v = | v v v o o X A
VBIINEG WINAB ¢ = AP /AA HUBINIYLIDLINITINLIIEDULUINIUNUNIVNNUN

AvAulTalunuiueis NaNfe oy, = P/A

v

L.

Source : Steif, P. S., (2012). Mechanics of Materials. Pearson Higher Education: New
Jersey.
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Shear stresses

UsznnAuLAL (Type of Stresses)

Internal Loads . 3 Y 4. y
L'i?ﬂ'liJ’liﬂLL‘UQ@?'MLﬂuaaﬂimﬂuaaﬂﬂi%mel AL AIMULAURIN (Normal Stl’eSS)

(@ considered cross- N
sectional area) KAZAULAULABU (Shearing stress) AMULAURINATIANIIAIRINAY

NUTNVTLIAN VUSNAIUAULRDUILTNANIVUIUNUNUNNTNAN NN
WEINU

\\‘t P
Normal stresses on faces
nsdaunadanduya (Static Equivalency) of different orientations

TUaNIMATINAT ANULAUUWRANUARTS 9 ezl livindulasiuslasulunasn

Yy oy
v v A A

Tveiuvinde egelsinn Wesmussuuediuuanis o Waeiurng
Nuinddauds nadwshazdavintuuswisenisenely a widetu deweil
UNASUID1E8N MTeneludn Wy nadwsuesaudy (stress resultant) 110
| v v ' 2 = v ' o
nanlmanlalalasdedfe siaiursadsunauliuiszninansanielunuainy
AU B NUAANNAN5UN LagkaansSaInuniioudy Feanwasiisendi Ans

- Mechanics of Materials /
Static Equivalency Mechanics of Deformable Bodies |
i

duastinduya A28 LYY

P:ZAPz[FPzAmM

] < = = Y o 4 v [l Vv < = U
ag14lsnay Neseanldan waawsvesauruanabilaiduneanansaniely

' = < ¢ A a a ey & XX Vo o
BYILNY E)']QLUNISJLNNWJ]WEJGLULWNLﬂui)ﬂﬂlﬂ ‘VN‘L!‘UNE]QﬂUﬂ"Iiﬂi%ﬁ]'\EJWJ‘UBQ

AMUAUVULDALIUA LUNINSIN FeaRazaanndasnun1szn1eluidAsIzRluseg

nIsauna Source : Steif, P. S, (2012). Mechanics of Materials. Pearson Higher Education: New
! Jersey.
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g Mechanics of Materials /

Static Equival : i
atic Equivalency Mechanics of Deformable Bodies

 JszavAnutaunIunssaely
Internal Loads (Type of stress due to internal loads)

(@ considered cross- < - o drva T . 3 o
sectional area) Wiafiensaumannsilassulwaieatuamil 15133aUledn anseanelu

1 1 Y a ¥ L 1 = [ Yy &
AN 9 aznaﬂmnﬂmmLﬂummswu,azgﬂ FIULAEINY AAULAUNISHUAY

(Y < [ [ % a =
néuluilunisznneuenlalasandenannisaugaatingauya S9N Y/NA

Fudunils 9 wnevausIanITENILUen Ingerduntsynieluimlaainnis
auna lnedanuduiusseninassngludunmsidieugusadl

. ” LS9LR2U

LSIRY/NA ANSEAND WIDNISUART  AINULAURNN
& [ VXY ) 1Y) = ¢ o/
wsadou N151G6A2/1oUsn AULAULE DY TULUUA AR
laudda  n1sUaAY/myus ALLAULRBY
TUIUARR N15A0A2/1N957 AULAURIN ¢ a
TULUUAUR
1512ziUla AuAuUsEMRgtUaINNsasIunUld (combined stresses)
‘?;‘1L‘T]ugmﬁﬁ'ﬁ@,mﬂhmiaaﬂLWU%’umum%ﬁﬂiﬂa Hloswntudiuvide aududeu 7 = VQ/Ib fudumnuduiitundon q fuamuduin Tasawiedym
SEUUNNeNasuNsEAEUen U Fasauvitoman uazfuauduiiinnsnsznesildwindusituiiviige
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e Material Models/

Material Model

Constitutive Relation

Data Statistical Design Economic analysis
capture analysis guidelines and business case
Mechanical Properties
Bulk modulus 41-4.6 GPa
| Compressive strength 55-60 MPa
Ductility 0.06-0.07
Elastic limit 40-45 MPa
Endurance limit 24-27 MPa )
:> ::> Fracture toughness 2.3-2.6 MPa.m'?
Hardness 100-140 MPa
Loss coefficient 0.009-0.026
Modulus of rupture 50-55 MPa
| I Poisson's ratio 0.38-0.42
Shear modulus 0.85-0.95 GPa
Tensile strength 45-48 MPa
Young's modulus 25-28 GPa ) i
Potential Profitable
Test Test data Allowables applications applications
Raw data " Information > Knowledge
(Numbers) (Numbers you understand) (Numbers you know how to use)

Why we need them?

Source : Steif, P. S., (2012). Mechanics of Materials. Pearson Higher Education: New
Jersey.
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Material Models/ S

Material Model L .
aterial Moge Constitutive Relation

Specimen

Tension test

N15NAHBUIERA Material Testing)

ANUAILNTALUNTAUNULSIN1eUan gLl AALLE S M E L US N WL VD

Extensometer

NswANYinLdeYg (failure) MsonTsABUSUNUARATUBEAUAIUATULTY

(strength) Warn158AN3YAG (deformation) MITlULLILAULAZLUIVIN

m nsdlvesAnuiuLssEsamlslaseduiinimeaes Siuildidenldions
NAABURAIIDNA (tension or compression test) MsNAABIRINA1IALIA

auduiuSsE e duaie (average normal stress) fuA LIPS EALRAY

(average normal strain) dmFUTAAMIIAINTIUAT 9 WU Tavig Lwsdin

WoRke3 uardanUsenay (composite materials)

‘Qy d‘ o L dl ¥ o b4 Yal
Tumwmaa‘u “U‘L!‘Vl@Eﬁ’e]‘UVW]'T‘i]’]ﬂ’JﬂG}‘V]G]@\‘1ﬂ’]'ﬁ‘l/l']ﬁE]‘Uf\]uQﬂﬁ'ﬁ'NiViﬂﬂJU']ﬂlJ’]@’ii']u Extensometer

ANTOAINUAUDY American Society of Testing and Materials (ASTM) DIN #38
JIS wagthlunaaeulueSaamaaauf

| L |
P P

—f— [ ]
“

111111,

|

l

Source : Steif, P. S., (2012). Mechanics of Materials. Pearson Higher Education: New
Jersey.

Gage length
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G Material Models/

Material Model L .
aterial Moge Constitutive Relation

(Relation between stress and strain)

WanaaaufiwalnazlinsnkanimuduRussnIeaNULAuaINRasIAY o
AMULATIARINLAE

AU AIMUWANY

D

yaavineiinsidudunss Syt

Stress

m
=3

gAvnevesrNdavieu mniuseenIunegeudinsau

a a =) Qy a a dl
ANAANITATIN NTTUNARDULINNANTSIURBUFUNS O
AANUAUNYATIAD AIUAULTIATIN

PNFUAAABABA AIAIUAUNIIATADAINAIULIIGIER

9 9

PNANNTUANTENITY (MlAlpeAmMuASATIEILTENINS
LSIAINUNUNMINAADIIUTNT o) V8INTITAY)

Yield
point

AAUEANINLAL
) @ i@

Elastic limait

AMUFUNUS TZNINAMULAU-AIULATA Stress-Strain curve

Sut True rupture
’ ® fP strength

Ultimate y
strength _

Proportional limit

@ Nominal
rupture
strength

@@@@@@i

PNANNITLANANUIINGMTOYAUANTNNITIAINTTUT (117 0]
IAlAgANUADNTIAIUTENI BTN UNUANTN ARLANN DU

A1)

Jersey.
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Material Models/
Constitutive Relation

AUUANIINAYDIIE) Material Properties
(Mechanical Properties of Materials)
Deterministic ASTM Minimum Tensile and Yield Strengths for Some Hot-Rolled (HR) and Cold-Drawn (CD) Steels

G]’JEJﬂ’]i‘VIG]’ﬁE]‘UﬂﬂﬁU’?ﬁiﬂMa’]ﬂMa’]ﬂﬂisL.ﬂ‘VI LS’]?{’]QJ']iﬂﬁ']ﬂu@ﬁuﬁaﬂ’]ﬂﬂa‘u@ﬂijﬁﬂ [The strengths listed are estimated ASTM minimum values in the size range 18 to 32 mm (3 to 15 in). These

Material Model

strengths are suitable for use with the design factor defined in Sec. 1-10, provided the materials conform to ASTM
A6 or A568 requirements or are required in the purchase specifications. Remember that a numbering system is not a
speciﬁcatim).] Source: 1986 SAE Handbook, p. 2.15.

19 wazarursaunlUldusslemiluniseanuuuludiunsasansna

m
=3

4 . 5
Tensile Yield
SAE and/or Process- Strength, Strength, Elongation in Reduction in  Brinell
[0) o NG ing MPa (kpsi).MPa (kpsi) in, % Area, % ardnes:

g G10060 1006 HR 300 (43) 170 (24) 30 55 86
= True rupture cD 330 (48) 280 (41) 20 45 95

W )
_ pstrcngth G10100 1010 HR 320 (47) 180 (26) 28 50 95
Ultimate / CD 370 (53) 300 (44) 20 a0 105

V4 .
strength G10150 1015 HR 340 (50) 190 (27.5) 28 50 101
- . CD 390 (56) 320 (47) 18 40 111
Nominal G10180 1018 HR 400 (58) 220 (32) 25 50 116
Yield rupture CD 440 (64) 370 (54) 15 40 126
point strength G10200 1020 HR 380 (55) 210 (30) 25 50 111
cD 470 (68) 390 (57) 15 40 131
¢ G10300 1030 HR 470 (68) 260 (37.5) 20 a2 137
CD 520 (76) 440 (64) 12 35 149
Elastic limit G10350 1035 HR 500 (72) 270 (39.5) 18 40 143
Proportional limit CD 550 (80) 460 (67) 12 35 163
G10400 1040 HR 520 (76) 290 (42) 18 40 149
cD 590 (85) 490 (71) 12 3s 170
G10450 1045 HR 570 (82) 310 (45) 16 40 163
cD 630 (91) 530 (77) 12 3s 179
G10500 1050 HR 620 (90) 340 (49.5) 15 35 179
€ cD 690 (100) 580 (84) 10 30 197
0 Strain G10600 1060 HR 680 (98) 370 (54) 12 30 201
G10800 1080 HR 770 (112) 420 (61.5) 10 25 229
G10950 1095 HR 830 (120) 460 (66) 10 25 248
. I .
Tensile strength Ag Ultimate strength Source : Budynas, R. G. and Nisbett, J. K., (2015). Shigley’s mechanical engineering

design. 10th ed. McGraw-Hill: New York.
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