Theories of Failure for Static Loadings
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Concept of Failure Theories for Static Stresses
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Load building blocks and Stress
components @ critical section/point

Principal stresses
@ critical section/point

Failure Theories

Materials / Shape / Safety factor

Simple stress components
for prismatic members

Stress concentrations
due to stress raisers in actual members

2 - dimensions 3-dimensions
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Figure: http://www-mdp.eng.cam.ac.uk/web/library/enginfo/textbooks_dvd_only/DAN/SSS/safety/safety.html

Stress Function:

f (oet, Strength)

Tngiimnudeeaniatuile
oeff > Strength

Design Equation;

Oeff =—

ff—
synthesis [ MATERIAL ) Tduuusnasems

ANAANERSINaNSIREY

\@anddquazuuin
ﬁmmzauqmﬁa ?’Ilﬂﬂ’a’lll‘llJa’e)ﬂﬂEJ n U949
@ v IudruNNsUaNURYD
Lailvitinaay ; .
- a0 un wazasei
WHeune :

nsziieguan



IUOAQSOYEOQ

“AUNNUNAUIAEKIE”

nsnaaeuianludendedddiulssannuas
naduegaunniiiebilideyanasudiu

LAZQNADY

Tumajingnaniandsliaunsanagau

Tan1unfaens arewmalldin1snagau
i

9

1 d'o [~4 ya 1
winnandunazlgisn1sndrenans

Bnsdelunsvegevauifvesianife
NSYNEURY/DN (uniaxial stress test)
d! o v I3 t:l' a é/ ‘gl

P lian11zauA U naIUTUTU
NAFIULTUEN1IZAULAUDEN1SIEUSD
AULAULLLLNULAE

Figure: Paul, S. S. (2012). Mechanics of materials. New Jersey: Pearson Higher Education.

Measures force applied to
specimen ends — element stress

Measures elongation of central

part of specimen — element strain
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Figure: Paul, S. S. (2012). Mechanics of materials. New Jersey: Pearson Higher Education.

Measures force applied to
specimen ends — element stress

Measures elongation of central
part of specimen — element strain
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Measures force applied to
specimen ends — element stress

Measures elongation of central
part of specimen — element strain

Figure: Paul, S. S. (2012). Mechanics of materials. New Jersey: Pearson Higher Education.
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Measures force applied to
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Figure: Paul, S. S. (2012). Mechanics of materials. New Jersey: Pearson Higher Education.
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Figure: Paul, S. S. (2012). Mechanics of materials. New Jersey: Pearson Higher Education.
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specimen ends — element stress
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*  VQEfANUAURINGHA (Maximum
Normal Stress Theory — MNST)

*  VQEfANNAULRABUENEA (Maximum
Shear Stress Theory — MSST)

* wqwﬁwé’amuuﬂsgﬂ (Distortion Energy
Theory — DET)

*  vquvaspasud-uas (Coulomb-Mohr
Theory - CMT)
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Measures elongation of central
part of specimen — element strain

Figure: Paul, S. S. (2012). Mechanics of materials. New Jersey: Pearson Higher Education.
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(Maximum Normal Stress Theory — MNST)

52U “ANUFEMEVRIIERNALNATULID

q

mmLﬁwé’ﬂﬁﬂmﬁmﬁﬂﬁﬁmﬁammmqqq@

MinTUlUIAATIANINATIAIAIUATULTIN A
31NNAADUAIBEINY (uniaxial stress test)”

Na1IAD
getf > max(|oy], |o2], |63])

150 (IP8AMLATDIVLIENIINYALH)

—Suc < Oeff < Sut

Figure: Paul, S. S. (2012). Mechanics of materials. New Jersey: Pearson Higher Education.

Op

ur

&
%O

uc

uc

T
ut



IUOAQSOUEOQ

“NOUNANUIAEMIE - MSST ”

Tp

s, Case |
bj’<
o v Yo o = = a Load line
NOEHAULAUAINE &R — Z?fnwa@mwam g
. &
(Maximum Shear Stress Theory — MSST) 5 g s
¥ ;%.@ y
e
. &
JEYI “ANUEENEYRIIARITLARTULD 4
v oA A a < Iy} A ' Case 2
ﬂ']qllLﬂULQQUQQE‘;‘ﬂV]Lﬂ@%ﬁiﬂ?ﬂ@lﬂ\lﬂ’]ﬂﬂﬂﬂ')']
| -s,
mmuLaauq@qmwimmﬂmaaumamama Ca£3 '
(uniaxial stress test)” na1A®
VINAAUALS O1 > 09 > O3 WAL 04 > O
o1 — 03 Sy 1: 2:d3 A Z OB
Ocff = Tmax = 5 > > 1S1@1U15ONTULA 3 NI AD

nsaifi 1 04 > op > 0law o1 > cauaz o3 =0
oA = Sy
AT 2 opa>0>0plavo) > gpuas 03 = op

O'A_O'BZSy

nsain 30 > 04 > oplas 0y =0 uwaz 03 = op



IUOAQSOUEOQ

“nOuNANUIGEMIE - DET ”

nouinasuwlssU - [giviagumileda
(Distortion-Energy Theory — DET)

52U “ANUFIMNEVRIIENALNATULILD
NAIUAMIATEALUTTURBVTaIEUTINAS

ManTuluianiiA1INN NI NUANLLATER

LUISUABUNUgUSUINS AR NNAERURY e o v &
3 dsuanuaunaly

9819918 (uniaxial stress test)” nanA

2 2 271/2
o = (01— 02)° + (05— 03)° + (o5 — o)) ]V
2
Y
Oeff = 0 > Sy - .
LaS s INIUAINIUAUISUIU
o' = (0; — oaop + op)'?
von Mises Stress = aw
3o luguuuunia xyz
1 ) ) 2 o) 2 2 2
o' =—oc,—0o) +(oy—0.) + (0. — o) +6(r, + 715, + Tg\.)]'/“

V2
LAYEINSUAIULAUTZUIU

o = (ol — o0, + 0l + 37%’\.)'/3



IUOAQSOUEOQ

“NOUNANUIAEMIE - CMT”

nguinasunlssd - [giviaguse
(Coulomb-Mohr Theory — CMT)

14

Nou UUSUUTINNGYY MNST

WNAUUAE 01 > 02 > 03 Uaz 04 > OR
I51@ITaNsALe 3 NSl A
nsail 1 04 > o0p > 0w o] > oawaz 03 =0

oA > St

nsain2 04 > 0> oplano| > oauaz 03 = 0p

4 % > ]
St c

nsei 30 > 04 > oplas 0y = 0 waz 03 = op

op < _Sc




aSUﬂOWUGUWUS

¢ ﬂﬂUL]F]OWUIaEJI’ﬂEJE‘ﬂI’ﬁSUFKﬂUIF]UIUOD'\)WHJ’HS ana»

Failure theory Tension Shear Relationship

Max normal stress Ty 0, =T, < n=0 >
1
Max_ shear stress r==0, Ty @

1 1 5T,

—— Measures force applied to
specimen ends — element stress

/ ~—Measures elongation of central

Max. strain :IL V= 1 e= E o, £= 1F =080, part of specimen — element strain
Octahedral sh V2 . 2 7, =0.577
ct ral shear T =T o, Tog = 3 T, 1, =057 a,
M (v=1) .r:— L 2 .L'—ﬁ L 2 ‘1, =0.632
Max_ energy Il._v = ) = — o, j =1z T r, =0 oy
1 )

. &y . Ty

A v v ¢ o =
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f (ocft, Strength)
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Design Equation:
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How to use factor of safety n



Msi3

« FT]OC’]S']F]I.’UIWOF]O']UUGOOHEJ 7

Table 1.2: Safety factor characteristics D and E.

Table 1.1: Safety factor characteristics A, B, and
ns 10 12 14

ve v 1.1 13 15 1L/ " S

_ Ve =very sefious s = serionand

: ns = not serious

13 16 19 20 D = e e
— = e ol o E = economimpact
_
15 275 N o
! !! !5! ! | !l!l! where

I e 2 sty ot voling characiics & and
NS air, and p = poor A"~ quality of materials workmanship, maintenance,

and inspection

qua]lf}' Uf lI'lF:ltE'I'l S, WDI]!(JJIE.‘H.S]’]JP, B = control over load applied to part
mamtenance a_'t'l_d II“IBPECUDI'I. C = accuracy of stress analysis, experimental data,
B = control over load applied to part. or experience with similar devices

Ny = safety factor involving characteristics D and E
D = danger to personnel

C = accuracy of stress analysis, e nﬁlemnental
ar parts. E = economic impact

data or experience with sit
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Table 1.2: Safety factor characteristics D and E.

Table 1.1: Safety factor characteristics A, B, and
ns 10 12 14

ve v 1.1 13 15 1L/ " S
_ Ve =very sefious s = serionand
: ns = not serious
1.3 L6 L9 2.2 D = dangdo personnel
— = e ol o E = economimpact

2.15 2.75 R (12)
! ! ! ! 5! ! | !l!l! where
m e sty oo nvoling charscerisicn A B and
Vg = very goo — fair, and p = poor. A = quality of materials, workmanship, maintenance,

and inspection
= quality of maten s, workma_uslup, B = control over load applied to part

mamtenance a_'t'l_d II“IBPECUDI'I. CcC = accuracy of stregshar!al)_r]sis, dexperimental data,
B = control over load applied to part. or experience with similar devices
C = accuracy of stress a]fr)'l%l}’ﬂls eiﬁlemnental .y = safety factor involving characteristics D and E

D = danger to personnel
data or experience with similar parts. E = economic impact






