DISTORTION-ENERGY THEQRY FOR DUCTILE MATERIALS

THE DISTORTION=ENERGY (SE) THEDRY! PREDICTS THAT VIELODING OCCURS WHEN
THE DISTORTION STRAIN ENERGY PER UNIT VOLUME REACHES OR EXCEEDS THE
DISTORTION STRAIN ENERGY PER UNIT VOLUME F0R YIELD IN SIMPLE TENSION

OR COMPRESSION OF THE SAME MATERIAL.
(ALSO KNOWN AS THE VON MISES oR VON_MISES-HENCKY. THEORY)

(ONSIDER A SRESS ELEMENT SUBJECTED TO PRINCIPAL STRETSES 03,05, 05,
THESE PRINCIPAL STRESSES CAN BE SEPARATED INTD Z COMPONENTS
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THE DE THEBRY SUGGESTS THAT IT IS THE DISTORTIONAL (OMPONENT THAT
LeADS T0 FAILURE., THE FAILURE CRITERIDN 1S
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FOR A PLANE STRESS STATE,
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MAY IMUM- SHEAR - STRESS THEORY FOR DUCTILE MATERIALS

TUE  MAMUMESHEARSSTRESS "(MSS) T HEDRY PREDICTS THAT YIELDING
REGINS WHEN THE MAY|MUM  SHEAR STRESS (N ANY ELEMENT EoualLS OR
EXCEEDS THE MAXIMUM SHERR STRESS IN A TENSION-TEST SPECIMEN

OF THE SAME MATERIAL WHEN THAT SPECUIMEN BEGINS TO YIELD.
(ALSO KNOWN AS THE TRESCA OR GUEST THEORY)

THE FAILVRE CRUERION FOR THE MSS THEDRY IS

S < whow = SAFETY FACTOR . REMEMBER,
Ns—% - 2%, WHEN n=l FAILURE IS PRECICTED
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COR A PLANE STRESS STATE, ONE OF THE PRINCIPAL STRESSES IS ZEKRO.
THERE ARE 3 POSSIBILITIES:

@ 0aZ0zz0 (6126:20)

THEN, THE MSS FAILUIRE CRITERION (s G5 ZSy (nzfzzﬁ‘&)
@ 0, 2020, (6,20203)

THEN, THE MSS FALURE CRITERION 1S 8a-0g2 Sy (%%)
B 020,20 (025,20,

THEN, THE MSS FAILURE CRITERION (S O—Bé-g% (,\__Eg: _Si>

¥ |F POINT a RERESENTS
THE STRESS STATE OF A
CRITICAL STRESS ELEMENT
RiwpUNE  OF A MEMBER, AND POINT
b REPRESENTS THE STRESS
_ STATE OF THAT SRME ELEMENT
AT THE CRIMCAL LOAD, BN
THE FACTOR OF SAFETY GUARDING
AGAINST YIELD AT POINTa IS
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COULOMB-MOHR TWHEORY FOR PUCTILE MATERIALS

THE DUCHLE~COVLOMB=MOHR “(DCMY=THEORY APPLIES TO DUCHILE MATERIALS
WITH DIFFERENT COMPRESSIVE & TENSILE STRENGTHS.

> FOR SOME MAGNESIUM ALLOYS, Sy 18 ABOUT TWICE Sy,

L3 FoR GRAY CAST IRONS, Suc 1S 3-4 TIMES S,

THE MOHR THEDRY WAS DEVELOPED AS A GRAPHICAL ME THOD (~1700s)
L> BASED ON 2 SIMPLE TESTS * TENSION, COMPRESSION, & SHEAR
L THE FAILURE CURNE \S TANGENT T THE 3 MOHR'S CIRCLES,
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A VARIATION OF MOYR'S THEDRY, CALLED THE (OULOMB-MOHR THEORY |s
RASED ON 2 sSiMPLE TESTS - TENSION & COMPRESSION

L5 THE ERILURE CURVE |S ASSUMED To BE A STRAIGHT LINE.

THE FRILURE CRITERION FOR THE Dem THEODRY 1S*
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FOR A FLANE STRESS STATE , ONE OF THE PRINCIPAL STRESSES IS ZERO.
THERE ARE 3 POSSIBILIMES:

O, Ga20,20 (5.2 05;20)
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THEN, THE FALURE CRITERLN 1S 6325, (n= % = o

@ 64202 65 (5,2026y)
THEN, THE FAILURE CRITERION IS A - OB > | (;’zfé-‘ls- 5 o;)
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COMPARE THIS To THE MSS & DE THEDRY YIELD ENVELOPES FOR PLANE <
STRESS!
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