STRESSES IN BEAMS
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RECALL THAT PLANE s‘rRE§5 occuas WHEN STRESSES ON ONE
SUREACE ARE ZERO. FOR EXAMPLE, O3 ,Txa,Tax,Tyz, AND Tay=O.
SIMILARLY, Pqu snamw DCCURS WHN STRAINS |N ONE DIRECTION ARE
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TAKE THE BERM ORAWN BELOW,FOR EXAMPLE. AS THE THICKNESS (1)
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LET'S CONSIDER A BEAM IN PURE BENDING. ELEMENTS OF
MATER\AL ON TOP OF THE

! REAM WILL BE (N COMPRESSIDN,
M.Ct‘—'m‘l'&m""’""‘"b'v\' WHILE ELEMENTS OF MATERIAL
e | ON THE BOTTOM WILLBE IN
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iN THE MIDDLE, THERE IS A
PLANE WHICH CONTAINS MATL
ELEMENTS wiTH ZERD BENDING
STRESS, THIS \S CALLED TH E
INEUTRAL PLANE.]

- -~ -

M‘; Mm=M,

-4

BENDING STRESS VARIES UNEARLY WITH DISTANCE FRoM THE
NEVTRAL PLANE (OR AX1S), AND 1S GIVEN BY THE FLEXVRE FORMVLA:
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WHERE T (s THE SECOND AREA MOMENT ABOUT THE Z AXIS.

I = yxazdﬁ

LOOKING AT A SECTION OF THE BEAM [N PURE BENDING,
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A NOTE ON tTwO-PLANE BENDING: IF BENDING OCCURS IN TWO PLANES,
SAY xy AND %2, THE INDUCED BENDING STRESSES ARE ADDIT\VE :
o = Mz 4 . My 2
I, 1o

MOST BEAMS HAVE RoTH SHEAR FORCES AND BENDING MOMENTS.

THE AVERAGE SHEAR STRESS (T) ACTING OVER A CROSS-SECTIONAL
AREA (A) IS V

" A
THE SHEAR STRESS ON A FREE SURFACE (i.e. THE TOP & BOTTOM OF THE
BERM) MUST BE 2ERD. THE DISTRIBUTION OF SHERR STRESSES ACTING
ON A CROSS-SECTION IS GIVEN BY

—= Y38 (SEE SECTION 3-I IN SHIGLEY FORND
" T THE DERIVATION, WHICH USES EQULL|5RU

WHERE Q S THE FIRST MOMENT OF AREA E0oR THE PORTION of pye
CROSS~SECTION ABOVE THE LOCATION THAT WE WANT TO CALCULATE T FOR.
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Y, ol WHERE ‘—3\ IS THE DISTANCE FROM THE
—_— -t —% NEVTRAL PLANE 10 THE CENTROID OF THE
AREA A
! L i FOR EXAMPLE, FOR A RECTANGULAR
— b — CROSS -SECTION

o= 2(e-9)



SUBSTITUTING IN T =bh¥i2 (ForR A RECTANGULAR CROSS-SECTION)
AND THE EXPRESSION FOR Q INTO THE EQUATION FOR SHEAR STRESS:
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MAX|MUM SHEAR STRESS OCCURS WHEN 4,0 (AT THE BENDING
NEUTRAL AXIS) 3V
Toox™ 28 (FoR A RECANGULAR CRUSS-SECTION)
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FOR A SoLID ROUND BAR SUBJECT TO
A TORQUE (T) THAT IS COLLINEAR
WITH TS AXIS (S SAIDTD BE IN TORSION.

THE 'ANGLE OF TWIST FOR A SoliD
ROUND BAR IS

T2
WHERE G (s THE SHEAR MODULUS OF

THE MATERIAL, AND T IS THE POLAR

MOMENT OF INERTIA, (OR THE 8&8p POLAR
SECOND MOMENT OF AREA)

THE POLAR MOMENT OF [NERTIA (J) DEFINES THE RESISTANCE OF A CROSS-
SECTION  TO TbRSlDNArL DEFORMATIDN, DUE ONLY TO THE SHAPE OF THE
CROSS-SECTION. (T = § pPd#)

FOR A SOLIP ROUND SECTION, . FOR A Hollow ROUND SECTION,

LCl
@ T= 327 , ng_‘i'(o,:-dj)

FOR SMALL SHEAR STRAINS (Y) WE CAN SOLVE FOR THE SHEAR
STRAINS {SING SIMPLE TRIGONOMETRY.

YxtanY = %Q. (ON THE OUTER SURFACE OF

THE BAR)
AT ANY RADIAL DISTANCE FROM THE CENTER ofF THE BAR ()0)/
v _ﬁk_Q :
THE _SH-‘EAR STKESS' DUiE 10 TbRS\bN S GIVEN BY
,_U —5
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