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Error versus uncertainty

® Errors are based on knowledge of actual values (or standard
values)

® Uncertainties are evaluated analytically

¥ there are a number of procedures for determination of
the overall uncertainty

¥ the most popular and most widely used relationship for
determination of uncertainty is known of the RSS-type

B the relationship defining the RSS-type overall
uncertainty is based on a partial differential
representation
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RSS-type uncertainty: example

Consider a solid block with
dimensions of L, W, and H, as
shown in the figure. The block
Is placed in the environment at
temperature of 20°C where the
convective heat transfer
coefficient is 15+3 W/m?2-°C.
The block is at the temperature
of 300 £5°C. Determine the
magnitude of the heat transfer
by convection, Q., from the top
surface of the block and the
corresponding overall
uncertainty in this magnitude.
Also, list in descending order
percentage contributions to the
overall uncertainty in Q_due to
the individual uncertainties.
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L=140+3cm— L =4+3Ccm

W =25+1cm —> SW =+1cm
%LSD
H=9cm —> O0H =1+0.5cm

LSD = Least Significant Digit
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RSS-type uncertainty

Consider explicit equation for convective heat transfer:

Q. = h'Ab (Ts _Te)

This equation can be represented, in the most general way, by
the fundamental equation, also known as phenomenological
eqguation, as follows:

Q :Qc(h’ Ac’Ts’Te)

The RS5S5-type uncertainty, based on the above equation, can be
expressed as

e, LV (09, . ) (89, ) (69, )
R, = (Gh 5hj +[8AC 5ch +( 5Tsj +(8Te 5Tej

1
2

where the symbol 5 denotes the uncertainty
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o =hAC<TS—Te>=(15

Example, cont'd

The fundamental equation is

Q. =Q.(h A T\ Te)

The RSS-type overall uncertainty can be determined from
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R = (@Qcéhz + @Q05A02 T @QCJFSZ T (’9QC5T32 )E

A. =LW =(1.4 m)0.25m)=0.35m*

W

e j(o.35 m2X300 ~20)°C =1,470W
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Example, cont'd

W
m?°C

2
anéhz = (a;ic éhj = [Ac (Ts —Te )5h]2 = oh =3

2
={(o.35 mz)[(BOO—ZO)OC](B \évcj} = 8.64360 x10* W 2
m ®)

a‘jzaAcT (T, T, JoA ]

0QA,° = (

A=LW — A =A(LW)
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Example, cont'd

A, =

oA, = [(Wél_)2 + (Lé\N)ZE = {[(0.25 m)0.03 m)f’ +[(1.4 m)0.01 m)]z}

- (5.62500x1075 m? +1.96000x10~* m? 2 =1.58824x1072 m’

|

a3
oL

0Q.0A” = [n(T, —T, JoA, | =

m?°C

2
. {(15 W j[(3oo ~20FC](1.58824 x 102 m? )} ~ 4.44970x10° W2
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Example, cont'd

2
0Q.6T,° _£5Qc ST ) = (hAST, ) = 6T, =+5°C

2
{ — O35m )(500} =6.89063x10° W
°C

0Q, ST [ Q. ST j —hA,6T, ) ol, =10.5°C

1LSD
2

2
{ ( — )035m )(0500} =6.89063x10” W ?
°C




Example, cont'd

1

N = (6Qcéh2 +0Q, A% +0Q 5T +0Q,OT S )E =
1

= [(8.64360 x10* +4.44970 x10° + 6.89063 x 107 + 6.89063><10°) W ZF —

=3.02625x10°W =302.6W —— This is the overall uncertainty

The percentage overall uncertainty is

N, = R x100% = 302.(()3VV\\// x100% = 20.6%

C 1,

The percentage contributions of the individual uncertainties to the
overall uncertainty can be computed as

2 4 2
Qe 10006 = 20430010 W 10005 - 94.3811%

R (3.02625x102 W |
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Example, cont’d

2 4\pg2
50,1 — anélw 1000 — 86436010 W?
X (3.02625x102 W |
2 3\ 2
%0Q, A, — O 1000, - A-44970x10° W
C 2 , >
R (3.02625x10% W |
2 2 \pg 2
040Qu0T, = C20T<" 10005 - 689063 x10°W*
X (3.02625x102 W |
2 0 \p/ 2
%0Q, 5T, = 5Qc52Te 1000 — 0:89063x10" W
X (3.02625x102 W |

x100% =94.3811%

Highest contribution

x100% = 4.8587%

Contribution No. 2

x100% = 0.7524%

Contribution No. 3

>-x100% = 0.0075%

Lowest contribution

CHECK = %0Q.oh + %0Q oA, +%0Q T, +%0Q. oT, =

=94.3811%+4.8587% + 0.7524% + 0.007/5% = 99.9997% ~ 100.0%
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Stress distribution in cross-sections
Bending stress

Bending load

T Support Force Support Force

AN

Internal distribution of bending forces

Section

-F

-F
X X
euiral Axds -
M
+Fx
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Stress distribution in cross-sections
Bending stress

Bending load:

Beam segment

. neutral axis
N Ny 1 L

(a) Unloaded : | T x (centroidal axis)

(b) Loaded

tension neutral axis
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Stress distribution In cross-sections

(b) Loaded

Bending stress

compression
_ Omax

A

tension

neutral axis

Bending stress:

ox(X,y)=——= Recall that M = M(X)




Stress distribution in cross-sections
Bending stress

Bending load:
Load

&

Support Force Support Force T

V) |

Shear diagram: |

Mmax

M(x) | -
Moment diagram: | \,\
X

Critical section (moment)
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Stress distribution In cross-sections
Transverse shear stress

Bending load

Section

Internal distribution of transversal shear forces

Resultant shear
force V(X)
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Stress distribution In cross-sections
Transverse shear stress

shear
stress Transverse shear stress:

- Txy J% with Q=Y A

Recall that V = V(X)

Location where Txy
is determined

\l\y

Neutral axis — - -

Centroid of
area A’
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Stress distribution In cross-sections
Transverse shear stress

Bending load:
Load

&

Support Force Support Force T

'\V/max

\~ a

Critical section (shear)

M(x) | -
Moment diagram: |

X

V) |

Shear diagram:
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Stress distribution In cross-sections
Torsional stress

Pure shear stress

N

(a) Deflection 6 (b) Shear-Stress Distribution T

Shear stress distribution:

T
z':—p : recall that -J=|X+|y

J

Angular deflection:

TI | E
S recall that the shear modulusis G = ———
2(1+v)

“KG '

(K is a geometric factor -- see Table 4-2)
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Reading assignment

e Beckwith: Ch.7,12
e Bishop: Ch. 10
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Homework

e Beckwith: 121,122,128
e Bishop: Section 10.2.1
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