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“AT THIS POINT, THE
SHORT ATTENTION
SPANS DROP OUT.”

May 22, 2003 M. E. Harr, 1st G.A.

Leonards Lecture



J’d‘
|
o |

May 22, 2003

. THE LAWS OF ENGINEERING
-COURTESY UMR ENGINEER b OTHERS-

1. ACTON'S LAW: Power tends to corrupt; absolute
power corrupts absolutely,

2. ALBRECHT'S LAW: Social fnnovation$ tend to the
Tevel of minimmm tolerable well-being.

3. ALLEN'S AXIOM: When all else fails, read the
instructions,

4, BOWIE'S THEOREM: If an experiment works you
must be using t_he wrong equipment.

w5 CARLSON'S CONSOLATION: Nothing is ever a com-
plete failure; it can always serve as a bad example.

6. CLARKE'S THIRD LAN: Any sufficiently advanced
technology is indistinguishable from magic.

7. COHN'S LAN: The more time you spend in report-
ing on what you are doing the less time you have to do
anything. Stability is achieved when you spend all your
time reporting on the nothing you are doing.

8. CORRESPONUENCE COROLARY: An experiment may be
considered a success if no more than half your data
must be discarded to obtain correspondence with your
theory.

9. CROPP'S LAW: The amount of work done varies in-
versely with the amount of time spent 'in the office.

10.CUTLER WEBSTER'S LAN: There are two sides to
every arguient, unless a person is personally involved,
in which case there is only one.

11.004'S LAW: In a hierarchical organization, the
higher the level, the greater the confusion.

12.FINAGLE'S LAWS:

(1) Once a job is fouled up, anything done to
improve it makes it worse.

(2) No matter what results are expected some-
one s always willing to fake ft, .

(3) No matter what the result someone
ways eager to misinterpret it.

(4) No matter what occurs, someone believes
1t happened according to his pet theory.

is al-

13. GUMPERSON'S LAW: The probability of a given
event occurring is fnversely proportional to its de-
sirability.

14, GOVERWMENT'S LAW: There is an exception to all
Tows,

15. HARVARD LAW: Under the most carefully control-
led conditions of presure, temperature, volume, humid-
fty, and other variables, the organism will do as it
darm well pleases.

16. HULEARD'S LAW: Don't take life too seriously;
you won't get out of it alive,

17. JENKINSON'S LAW: It won't work.
18, LAZKINSCH'S LAW: A1l 12ws are basically false.

19. LAY OF COMTINUITY: Experirents should be re-
producible. They should all fail the same way.

20. LAW OF THE PERVERSITY OF NATURE: You cannot

_determine beforehand which side of the bread to butter,

-
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21. LAW OF THE TOO SOLID GOOF: In any collection of
data, the figures that are obviously correct beyond all
need of checking, contain the errors.

corollary 1: No one you ask for help will see the
error efther.

corollary 2: Any nagging intruder, who stops by
with unsought advice will spot 1t fmmediately.

22. MAY'S LAW: The quality of correlation is in-
versely proportional to the density of control. (The
fewer the data points, the smoother the curves.)

23, MENCKEN'S LAM: There 1s always an easy answer
to every human problem - neat, plausible, and wrong.

24. MURPHY'S LAWS:

(1) In any field of scientific endeavor, any-
thing that can go wrong, will go wrong.

(2) Left to themselves, things always go from
bad to worse.

(3) If there {5 a possibility of several things
going wrong, the one that will go wrong, is the one that
will do the most damage. = °

sl) Nothing is as easy as it looks.

I 5) Everything takes longer than you think it -
wil

(6) If everthing seems to be going well, you
have obviously overlooked something.

(7) Nature always sides with the hidden flaw.

25. PARKINSON'S LAW: Work expands to fill the time
available for 1ts completion.

26. PARKINSON'S LAW, MODIFIED: The junk you have
will expand to fill the available space.

27. PETER'S PRINCIPLE: In every hierarchy, each
employee tends to rise to the level of his fncompetence.

28. PUDDER'S LAW: Anything that begins well will
end b;d\y. (note: The converse of Pudder's law is not
true.

29, RUDIN'S LAW: In a crises that forces a choice
to be made among alternative courses of action, people
tend to choose the worst possible course.

30. RYAN'S LAW: Make three correct guesses consecu-
tively and you will establish yourself as an expert.

: 31. SATTINGLER'S LAM: It works better if you plug
t in.

32, THYME'S LANW: Everything goes wrong at once.
33, UNNAMED LAM: If 1t happens, it must be possible.

3. WEILER'S LAW: Nothing fs fmpossible for the man
who doesn't have to do the work.

35. WHITEHEAD'S LAN: The obvious answer is always
overlooked.

36. WILCOX'S LAW: A pat on the back is only a few
centireters from a kick in the pants.

37. WOOJAARD'S LAW: A theory is better than fts
explanation,
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HOW WAS " KNOWLEDGE ACQUIRED???

From observing successes and building one
brick higher.

May 22, 2003 M. E. Harr, 1st G.A.
Leonards Lecture



M. E. Harr, 1st G.A.

May 22, 2003

Leonards Lecture



" |THE ENGINEERING SYSTEM| %
4 0” xP x3
D 8 0 ce”
Q \'- ]
oo SMMPLING TESTING FORMULAS EXPERIENCE F &7 T J?‘”‘
S P $ fately -
\ Sy ; o 1)
SN { —y>> [BUILD WITH reliali b
'fﬁ?»? B e x‘;_::_—::g/l ~ |CONFIDENCE J
Y i 1,08, %3y 2, e 20
LABORATORY (MODEL)
Known Known Known
Input . Model * output
v/ L l \1 IN SITU (FIELD)
Extract , -
Parameters Known Model Sradidtad
Estimated with Measured |ejs Outout
Input Parameters P 97
\ Tolerabl, &
M,\ /\ e _//b //‘-——/‘.__
May 22, 2003 M. E. Harr, 1st G.A. 7

Leonards Lecture



DUE UNIVERSITY T‘l }r
\

’l‘ ;\)i\& JU“

SCH(”ZL.O—-_WL ; - e ) x CONVENT,ONHL
g 4, CONTINWM
Ui i LN
| | ' '--j;f',' : /\ ik
velocity .. . graclént; vols 4)

current - G/f"]e ‘7}?’/ ¢ off-%)
heat Hlowr- / a/fkrwemﬁmﬁﬂai‘(ﬁ T)
Lo 1elh > - pried, a Heronce . s W (f-R)

)(;I‘CC ‘|5r ,ck,ag n Vdayd Fﬂ’(y 1)
_EMOTION = ..... = ... Ty o = CHANGE

—

——
—
-

e
1'6\
ko
A

el E-' > E T ':;
<] =0 <3 3 [t .

LAW OF CONSERVATION OF CARS &
BN AL }w«m &
”5' 1 e tember o Fvehicke o He
jec/’m of ﬂ“"" dveen ¥ and x;, ,doring any

Zine Inferval, is The difere Jeﬂﬂ 7
m?‘m;y and leaving that ,::c//lﬂ /Y jp e e

May 22, 2003 M. E. Harr, 1st G.A. 8
Leonards Lecture

};\\\M\\\M&\ Jl“’l Wh "ﬂj/d



E!ed’r?ca/ 'M(C/Jaﬂ/.cd/

vI@c:rrmf'
v, Vidltage drop

[ force

el
==r ("

=’D/7‘J Vf-ﬂ-——‘f-'r

(Y

J

/Mre.sﬁﬁme

égwa’ révs }Lm')c: e

A;" ATEINT

: AR DL T S A
g \\l 7 Eaey ¢ R D T
:barrj:r /aw~— /
N v )

o) Baedli v L / N L" i ”fl'.fr/auf"
p ':,,Veu)?"n_f W o FopﬁG ~
'0/7”’"5 {ﬂﬁrd\\“,” T i ) B, VAR A O 5
e A i ) 8 : !
May 22, 2003 M. E. Harr, 1st G.A. 9

Leonards Lecture



\ I SLEAC A B P AR W AV AV PSR SR ¥ A S T £ 4 4

STHE SYSTE

FAT{ T | P

May 22, 2003 M. E. Harr, 1st G.A. 10
Leonards Lecture



10

Shelbyvllle
'\( Ru=0.5

\

] L 1§ L}
Sudden Drawdown
Embankment

-\

W\\

-q
: ﬁ\ End of
\..._04 E\\‘\ / Construction

\
S .‘
.\(‘.”\

10 y
N\ Shelbyvtlle
° N\ EOC
3 3L ' 4
5 \\
Y - Sudden Drawdown
° Foundation
»
= .
DY r -
iy =
[5) '
. { ;
o
~— Partial Pools ,
3 -5 EL 607 thru 638
-6 Steady
hat® § \/ Seepage
| \
0”7 il R TR )
' ¢ 25 3 4 5
Foctor of Safety
May 22, 2003 M. E. Harr, 1st G.A.

Leonards Lecture

11



V/// Predictors (N = 10)

/77 (average = 15.8 ft)

— Audience (N = 206)
§ _r I (average = 16.4 ft)

EE 10— r— #

= - C'uu:.do h""(
%) uilrj ?Mh*

c

s O Suys 5

8

o

\

4?%%%5253
EZ§§§25 : 7 -
///n_-_ /2////%/2

510 15 20 25 30
Add height to failure (ft)

May 22, 2003 M. E. Harr, 1st G.A.
Leonards Lecture



May 22, 2003

M. E. Harr, 1st G.A.
Leonards Lecture

13



e — T

(TOSTFRINTS 1) THE SANS)

ing Formulas Experi

HID &L pone
NITH

CONFIDENCE ) 40
us (o5

PREDICTING PERFORMANCE OF TH INGS)
NOT YET DONE! |

May 22, 2003 M. E. Harr, 1st G.A. 14
Leonards Lecture



May 22, 2003 M. E. Harr, 1st G.A. 15
Leonards Lecture



uP If i
(HE‘ADS)Z ]\/%) <= CoW~
= /12 i B
% THERMOMETER

LEFT = RIGRT
(HEADS) ¥ (TALLS)
1
DOWN
T, peesne T
_TeMPERATURE Ty

May 22, 2003 M. E. Harr, 1st G.A. 16
Leonards Lecture



May 22, 2003

i ‘%@@a&?%&

) _5,#1’//#::5/ g

>
oy .
l.“ : £ . }]z -~ s Y
x‘q::-‘,\.\ e V2 721:/‘1/47%4"'
Con TR Y S el f | '
] [4

M. E. Harr, 1st G.A. 17
Leonards Lecture



AR
4 (5. -.. u %
v | cubie, 1€do'f' {\ 2 - 44 ~ 2'-5003 000 Fal"t Jes
! $a 0L
N SAND 1-.“ e J‘ l9900gooo
(n=059) | ~ ~ 10 Permitations
) [ t s »

. 80x50 m%“y"
'

& J —:-_F-‘/LS{aCKO'FW
15fet 2 8m

May 22, 2003 M. E. Harr, 1st G.A. 18
Leonards Lecture



THE

TR

PRINCIPLE
OF

MAXIMUM

ENTROPY

May 22, 2003 M. E. Harr, 1st G.A.
Leonards Lecture



Y

/\/"‘"\.‘\/\‘-

CONVENTIONHL‘
& CONTINUUM |

@ Velocity wwveminenen. 0 raa/ ént; V"f@ /54)

current - valtageatop; ¢ off-7) '
beat Fowr- / a/ﬁ@m.cmzémm, ;«(é’ 7

Flow rate fftﬂ'm di Herence . ; wa(f-4)
;Qrce 15f cbryb ” Vl/lc:y Fe q«(y -¥)
_=MOTION = R r___ = <ScHANGs ’4’0
3 NG 1
T b -
.. T s . e, =, &
= Ej' B - 4
| jED 7D .‘G m "'—'—q :
X
| — QRN .HN‘.\J 0 V(u JL/

| = LAw (\7F CONSERVATION OF m&i\ S
f 7, 719N HI i RN
7 b céanj! in the nember ofyg/f,ck, o Be

530'//0/7 af A /‘W 72/6 /etmm X and X% a/w-mj any

ine /nferVa/ is The difFerence Jcﬁﬂm The number
\ mfcmy and leaving bat sectionll’

May 22, 2003 M. E. Harr, 1st G.A. 20
Leonards Lecture



M:c/! aﬂ/ cd /

C\%
fot coply | Ligud storage
g
stance | Ligud resstance
Hut resne. | lagu
: L) B A AT A t
e A/e“ﬂ’-'ny IW /" f_o‘-{)ﬁt’-j /ﬂ“}—-’\ : \a;fj-f
O}}mj fﬂr\h 2 AR ;\\\--/ r/’ W,/ ///\\ PR e }
May 22, 2003 M. E. Harr, 1st G.A.

Leonards Lecture

21



H i
Pl | - ===
— X
OT ai|l Ve
-
First
Second
& Third
a
Fourth
Home
Fifth i
C E F G H | J K L M
Avenue
0 [
I
- LS S
First 21 : 5
1 1,1
cond ‘5—1——'?’—'&—4—
: 1, 3 <
i g gt 88
s U R T T N
our - —t = — = . e
6 | 4 g | 4 | 16
5 5 ! 1
Fifth 23— > WO 5 —
, | WHOFOE'ILG | ] | .
e D E F G H I J K L M
Avenue
May 22, 2003 M. E. Harr, 1st G.A.

Leonards Lecture

22



Cenrl Ey'n;* “Theoyom

e

Finally, we give the most remarkable and most important theorem of all
probability theory, the central-limit theorem (first introduced by De Moivre in thg
eighteenth century but so named by G. Polya in 1920). Under very general condi-
tions, the distribution of the sum of random variables converges (or approaches) ic

the normal distribution as the number of variables in the sum becomes large.
Ground surface 7

X =x a
{‘l
/ 'k\
‘\ l | \\
\ I (e
l’ \
i I | #
\ 1
\ I | \‘
\ l \
\ | »
A P
' # (b)
n ) Mechanical dispersion

/D;S‘msfm Goef.

54 vod

. i 7
1
Téu):““"m“p 4D 2' }/—""\'\
g . see d. L(,b‘.lf (e)
Normal ﬁGaussiw Diﬁrikﬁ 1N S ]

—~

Glton's Bl )

May 22, 2003 M. E. Harr, 1st G.A. 23
Leonards Lecture



b
¢ ¥ :
s“l“ﬁ’s
o
ﬁc“ﬁp i
£5°
$ /
15""’"
May 22, 2003 M. E. Harr, 1st G.A. 24

Leonards Lecture



/' ’_\) , & \\

j\,.
1 STRESS DISTRIBUTION
N

May 22, 2003

CENTRAL

LIMIT

A\ £
| & 2ps3
]J Z%”) = S

P ¥1[-2
za,=(-”[ T
n z

00 | 064
0.1 | 063
02 | 061

0.64
0.62
0.59
0.54
047
0.41
0.34
0.24
0.16
0.11
0.06

~| 004

08 | 028 (’Q’
10 | o1z L,
12 | 0.10
1.5 0.04
18 | 001
20 | 0.004

0.03

M. E. Harr, 1st G.A.
Leonards Lecture

",‘

25



(%

CENTRAL LIMIT THEOREM

TRANSMISSION OF VERTICAL STRESS

2 2
T - P 2
S: e Varyy vl exp Iy 1y — p ————
27Vz 2vz? 2nvz? - 2vz?
VALLVE
3P A
- = — -
=Max 27::6 - P P
00 048 0.48
0.1 047 0.47
) P 02 045 0.43
Scanx = 53 04 038 033
A 06 6 o
08 018 0.14
15 an 0.08
1.2 006 0.05
L5 002 0.03
20 0001 001
May 22, 2003 M. E. Harr, 1st G.A.

Leonards Lecture



May 22, 2003 M. E. Harr, 1st G.A.
Leonards Lecture




May 22, 2003

M. E. Harr, 1st G.A.
Leonards Lecture

Toe

28



EXPERIMENT WiTH SAND : BRISBANe  7/o1

« Cowtamer’
<§lmd€/ \ i < - ""':‘_J.'
. / N L |
VI&W / LT ; S-Mcl ‘L. ‘\L‘;
. \' “l" € ' \ \.\.
d il ‘Argle of repose

3 (ﬂi’a\r‘rbs o Slepe

PN Nﬁﬁ,ﬂﬂm/ Local avches
Ak + Tweregular<]
View @P @P -.Pa {ﬁlc\;ga:-gs
£ 19 i
Mter (o [ore Lig . :
(Sxészvf‘) % ,L-SW?GHSV agwepm, q

Pavaated TeE wiih amyﬁ,l ~ Results similay
/:BU'T‘ }felgh’l' o P]umo decrases with hcreosing

423" ~whext
?ar’fagefﬁi‘izﬂ (UP el
b&»gh"r 16 num O'F ?ar‘i'vd% 4%% Qgﬂlﬂ+€3

iy s indeperdet & widh o7 ¢

May 22, 2003 M. E. Harr, 1st G.A. 29
Leonards Lecture



LIKELY TFAILDRE
gI—F con 5Utfo(+ GT'OL\"'CQOWS
%

SHAPE ?

WHY Dogs RUPTWE Cedse
recil can SUSTAIN) LoAD)
&)

May 22, 2003 M. E. Harr, 1st G.A. 30
Leonards Lecture



i No};q C

T
e
3

-2
F
I¥
29
Ay
I3
7S
209
250

May 22, 2003

m—’ér

0‘5
0.37%
0.313
0.2
0.5
0.10
0.07S
0.0k
0,055

0,50

M. E. Harr, 1st G.A.
Leonards Lecture

17

29
ay

nyg

209
130

I¥8”

31



G as agiad of SETETEES R A A M WINRE IR Will U Piesiiied I d companion
volume on “Earth Tunneling with Steel Support.” The test results led to the following
conclusions regarding the prerequisites for arch action and the factors which deter-
mine the load on the roof support in tunnels through crushed rock and cohesionless
sand located above the water table.

(a) The arch action is the inevitable consequence of the local stress relaxation
produced by mining operations. The mechanics of the arch action are illustrated by
Fig. 25. In this figures the ground arch is represented by the shaded area a ¢ d b. The
ground arch has a width B;. While the tunnel is being excavated and the support in-
stalled, the mass of crushed rock or cohesionless sand constituting the ground arch

Surtface
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Fig. 25—Ground arch L— B ——vl

tends to move into the tunnel. This movement is resisted by the friction along the
lateral boundaries a ¢ and b d of this mass. The friction forces transfer the major
part of the weight of the overburden, with height H onto the material located on both

sides of the tunnel and the roof support carries only the balance, equivalent to a
height H,,

(b) The thickness D of the ground arch is roughly equal to 1.5 B;. Above the

ground arch the pressure conditions in the rock remain practically unaffected by the
tunnel operations. \

60
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[ was Jerry’s first Ph.D. He was my
academic father. We shared 40
magnificent years together at Purdue,
often with two coffee breaks and lunch.
Our discussions ran the gamut, from
Monday morning quarterbacking to
philosophy and, of course, liberal doses
of soil mechanics. It is said that nature
abhors a vacuum. The vacuum that
Jerry’s (and Bill Dolch’s) death
created will never be filled.
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