


SAFTEY

Absolute safety ,in the sense of a degree of safety
which satisfies al individuals or groups under
all condition, is neither attainable nor affordable.




Professional Practice and
Occupational Health

ENGINEERING AS SOCIAL
EXPERIMENTATION




Engineering Sequence

e Initiation of Task

(Idea, specific request, or market demand)
e Design

Concept, goals, preliminary design.

%ﬁame specifications
Pre n‘rf\w analysis.

Detailed\a alysis; simulation/prototyping.
Specificatio r materials and components.
Detalled shop\drawing.




Engineering Sequence

e Manufacture

Scheduling of tasks.Purchasing components and

materials.Fabrication of parts.Assembly /
construction.

Quality control / testing.

W entation
Ad \thisin Sales and financing.

Operm nd parts manuals
Shipping e}h iht.tallation. Operator training.
Provisions fo af\ety measures and devices.




Engineering Sequence

e Use of the product.

Field services: maintenance, repairs, spare
parts

Monitoring social and environmental effects.
— Reporting findings to parties at possible risk.

ms ks

Geriatric ser K:{es: rebuilding, recycling.
a

Disposal o\%qw \

erials and wastes.




ENGINEERING TASKS /PROBLEMS

e Task
Conceptual design
e Problem

Blind to new concepts. Violation of patents or
trade secrets. Product to be used illegally.

e 2O

Goalsyperform ~ 4
o Problem é& 1{?/
Unreallsu%ss \mptlons. Design f?._/p
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ENGINEERING TASKS /PROBLEMS

e Task

Specifications
e Problem ﬂ4/\\
depends on unavailable or untested materials :

; v
m nalysis
o Proble\\
Uneven: ove talled In designer’s area of expertise,

marginal els




ENGINEERING TASKS /PROBLEMS

e Task
Detailed analysis
e Problem

Uncritical use of handbook data and computer programs
based on unidentified methodologies.

\o‘%k
Simulah]

e Problem

ot\y:ing
Testing of prot@type done only under most favot
conditions or not éompleted.

o




ENGINEERING TASKS /PROBLEMS

e Task
Design specifications
e Problem

Too tight for adjustments during manufacture and use.
Design changes not carefully checked.

Scheduling of tasks

e Problem Xﬁ\‘
Promise of unréalistic completion date based on

Insufficient all wa ce for unexpected events.



ENGINEERING TASKS /PROBLEMS

3
Sgl)

e Task

Purchasing
e Problem
Specifications written to favor one vendor. Bribes,

/gSC

kickbacks. Inadequate testing of purchased parts.

Fabrication:of parts

e Problem \m LNV N
Variable guality?of materials and workmanship. Bogus

materials and ‘components not detected

kY



ENGINEERING TASKS /PROBLEMS

e Task
Assembly/construction
e Problem

Workplace safety. Disregard of repetitive-
motion stress on workers. Poor control of

IC wastes.
m ,

Quality contrel/testing
e Problem
Not iIndependent, but controlled by production




ENGINEERING TASKS /PROBLEMS

c AR
e Task
Advertising and sales |
e Problem ;

False advertising (availability, quality). Product oversold
beyond client’s needs or means.

« Task
;hip?ps)‘irb

stallation, training
o Problem\\géx
Product too lar@e to, ship by land. Installation and

training subco\ntra ted out, inadequately supervised.




ENGINEERING TASKS /PROBLEMS
e Task

Safety measures and devices Use
e Problem

Reliance on overly complex, failure-prone safety
devices. Lack of a simple “safety exit.” Used
Inappropriately or for illegal applications.
Overloaded. Operations manuals not ready.

\o"%k

Mamte\m e, parts, repairs

e Problem
Inadequate su fspare parts. Hesitation to

recall the prod\uct hen found to be faulty.




ENGINEERING TASKS /

PROBLEMS
e Task
monitoring effects of product
e Problem

No formal procedure for following life cycle of product, its
effects on society and environment.

®

Recycm'g disposal \ 3
e Problem \;\O _ |
Lack of attention to ultimate dismantling, disposal of

product, pub nsxgification of hazards.




ENGINEERING AS SOCIAL
EXPERIMENTATION

e ALL PRODUCT OF TECHNOLOGY
PRESENTS SOME POTENTIAL DANGER n\

*ENGINEERING IS AN INHERENTLY
RISKY ACTIVITY



ENGINEERING AS SOCIAL
EXPERIMENTATION

ENGINEERING IS AN INHERENTLY RISKY ACTIVITY

e TO UNDERSCORE THIS FACT AND EXPLORE
THE ETHICAL IMPLICATIONS

ENGINEERING SHOULD BE VIEWED AS AN
T EXPERIMENTAL PROCESS
ITIS\AEX RIMENT ON SOCIAL SCALE

INVOLVING.HUMAN SUBJECTS




SIMILARITIES TO STANDARD EXPERIMENTS
VIEW ENGINEERING PROJECTS AS
EXPERIMENTS

A- Any project is carried out in
partial ignorance.
e UNCERTAITIES EXISTS IN

1.  ABSTRACT MODEL USED
FOR THE DESIGN

E PRECISE
TERISTICS OF THE

THE \I"UF\E F THE
STRESS INISHED

PRODUCT \‘I\?UNTER




Disaster at Sea
EXXON VALDEZ
oll spill




AN

Not a Romance or love story

But

An Engineering Disaster
An Engineering complacency
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TITANIC
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TITANIC

e Maiden voyage 1912

e Greatest engineering achievement (it
was proclaimed)

eolength of two and half football fields

\.’3% Ip, 16 watertight
comﬁ%

tments (floats with any four

compart ent flooded)
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Over Confident

o|_ife boat avallable for 825
«Total Capacity 3547

eResult 1522 Dead out of
2227

*Not only short of lifeboats
*But poor design mechanism ol
[{]['!]]H{ lunching Lifeboats




Major Atlantic Passenger Liner Losses Before the Titanic

1854
1856
1857
1868
1870
1873
1873
1895
1898
1904
1907
1909

Arctic

Pacific
Tempest
Hibernia
Cambria
Ismalia
Atlantic

Elbe

La Bourgogne
Norge

Berlin
Republic (&Florida)

N\

Collins

Collins

Anchor

Anchor

Anchor

Anchor

White Star

North German Lloyd
French

United Steamship Co,

North German Lloyd
White Star

278
186
150
66
190
52
546
303
549
701
140
4
3165
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4 T First Christmas holiday in years and
» our iceberg gets hit by a bloody boat.”



KOREAN AIRLINER




SIMILARITIES TO STANDARD EXPERIMENTS

VIEW ENGINEERING PROJECTS AS
EXPERIMENTS

Engineers do not have the luxury of
waiting until all the relevant facts are |0‘”/ )

—before commencing work / W
/ ///
\/ / S

\\/2& o
TRES




SIMILARITIES TO STANDARD EXPERIMENTS

One talent crucial to an engineer’s
success
The abllity to accomplish task with only a

partial knowledge of scientific laws about
ature and society




SIMILARITIES TO STANDARD EXPERIMENTS

B- The final outcomes of engineering
projects, like those of experiments,are
generally uncertain.

nin engineering it is not even known
at, the possible outcome may be.



Error In engineering design
Artificial Intelligence!!ll Vincennes




SIMILARITIES TO STANDARD EXPERIMENTS

e A reservoir may do
damage to a Dislocation
region’s social
fabric or to its
ecosystem

4 . 4

30;000-Beople i 1400 yillages
- el e




SIMILARITIES TO STANDARD EXPERIMENTS

e An aqueduct may
bring about a
population
explosionin a
region where it is
the only source of [ 4%

water, creating el
\ﬁ{iency and P\ 1§
vulnerability withou g%
ade\q\u&f T |
safeguard |




SIMILARITIES TO STANDARD EXPERIMENTS

e A medical scan radiation

e Fingerprint reader

e Hair i




SIMILARITIES TO STANDARD EXPERIMENTS

Effective engineering relies upon knowledge gained
about products both before and after they leave
the factory

e Ongoing success in engineering depends upon
gaining new knowledge,just as does ongoing
success in experimentation

ring is thus as essential to engineering as it
erimentation in general.

test of a products efficiency, safety,
ess,environmental impact, and the
how well that product functions

cost effe
real value
within socie



CHALLENGER DISASTER

e \We do not seem
to learn from our
past experience




ENGINEERING AS EXPERIMENTATION

The normal design
process

IS Iterative,

carried out on trial designs
—with modification being
“*made on the basis of
feedback.information
acquired.from tests

interneuroscience

2
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ENGINEERING AS
EXPERIMENTATION

o EXPERIMENTATION PLAYS AN
ESSENTIAL ROLE IN THE DESIGN
PROCESS

1. PRELIMINARY TEST OR SIMULATION
FOR ROUGH DESIGN

TERIAL AND PROCESSES

AL EXPERIMENTATION




LEARNING FROM THE PAST

It Is expected that engineers would learn
from:

1. Their own design and operating

—e Tedlts

2. Thos%t&er engineers




LEARNING FROM THE PAST

Unfortunately that is frequently not the
case

1. Lack of established channels of
communication

\Z.NI\/Iisplaced pride in not asking for
\gformation
\‘\}marrassment at failure

4

. INn neglect

Histor)x\pe ts itself
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