





BnoBE N A

AHBUBERETBELTRALENEENER, SAHLELLEDUEE
Wi, RATHERSHEELARTARCUREABRKLNTE, RERSHR
BRERDRNERTREN., 2HEHPRELRE. Z288. TL2E5H, Al
FLTHR., TECHE, ZEAY. FUNE. BEPW. BUNE. FLREE. A
P . AMTRELURSHASTHESEEE.

EHTEHELRREELAS . SHLERPIRAEHN, STRALEUEA
AR B%MA.

MEEHME (CIP) Wi

ZERETIREURE/EME. L. FEBKE
H #2007, 5

(ZEELTEAFIAS

ISBN §78-7-113-07924-6

I.%~ 1.&- 0. XBoskEe—R2IRHKE—
HEEE—#4 V. H3l

o EH R A EHE CIP H\EZF (2007) 5 058479 5

2 &, FHEEETBREAMS
FHESTEYLXR

#£# XK & @

MERE{T: PESLHEEM (lo005d, ERHTERELAEIIHEE 8 S)

wYMR: 7R

MEMW: BH BAE

HERIT: KR

B B ERSEXSHERLA

F &, 787X960 1/16  F¥, 16 F&. 304 F

B & 2007 SHAEIE 200748 A% 1 MR

B %: 1~3000 M

3 B ISBN 978-7-113-07924-6/UJ » 2067

E #ft: 29.007%

e N 2 ER
RMEGEENEAY, aFRK. 8K, REE. ¥R T78RAR.
SEEBIE. A (010) 51873147 B (021) 73147 ZAFEEHIE (010) 51873172 Ed (021) 73172






WA, TE S ARPDFGIEE www. ertongbook. com



Contents

Unit 1 Text
System Safety
Reading Material
Characteristics of the System Design Process
Unit 2 Text

System Llfe Cycle e weh AR Baw o md Ak ARy pa b A AT RAp g m

Reading Material

Determine System Functions «r«oeesmerersannn

Unit 3 Text

Systern Safety Management Organization  «ecrrrecs v

Reading Material

Organizational Relationships ...................................

Unit 4 Text
Operation System Safety
Reading Material

Types Of Human Factors Testlng ..........................

Unit 5 Text

Operation System Safety (continued) Y

Reading Material

Product and Service Marketing Stages — -eoerrrrerseensen

Unit 6 Text

Anthropometric FAQtOrs «=trerersrararssanntasiinisusasiissssasnnsnssnatirres

Reading Material

The Human Factors Research Program «---r-irvmevenannns

Unit 7 Text
Human Sensory Factors
Reading Material
Visual Acuity

e 15

17

23

- 25

31

33

39

42

49

- 51

- 57



2 RBRETIBREURE

Unit 8 Text
Physiclogical & Psychological Factors —»++serverririniiniinnn 59
Reading Material
Physiological Criteria of Physical Activity -«+overeiinnin. .. 68
Unit 9 Text .
Traffic Safety «orcorereerrren it i e s 68
Reading Material
Human Requirements for Mohility Systems reveorvnennnin 78
Unit 16 Text
Accident Liability sescsrerrrescrenecasmernmianmniiniaes e srnennaes 77
Reading Material
Trip Generation retes-ressrerereieansrannnssadensanesneiorinsrsmensreinninens 83
Unit 11 Text
Traffic Accident «vreeeer errrmrmrirmeiiens it rerne e nesesieerenes 86
Reading Material
Typical Accident Categories -«-r-rreseteessererrerrrmmnanirensiiorrmnsone 92
Unit 12 Text
Human Errors in Road Accidents  soocseeessnemimeniciininn 95
Reading Material
General Countermeasures for Accident Patterns and
Their Probable Causes »+««rrrerererierecemminiunrerssscsssssineersnenens 101
Unit 13 Text
Alcohol and Accidents =+ rererereenntvrrinine e o e ereee e 106
Reading Material
Identify Hazardous Locations and Elements «sossreevsssinmnnncncs 111
Unit 14 Text
Driver’s Reaction Timme »«--«r«r«rerrteeenerairernnssinsnenvrsresrmnnneses 115
Reading Material
Engineering and Road Safety - rererrreesssnsrmsimmnnesniiisininenes 119
Unit 15 Text
Road Safety Design =« eesrvereerrrerensntinssoinnmeinnsniisissosceserenes 122
Reading Material
Economic Appraisal of Road Safety Projects  seeverrransianiiinen. 127



Contents 3

Unit 16 Text

Reading Material

Traffic Calming Engineering Elements «recorrrerrererirani e

Unit 17 Text

Crossing the Road: Pedestrian Skill in Choosing Safe Intervals
in the Traffic SErEam  «reerrrerererierrrrmrrrinresensiinsisrsencnr e

Reading Material
Weather and Accidents: Rain & Fog
Unit 18 Text

Reliability Of Transport NetWOIkS R rARasauds e Ra ARt anr e ran s

Reading Material

Part 1 Ill-Predictability of Road Traffic Congestion =+ +=rreereeee
Part 2 Game Theory sesesesererermreensansneensaaresonsrtsassresas o

Unit 19 Text

Travellersi Response to Uncertainty ek R R e MR AR aseran e ranar ran s

Reading Material
Travel Time Versus Capacity Reliability of 2 Road Network
Unit 20 Text

Travellers' Response to Uncertainty (continued)  «orreveoreseenns

Reading Material
Snowlfall Weather Forecast and Network Reliability

Interpretation

Vocabulary ek A e B R R SRR e EE A e R AR PR ERY FA R ER Ak Eea R PaR RTa R RAE AR PARaRT RaR ARy raE

Reforences - rmremiman i tin s s mrasnta s s tra s m b ma s ba et raE e Ea i re brsanr b

130

135

140

- 146

150

156
159

167

- 172

176

- 181
- 185

221
248



Unit 1 Text
System Safety

Recent accomplishments of the space shuitle, new and advanced weapon sys-
tems, rail-transit system applications in our cities, larger and more advanced air-
craft systems, nuclear power systems, and computer developments for command
and control systems have all shown the need for 2 better understanding of system
safety engineering. Nonetheless, inherent in the basic use of these systems’is the
recognition of hazards and their identification. The evaluation of controls that are
incorporated into the system design to minimize accident potential must also he con-
sidered, With modern improvements in science and technology there is the constant
need to learn about hazards and how to contrcl them. Safety practitioners have ob-
served the need for sound hazard identification management and a disciplined pro-
gram of hazard control, The first step in this total process is hazard identifieation,

The hazard identification process requires a disciplined method of analyzing the
product or system. The discipline of system engineering application into a systems
program has been a major part of the organization for systems development, This
new organizational development has emphasized a new systems methodology—that
of system safety—which is established as a formal, disciplined approach to hazard
management. The following are the definitions as applied to the methodology

known as system safety.
HAZARD

The word hazard has many definitions [isted in the dictionary; amoﬁg them are
1. Risk; peril; jeopardy

. A source of danger

. Mistake

2
3. a. Chance, b, a chance event; accident
4
5. Something risked,
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The safety person sees a hazard as an implied threat or danger, of possihle
harm, It is a potential condition waiting to become a loss. A stimulus is required to
cause the hazard to transfer from the potential state to the loss. This stimulus could
be component failure, a condition of the system (pressure, temperature) switching
condition that is out of tolerance, a maintenance failure, an d‘m@}g\'failurh o' 2

combination of other events and conditions. The following is a more technical defi-

i et

nition of a hazard. e g ¢

A potential condition, or set of conditions, either internal and/or external to a
system, product, facility, or operation, which, when ‘activated by a’ stimulus,
transforms the hazard into a real condition, or series of evetits which eulminate i &

logs (an accident).
STIMULUS

The normal system has a hierarchy of subsystems, assemblies, subassemblies,
and components, The number of these elements in the hierarchy will vary with the
type of system and it complexity. Naturally. the components are intercofinected-iix
such a manner that they perform a specific function when input is provided ftom a
source, such as another component or 8 human operator. S

Thus, an action of the coniponent will create output. This series of interéon-
nected events cause a sequential logical action in the systern design, Take as'an ex-
ample the action of energizing a relay, which will force ¢losure of the relay switch
as a specific performance level of the relay, dependent on its characteristics in’ am-
perage and loading requirements to the relay coils. We thus'see the event, closure
of the relay, resulting from the stimulus of current applied to the relay coil. We'ean
thus define the stimulus as, a set of events or conditiors that transforms & hazard
from its potential state to one that causes harm to the system, related property, or

personnel, P oy
ACCIDENT

We normally think of the accident as the loss of a system or part of a system,
the injury to or fatality of the operators or personnel in near proximity, and proper-
ty damage of related equipment or hardware, An accident is usually a dynamic event
since it results from the activation of a hazard and culminates in a flow of ségquential

and concurrent events until the system is out of control and a loss is produced.
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While we think in terms of the events' proceeding logically, we should remember
that environmental influences are part of these logical relationships. Accident
events may be fire, explosion, high-energy release, destruction of parts, separation
of parts of the system, and so on. We must focus on the set of events that occurs
and leads to the accident, resulting in a loss. Thus, the accident can be defined as a
dynamic mechanism that begins with the activation of a hazard and flows through
the system as a series of events, in a logical sequence, to produce a loss., A simpler
statement from another point of view is that an accident is an undesired and un-
planned event,

Accidents are important to the safety professional because of the manner in

which they occur and the preventive measures that must be taken.
SAFETY

If we return to the dictionary, we find safety defined as "the condition of being
free from undergoing or causing hurt, injury, or loss.” Put ancther way, total
safety is freedom from potential harm. The system safety professional may use such
terms as increased safety, improved safety, and safer. The difficulty with these
terms is measuring increased or improved in a system that is essentially safe, Safety
should be thought of as a characteristic of a system, like quality, dependability, or
reliability. These characteristics are an integral part of a system. Safety in a system
may be defined as a quality of a system that allows the system to function under

predetermined conditions with an acceptable minitnum of accident loss.
RISK

Risk is associated with likelihood or possibility of harm, Put another way, it is
the expected value of loss. Just as the activation of a hazard can result in an acci-
dent from a stimulus, so the risk is related to the probability that frequency, inten-
sity, and duration of the stimulus will be sufficient to transfer the hazard from 2 po-

tential state 10 a loss,

Source: System Safety Engineering and Management, Harold E. Roland &
Brian Morianty , John Wiley & Sons, Inc., 1983
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Words and Expressions

. accomplishment; n. Zh#k. Bk, KK
shuttle; n, SiXEH., BF
application;, n., W F
nuclear power: ¥ H
nonetheless; adv. BRI, HiE
inherent: adj. HEK, BEHH
recognition; n.- thif, Al
accident: n. Mk, BH -

accident potential; [ 8

I

practitioner; n, MikE

sound hazard, identification management; B fEB EiRHTHE

hazard control; fEREEH . BEEH

hazard identification. /&8 ¥iRH]

hazard management.” G EEH . -

. basic term.: EEREF -

system safety; RHEEL N - oo '
-methodology: n. FiiE, FiE o : Coe
* jeapardy: n. 1EE L C o

stimulus: -n, §I#

component: n. JG#

component failure; Jo{EMEE, TR

maintenance failure. B4

operator failure: #4E A %R

hierarchy: . &%, Bk

subsystem: n. FHH

assembly: n. 4

subassembly, n. T4

system design: EHR

energize; v, #5-e-es W

closure: n. W&, XH

relay, n 4k 58
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amperage: n, (HE¥) FHH, GREF
coil: v. £ H

relay coil; Sk 5525 B

loss: n. fii%k

injury: n. %HE, i

fatality: n. (EHEHERN) T
property damage; Bf =%
proximity: n. ¥&iff, Fi, Wi
concurrent: adj. [FBfRAER, HFRY
mechanism: n. HL#, P8, A
preventive: adj. ¥
characteristic: n. &1L

quality: n, i

dependability: n. [ {1

reliability, n. AJ$EFF

predetermine: v. i

possibility: n, A §E#E

explosion: n, @4k, B%

integral: adj. E®RY, BEH
sequential: adj, FHSkEAER, HEZ mMEH
frequency. n. R

intensity, n. ¥

duration: n. g (g

Exercises
1. Complete the following paragraph by filling in the blanks with the proper

words, noting that their first letters are given.

The normal system has a hierarchy of s » a » S '

and ¢ . The number of these elements in the hierarchy will vary with the
t of system and its ¢ . Naturally, the components are.intercon-
nected in such a manner that they perform a specific { wben input is pro-
vided from a s » such as another ¢ orah operator.

2. Deline the following terms both in English and Chinese.
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(1) Hazard

(2> Stimulus

(3) Accident

(4) Safety

{5) Risk

3. Translate the following inta Chinese,

(1) The hazard identification process requires a disciplined method of analyzing
the product or system,

(2} The stimulus could he component failure, a conditipn of the system (pres-
sure, temperature) switching condition that is out of tolemapce, a maintenance fail-
ure, an operator failure, or a combination of other events and conditions,

(3> An accident is usually a dynamic event since it results from the activation
of a hazard and culminates in a flow of sequential and concurrent events.until the
system is out of control and a loss is produced.

(4) Safety should be thought of as a characteristic of\a system, like quality,
dependabhility, or reliability.

4. What do you normally think of the accident?

Reading Material

Characteristics of the System Design Process.

Although representations of the system design process such as the omne shown
in Figure 1-1 imply an orderly, structured process, in practice the stages often overlap
and are performed in iterative fashion. In the design of a system, deeisions in later
stages often necessitate the modification and refinement of information and decisions
from earlier stages. Meister (1985) lists the foHowing characteristics of the
process:

1. Molecularization, The process works from broad molar functions to more
molecular tasks and subtasks,

2. Requirements are forcing functions. Design options are developed to satisfy
system requirements. (For this reason formal behavioural requirements must be in-
cluded in the initial design specifications. )

3. System development is discovery. Initially there are many unknowns about
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the system, and during the design process these unknowns are clarified and ad-
dressed.

4, System development involves transformation, There is a transformation
from physical requirements to behavioural implications of those requirements, and
from behavioural implications to the physical mechanisms (e g., controls, dis-
plays) required for implementing the behavioural implications.

5. Time, There is never enough time for practitioners to perform the analyses,
studies, and tests that they would like to do.

6. Cost, There is usually not enough money to support the design effort, and
behavioural recommendations, if too costly, will be rejected automatically.

7. Iteration. Activities are repeated as more detailed information about the sys-
tem becomes available.

8. Design competition. Large systems are designed by groups or teams of spe-
cialists, each with their own concerns and criteria, Less influential groups (often
including human factors peeple) must function under constraints established by the
dominant groups.

9. Relevance. Relevance to design, as perceived by engineers, is eritical for

the acceptance and judged value of behavioural inputs,

STAGE 3.
STAGE 1: Basic Design
Determnine Chjectives and
Performance Specifications STAGE 4: STAGE 6
Interface Design Testing and Evalugtian
STAGE 2-
Definition of the System L1 STAGE 5§
Faclitator Design

Figure 1-1 Major stages in the system design process. These stages are car-
ried out in iterative {ashion as the system develops. Later stages
may modify decisions made in earlier stages. For some simple
systems, these stages are cartied out informaily and, in some ca-

ses, not at all,

Source; Human Factors: Theory and Practice, David Meister, 1971 John
Wiley & Sons, Inc., 1971
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System Life Cycle

The five common phases of a life cycle are concept, definition, development,

production and deployment. . .-
CONCEPT PHASE

The. concept phase is the initial period in which historical background data and
future technical forecasts are used to provide a basis for the proposed system, ;Criti-
cal issues related to the product are examined, system safety concerns with the
types of hazard are identified, and their impacts are evaluated. A preliminary haz-
ard analysis (PHA) is an analytical tool used during the concept phase to bring out
the hazards that would be involved with a specific concept. Risk analysis (RA) ona
gross level would also be performed to determine the immediate needs for hazard
control and the development of safety design criteria.

The system safety management areas will be oriented to the development of a
system safety program plan (88PP), identiiying the tasks tc be accomplished in the
total safety program for the evolution of the system. The effort to develop a SSPP
at this time is of major importance to assure that safety is examined in a logical, se-
quential manner throughout the entire program. The PHA is performed as the ini-
tial hazard analysis in the development of the system.

Three basic questions should be answered at the close Iof the concept phase,

1. Have the hazards associated with the design been discovered and evaluated
to establish hazard controls?

2. Have risk analysis been initiated to establish the means of hazard control?

3. Are initial safety design requirements estahlished {for the concept so that the

next phase of system definition can be initiated?
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DEFINITION PHASE

The definition phase provides for verification of the preliminary dasign and en-
gineering of the product, The SSPP should be specific in the safety tasks that are to
be undertaken during this phase, particularly the identification of analyses that
should be conducted, Models may be developed to allow more comprehensive inves-
tigation into the suitability of the product and identification of the preliminary de-
sign. Areas of technological risk, costs, human engineering, operational and main-
tenance suitability, and safety are examined in detail and reported at design.reviews
in this phase,

To provide a design that meets the eriteria derived from the concept phase, a
clear definition of the subsystems, assemblies,. and subassemblies of the system
must be made., An examination of the hazards of several designs may be required.
An updating of the PHA is accomplished, along with initiation of the subsystem
hazard analysis .(SSHA) and later integration into-the system hazard analysis
(SHA). The fault hazard- analysis (FHA). and fault tree analysis (FTA) may be
used to examine specific known hazards and their potential effects; Risk analysis
will help evaluate the different hazards that may be considered in: the operational
and maintenance suitability. An examination of the risk is the key to selection of
the final design. o S

One or more safety analysis techniques may be needed to idéntify Ltgl\le- follow-
ing: safety equipment, specification of safety design requirements, initial develop-
ment of safety test plans and requirements, and prototype testing to verify the type
of design selected, Understanding the need for 2 complete evaluation of hazards to
assure that controls are considered in the preliminary design of ‘the product or sys-
tem is vital. System definition will initially resuit in acceptance of a suitable general
design, which must then be more specifically developed in the following phase. - Not
all hazards will be known at this time, since the design is not complete. -

DEVELOPMENT PHASE |

The development phase allows system definition to include environmental im-
pact, integrated logistics support. producihle .engineering, and. operational use
studies. Prototype analysis and testing results are used as inputs for a comprehen~

sive operating hazard analysis (OHA} to examine human-machine hazards. Fur+



