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An Abstract of the Report Titled:

A Historical Examination of Accidents
Within the U.S. Army Corps of Engineers

By

Derek C. Brown

This report examined U.S. Army Corps of Engineers accident
records for the period 1977 to 1983. Included in the subject
anaiyses were examinations of property damages associated with an
accident (by severity of the injury and geographic location),
time of accident occurrence (by severity of the injury and
geographic location), accident incidence rates by geographic
location, and severity of injuries by phase of construction in
which accidents occurred.

Analysis of property damages by severity or geographic region
revealed no conclusive finding. Analysis of times of accident
occurrence revealed that most accident distributions tended to
follow the "classic" distribution suggested by Hinze (1981),
except accidents that occurred during other-than-normal work
hours and fatalities that occurred within the continental United

States. Analysis of accident incidence rates by geographic
region revealed no conclusive finding. Analysis of accidents by
phase of construction revealed that several phases of
construction appear to experience a disproportionate number of
fatalities as well as a higher percentage of fatalities.
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I p t r)d -c: t nrn

-oncern for trhe safety of w-orkers is a locical consequ--ence

of tie .,,-;-anized l1abor movement, and t-as evolved gradually wiri

the ra3tuu 3t ion of our economy and soc lety as a w-hoILIe. Wo rker

saf1ety, cap also be interorte-tedl as a reflection of societal

values, -uch as the perceived impcrtrance of an individual

relatie to t-he tas.k at hand. One cannot concede that all

countries participating in the international marketplace 1hcld the

* ~ ~ .ame v*rea alues regard ing \orker safety, and by the same

to~e- o,,e cannot profess the equal status of labor movements

withirn :al countries. One might hypothesize how- these

JitFEr&!ces impact th-e saf ety/ records of c-onstruct ion contractol--

fr; OrO!2 ourtry to the r-.ex.~

C~srq-,,t~tic~n w-ithin the irterc;,itir:nal marketnlace requires

irov.s-:o-, of a Qjality oroduct, an irexpensive product, or some

ideai :r',nbrnation of the tw-o. Tne construction irdustrv,, w-here

zcnin-ei:.,,e ti-dding is the standard, is exemplarv of the quest

for the ideal combination of qu-ality and price. Rew-ards accrue

:only to those contractors wiTo can- attain the specified degree of

* '4uaW~ ita pjrice low-er than their competitors.

Lwhil- some coc t -actors endea,,or- to mra~imize profits t;-rough

TiL j.r2e- con-struction techniQUes or creation of situational

ad\vart-3,es, others search for a sho)rtcut in place of genuine

i rn ov it' n n fn the l1-iecr instance, w-orker safety is often



alleged as being one of the first areas to be compromised.

Unscrupulous contrac-tors might perceive safety/ measures as

Superfluous reQuirements that contribute nothing to the

completion of the project at hanc, while Simply detracting from,

poten-t ial prof its.

iari us measu-res have been undertaken wi ~thin the United

States to prevent the unnecessary endangerment and exploitatiofn

of ,;ci-kers, ranging f-or labor Strikes to litigation to enac-men

*of the Occu,-pational Safety and Health Act (OSHA). Factors

ccrntrithutinq to the heightened level of safety consciousness,

ch-aracteristic of the modern wjork. enviironment, include the

prcs~e-*- 'cf litigatici-, imposition of penalIties by agencies SuA-1

a - tI-mse :-eated -un-der -DSHA, and the moral development of

ifci~ ual *~i t ~the oconstruction idUstr\,.

A~euec :f this heighteoed degree of consciousness

-4 o ~cV s..fet-i has been the advent of agencies

* cr.~:ss "Ith the tasP, Lf aSsemblinq safety statistics. The

-T cupational Safetv anid Health idministration, for e'ample, has

theen delegated the responsibility for development of injury and

* -L~- s.t. 'ic- 1 it h I T t he ECon)-s trFuct'L1on i ndustry ( Dep t. o)f

Lab c l-7l 1 he ;4,-y m ,o ir os of Engineers also maintains withi-.

:tz sti-ucture a UE-oactrrent of Occupational Safety and Health,

e: :at=-d to the oromot ior- of Safety w'ithin the w~ork force for

14 v~ih ic h i t is esnosible. and the fur-ther analysis of relevant

safet-, 1informnaticon. oome of thie larger private concerns also

0)101(



-3intaifl enti.re di,. vilr' ~jthin ri ne'r czr :j-rate ~r-.p

c-:d icated to the prc )otioLn of saFe-, v tp-'. n 'ne vjr~c3.,--

i rideperdecit Ae .e-i apnent of safEt e ,Etl .s c

Some a ge1ic ie3s hotjpver , -- m ai -, h r11q 1e - I:' tr-,1 ef :rt'zf

i ntegr>3te saf et / ntc t',e vo I~ 1(C S thc -tuI Cl an3d a -ca

t3 t Its t I r z OiT , t-3flces th i s -r-~a*/ be the re- I t ca

CCnai: n S U eC ISIon baSedj an & IaCL *cf qeiui fie concern for "o

safet\,, cr a linqering belief that it is not cost-effective.

* .-iterate iare, ilr,. the vjor~m-ciace. 1-, otn~er instances,

forir-~ anci il interests mav prec lude t-he cotmplete analIysi s

ntf :Jata that has bee,) compi led. In vi 1thL- case, the end result

1 3 t: j -I Ie *y- f e t h tat'iStics ma,'1 hav- '*- 'n a~sembled, th;--

71 -- U.a r anL It E-- t h at +-he v ~i 11 b e neC to i- If i Ii 'e o,.jr- Do se fo r

,jh i :h th -E. vie!e i-o 1l-:2--ted , 1- -3--- v the e-1- 3nc.r-nent and im~io .emet

:~~ -3,~~and I ts 'ntecrat -D i intc rie ;,ir pace.

OF ? D Cr S e 1 ths 'e o rt (j tI e 0on t r -t e a M e thodo> i 0

.: s t' L rt Qc2 lnirv d a ta a Ce -ii~e C*o o ie

nea li n qfu I f e edb ac T Ini s- rLiia t -ut-the i e nd e a vo s t oo r es en~I.resulIts that may be of bene' ,t to the c(Jnst uc:t i on irrdustr', as a

eCI alid *~'-ate i -nterest: i n the ur-t'ner st,.d~ and :romo t i rin

= afet~ i 1n the -Clt.t ion wjo-oi3ace.

J0



L ite rat t-re RE?,,I e"

Sreviewj of i terature ,r tai-,,nn to, Con-sT-A rut aCCiet

reve aled th at in sp 1te L f cu<--ert el:-J-t tD j2rjmo te 7 t\

w! thin the corstr-uct ion ITdt-it-, 5lcrtcomjnq~s QerslSt ths3t

resulIt in triousands o1P ~n ur 1-5 edich .,e-,- m nan,/e Ot terr fatcaI.

T he National Safetv Council estimates that t'.e construc-tion

ii-idustry erncloys approximatel, / milln I w,,vorkers (5 '/. ot r-e

i industr .al 1 Acr 1 fo-ce ) and 1I-)curs appro),imatelIy 2C) percent of the

1 industrial atite. Whi le death rates declIined from 1'? 6 to

1385, zGonstruction remained one of the most dan Jerous industries

-~ ,jnr)i c-h to nc e m oIo /e d. 1t w-. -3 aso ref-rter- tto-a t i i de -c,-

rates i--iidustr 7al I1n ur e, Ir ilnescses i n 198--, 1984+ and

I j p 7- - - e st i n t 1)e co n str r jt cnr snd-,tr- ~N'3C,

% W-..asni in ton State Dep~ar tment) of Lacor- and In utr les L & I

s* t- ,st suQDor ted1 the na !-- l tre -dc ot lc-roc-upat--znal

* oe~ na- in cntruti on *n rH c:, u h a S I-. eI I a sa

decreased number of fatalities *-.-Inq that same Deriod DLI/DlSH-

1 485). Howjever the L*S I sta-it 13; s. also noted a decorease in the

1 11 e 0 1 t-E? c ' t r~~ _I, t: .,I tn)Ir the state a3,-d a3

correspording d ecre33e ir- th- -..ktber of inriur'; fciet rom

£> tc 18 DLI/ ID9, 19'3

0V 1N'
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In Great Britain, worker safet,/ within the construction

industry also appear-s to be a serious concern. In 1983 morp

occupational fatalities occurred in the construction industr,/

ilo :han in any other indistry. It was further noted tnat

construction workers exhibited the highest injury incidence rate

as ,-ell as the highest fatality rate for all industrial wcorwers

,ithin the United Kingdom "Civil Engineering, 1185).

It is apparent from the literature that a wealth of

0 information exists supporting the fact that the construction

industry is one of the most dangerous industries in which to

-ork, and yet this information is often too generalized or vague

and is seldom presented in a meaningful manner (NSC, l986,. It

is this information, however, that forms the basis for conductina

essential construction safety research. Wnile the detailed study

of accident phenomena is required to promulgate meaningful safety

standards, this does not guarantee the successful implementatio,

of tnose standards.

0I

The National Institute for Occupational Safety and Health

(NIOSH) was created under the fOccupational Safety and Health Act,

and assigned responsibility for conducting and coordinating

research efforts within the construction workplace (Dept. of

tabor, '?71). Dt. sp te the continuing efforts of NIOSH and other

agencies to mitigate the effects of construction accidents,

occupational injuries remain a significant factor in the

construction workplace.

0



It is generally assumed that excavation work consists of

less than 15 percent of the total effort on most projects, ret

this phase of construction has been the subject of much scrutin,,

.4 (McGraw-Hill, 1976; Means. 1986). A recent NIOSH report revealed

that for the period 1976 to 1981 excavation work annually

accounted for aoout 1,000 work-related injuries. It is estimated

that each year 75 of the excavation-related injuries result in

fatalities, representing about 1 percent of all occupational

~ fatalities that occur annually within the United States

(NIOSH, 1985.).

Urder the Fatal Accident Circumstances and Epidemiology

Project, NIOSH performed detailed case studies on the

rcircimstances cub-roundirg four of the excavation-related

fatalities. It was discovered that established OSHA safety

-sta:Tdards recarding excavation were not observed, and adherence

to these standards could have prevented all of these accidents.

t10I'O3H sited two primary reasons for this lack of adherence to

SHA standards; contractors were unaware of the standards, and

!-equirements within the standards were misinterpreted (NIOSH,

:985). Wrile this study was confined to excavation cave-ins, it

addressed an issue of imoo-tance to the entire construction

i-,oustrv. namely adherence to established safety standards.
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The underlyinq reasons for the disregard of safet, standards

remain unclear in the absence of further study; however, if

safety standards are to be successfully implemented in the

construction workplace, the reasons why standards are disregarded

must be determined and appropriate countermeasures taken.

Further review of construction accident literature revealed

the existence of national differences in accident fatality rates,

consistent with the notion that demographic considerations might

be a factor i n the safety records of contractors indigenous to

-. certain countries (NSC, 1986).

A study of accident occurrences by time of day, conducted bv

Hinze i98l), revealed that first aid accidents occurring on one

large construction p,-oject did not follow the same distribution

as reportable iniuries. First aid accidents were characterized

* bv a "classic" distribution with peaks at mid-morning and

mid-afterooon and a decline in the number of incidents just

* before noon ano quitting time. Reportable injuries were

characterized by a uniform distribution during the morning, and

peak accident occurrence during the noon hour when first aid

* accidents were reported to be a minimum. The distribution of

reportable injuries in the afternoon was characterized by a

'. steady decline in the number of incidents.

A



Se

It is assumed that accidents generali,/ follow the same

distribution regardless of the severity of the accident, however,

results of this study suggested the possibility that different

patterns may exist for the distributions of different severities

of accidents. Further research was recommended to determine if

this phenomenon applied to the entire construction industry

iHinze, 1981i. This recommendation for further study exemplifies

the fact that, regardless of the focus of individual research

efforts, the need persists for specific and detailed research as

an essential element in the effort to create a truly safe

workplace.

'



Research Methodology

As previously stated, the purpose of this report is to

demonstrate a methodology by which existing injury data can be

analyzed to provide meaningful feedback. Accident data used to

accomplish this objective was acquired from the Army Corps of

Engineers, and included accidents that occurred during the period

1977 to 1987.

3.1 Background

The purpose of this research project at the outset was to

attempt to identify some differences between the safety records

of United States contractors and foreign contractors based on the

assumption that demographic characteristics might influence a

contractor's safety practices on the job site. Additionally, it

was assumed that accidents that occurred outside the United

States could ne largely attributed to foreign contractors.

The decision to use Armv Corps of Engineers data was based

on the fact that it included accidents from contractors

originating in many countries. Additionally, this information

was accessible to the public under the Freedom of Information

Act. The specific procedure by which data was acquired is

explained in detail in Appendix A.

. .
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Following the initial request for information, a four month

delay was experienced before the data wasi received in a form

compatible with University of Washington computer resources. The

information was sent on a magnetic tape consisting of eleven

files, one for each year. A computer printout accompanied the

magnetic tape, and included a lecend depicting the information

contained within each column of an individual record as well as a

legend to some of the Army Corps' data coding schemes.

3.2 Format of the Accident Records

The Army Corps of Engineers maintains its computerized

accident data base on a Harris Series 50-' computer system. As

previously mentioned, each file contains information on accidents

recorded in a single year. Each record within a file represents

an individual accident report, and consequently the file lengths

.vary dependinq on the number of accidents reported within a given

year. While the file lengths va.-ry, the individual record lengths

are fixed within a given year. Tt should be noted that the

-ecording system was changed in I98e. A 228 byte record length

was used from 1977 to 1983, whiLe a 1q5b byte record length began

to be used in 1984. Software limitations precluded use of the

files with the longer record lengths, and hence this research

effort was confined to analyzing data in the 1977 to 1983 time

*frame.



Each column or group of columns within an individual record

corresponds to a section of the Army Corps' Mishap Report,

Engineering Form 3394. Included within this accident report are

items such as age and sex of the individual involved, time of dav

of accident occurrence, monetary value of property damage,

activity at the time of the mishap, etc. A copy of Engineering

Form 3394 is included as Appendix B.

Communication with Army Corps of Engineers personnel

indicated that multiple injury accidents result in the filing of

more than one mishap report, one for each injured party. General

information about the incident (amount of property damage, a

narrative, etc.) is only included in the first mishap report, a:Id

is referenced in additional reports. It should be noted that no

N multiple injury accidents were observed in this sample

(Humberson, Jan 1988).

3.3 Scope of the Research

*Analysis of Army Corps of Engineers' accident data from 1977

through 1983 included an examination of property damages and time

* o- day distributions based on geographic location and severity of

the accident. Analyses were also conducted that included

accident incidence rates based on region, and the phases of

construction in which accidents occurred based on severity of the

accident.
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It should be noted that in conducting the different analyses

of this research effort, the pu,-pose was to examine several items

in general terms, rather than to perform a rigorous statistical

analysis of a single piece of information or of all available

information.

3.4 Structure of the Research

The research was structured to create a profile of Army

Corps accidents from a two-tiered perspective. This profile

first considered "Corps-wide" accidents, representative of all

types of accidents, and then included construction accidents as a

subset of 'Corps-wide" accidents.

The term 'Coros-wide accidents" encompasses any and all

reportable accidents involving Army Corps of Engineers personnel.

or emplovees of another agency or firm under contract to the Army

Cor s ,)f Engineers. According to Army Corps personnel, an

accident is also considered 'reportable" if it involves a member

of the public and the Army Corps of Engineers acting in any

capacity (Humberson, Jan i988).

[rcluded within the Corps-'jide portion of the profile were

motor vehicle accidents, maritime accidents, aircraft accidents,

recreational accidents, fires, incidents involving nuclear

0i11 R 1110 11( it 1 1 1
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reactors, and constrjction accidents. The construction portion

of the profile was strictly limited to construction-related

accidents that occurred on Army Corps of Engineers projects.

Corps-wide accidenrts were analyzed on the basis of whether

they occurred within the continental United States (CONUS) or

outside the continental United States (Non-CONUS). Analysis of

construction accidents was confined to accidents that occurred

within tne continental United States.

Fhe i 7dividual analyses used to create thi- two- t iered

profile of accidents within the Army Corps of Engineers included

t ,e fol lowi 7g:

o Property damage (Corps-wide and Construction).

o Time of day 'Coros-wide and Construction).

o Corps-wide incidence rates.

o Phase of Construction.

2.o Data Extraction

4s mentioned previously, the original accident records were

stored on a magnetic tape. These records were transferred from

maoTet~c tape to disk storage on a mainframe computer.

0M N M11 , t



Ex.traction of specific: items ojitt-in the data base vjas

performed through Lu e of a sLeries C' comput.ter prog~rams . ea-Ih

designed to ex~tract only the informati,)n necessary, for the

aralvsis at hand. The fixed naturoe of Ote r-ecoZrd lengths a~'e

pertinent columns to be isolate(d for- each analysis using the

legend provided by the Army Coi-ps of Engineers (see Apoendix. C)

Execution of each program concluded with the creation of

several new files for each year of accidents analyzed. These new

* files w'ere then transferred from the mainframe computer to a3

-~ -3c~1 zrnmputEr- using a telecommurni-ations software package.

7he telecommunications paciaqe tran-ferred the necessary

infor-nationi in tn-e +-crm of a te;.'t file. Each tex<t file w'as then

:oo~d (ntQ a socreadsheet, which ser./ed as the mneans b,/ which

7-,:nripu',at-nns on the data were made.

To facilitate manipulation of the data in a spreadsheet it

* L-jas recessarv to limit the size of the mainframe computer outpu~t

cq 'illes. The limiting factor in Jd-termining the size of the output

files was the combined size of the r-e-sultant spreadsheet and

screadsheet pro;rar relative to the memory capacity of the

9XIAII nersonal computer used to perfnrm the data manipulations.

"riranging the data in a CONUS/Non-CONUS grouping or by severitv

* of the accident prcduced spreadsheets of a manageable size, less

than 290,000 bytes.

0



Implementation of a CONU:S'Nc;n-CCN1US groupIrp req-u11red

division of the data on the basis of geographic loccation, as

denoted ov the Engineering Reporting U,-ganizational Code, or

EROC. The EROC is the admini,3tcative means by vjh: ch the Acm,,

Corps of Engineers apportions:- resoonsibility for different

geographic regions. Figure 1K 1, a map provided b,/ the Army Corps

of Engir~eers, displays EROC n:oucdaries w~ithin the CONUIS grouping.

The severity of each accident is represented within tre data

* oase as one of nine levels of severity. The defined levels of

severity/ include (in order) no 11njUrv, first aid, medical

treatment-returned to job, Tvzdical treatment-terminated or

tra-nsfer :ed, I ost wor-kdavs--et.' ned to ob. lost w'orkdays-

terminated-1 or transfe2rred, rres-tricted vqor-i activitv, fatal, or

severi1tv 'njn

~.o naIsesPerformed and Par,rneters Aralvzed

* Each- accident record contaiired Qroperty damadie information

fczr up to five parties. A single? monetary amount vas calculated

for each record, and then this ~stabulated according to

* s~.t of the a-rcident and th-e year in- w~hich it occur~red.

Intrinsic soreadsheet funictions .ere used to calculate the total

orncr tidamage, the aver 3gL otooer t v damage perT inc -ident, and

*th-e standard deviation for each le-vel of severity, by year and

g- oup in rr CONUS o i Non-CONUS.
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The property damage parameters (total amount, number of

incide:its, mean. and standard deviation) were totalled by

severit, of the accident to represent the entire time period,

I1?7 to 1983. All monetary values were adjusted to reflect 1987

dollars using U.S. Bureau of Labor Statistics Producer Price

Indexes fo- the ccnstruction industry (see Appendix D).

A representative stardard deviation for each level of severity was

calculated by weighting the average of the individual annual

standard deviatJons using the number of reported incidents, i.e.,

the weight of the individual annual standard deviation is

directly proportional to the sample size for that year.

Smedian 3,-o ,ertv damage value and a 90th percentile were

also calculated f-,r each grouping (CONUS or Non-CONUS) to

ac i rate c:omoari.son of injury accidents and non-injury

aCE idets.

'he time of day information was examined by tabulating the

number of incidents that occurred during different hours of the

jorking day, and t"en generating a histogram for each severity of

accCide,-t for each group, CONUS or Non-CONUS.

A. ccident incidence rates, reported as accidents per million

man-hours, wiere calculated for the Corps-wide sample only based

on the EROC's.



The phase of const -ucticn a,LvsiS E?.amr -ecd aco-ident

occurrences based oni the sever itv of the i r) ur y and tn-e pt-?- C

zorslt-ucticil .n ,h~ the accident occurred. The Army Corps o

Erg i eers c-a7egor 1 ed cc tt-u, ticr a,-ccidents t), nineteen

rec o,;ie pha3ses of construction and one 'other' phase.A

c cmoeh ens i ve 1 1 5t o f t hese ,)h ases 5 .s p rese n ted ii c cnj unc t 1rn

ith lhe resiu 1ts of this a-nalyss
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RESULTS

This chapter presents the results of all analyses performed

on data acquired from the Army Corps of Engineers. Presented

first will be the results of analyses performed on the entire

Army Corps accident data base of whicl7 construction-related

accidents constitute a subset. This 'Corps-wide' analysis will

be followed by a presentation of the results of an analysis

confined to construction-related accidents.

4.1 Corps-Wide Accident Analysis

Included within Section 4.1 are an analysis of property

damages attendant to an accident, an analysis of the times of day

accidents have occurred, and a presentation of the accident

incidence rates for each administrative region defined by the

Army Corps of Engineers.

4.1.1 Property Damage by Severity of the Accident

The primary means of comparison for this property damage

analysis includes the median property damage value, the 90th

percentile of the sample, and, to a lesser extent, the total

property damage and number of reported accidents. The severity

of the accident is used to further classify an accident in human

terms, ranging from a fatal accident to no injury.

100
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The property damage associated with an accident is reported

as the cost to the government for repair or replacement of the

damaged property. For example, costs incurred by contractors or

* subcontractors are not included. Since the reported value is the

actual cost to the government, it may reflect a value less than

the total property damage sustained in an incident.

Consequently, the values presented in this property damage

analysis are a conservative representation of the total property

1 damages attendant to an accident. Furthermore, to facilitate

meaningful comparisons, the monetary values for all accidents

were adjusted to reflect 1987 dollars.

Initial analysis of the Corps-wide data utilized the average

property damage per incident and standard deviation as the

primary means of comparison. This analysis revealed slight

differences between the costs of CONUS accidents and Non-CONUS

accidents. These differences are summarized in Tat 2 4.1. In

the case of injury accidents the average cost per accident

fluctuated between the two groupings, CONUS and Non-CONUS.

However, the average costs of property damages of non-injury

*accidents were comparable between the two groupings.

0 -

00
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TABLE 4.1. Corps-Wide Property Damage Summary.

CONUS Non-CONUS
Injury Accidents
Total Cost $ 12,212,599.49 $ 2,385,531.89
Sample Size 11,472 1,287
Average Cost $ 1,064.56 $ 1,853.56
Standard Deviation $ 26,651.21 $ 26,281.13

Non-Injury Accidents
Total Cost $ 70,478,222.10 $ 19,832,287.78
Sample Size 3,150 912
Average Cost $ 22,374.04 $ 21,745.93
Standard Deviation $ 328,825.11 $ 428,345.06

Apparent from Table 4.1 is the existence of large standard

deviations. This reveals that the data is not normally

distributed, and that further analysis must be conducted to

determine the oistribution of property damages.

Additional analysis revealed that the median property damage

value is zero for CONUS and Non-CONUS injury accidents reported

during the period 1977 to 1983. Table 4.2 shows the distribution

of property damages for CONUS and Non-CONUS injury accidents. It

should be noted that the 90th percentile for CONUS injury

accidents is zero dollars, and the 90th percentile for Non-CONUS

injury accidents is 550 dollars.
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TABLE 4.2. Distribution of Property Damages for Corps-Wide

Injury Accidents.

Range CONUS Non-CONUS
(in Dollars) Injuries Injuries

0 10,596 1,125
0 to 500 196 27
500 to 2,500 301 67
2,500 to 5,000 166 35
5,000 to 10,000 91 11

10,000 to 50,000 95 18
50,000 to 100,000 13 2

100,000 to 500,000 11 1

Over 500,000 3 1

Total Injuries 11,472 1,287
Median Value $ 0 $ 0
90th Percentile $ 0 $ 550

Table 4.3 shows the distribution of property damages for

CONUS and Non-CONUS non-injury accidents. The median property

damage value in the CONUS grouping is $1,070, and the 90th

percentile is $13,000. The median property damage value in the

Non-CONUS grouping is $1,275, and the 90th percentile is $5,050.

TABLE 4.3. Distribution of Property Damages for Corps-Wide

Non-Injury Accidents.

Range

(in Dollars) CONUS Non-CONUS

0 214 102

0 to 500 650 188
500 to 2,500 1,367 409
2,500 to 5,000 351 120

5,000 to 10,000 207 42
10,000 to 50,000 227 40
50,000 to 100,000 52 4
100,000 to 500,000 43 6
Over 500,000 9 1

Total Injuries 3,120 912

Median Value $1,070 $1,275

90th Percentile $13,000 $5,050

Jil
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The Corps-wide property damage analysis also revealed that

the percentage of injury accidents versus non-injury accidents

was significantly higher inside the continental United States

than it was outside the continental United States. Table 4.4

shows that 78.5 percent of the accidents in the continental

United States were injury cases, while only 58.5 percent of the

accidents in the Non-CONUS grouping were injury cases.

TABLE 4.4. Distribution of Accidents and Damages.

Distribution Distribution

0 Type of Accident of Accidents of Damaaes

CONUS:

Injury Accidents 78.5 % 14.8 %
Non-Injury Accidents 21.5 % 85.2 %

Non-CONUS:

Injury Accidents 58.5 % 10.7 %
Non-Injury Accidents 41.5 % 89.3 %

Table 4.4 also reveals that while the distribution of injury

accidents and non-injury accidents was significantly different

between the CONUS grouping and the Non-CONUS grouping, the

distribution of direct costs remained relatively unchanged.

Within the continental United States, non-injury accidents

accounted for 85.2 percent of the damages sustained while outside

the continental United States non-injury accidents accounted for

89.3 percent of the direct costs.



S

24

Table 4.5 presents a year-by-year compilation of direct

costs for accidents that occurred within the continental United

States, including total property damage and number of accidents,

subdivided by severity of the injury. Table 4.6 represents the

same information for the non-continental United States.

In Table 4.5 and Table 4.6 no coherent trends were observed

in the annual fluctuations of property damages, either within the

different levels of severity or within the collective categories

of injury accidents versus non-injury accidents. This was

observed to be the case for both the CONUS grouping as well as

the Non-CONUS grouping.

0

111 IF "'



TABLE 4t.5. CONUS Corps-Wide 
Property Damage 

by Severity. 
2

cms 1977 1978 1979 1990 1981 1982 1983 TOTAL

bath bath
Total S 1,381,420.29 3,097,178.59 143,080.28 116,615.07 141,039.05 1,001,958.82 37,990.76 Amount z $5,91 9,282.97

M 8 362 347 416 342 340 296 N z2486

Firstaid Firstai
Total S 65,975.56 79,840.30 121,783.67 65,905.96 40,907.46 59,059.88 53,268.57 Amount = 485,740.39

N=35 20 29 28 27 14 13 N:a 166

Lost hy" lkterl to hill Lost Rts
Total S 309,399.61 1,448,202.87 140,203.60 !71,995.79 301,420.93 197,329.82 265,588.75 Amount z$2,840,141.37

Nx 829 908 992 1170 1101 974 862 N 6836

Total 1 .00 107,729.25 26,092.40 962.82 .00 .00 427.86 Amount $135,212.33

N: 11i 23 18 25 15 16 13 N: 121

hdical leaterm to Veriledlt
Total f 148,375.57 178,057.78 475,974.95 304,509.82 107,788.34 35,193.80 172,246.81 Amount = $1,422,147.06

N 219 207 229 260 295 203 131 N 21544

1Ica ITurmiateil hid Term
Total $ 4.761.63 20,109.46 1,369.85 .00 47,152.98 3,299.80 .00 Amount z $76,692.72

N4 4 5 3 2 3 0 N:x 21

ft minjy b ImjuryI
Total $30,142,594.01 17,610,624.03 7,670,929.46 3,442,021.47 5,286,357.64 3,228,344.23 3,097,351.28 Amount =170,478,222.10

N = 586 513 488 546 420 360 237 N z 3150

Eastrictud hrl hustrict
Total t 69,123.00 .00 7,827.72 .00 4,490.76 2,639.04 .00 Amount z $84,080.52

N: 18 9 10 3 5 7 7 MNz 59

Total $ 13,126.23 430.92 1,696.01 19,411.57 439,304.11 691,604.42 83,728.99 Amount = $1,249,302.24
N20 4 5 28 78 70 34 N:= 239

Total I for Injury Accidents $12,212,599.49

Total I of Injury Accidents 11472I

Total $ for Non-Injury Act. $70,478,222.10
Total I of Non-Injury Acc. 3150



26

TABLE 4.6. Non-CONUS Corps-Wide Property Damage by Severity.

aneC 1977 1979 1979 1990 1991 1992 1983 TOTAL

kith bath
Total S 79.36 101,490.95 1,069.7q .00 92,217.76 19,749.18 69,996.53 Amount $292,492.57

N= 5 a 4 3 12 12 10 $: 54

Firstaid First Aid
Total 1 11,586.63 2,154.59 5,759.90 11,373.26 20,784.36 50,267.11 4,913.43 Amount = $106,739.28

N2 3 3 3 3 14 13 I N z 40

Last hys Ibetwe to VeiI Last H.m
Total 1274,731.77 17,516.78 14,855.71 92,725.20 31,891.13 14,294.80 165,494.11 Amount = $611,509.49

N 2 120 94 129 127 204 171 156 N 21000

*Lost ays (Teinoatud) Lost Tore
Total S .00 .00 .00 .00 20,601.36 979.68 .00 Amount = $21,481.04

N = 11 2 0 4 11 It 10 N = 49

beical lste to Vet)1111 i
Total 1 58,856.92 10,956.24 6,169.55 929,431.43 75,177.57 32,218.29 5,003.92 Amount z 11,116,713.91

N 2 9 12 10 20 17 11 1 N z 80

Meical (Temiated) Ned Twe
Total 1 .00 .00 .00 .00 6,848.41 13,195.20 .00 Amount $ 20,043.61

N = 0 I 0 0 3 2 0 N: 6

1b lejery b lnier,
Total $797,139.72 1,093,453.18 236,941.17 2,392,229.29 1,459,377.68 13,292,609.17 571,539.60 Amount z$19,832,287.79

N 55 129 103 207 179 139 101 N z 912

MIhetrictedi brk Retrict
Total 1 .00 .00 .00 .00 .00 .00 .00 Amount: 1.00

N: 4 1 0 0 0 1 0 N: 6

Total 1 .00 499.91 .00 605.37 90,696.51 133,971.90 899.51 Amount: $226,562.10

Total I for Injury Accidents $2,385,531.9
Total I of Injury Accidents 1297

Total $ for Non-lniury Acc. $19,932,297.79
* Total I of Non-Injury A41 912
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4.1.2 Time of Day by Severity of the Injury

The time of day each accident occurred was tabulated for the

period 1977 through 1983 to generate an hourly distribution of

the number of accidents. Communications with Army Corps of

Engineers' personnel indicate typical workdays start at 8 a.m.

and end at 4:30 p.m. For the purposes of this analysis it was

assumed that the hours of 8 a.m. to 5 p.m. constituted a "normal

work shift (Humberson, Jan 198e).

V Accidents occurring between the hours of 5 p.m. and 8 a.m.

were referred to as "other-than-normal" or "off" hours cases, and

were simply tabulated as a unit. It was assumed that different

A. factors may contribute to accid-nt occurrence during "off" hours,

and that these accidents warrant further study.

It should be recognized that apportionment of accidents into

"normal" and "off" hours work shifts ignores the possibility of

flexible work hours, however, communications with Army Corps of

Engineers' personnel indicate that the assumed delineation of

shift times used in this analysis is reasonable

(Humberson, Jan 1986). Regional, seasonal, and task-specific

characteristics may have dictated actual shift hours slightly

different than those assumed in this analysis.

2



28

Despite assurances by Army Corps' personnel that the shift

times utilized in this analysis were reasonable, it is not known

to what extent variance in the actual shift times influenced the

sample. Inclusion of shift start times in the accident data base

would be necessary to conclusively determine the influence of

this unknown.

While the impact of variance in the shift times is not known

conclusively, the hourly distributions of accidents presented in

this section tended to follow the "classic" pattern suggested by

Hinze (1981) for first aid accidents, exemplified by Figure 4.1,

WN with peaks occurring at mid-morning and mid-afternoon. This

figure includes all reported incidents with the exception of the

fatality cases and the no injury cases.

±409 ii

20

8 9 s19 11 12 1 2 3 4

Hour of the Dag

FIGURE 4.1. CONUS Injury Accidents by Hour of the Day,
Excluding Fatalities.
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In contrast to the "classic" appearance of Figure 4.1 is

Figure 4.2, the time of day distribution for CONUS fatalities.

It depicts an increase in the number of fatalities with the

progression of the work day. It is clear that the time of day

distribution for CONUS fatalities is distinctly different from

the distribution of less-severe accidents.

250

159 -

8 9 19 11 12 1 2 3 4

Houp of the Dag

FIGURE 4.2. CONUS Fatal Injuries by Hour of the Day.

Table 4.7 and Table 4.8 display the time of day

distributions for each level of severity for all accidents

occurring within the Army Corps of Engineers from 1977 through

1983 for which the time of accident occurrence was recorded.

Data in a more raw form, from which the figures and tables in

this section were derived, are included in Appendix E.

I
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9
TABLE 4.7. Numerical Distribution of Corps-Wide CONUS Accidents

by Time of Day.

Time of Fatal First Lost Day Lost Day Medical Medical No Injury Restricted Unknown
Day Aid (Returned) (Terminated) (Returned) (Terminated) Work

8 to 9 49 7 541 11 106 3 189 1 10
9 to 10 59 12 730 13 192 2 191 4 13
I0 to II 86 12 938 18 213 1 231 15 14
II to 12 96 9 767 14 198 1 232 8 14
12 to I 116 6 305 4 66 1 166 0 15
1 to 2 151 11 594 9 159 1 219 7 19
2 to 3 200 13 695 14 194 3 252 i1 It
3 to 4 240 11 576 8 136 2 242 4 17
4 to 5 254 11 279 2 55 0 189 2 11
Off Hours 1049 53 1148 22 181 5 954 3 56

Total 2300 145 6573 115 1500 19 2865 55 180

TABLE 4.8. Numerical Distribution of Corps-Wide Non-CONUS
Accidents by Time of Day.

Time of Fatal First Lost Day Lost Day Medical Medical No Injury Restricted Unknown
Day Aid (Returned) (Terminated) (Returned) (Terminated) Mlork

8 to 9 2 2 95 4 5 0 47 1 1
9 to 10 2 4 94 2 12 1 78 0 1
I0 to Il 3 6 112 4 7 0 79 0 7
t 1to 12 4 2 80 5 6 1 67 2 3

12 to I 2 2 25 2 2 1 41 0 2
I to 2 1 1 83 4 5 1 52 0 3
2 to 3 6 2 101 1 9 0 65 1 0
3 to 4 6 2 114 2 It 1 76 0 2

4 to 5 4 2 99 3 6 1 71 1 6
Off Hours 18 19 235 11 23 2 339 2 15

Total 48 42 1038 38 86 8 915 7 40

Note that 45.6 percent of the CONUS fatalities occurred

during "off" hours and that 37.5 percent of the Non-CONUS

fatalities occurred during the same period. It cannot be

ascertained from the data whether this is a reflection of the

exposure during "off" hours or if this indicates a high fatality

incidence during "off" hours. However, it is suspected that the

0
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incidence rate is disproportionately higher than the actual

exposure. Further study is warranted to establish more

conclusive find ings.

Figure 4.3 and Figure 4.4 depict the percentage of accidents

that occurred during "other-than-normal" work hours. Only those

categories of injuries containing a sample of sufficient size to

yield reasonable results are represented.

02

is -4

1W~u Hidt M kdh W~tb To hb bi"m him

Seveiritq of Accidient

FIGURE 4.3. Percentage of CONUS Accidents Occurring During
Other-Than-Normal Work Hours.
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Severitq of the Accident

FIGURE 4.4. Percentage of Non-CONUS Accidents Occurring During
Other-Than-Normal Work Hours.
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4.1.3 Incidence Rates by Administrative Region

Typically viewed as a measure of safety, incidence rates

reflect the ratio of accidents in a given region to the number of

hours of worker exposure to work-related risks. In this report,

this safety indicator is expressed in accidents per million

worker-hours of exposure.

For the various regions wiLhin the continental United

States, the incidence rates for this sample ranged from a low of

zero accidents per million worker-hours to a high of 36.53

accidents per million worker-hours over the seven-year period

from 1977 through 1983. Outside the continental United States

the incidence rates ranged from 0.41 accidents per million

worker-hours to 13.64 accidents per million worker-hours over

that same period of time. Incidence rates for the individual

administrative regions, referred to by their Engineering

Reporting Organizational Codes or EROC's, are depicted in

Table 4.9.
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TABLE 4.9. Incidence Rates by EROC Expressed in Accidents per

Million Man-Hours.

EROC INCIDENCE EROC INCIDENCE EROC INCIDENCE

cm
Albuquerque Dist. 8.46 Huntsville DIV 1.66 Philadelphia Dist. 21.95
Auto Sup Activity 2.38 Jacksonville Dist. 7.60 Pittsburgh Dist. 30.66
Baltimore Dist. 21.09 Kansas City Dist. 13.85 Portland Dist. 12.59

Board-Rivers/Hbrs 3.57 Little Rock Dist. 18.76 Rock Island Dist. 8.67
Buffalo Dist. 12.70 Los Angeles Dist. 14.87 Sacramento Dist. 9.02
C.E. Research Lab 2.89 Louisville Dist. 14.09 San Francisco Dist. 10.62
Charleston Dist. 4.47 Lower Miss. Vall. 1.22 Savannah Dist. 14.00
Chicago Dist. 12.54 Memphis Dist. 8.05 Seattle Dist. 7.67
Coast Research Ctr 6.99 Missouri River DIV 2.93 South Pacific DIV. 5.37
Cold Regions Lab 3.12 Mobile Dist. 13.72 Southwest DIV. 4.12

Detroit Dist. 11.32 Nashville Dist. 28.29 St. Louis Dist. 8.72
En Act Cap Area N/A - 12 New England DIV. 16.10 St. Paul Dist. 7.51
Engr Studies Ctr 0 New Orleans Dist. 10.26 Topographic Lab 1.23
Fac Support Agency 1.65 New York Dist. 10.27 Tulsa Dist. 19.60
Ft. Worth Dist. 13.20 Norfolk Dist. 7.75 Vicksburg Dist. 11.20

Galveston Dist. 6.18 North Atlantic DIV 36.53 Walla Walla Dist. 16.60
Hq USACE .81 North Central DIV. 0 Water Resources 3.33

Humphreys Ctr N/A - 0 Ohio River DIV. 4.14 Waterways Exp Sta 2.56

Hunnington Dist. 22.54 Omaha Dist. 8.79 Wilmington Dist. 11.22

ku*-CUE
Al Batin, S.A. Dis 1.80 Jiddah, S.A. Dist. 1.87 Pacific Ocean DIV 4,90
Alaska Dist. 13.05 Mid East DIV (Rear 2.58 Riyadh, S.A. Dist. .82
European DIV 1.05 Middle East DIV 7.44 Sinai Sup Team 13.64
Far East Dist. .41 Near East Proi Off 4.70 South Atlantic DIV 2.03

Japan Dist. 1.22 North Pacific DIV 7.86

In computing the incidence rates it was observed that many

of the worker-hours reported overseas were attributed to American

contractors and United States government employees, rather than

foreign nationals or foreign contractors. This discovery

invalidated the assumption that overseas work, and hence overseas

accidents, involved foreigners under contract to the Army Corps

of Engineers. This fact, coupled with the wide variability in

the incidence rates and the geographic spread of the regions

outside the continental United States, led to the decision to

0%
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discontinue examining differences in accident trends based on

regional characteristics in favor of a more meaningful analysis

focused within the confines of the continental United States.

4.2 Construction-Related Accident Analysis

This section presents results of analyses conducted

exclusively on accidents termed by the Army Corps of Engineers as

"construction-related." Excluded from the analyses in this

section are accidents in which the individual involved in the

mishap was acting in a capacity not directly related to the Army

Corps' construction mission.

Analyses undertaken in this section include an examination

of property damages attendant to an accident, the times of day

accidents have occurred, and an analysis of accident occurrences

Pby phase of construction. These analyses were restricted solely

to accidents occurring within the confines of the continental

jnited States.

4.2.1 Property Damage by Severity of the Accident

As was the case in the Corps-wide property damage analysis,

the primary means of analysis included the median property damage

value, the 90th percentile of the sample, and, to a lesser

extent, the total property damage and number of reported

61
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accidents. Table 4.10 presents the value of property damages

associated with construction injury accidents compared with

damages sustained in non-injury construction accidents for the

continental United States.

TABLE 4.10. CONUS Construction-Related Property Damage

Summary.

Injury Non-Injury
Accidents Accidents

Total Cost $ 2,759,703.77 $ 5,025,054.28

Sample Size 3,653 403
Average Cost $ 755.46 $ 12,469.12

Standard Deviation $ 12,147.15 $ 32,895.12

Apparent from Table 4.10 is the existence of large standard

deviations, similar to the Corps-wide property damage analysis.

As mentioned previously, this reveals that the data are not

normally distributed.

Additional analysis revealed that the median property damage

value is zero for CONUS injury accidents, and that the median

property damage value for CONUS non-injury accidents is $4800.

Table 4.11 shows the distribution of property damages for CONUS

injury and non-injury accidents. It should be noted that the

90th percentile for CONUS injury accidents is zero dollars, and

the 90th percentile for CONUS non-injury accidents is $37,000.
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TABLE 4.11. Distribution of Property Damages for CONUS

Construction Accidents.

Range Injury Non-Injury
(in Dollars) Accidents Accidents

0 3,515 21
0 to 500 30 24
500 to 2,500 32 126

2,500 to 5,000 20 60
5,000 to 10,000 18 79
10,000 to 50,000 33 87
50,000 to 100,000 3 1
100,000 to 500,000 2 5
Over 500,000 0 0

Total Injuries 3,653 403
Median Value $ 0 $ 4,800
90th Percentile $ 0 $ 37,000-B

4'

Table 4.12 shows that over 90 percent of all construction-

related accidents reported within the continental United States

resulted in injuries, and account for 35.4 percent of the total

property damages. Non-injury accidents account for 9.9 percent

of the incidents reported and 64.6 percent of the total damages.

TABLE 4.12. Distribution of Construction-Related Accidents
and Property Damages.

Distribution Distribution
Type of Accident of Accidents of DamaQes

Injury 90.1 % 35.4 %
Non-Injury 9.9 % 64.6 %

Year-by-year compilations of total property damage and

0 number of accidents, subdivided by severity of the injury are

N presented in Table 4.13 for the CONUS grouping.

iO Tabl !'Jill
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TABLE 4.13. CONUS Construction Property Damage by Severity.

cm 1977 1979 1979 1980 1981 1982 1983 TOTAL

kDath ath
Total 2380.82 107729.25 97194.19 0 0 43984 0 Amount z 1251,288.26

N: 4 7 9 5 4 5 9 N= 43

First Aid First Aid
Total 14284.89 58748.35 98061.85 30681.34 0 7807.16 42796 Amount z $242,369.59

N 3 5 3 6 1 1 1 N: 20

Lost ta Last Rtb
Total 203440.64 718324.28 75002.60 58311.75 201952.85 91689.05 210742.44 Amount :$1,559,463.60
N 436 438 477 558 608 441 346 N = 3304

Lost Term Last Term
Total 0 0 26092.40 962.82 0 0 427.86 Amount = $27,483.08
N: 9 17 15 20 10 13 12 N: 96

led lt Nd Rta
Total 31902.92 60184.74 75667.96 193164.96 13472.28 8584.58 103756.05 Amount = $486,733.49
N$ 20 16 19 32 16 18 12 N = 133

Red Term hi Term
Total 0 12927.51 0 0 47152.98 0 0 Amount z $60,080.49

N= I I 1 1 2 1 0 N: 7

No lmjery D Injury

Total 953171.98 765854.42 810338.62 713204.75 535760.02 660955.27 585769.22 Amount :$5,025,054.28
N 48 51 53 85 69 55 42 N a 403

ftstrict RestTict
Total 69123.00 0 0 0 4490.76 2639.04 0 Amount = $76,252.80

N: 6 3 2 0 1 2 2 N: 16

MIum hh
Total 0 0 652.31 0 9239.74 4398.40 41742.02 Amount : $56,032.47

N: 0 0 1 3 12 13 5 N:2 34

Total $ for Injury Accidents $2,759,703.77
Total # of Injury Accidents 3653

Total $ for Non-injury Acc. $5,025,054.28
Total I of Non-injury Acc. 403

S

,.
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4.2.2 Time of Day Analysis -- Construction-Related Accidents

The time of day that each construction-related accident

occurred in the continental United States from 1977 to 1983 was

tabulated. Similar to the Corps-wide time of day analysis,

accidents that occurred during "normal" work hours were

accumulated on an hourly basis, whereas all accidents that

occurred during "other-than-normal" work hours were tabulated as

a unit (Humberson, Jan 1988).

The data was accumulated by severity of the accident;

however, small sample sizes in several of these categories

necessitated consideration of the data in more general

categories, injury or no injury. Preponderant among injury

accidents were the lost days cases as can be observed from

Figure 4.5.

*Lost Days

608 Others

4W ot

~FIGURE 4.5. CONUS Construction-Related Injury Accidents by

- Hour of the Day.
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Construction-related injury accidents, in a fashion similar

to Corps-wide injur. accidents, tended to follow the ''classic"

accident frequency distribution Hinze, 1981). Figure 4+.6

reveals that construction-related, non-Injury accidents

qenerally followed the same distribution as injury accidents,

exhibiting peaks at mid-morning -and mid-afternoon. Appearances

suggest, however, that a gaQ may exist in the mid-afternoon data

contributing to a certain degree of incongruity.

FIt3LRE 4*.6. CONAUS Construction-Related Non-Injury Accidents by
Hour of the Day.

0

Analysis of the accidents that occurred during the hours

between 5 p.m. and 8 a.m., termed "other-than-normal" w~ork hours

or 'off' hours, revealed that within the continental United

States 3') DerCent ':f construction-related fatalities and 26

percent o~f ror-inlury acc-idents occurred during these hours.

Pigure 4+.7 displav-i' the percentage of accidents that occurred

durin1g non-typical w-orI- hours. Only~ those severity categories

0M



,ontaining a sample of sufficient size tc /ield reasonable

results are presented.

:5 -

25 -- :....

OF .1- A - [ en-

FIGURE 4.7. Percentae of Construction-Related Accidents

Occurring During Other-Than-Normal Work Hours.

4.2.3 Analysis of Construction-Related Accidents by Severity and

Phase of Construction

The accident data acquired from the Army Corps of Engineers

included information regarding the phase of construction durinq

wricr, the accident occurred. The Army Corps distinguished

between nineteen distinct ohasEs of construction and one phase

labelled "other", all of which -3re listed in Table 4.14.

Appa,-ent from Fable 4.14 is the concentration of accidents

vithin certain phases of construction. Most notable among these

phases are excavation and earthwork, forming, concrete placement,

and mechanical work.
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TABLE 4.14. CONUS Accidents by Phase of Const-uction arc

Severity of the Injury.
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Excavation and earthwork acounted for 17.7 percent of all

construction accidents reported on Army Corps projects within the

continental United States frcm 197 7 to 1983. Of the accidents

reported to have occurred during excavation and earthwork

c~erations, 89.9 percent were -lassified as 'lost day" cases, and

2.6 percent of the accidents were fatalities.

Although no incidence rates were available to allow direct

comoarison of the different phases of construction, it appears

')oteworthy that 39.5 percent of all fatalities occurred duringIW



excavation and earthwjork operations. Additionally, 47.4 percen

of the non-injury accidents occurred during this Phase as "ell.

Nine of the phases of construction collectively account for

81.7 percent of all reported construction injuries, 84.2 percent

of all construction accidents resulting in lost work days, and

83.- "percent of all construction fatalities. These phases, each

with a sample size in e.rcess of 100 accidents, are presented in

Table 4.15.

It should be noted from Table 4.15 that steel erection and

excavation exhibited percentages of fatalities (expressed as a

perc-entage of injuries w~ithin that phase) higher than the

percentaqe of fatalities for the entire sample, 1.7 percent and

2.6 percent respectively.

TAB8LE 4.15. Percentage of Lost Day Cases and Fatalities by

Phase of Construction.

Lost Days Fatalities

as a %I of as a %. of Fatalities

Total Injuries in Injuries in as a % of

Phase Injuries That Phase That Phase all Fatalities

rSite Prep. 191 975.3 % 0.0 %4 0.0 /
Excav. & Earth. 649t 8%9c %. 2.6 % 39.5 "1
Focrming 429 94.4 % 1.2 %/ 11.6

Concr. Plcmnt. 309 92.? %1 0.3 % 2.3 .

Steel Erection 181 95.6 1.7 % 7.0 /

Carpentry, ext. 109 94.5 0.0 % 0.0 */

Utilities 107 98.1 0.9 % 2.3 %

Mec-hanical 255 96.9 1.0.4 /% 2.3 %

Other 756 92.2 11.1 */ 18.6 %

Percent of

En tir e sa'npl 9 1.7 % 64.2 1.2 % 83.7 %



Conclusions and RecommendationS

ThE& iesults oresented in this report Lire intended to

cj-onerate interest in the furthe--r study and promotion of safety ir

tne construction workplace. Th-is chapter endeav'ois to interpret

ttie results 01- this re -search effort, and provide insights into

topi-cs and methods for ftiture af-alIvses.

5.1 Corp5-Wide Property Damaqe Analy-3is.

T-e ops-wd oet arq analysis was presented in

Section 4.1.1. and represents a calculatio:n of direct property

dam-a-m?s 3LtterdAnt to accident OtCcU!rrel-Ces w:th i1- the Army Corps

-tinineer fro:m 19277 throuqh 1983. As previously mentioned,

tne proper t,. damages repor ted reflIec t the ac tua L cost to the

gover nment f or repa ir or replIaZemfent of the damaged proper t. artd

do -ict inic ude costs 3incurred 1-y parties under contract to the

c) overnme n t It was expected that these property damaqes would be

Vigher for accidents that occurred outside t:he continental United

States, primarily due to additional ex~penses incurred in shipping

0 -1~n r 2SuDplv or- to full replVtcement of equipment damaged abroad

in, lieu of repair-.

1 t as d iscovered thiat the average value of property

damaged in an injury accident within the continental United

Sts,te- was 1,;)65 dollars, and the standard deviation for this
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sample of accidents was 26,o51 dollars. The average prooe-tv

damage for Non-CONUS injury accideTnts was I,854 dolla!-s, and tile

stan dard deviati:n wjas 26,281.13 dollars. However, the large

standard deviatiors pecu l iar to this property damage analysis

indicate that the data is not normally distributed.

Further analvsis revealed that the median property damage

value for CONUS and Non-CONUS injury accidents was zero dollars.

Additionally, 9- percent of the injury accidents that occurred

outside the continental UnLted States reported less than $550 in

property damages, while the 90th percentile for CONUS ijury

ac-iden', was zero dollars.

re orps-wice anaLvsis of propertv damages attendant to

C-Injury accioents also revealed the existence of high tanda-d

devias iions. Wjhile the CONUS grouping exhibited a standard

deviator, of 32e,825.11 dollars, the standard deviation for the

Nn-CONU- q-:uoinq was near\/ 1,)OClO10 dollars higher.

Additional analysis revealed that the median property damage

v.) lue for CONUS nor-irnury acc-idents was $,070 and the 90th

ercentile was $13,0,0. The m-?dian property damage value fo,-

-,on-l~-~ , ac-idents that occurred outside the continental United

States Las $1,275 and tne 90th percentile was $5,050.

0!141



It is unclear wh~ether dif fe-erices oe~enthe two grouptings

a:-e a reflection of actual cost differences, disparitv rt th-e

sample sizes, or that different distributions cttaracteri .7e each

Z;u 2)1 -,: Statistical -3nalyses of a more rigorous nature would

be reauired to establish more conclusive findings.

4Annuai fluctuations w~ithin tne different severity categories

w'ere noted, how.ever, no d~scernjble pattern was observed. it

should be further noted that there appeared to be no coherent

trend In tne relationship betw~een severity of the injury and

property damages. How'ever, accidents resulting in lost work days

typically reported the least amount of property damage per

incident, i.hile non.--inijury accidents re<tdin the highest cost

~e f-in- I aE2 nt . it is not know~n w~hethe,- this phenomenon can be

~tt r . ted t - inherent characteristics of these accident

severities. or if it is the result of statistical factors such as

,,ariance -jitiin a grouping or lifferences in sample size.

'..2 Construction-Related Propert., Damage * nalysis.

Sias the case in th-e CorpQs-vide property/ damage analsis.

the data vqas characterized by lar~e standard deviations.

rnalsiL3 oDt '-ONUS injuryV accicients r-eveale2d that the median

pr-ope~t, l amaae vialue and the 9(9 th percentile wJere both zero).

0
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The median value for prcpert,\/ c,3amaces ateiiant to CJQNUS

non-injury accidents was $4,800V. T n e () t h P,-!-cnt ilIe W~a s

FUrther analysis might r-vea oe cuatl

characteristic property damaqe distribution., such as a log normal

d .s t-i b ut IOn.

* 5.3 Corps--Wide Time of Day Anailysis.

Based on communications w~ith several Army Corps of Engineers

me,-sonnet, a "normal" tjork 3hift w~as assumed to occur between the

nours of B a.m. and 5 p.m.. Datca tak-en f,-om the Corps-wide

sample revealed that ir~ury accidents and non-injury accidents

follo~ie the "'classic" time of day distribution s-uggested by

Hinze ( 1Pl ) for f irst aid accidenits. This "class1=ic' pattern w'as

-haracter ied by peak accident occurrence dur ing mid-morninq and

* rid-af ter-iocn. wi th noticeable 1-ecreases ii) -icciderts prior to

lunch time and quitting time.

*Coros-viide fatal accidents that occurred vii thi! the

ccntinental United States constituted the only signific:ant

d~oa'-t'j-El from the''"classic" t ine of d,3/ dis-tribution. CtYUN U

-Fatal it ies ref lected a trend i n w~h Lch the number of acc idents

that occurred during an hour increased as the day progressed.

Toits phenomeno)- n might be legitimized through the argument that

0111 , 1 1 1 L JL 1 1 1 1 1 1
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fatigue becomes a greater facto( as tne da, progresses. o ,e~e-,

c~ne cannot conclude that fatigue accouints for this departure t!o.,'

the norm without first examining tne nature of the accidentcs, and

the task beina perfo-med at the time of the fatality. It is

clear that the distrinution of Coros-wide fatalities differs

siQr-,ifca ,tly from the distrihutlons of less-severe accidents,

and that detaiieo anal.sis of the circumstances surrounding fatal

accidents is required to account for the distribution of fatal

accidents throug - ,' the work day.

It was further noted in the "off" hours analysis, that a

n igne- -.e,-centage of fatal accidents occurred during these

one'-- th an-ncrmal' jork hours in compar-i,on to other see'-tien

o0 accidents. CLDNLS fatalities that occu, red during "off" hou,-c

composed 49., percent cf all fatal acciderts. while this

p ercentaqe dec-eased to 37.5 Qercent outside the continental

::'titei u:ates. It co,.ild not he ascertained from the data wnether

the eiqh - centage cf fatalities that occujrred during "OfT"

tjOcu-s vas 3 . flection of the exocr'- e o- if this indicated a

nigh fatality incidence. Howiever, it is suspected that the

incidence rate is disproportlonately hiqher- than the actual

K.j" hewmor-e, it t-emains urclear whether "off" hou;-s implies

st-,ift LorP, o,/ert 'e, or a certain percentage of each. A

Dreponderance of shit work cLuld lead to the conclusion tnat

%actors other than fatiue contribute to the higher percentage of
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fatalities during off' ours, whereas, overtime might indicate

fatigue as the prim. rv factor. The intensity anod type of wJork

performed ire other tactors that should be considered in arl

analy/sis of accidents that occarred durina "off" hours. while

toe implications of this information remain unclear, further

studv is warranted to establism more conclusive findings.

5.. Const-uction-Related Time of Day Analvsis.

Co-serWUtion-related accidents also followed the 'classic'

time o* day distribution when considered in injury and non-injury

% groupings. rither than On' individuai severity categories.

Detailed ana'vsis if the time nf day dist-ibutions for indiv tdual

soe-it. caqtegories .s ninde-ed by a smill sample size. it

shouLd no noted, noe.er, tc t accidents -esuitinq in lost inr

*:fivs clear-v followed the --lassic" Qattern. nd were

cceDoderant amo- this sample.

A- ,sis of "otner-than-normai' w ork hours cises produced

,esults similar to the Corps-, ie analysis, which has already

teen discussed.

5.5 Ac-ient Ircidence Rate; b, Rego,.

-7irnce rates were cier i ed from the accident records and

mar-ho.' listings provided bv/ toe Armv Lorps of Engineers, and

.ere p.ese,-ted as acc i ents pe- million man-hours ordered by



region. In combining these two data bases it was observed that

much of the work done in certain regions outside the co-tinental

United States was performed by US contractors. rather than

contractors indigenous to the region. It had been previously

assumed that projects undertaken in a foreign country would be

oer'o-med by contractors indigenous to that country. While this

assumption was completely valid for European construction

pro ects, it was not valid in Saudi Arabia or the Far East.

A combiration of factors confounded analysis of accident

incidence rates in the context of a CONUS/Non-CONUS grouping.

Wide variability in the incidence rates was noted and suggested

that these qrojpinus ra/ not exhibit a sufficient degree of

nomoger eitv to warrant representation of further analyses

itilizinq a COiUS/Non-CONUS grouping. Furthermore, while it is

oresumed that cemographic characterisitics may contribute to

ac,-cicent occurrence, a CONUS/Non-CONUS qrouoing ignores this

Dssumpti_:n ooth ' itni- the continental United States as well as

outsic:e tre ontinental United States. Ultimately, the

reveiation that United States contractors performed a signiliant

amount of construction outside the continental United States led

tV the conclusion t-at a CONUS/Non-CONUS grouping would not

3ccuratel/ reilect differences between United States and fo-eign

c:onrtactors.

6

N
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Accurate assessment of the differences between United States

contractors and "foreign" contractors, requires analyzing these

contractors based on demographic characteristics rather than just

geographic region.

5.6 Analysis of Accidents by Phase of Construction and Severity.

Analysis of construction-related accidents based on the

phase of construction in which these accidents occurred, revealed

that excavation and earthwork operations account for more

reported accidents than any other single phase. These operations

account for 17.7 percent of all reported accidents and 39.5

percent of all construction fatalities that occurred on Army

Corps of Engineers projects. It should be further noted that

excavation and earthwork operations accounted for 46.5 percent of

construction-related non-injury accidents.

Despite the fact that exposure rates for each phase of

construction could not be extracted from the available data, it

appears that general conclusions can still be made. As stated

previously, it is generally assumed that excavation work consists

of less than 15 percent of the total effort on most projects

(McGraw- Hill, 1976; Means, 19e6). Thus, the number of

Tatalities appears to be disproportionately high during the

excavation and earthwork phase of construction. However, in the

I
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absence of further analysis one can only hypothesize the

existence of some causal relationship accountable for the

preponderance of accidents within excavation and earthwork

operations.

Other phases of construction, considered individually and

collectively, accounted for a significant portion of the accident

data. These phases include site preparation, forming, concrete

placement, steel erection, exterior carpentry, utilities,

mechanical work, and "other" non-specified phases. Collectively,

these phases represent a broad range of construction tasks, and

account for 81.7 percent oF all reported accidents and 833.7

oercent of all construction-related fatalities.

The data further revealed that 2.6 percent of the injury

accidents that occurred within excavation and earthwork

operations resulted in fatalities. This percentage of fatalities

vjithin the excavation and earthwork phase appears to be

significantly higher than the 1.2 percent fatalities (expressed

is a percentage of the number of injuries) reflective of the

entire sample. The steel erection phase of construction also

reoorted a high percentage of fatalities relative to the number

of iniuries (1.7 percent). It is assumed that the high

oercentage of fatalities within these phases can be attributed to

factors unique to each phase.
S



It is unclear whether differences between the phases of

construction can be attributed to inherent danqers within these

phases or if these differences are a function of exposure. It

is also possible that the sample size may have had an impact on

the analysis.

Evident from this analysis is the need for future

investigaton into the peculiarities of operations within the

different phases of construction. While this report simplv

provides a cursory analysis of accidents by phase of severity,

there appears to be a distinct need for heightened safety

consciousness within these phases of construction and within the

industry as a whole.

I 1 I
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APPENDIX A

Data Acquisition Procedure

Accident data can be acquired from the Army Corps of

Engineers by contacting the following agency:

Chief, Occupational Safety and Health Division

Directorate of Engineering and Construction
U.S. Army Corps of Engineers
Washington, D.C.

20314-1000

Phone: (202) 272-0094

Certain information is required to facilitate acquisition of

the data. For example, it was necessary to specify how the data

was to be used (to avoid any conflict with the Privacy Act), the

type of information desired (e.g. construction accidents from

1977 through 1983), and also the format of the data (printout,

diskette, or magnetic tape). Additional information was required

regarding the format of the magnetic tape, and included the

following items:

o Type of receiving computer (Vax 3)

o Tape Density = 1600 BPI

o Files Unlabeled

o Recorded in ASCII

0



APPENIDIX 9

Sample U.S. Army Corps of Engineers Mishap Report (ENG FORM 3394'

MISHAP REPORT SUOMIS' 'N (cc 0i 11PILE IDENTITY I12 121 - .REC"JREA*NT.
REPORT ,13BSCFC I PTNO I I COTLI OCE Stippif I to 2, 0 SUPPLEMENTAr. SYMBf~ M f~e~flOrOL

A385 40) 3 0 CORRECTION lI~31810l2 01 00  IOARYSOII

SECTION A -PERSON 1INVOLVED
1. NAME (ALL CAPS -Last. Firs,I MidoI4I (cc 13.4e) 2. AGE (cc 49-501 f3. six Ice 51)

lNea,.ist Year) I XX MALE
/iIIME br4-WvD 2 0 FEMALE

Norh Pcifc Dvison4. ASSIGNMENT (Gov' Employm, Only)
NorthPacifc Divsion Coded by FOA) Icc 112651

Seattle District, Seattle, Washington r0 -1 8

S. CLASSIFICAT ION (Chek apropriate bOYI Icc 561 6. DUTY STATUS (cc 571

1. 0 ACTIVE ARMY 5. 0 OTHER. PRIVATELY EMPLOYED , )E ON OUTY ON POST

2. 10GOV'T EMPLOYEE 6. 0 MEMBER OF PUBLIC 2. 0 ON DUTY OFF POST

3. 13 CONTRACTOR EMPLOYEE 3. 0 OFF DUTY ON POST

4. 0 EMPLOYEE OF FOREIGN GOWT f=4 00 FF DUTY OFF POST

7. MILITARY OR CIVILIAN GRADE Ic Se 6111 8+ OCCUPATION ice 62-65)

N~WC-7 MitnneWre

9. LENLTH OF TIME ON DUTY (Enter neafest nourl (cc 666E7) 10. TRAINING COMPLETED Icc 68.691

.:11. SUPF IVISIO~j OF PERSON INVOLVED Icc 701 12. SUPERVISION OF TriE SITE ((.c 71)

Iss Check dppropi sale boxd I(Check appropriate box)

1. 0 SUPERVISED1.QSPRIEBYCRSOENNES

2 M NOT SUPERVISED 2 2. 0 NOT SUPERVISED BY CORPS OF ENGINEERS F

13. ACTIVITY AT TIME OF MISHAP Icc 72-761 BLANK Icc 779) CARDNO. cc 801
(Coded uy FOA)

Driving from Office to next work site on r-pt

14. NARRATIVE DESCRIPTION OF MISHAP (Give a woid Picture e~plaininj the who. what. when and where Of the rmsh.%p, include
descriptions of equipment. condition, site. weer~ and oter factors which may have contributed in any way. Use fidditianal blank
pages if necCu.Y Vo not continue it's$ descirpimon in he %marks section.1

~f . (in Govt Vehicle, '79 Ford Courier PU, Lic - ) was making Left
*turn from Powerhouse Road onto Warland Road (@'.est end of David Thompson Bridge). He

did not see / J . " s, (private '78 Ford 4-Door Sedan, MT Lic ,-; )who was
on the bridge, preparing to turn Right onto Powerhouse Road. #-..2failed to yeild
(as perscrlbed by posted "Yield" treiffic sign) and struck .... Vehicle on Left front
with the Left Front of Govt Vehicle. No bodily injury was incurred by Messrs.
/IrI and /,)- if, , (passenger in ill i, Vehicle). Mr. i.-~i,sl is Purhse Elec.
epind Mr. drII2 Pwrhse Utilityman. (See remarks)

*ORiRECTION ACTION BY IMMEDIATE surERVISOR4 InvestigaLe measures to improve visibili ty and
osible change of traffic control signs at intersection. Motor vehicle operation to

c?0$overed in safety training.

ENO FORM 3394 EDITION W~ I NOY 74 IS OBSOL ETE 1
1 JAN 78

Source: U.S. Armv Corps of Engineers.
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U.S. Ar-my Corps of Engineers ENG FICRM 3394 page 2.

.&' SCFDA Yh MO REPT NO NiO

-,IC DATE AND TIME (cc 13 22) 7117 EXACT LOCATION OF MISHAP LIDD y aM. Warl a 0k

19, WEATHER (Check appropr"1I box) Icc 251
1. 0 RAIN 4. 01 FOG 7. 0 WINO

2 0 SNOW S. 0 ICE OR SLEET S. 0 OTHER ADVERSE WEATHAF'

3. 0 FLOOD (NOT RAINI 6. 03 TYPHOON. HURRICANE, ETC. 9.. K9XWEATHER NOT A FACTOR

19A. TYPE OF MISHAP (Chock aroptop4Ie box) (cc 26)
1.0 AICRAFT6. U1 MOTOR VEHICLE. GOV'T

2. 0 MARINE (other than recreaion) 7. -,MOTOR VEHICLE. PRIVATELY OWNED

S. 0 CONSTRUCTION E
198. PHASE OF CONSTRUCTION ICheck appropriate Maol IcC 27-28)

1. .0 MOBILIZATION 8. 0 STEEL ERECTION 1. TLTE

2. 0 SITE PREPARATION 9.0 SCAFFOLDING 16. 0 MECHANICAL

*3. 0 EXCAVATION AND EARTHWORK 10. 0 ROOFING170TUNLG

4. 0 FOUNDATION 11. 0 CARPENTRY. E XTERIOR 18.0D DEMOLITION

6 0 FORMING 12.0C CARPENTRY. INTERIOR 19 0 WAREHOUSING
6, 0 FRAMING 13. 0 TRIM. EXTERIOR 2 TE

7. 0 CONCRETE PLACEMENT 14 0 TRIM, INTERIOR

20. MOTOR VEHICLE UTILIZATION (Check aioprop,,ate box) Icc 29)

1. 0 REAL ESTATE ACTIVITIES .4. 0 SPECIAL INV'ESTIGATION OR TRIP

2. [1 GOING TO JOB SITE 5. 0 RETURNING FROM JOB SITE

3. 19 ROUTING JOB TRANSPORTATION

SECTIO1'J C - PROPERTY DAMAG

21. OWNERSHIP
(II BY FEDERAL GOV'T

IDENTIFY ALL DAMAGED 12) BlY STATE OR LOCAL GOV'T DESCRI13E THE ESTIMATE OF TOTAL

CQUIPMENT OR PROPERTY 13) BY FEDERAL GOV'T CONTR DAMAGE TO DAMAGES IN Dcii LARS
141 BY PRIVATE INDIVIDUAL EACH ITEM (LABOR & PARTS)

OR FIRM
0 OT H ER

A. 1979 Ford Pickup, Icc 301 Damage to Left FrontIcc 31 38)

ID-CWE99377 Lic# 1 headlight, fender

1978 Ford ODr (cc 391 Damage to Left Pint Icc 40-47)

J Lic -P (Mont) 4 headlight, fender I I. 1 -7 5R
0 0C. Icc 481 Icc 49.5e)

a. cc 571 Icc 5865)

I..Icc 661 Icc 67 74)

IBLANK CAR No 2Icc 75-791 ICC 501 I

0 ~~Source: U.S. Army Corps of Engineers s.2S4

111 1 1 1 1
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U.S. Army Corps of Engineers ENG PORM 3394 page 3.

SECT ION D THE INJURY
22. SEVERITY (Check approPr~ale boRI [CC 13-19)

1. 0 FIRST AID 5. 0 LOST &ORKDAYS. TERMINATED OR TRANSFERiRED

2. 0 NO LOST WORKDAYS, MEDICAL TREATMENT 6. 0 RESTRICTED woRK ACTIVITY
RETURN TO JOB

3. 0 NO LOST WORKDAYS. MEDICAL TREATMENT 7. 0 FATAL DATE OF DEATH

23. DAYS LOST AND TIME 24. NATURE OF INJURY 25. LOCATION OF INJURY 26. CAUSE OF INJUHY
CHARGED Ice 20-231 (cc 24-25)1c 628 90

SECTION4 E CAUSE ANALYSIS

27. MOTOR VEHICLE OWNERSHIP Ice 31) 28 MIV MISHAP TYPE Ice 32-331

[Coded by F OAlt (Coded by FOA)

29 AGENCY OF THE MISHAP (the object mojjt closely 30. SAFETY REQUIREMENT VIOLATED Icc 39-431

JS Army Corps of Eng rS I I I a T 71~ I____1____1____ 9___Ty_____
.r 31. CORRECTIVE MEASURES REQUIRED TO PREVENT SIMILAR MISHAPS HAVE BEEN COORDINATED WITH (Check bu. .ndrcalml;

t. . MANAGEMENT 4. 0 PERSONNEL (ASSIGiNI.SFNTI 7 0 ENGINEERING

7 . KD(OPERATIONS 5- 0 PERSONNFL (TRAINING) 8 0- SUPPLY
3.1 0 MAINTENANC~E 6. 01 PRIOVOSTfMARS;IALL 9. 0 NON-GOVERNMENT

32 CORRECTIVE ACTION TAKEN OR TO BE TAKEN Icc 4C.)

(Coded by FOA)

SECTION F - COMMERCIAL VESSEL MISHAPS (To be comrpleted ONLY for navigation mnishapsi

33. COAST GUARD LICENSE Icc,1461 34, NUMBER OF BARGES (c47-501

1. 03 YES 2. 0 NO LOADED r 7 1LIGHT _T

36 H P. OF TOW (cc 511 36. GROSS TONNAGE Or TOWV Icc 52)

1.0C UP TOI1000O i.0 UP TO 6000 TONS
2. 03 1001-3000 2. 0 6001-9000 TONS

3. 01 3001-500 3. 0 9001-12000 TONS

*4. 0 5001-7500 4. 01 12001-150U0 TONS
12A15. 07501 AND UPE: 5 0 1W001 AND OVER F
-,ir 37. COLLISION/MiSHAP Icc 53-56)

I . 0 COLLISION W/OTHER VESSEL 7. 0 TOW BREAK UP

2. 0 UPPER GUIDE WALL a . 0 SWEPI DOWN ON DAM
3. 0UPPER LOCK GATES I I9. 0 BUOY OR DOLPHIN

4. 0LOCKWALL10. 0 WHARFS & DOCKS

6. 0 LOE UD ALPRI1MARY ~f] SECONDARY

3B NVIATONADSIc57 3. PROCH(c 61BLANK Icc 59 791 CADN.Ie80)

LOWE GUQE ALL DOWN RIVER UP RIVER

I. SUPERVISED 1.0 WAY ON 3.0WAY ON

2 NOT SUPERVISED 0.C WAITING 01 WAITING c

Source: A.. grmy Corps of Enigineers
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U.S. Army Corps of Engineers ENiG PORM 3394 page 4.

REPO UBMISSION Icc 01) Fl' IDENTITY (cc 02 121

1. t)(L SIC k 'IRMO 'I NO 'NJ NO

2 0 SUPPLEMENTAL G1 1 1201 1 013. 0 CORRECTION I -f l Ii f I ~
_________________ SECTION G - OTHER INFORMATION

A n. .CTIVITY FUNDED BY (Check 4OP-oWnale boa) 4CC 131

I. k CIVIL *N)RKS S. 0 NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

2. 0 MILITARY CONSTRUCTION 6. 0 GENERAL SERVICES ADMINISTRAT ION

3. 0 AMMUNITION PRODUCTION BASE 7. 0 OTHER ISpec.ifV

4. 03 POSTAL CONSTRUCTION

'4'41. CONTRACTOREMPLOYER (cc 14-38) BLANK i.c479 CARD NO Ic"801

41A. UNSAFE CONDITION 18. UNSAFE ACT 41C. UNSAFE PERSONAL 4
4,,"(cc 39.411 (cc 4244 LaCAbR (cc 45-471

-- al to '_____La

42. PREPARED BY (Pi',nam andI mde S19V4 SIYAIE *g~DT
*William L. Harrymnan p, . '- T7V' C( 24 Dec 80

Vernon Howard V ' "~--- 1f4!-'~- a."____
43. REVIEVNED BY (Print name. and title) OSI F REDATE

WILLIAl! C.* ALCUARD J

Chief, Project Operations Br.
44 ANALYZED BY (Print namitn arida 1.1111 DATE

SAM1 L. MOORE, JRA 9'->Ch'ef, Q-fyet, OfffrCe ,Ie26

REMARKS IOtsc,.be the .. hy and how. 0f tik mishap and any theM" ,IIOmi, PI tri oI it, D b o ntriCC te NARRATIVE
DESCRIPTION of m.1hap n this sect~i+t"-

Vehicle equitpcd with seat belts which were not being used. Operator

disregarded requirement to us( seat bIts. Increased emphasis will be given
this subject.1

1CCl

PSS!

616S'1 11ERO~'
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APPENDIX C

Definition of Columns within Armv Corps of Engineers Data Base.

The column numbers and item names correspond to individual

items from the Army Corps of Engineers Mishap Report (see

Appendix B). The width (WDTH) and output (OPUT) refer to the

actual size of the columns and data within the computerized data

base. For example, column 57 contains an item called "DUTY"

which has a column width of I character and an output of 1

character. Column 57 corresponds to Section A Item 6 on the

first page of the mishap report.

COL ITEM NAME WDTH OPUT COL ITEM NAME WDTH OPUT COL ITEM NAME WDTH OPUT

I REC-TYP 1 1 90 TYPE-MISHAP 1 1 170 LIGHT 2 2

2 EROC 2 2 91 PHASE-CONST 2 2 172 HP 1 1

4 YEAR 2 2 93 MU-UTIL 1 I 173 TONNAGE 1 1

6 MONTH 2 2 94 AMTI a a 174 PRI 2 2

" REPNO 3 3 102 ART2 8 8 I76 SEC 2 2

II INJNO 2 2 110 AMT3 8 8 178 NAY-AIDS I 1

13 NAME 36 36 118 AMT4 a 8 179 APPROACH I I

49 AGE 2 2 126 AMT5 8 8 180 FUND I I

51 SEX 1 1 134 SEVERITY 1 1 181 CONT-EMP 25 25

52 ASSIGN 4 4 135 DEATH 6 6 206 UNS-COND 3 3

56 CLASSIF I I 141 DAYS-LOST 4 4 209 UNS-ACT 3 3

57 DUTY 1 1 145 NAT-INJ 2 2 212 UNS-PERSON 3 3

58 GRADE 4 4 147 LOC-INJ 3 3 215 OSHA 3

62 OCCUP 4 4 150 CAUSE-INJ 2 2

66 TIME-DUTY 2 2 152 MV-OWNER I I ** REDEFINED ITEMS tt

68 TRAINING 2 2 153 MV-TYPE 2 2 2 FILEID 11 11

70 SUP-PERS 1 1 155 AGENCY 2 2 2 DIV I I

71 SUP-SITE 1 1 157 TYPE 2 2 72 ACTIVITIES 5 5

72 ACTIVITY 4 4 159 PARTS 1 I 155 AGENCY-MISHAP 5 5

76 ACTIN I 1 160 SAF-REQ 5 5 155 CODE 5 5

77 DATE 6 6 165 CORR-MEAS I I 2 EROC-YEAR-MONTH 6 6

83 TIME 4 4 166 CORR-ACT 1 1 79 DATE-D 2 2

87 STATE 2 2 167 CG-LIC 1 1 77 DATE-M 2 2

99 WEATHER I I 168 LOADED 2 2 8I DATE-Y 2 2

Source: U.S. Army Corps of Engineers.

hi
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The actual code contained within the column that represents

"DTf' 'as deciphered us-nq the legend that was provided wjith the

magnetic tape, a sample of which is depicted below.

DATAFILE NAME: DF-DUTY
2 ITEMS: STARTING IN POSITION 1

COL ITEAi NAME vvDTH OPLJT TYP N.OEC ALTERNATE NAME
I DUTY 1 1 L 0 D)
2 DESCRIPTION 20 20 C - DES

SHEC O DUTY DESCRIPTION
1 0 UNKNOaN

*2 1 ON DUTY ON POST

.3 2 ON DUTY OFF PUST
3 OFF iOUTY ON POST

S 4 OFF DUTY 3FF POST

Souice:U.S. Armv Cor-ps of Enginee,-

t. S--= 2 E10 MM N
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APPENDIX D

U.S. Bureau of Labor Statistics Producer Price Indexes.

Producer Price Indexes

No. 768. PRODUCER PRICE INDEXES, BY STAGE OF PROCESSING: 1970 TO 1985
1967=1i00. Minus sign' I- Inicates decrease

STG OfPOESIGAD 1670 1975 1978 1077 1975 1179 1060 1061 1062 1063 1044 1I 96

Crud csoa or tt 112.3 116.0 202.7 20. 234. 274.3 104. 3300 319.5 323.6 330.111 300
Fodlul ...........ul 112.0 191.8 1902 191282 247. 250.2 257.4 247.8 252.2 259.5 2350

Noelboods. cxc fuel 109.8 188.1 206.7 212.2 233.1 284.5 3481 413.7 376.8 372.2 380.5 I3553
Formrulacturig. 1 109.6 1924 211.6 216.8 2382 202.7 357.4 429.4 387.2 381.9 3901 3605
For constructin 1139 15 1 170,t 1857 207.0 237.6 261.8 270.3 270.6 278.7 285e1

Fue .. -, J22 J715 353371 4268 507.6 815.01 75 1 .2 8861 931.5 93 1.3 806
Manufacturing industrial 1169Il 252.1 300.1 !38.1 1446.2 549.6 6905 864.9 1,03486 1.0945' 1.092.2 1.0632'maNnufacturigIndustrial. 130.2 297.2 317.1 37091421 1 485.0 5670 671.0 782.2 816.3 818 8021
bsneato anterlaoa, flug-

pts. -ioe,1x Ita .. ..... 101.9 160.0 INAI 21. 21L.6 243.2 200.3 306.0 310.4 12.3 320.0 31111.7

isanulacurn.......g . . 110.0 1787 185.4 195.4 2072344 6. 9. 8. 94 31S 29
Maelaa, for- 28 6. 8. 8. 94 318 29

Food manufacurr . 112.9 2094 180. 1 83.4 206.5 2294 264.4 2604 255.1 258.4 271 1 .2588aNoridurabb manufacturing. 103.8 1741 18.4.2 190.0 196.7 222.8 .259 5 265.8 284.4 280.0 295 2.5~
-qdDurable mrainulactrrnn 114 7 1884l 201.0 217.6 238.2 2706 itI 0 1312.1 3101 319A 3251 320.2

Componients for mininufal~r
Will 1111.77.II' 1583 186.6 176,8 189.6 207.5 231.8 25. 2738 2810.4 287.5 291.5

Materials and coilponmfll 
7a

,,construction 1126 . 176.4 188.4 2034 224.7 247.4 2683 287.6 293. 3018 310.3 315.2
Pocessed fuels, lubricant 15 233.0 250.1 282.5 285.3 364.8 503.0 5954 591.7 5648 566.2 I548.9

Continers 111......... Il4 171.4 190.2 1883 202.8 226.8 254.5 2761 285.6 288.6 302.3 311.2
Sipl.8 1060 1681 179.0 158.7 196.5 218.2 244.5 263.8 272.1 277.1 283A 284.2

For mau4c=rn industri 110.0 1579 186.5 177.0 188.3 207.5 2319 2531 265.8 269.9 279 *0 2852
For nrtnu dustri... 107.2 173.4 185.5 194.8 203.3 223.8 261 1 1269.6 275.7 281.1 2859 I284.0

pkVud goods 110.3 163.4 170.8 181.7 106.0 217.7 247.0 260.6 207 26111.2 201.1 23.
Consule goods m9 9 153.6 1697 160.7 194.9 217.9 248:9 1271.3 281.0 284.6 290.3 2918

Foods. -1115 181.0 180.4 189.9 207. 226. 239.5 2532.6 259.3 21.8I 273.3 271.2
Crude foods 116C.3 181.2 1939 201.0 2168 233.1 237. 238 252.7 258.7 2816 i260.0
Proce~sod loads 1131 181.3 177.8 187.3 204. 223.8 237.8 1250.8 257.7 260.0 210 3 1270.0

Otlie nondurable goods.... 1 0953 1830 174.8 189.3 200.0 231.3 283.9 319.6 333,6 3353 337,3 I339.3
Durable goods .. . ... .106.9 1 38.2 1 44.5 152 .8 16.9 183.2 206.2 21 8.6 226.7 2331 2368 241 5

Cwtal equipntriln . ..... 112-0 1625 173.4 164.6 196. 218.5 239.8 264 2794 2872 294.0 3005

ANNUAL PERCENT CA4ANGE
%Crude mwtoeilu f or furtherI

processig 3.....&6 11.9 2.0 3.2 12.0 17.0 11. 0 6.0 -2.0 1 1.3 2.21 -7.5
411 Foodstuffs and foodstuffs 2.5 1 1.4 1-.8 1.0 12.5 147 4.8 -. 7 -3.7 I'l 2,9 -04

Full571, 12 1, 4 1 2 22.1! 16.0 51 -l -21

% .... . . l l 6617.0 12.6 18.3 9.2! 1.4 .0 2.5 -. 4

% lfor- I I

~4ahedgooI 3.A.4465 7 76 111 13.5 0. 401 1 201 .Anr'eo- 3 1 8. 37 65; 7.9; 11.1 14. 0 31 3 2

Capta'equipmen 4.8 77 8.7 6,5 7.9 9 67110.8 1 10.2, 57 2.8' 24 22

- Pe0osl or round to zero IFor 1970, base year a 1960: am hller chainge fromi Pnor yu Islow

Al



APPENDIX E

Raw Time of Day Data

1977 1978 1979 1980 1981 1982 1983 Totals
~Death

?7 to 8 3 4 1 2 4 4 9 27

8 to 9 6 12 8 8 3 5 7 49

9 to 10 9 6 5 8 9 9 13 59

10 to 11 16 15 10 15 17 11 2 86

11 to 12 19 12 10 22 10 8 15 96

12 to 1 15 16 19 24 16 11 15 116

1 to 2 26 21 30 35 11 13 15 151

2 to 3 27 32 27 30 30 29 25 200

3 to 4 47 31 31 28 21 44 38 240

4 to 5 35 26 35 42 52 35 29 254

5 to 6 35 20 45 35 39 46 30 250

Else 128 119 105 121 111 100 88 772

* Total 366 314 326 370 323 315 286 2300

Firstaid

7 to 8 1 0 0 1 1 0 0 3

8to9 2 0 1 2 0 0 7

9 to lO 2 0 4 3 1 0 2 12

iS10 to lI 4 0 1 1 2 3 1 12

1 lto 12 2 2 3 0 1 1 0 9

12 to I 1 0 1 0 3 0 1 6

I to 2 1 2 2 3 3 0 0 11

2 to 3 2 2 2 1 2 0 4 13

3 to4 4 1 3 1 0 2 0 11

4 to5 4 1 3 2 1 0 0 11

5 to6 1 3 0 0 5 1 1 11

Else 10 6 3 8 3 5 4 39

Total 34 17 23 22 24 12 13 145

Lost Days (Returned)
7 to 8 20 26 22 29 50 50 34 231
8 to 9 81 69 80 81 73 73 84 541

9 to 10 86 108 106 98 132 95 105 730

10 to 11 121 134 124 145 160 136 li 938

11 to 12 95 103 121 128 120 115 85 767

12 to l 25 45 52 52 54 39 38 305

I to 2 81 59 85 102 115 94 58 594

2 to 3 81 89 109 117 98 96 105 695

3 to 4 84 84 84 95 83 78 68 576

4 to5 41 39 38 41 45 41 34 279

5 to 6 19 31 1I 20 15 19 20 135

Else 78 85 129 157 134 113 86 782

Total 812 872 961 1065 1079 949 835 6573
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Lost Days (Terminated

to a 1

3 t-J

* 2

4to 9

2 i t 3

:1 t

to 4 1

S31

24 -

3
Q t4 104

to 1;

-44

4 t

5 t

2~ a

IN

0 uu , 0



19W S7 :r :% 8P1 932 123
No nur.

7tz 15 27 22 22 16 14
3 to .- 34 25 31 2, is
Q to 1 I I 32 32 39 30 25 15 !1

ii o u 3 36 34 2b 2 251
11 to 12 32 3 3 35 47 I7 232

it 2 32 25 22 20 2 12 216

2 t3 3 4 42 41 30 31 25 252
3tc# 3' 2 43 32 32 12 242

4 t. 4;

5 t& 6 16 23 2 14 7 !' 124

Ese 131 123 94 :23 103 3 5i
,A

T;tal 44 '9b. 462 478 406 347 232 

estrictei Work

,,a t c .)'

t o0 I002'2 4

m . 1 4 . 3' 3} '2

1 2 t , 12 3" 2" ' 2 P S

12 1

..= . - .

7 t . 1 ' 3]3

r8 t 2 3 230

to I
10 to I 2 14
I t o 12 i 14

: II

2 t 3 2
' 17

toE 3 1

5 t 4 1

to e' '. *. 213 8To t 2 16 3 2 1K
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uNOi-CagMi '977 :9^3 !;7; 1 20. 1;5! 8322 133

Death
? t 8 0I 17 to0  I - *! 0

9to 0 I 0 2

4

10to Il 0 1 2

1 to 12 6 1 2 0 1 4

I2 to 1 0 1 2
1 to 2 1 4 1

Et 3 ! I se i _3

T tal 1 2 12 1
.- it:4 '..--it st1i2

to 8 - 22 U

", "!•t I - 2!

El3 e 1 1 1 2 4 11

Tta 2 . 2 12 12
01

B_ toI ( 'I ' 2

A, t 9 1 1

10 t :4 11 12 22 2

4 o : 1 ' 2

201 2 1

.1~-1

vo-.l - -S ! 12

r:t :a, W ietr4,4e 2 1

9.t 1 lC e F 15 13 i0

,t2C I. . ._ 11
C t 3!5 13 ib 12 2 5 101

to '
3 I 0 13 10" 21 23. 15 114

to12 , 4 21 21 12

Else13 2 22 22 15 134

.tai 120 22 129 189 191 !1 1032

4
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Lost Days (Terminate
7to8 1 1 ' 1 1 i
7 to U 1

9 to 0 0 0 0 0 1 1 2

V. tol 0 ' 2 I !491 to 1: 0 0
22

12 to 1 0 0 i 1

I to 2 1 1 i 0 1 '.

3 to 0 0 0 0 2

to 5 3 2 2

Else 0 4 1 4

Tctal 7 20 10 38

Medicai Case ,Petur'ed,
0 2 1 4

8 to ) 1 1 2 0 0 5

9 7 2 2 0 12

U U 1 2 2 2 7
2to

!!to !2 1. I 1 0 2 0

3 1 0 1 1 U 0

3t04 - - 1 3 0 ii
4tC15 1 1 1 2 0 1 0 .0

25 T 0 2 0 0 U

Total ' ! 10 2U 17 11 S

4e:i.:i Case (Terinatedl

to I ,2 to 2 0 0 0 0 0 (
9to 10 0 0 1 U U 0 1

!0 to I1 K, 0 0 I i I
1I t. 12 1 0 1

12 to I 1 0 1

J to 0 0
2 to o U ,I': t o "K, ', I- ii 1'

S'5tob U 0 U) 0 0 U)

Else 0 2 U 2

0 3 2Totaf = , I 1 1



1977 178 17'79 :0 198: ;32 :783aiE

No Injury

7 to8 2 1 UW

8 to q 3 5 3 15 o 10 5 47

toC 111C 4 8 8 67

Ito It 110 13 6 22

1:to 12 7 13 1 13 15 1'

12 to 1 2 5 4 41

I to 2 6 .o 1 3 12 52
2 to 3 3 11 1~14 15 13 5 45

J t c4 3 10 24 16 9 76
4 to 5 3 c 16 6
n to 6 2 1 7 13 12 6 6 57

Else IC" 25 22 6 1 41 25 D:;4

.),.A . Total 55 119 2" 35 177 137 73 915

Pestricted Work
* 7 to 8 6

3 to 9 1 0 4 1

_o 10 ) 0 0

12 t cu i10

I to3

t*'5 - 10 0" 0!
4 tn

E I se

T t a 2 0 1 0 i 1

': to A0 0 0 )

10 to 11 2 1 2 7
0 3 t 1 1

10 to to 0

1 to 12 -2

Ito 0 2 I

3 to 3 0

3to4 0 2 U

4 to5
Sto 0 j I : U 2

E 1 se I 3 1 3

To tal 2 2 1 1 4 41)

0s 11111


