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n&rtct

It aeons desirable Co nabs a short stat assent regarding cha natwre

and purposes of this report. First, it Is an assooblage of data baaring

on Che probabilities of accidents to heavy highway vehicles which are 

potential carriers of radioactive eaterlaIs. and on the severity of such 

accidents, because the latter is gemane to tbs probability of a release

of activity fro* a container la transit. Second, these data are

analysed statistically to reveal thalr significance.

Beyond this, no at tonpt is node to draw conclusions or to point 

out possible specific usee, the authors preferring to pretest the

anterlal in a very general fore. The report la, 1* affect, a tool.

however. one specific use should be nontiowed. The report baa

already been employed In working out a nunb■ r of decision rules in

which the alternative costs are coopered of shipping during intervale

such shlpnrnts under leas propitious cIrene*taoces. la the application

referred to the coats to be considered are those directly connected

The operations research analysis la whichstorage capacity, etc.

this application la ends la soon to be reported (see its* A, page 41).

And in Ilka wanner It la believed that others interested in the

highway safety novena at nay adapt the findings of the report to their

specific needs. Those who stay profit by so doing include Insurance

groups; rotor vehicle adndaletraters; traffic nonagere of general, as

well as dangerous cargo haulers; heavy vehicle designers; and highway

planners.

with accidents against those of Increased container inventory. Increased

of low-accident rates or by low-accident rate routes or of peredttlng

M
■b

IB



V
statistical analysis of the frequency and severity or ACCIDENTS

▼O POTENTIAL HIGHWAY CABRIERS OF HIGHLY RADIOACTIVE MATERIALS

ABSTRACT

Th* probability of accidents to tractor oeni trailers ia

developed through analysis of accident frequency data La relation 

to season; geographical factors; road typo, traffic and population

density; and typo of carrier buslMia. Maxiaaun likelihood rates are
T

developed for the potential carriers of radioactivity. Tapert

characteristics of accidents are studied through the enalyeie of sass, 

speed, and energy relatione sod the effect of these on vehicle and 

cargo risnsgea ere explored.

9.

WYO 9771 
Waste Disposal and Processing

F. F. Leiadcuhlor, M. J. Karson. and J. T. Thoaepeon



I. GENERAL INTRODUCTION

Ehls report is on* of several resulting from a study of the

transportation of fission materials at The Johns Hopkins University

under a research contract sponsored by the U. S- Atomic Energy Cosssission

and administered by the Hue leer Safety Croup of the Division of Reactor

These reports, exclusive of the one in hand, are listedDevs 1opment.

below both as a record for interested parties and to show the diversity

the culminating operations analysis which attempts to make use of ideas

Publications «diich haveand facts uncovered io the several areas.

already appeared or are scheduled for early release are*.

1.

2.

3.

4.

In item 1 of the above list the model of the proposed analysis

Reduced to its simplest terms, it may beoperation was net forth.

stated thus.

ch “ % pwhere

11.

cc

"An Operations Research Study of the Transportation of 
Highly Radioactive Materials, A Progress Report," by 
J. T. Thompson and F. F. Lelmkuhler, April 1959, 
WYO 7832. (published)

Ct

"A Study of the Possible Conse<iuences and Costa of 
Accidents in the Transportation of High Level Radioactive 
Materials." J. M. Morgan, Jr., John W. Knapp, and 
J. T. Thompson. (in preparation)

"Structural Analysis and Design Considerations for 
Shipping Containers of Highly Radioactive Materials," 
by Robert C. Sanford, May 1961, MYO 9374. (published)

* Cv * %

of areas which must be explored before one can hope for success In

"An Operations Research Study of the Potential 
Accident Experience and Total Cost of Truck 
Shipments of Highly Radioactive Materials," 
F. F. Leiadcuhler. (in preparation)



— the total cost of transportation

Cy “ cost associated with the vehicle (fuel, labor, etc.)

■ cost of packaging (shielded containers)

• cost of escort

« probability of an accidentPa

• probability of a release fro* containersP

“ cost of protecting and/or rehabilitating the environment

following possible release.

The terns of the model are related in a complex manner so that

variation In one may have a pronounced effect upon one or perhaps all

of the others. It is by studying their relations with a set of control

lable variables that operations research attesspts to determine that

combination of variables which yields minimum expected total cost subject

to an acceptable level of risk.

As one might suppose, the data for making such an analysis were

almost wholly non-existent and, therefore, in the project's first

release (item 1), in order to show that the model was a workable one,

figures were used which were In some cases fictitious. Since that

time much of the needed data have been uncovered, collected and

analysed. Although organisations and individuals too numerous to record

here were helpful in ssny ways. the data actually used were secured

mainly from the Interstate Cosmerce Commission and the U. S. Bureau

of Public Roads. Dr. Acheson Duncan of the Department of InduHtrial

Engineering of The Johns Hopkins University served as consultant in

12.

C

Ch “ cost of hexard

CP

Ct



Io all of these the authors arein statistical analysis of the data.

deeply grateful.

Although it is expected, ultimately, that other modes of trans

portation will be studied, the Hopkins group has beer*, mainly highway

This is because of the greater experience and familiarityoriented.

possessed by its personnel with the highway field.

The report in hand concerns itself mainly with the probability

of accidents to tractor semitrailers, which are the type of vehicle

contemplated for use in transporting high level radioactivity, and the

The latter proprobability of release of material from containers.

Another method is by inference from the study of vehicle

The latterand cargo damage in relation to speed, mass, and energy.

method has been employed herein.

Sussnarising, the material in this report deals with the frequency

and severity of highway accidents in which heavy vehicles and their

The Table of Contents is sufficiently detailed tocargos are involved.

give the reader an understanding of the relationships which are explored.

It is hoped that this report may be of interest and use not only

to those responsible for decisions in the transportation of fission or

other dangerous materials, but to others as well, such as general trans

portation companies, insurance groups, and even the designers of roads

and vehicles.

17
r

13.

may be analysed from the structural viewpoint or tests may be conducted 
1/ 

on them.

Under a contract with the U. S. Atomic Energy Commission, Franklin 
Institute, Philadelphia, Pa., is making a study of the possibilities 
of model and prototype testing of containers.

bability may be estimated in more than one way; obviously, containers



II.

1.0. Int roduc t i~n

A study was made of the accident experience of large, comnercial

carriers engaged in Interstate commerce in order to better understand

the sequence of events which may lead to a serious accident in the

highway transportation of radioactive materials, to discover methods

of controlling both the frequency and severity of such accidents, and

to estimate the potential effectiveness of such methods in reducing

In the analysis of accident frequency, data werethe accident risk-

obtained from the Bureau of Motor Carriers of the Interstate Commerce

Commission, which covered a four year period (1956-59) with a total

of 111,120 accidents experienced by approximately 2500 large motor

carriers of property in more than 30.5 billion vehicle miles of inter-

.A reportable accident is defined as one from which therecity travel.

These data were classified by quarter of year, regionalof $100 or more.

Significant annual, quarterly, regional, and carrier-type differences in

accident rate were found in the data; however, the annual bias could

be attributed to a change in the reporting procedures which was co

incident with a change in accident rate.

Th, quarterly or seasonal variation in accident rate followed

a cyclic pattern throughout the four years, rising in the Winter and

The differences in accidentfalling in the. Spring and Sunxner months.

14.

ANALYSIS OF THE FREQUENCY OF TRUCK ACCIDENTS AND 
THEIR IMPACT CHARACTERISTICS.

results an injury or death, or property damage to an apparent extent

location in the United States, and type of carrier or service rendered.

rates among the various ICC regions in the United States could be



Associated with differences in the highway characteristics for these

regio.is, principally in terms of the traffic congestion on the highways.

When the carriers were analyzed according to the type of haulage

engaged in, a large proportion, accounting for almost two-thirds of the

The remain

ing carriers appeared to have a significantly higher accident rate.

other dangerous articles, the category under which shipments of radio-

The accident experience ofactive materials are currently classified.

in which the accident data were classified accoroing to their tlse of

There was a significant difference between diytiae andoccurrence.

nightime , and between the weekday and the weekend occurrence of accidents.

In the analysts of the impact characteristics of truck accidents.

data were obtained from the United States Bureau of Public Roads and the

The relative frequencies of the differentInterstate Comnerce Commission.

types of accidents were found to depend on the type of highway where the

accident occurred.

motor vehicle collisions.

The weight characteristics of the various types ofdirection of impact.
»

trucks w-»re studied and a common weight distribution was estisiated. Fire

15.

be expected in the highway transportation of radioactive materials. 
/

A further analysis of accident frequency was made for various

collisions was found to be independent of the type of highway or the

However, the type of vehicle struck in such

this group was taken to be representative of the accident frequency to

* total vehicle mileage, was found to b^ve a common accident expectancy

days of the week and hours of the day, from a recent report by the ICC

Included xn the former and larger group were carrier^ nf explosives and

This is especially true of the direction of impact in

with -_«o significant Uif-erences in accident rate among them.



of Che time, but in overturn accident* fire* occur with twice that 

frequency.

because of the difficulty in obtaining reliable data, there 1* 

data of thia type, known to be available, were acquired from the BFk.

With these data it was possible to approximate the distribution of speed 

in various types of accidents by s compound density function, consisting 

of a normal, or be 11-shaped, pattern in the upper speed range, and a

rectangular pattern Ln the lower range. This was found to be in general

agreement with the observations obtained from various speed studies of

In Chia way, Che speed of trucks andcongested and free-flowing traffic.

automobiles in collision with trucks were studied for possible differences.

In two-vehicle collisions the two speeds were found to be stat let leally 

independent, and the net impact or collision velocity was taken to be

the vector sum of the two speed*. Estimate* were made of the distribution 

of impact velocities for various types of collisions, and at various 

point* of laqtact on the critical vehicle.

From th* atandpoint of control, further study of truck accidents 

under these and other conditions may Justify the use of apacial pre

cautionary sersucei specifically designed co meet the needs of shipments

of radioactive material*. In general, however, the above analysis make*

It possible to consider three set* of alternative* which can be employed

to reduce th* frequency of accident*. Shipments which are normally made

during periods of th* year with a relatively high accident rate, could

be d*t*rr«d to other periods with lower rate*. Secondly, shipping could

lb.

was found to occur Ln ell types of collision accident* about on* percent 

very little literature on th* subject of accident speeds, end the best 



be suspended during those hours of the day when highway congest loo is

Finally, routes can be chosengreatest and accidents are sort frequent.

so that trucks bypass highway sections with road characteristics which are

unfavorable with respect to increased accident expectancy.*
Ln a similar manner, the severity of accidents in terms of the

of unfavorable highway sections, by controlling the speed of the critlcel

to withstand the impacts experienced in highway accidents. At the

present time, a study is being swede of the potential effectiveness of

those measures Ln reducing the risk in the transports!ion of radioactive *
Other

methods of control might be considered, but in order to ssrasure their

effectiveness, the accident experience of trucks operating under those
a

controls will have to be obtained by direct obasrvstios or experimental

slant lotion.

slble for the shipment of radioactive materials to document their accident

and accident-free experience in a sinner which will permit continuing

analysis and inference.

t

17.

vehicle, or by using special vehicles and containers which are designed

sass, speed and direction of Impact could be influenced by the avoidance

waterfall, tn terms of the total cost to a transportation system.

In any event, it la in the best interests of those roepon-
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2.0.

2.1. Olscuaalon

Accident Involvunt data for large Motor carrlar* of property

throughout the United State* were obtained from the Bureau of Motor

Carrier*. Interstate Coeure* Comniaaion. Under the safety regulation*

of the Cosnltaios, all accidents ausr be reported la which there result*

tn addition, the carrier* turn. I ah estlsastes of their total

intercity vehicle telle* of operation, which ar* th* beat* for cossputing

These dat* ar* ■<— ar lead by the t.C.C. quarterly byacc ident rate*.

type of carrier and by geographic area for carrier* with annual operating

revenue* of S200.000 or nor*.

The** data were analysed for significant difference* in accident

frequency by quarter, year, and geographic region of th* United State*.

Th* analysis of variance of quarterly accident rate* by year indicated

the presence of a seasonal pattern repeated each year. The technique

of serial correlation wsa used to study th* periodicity of the rate over

which was further ana lysed by neons of a Fourier series.

Th* significance of th* harmonic tern* was evaluated by individual degree

of freedom comparison* in the analysis of variance.

Significant geographic difference* were also found to eai*t aetong

th* accident rate* for carriers in twelve I.C.C. notor carrier district*.

1

IS.

12 
er 1*1*

Ace ident 1  
with deference

four year*.

an Injury or death, or property danage to th* apparent eateat of S100 
1/ 

or sort.”

Frequency for La iff Motor Carrier* of Fr 
--------- co Typical Carrier* of Kadloactlve

1/ Interstate Conns re* Cowl salon. 'Motor Carrier Safety Regulation*.” 
Kavlsionof 19>2. Washington. D. C. . p. AS. A rule change which became 
effective on January I. I960, relieved carrier* from reporting "property 
damage only" accidents la which th* amount of dam,age was lose than $250.



The** difference* could b« raplaio*d largely by grouping the districts 

Later*Cate highway characteristic* were also very different. It mi not

possible to rapLein sati*factor!ly within-region rate differences la .

The I.C.C. rates were found to betens* of road characteristics.

cnap arable to those developed In a special study of similar vehlclaa un

the New Jersey Turnpike.

The analysis of variance of quarterly accident rates for carriers

classified by type of cargo or service showed that significant differences

Th* aeon ratal of the seven other carrier classes were conwere present.

pared to that of carriers of aaplosives. radioactive eeateriale, and other

which differed free the overall rate by tbe ssm* aaunant La each quarter.

The linear regression of accidenta on Mileage for thio group of carriers*
by quarter was in good agreement with tbe data and the theory that acci

dent* follow the Poisson distribution, with th* expected number of

accidents proportional to espoawre.

Maxlsua 11 kali hood estisketes were node of the accident rate for

all carriers by quarter and region, using the asouaeption of a Poisson

accident frequency. Thea* races war* adjusted to serve *a estimates

of tbe rate for typical carrier* of radioactive skaterial*. Because of

th* large nmmiier of stiles in the estimates tbe variance* of th* estiauites

ar* quit* small, such that ail of the *otiauic*a are theoretically

accurst* to within ♦ 1 accident per 10 million vebic1* mils*. Th*

estimated accident rates for typical carriers of radioactive assterlals

are sussnarlaed in Table 2.1.

19.

1

into an • a* tern and * western region of th* United States, in which th*

dangerous articles; and four were Judged to have a similar accident rate.



Materials.

3rd Quarter eth Quarter Annua 12nd Quertar

*.2733.920 *.17*3.77*3.271Caster*

2.735 2.6532.337 2.5223.003Vaster*

3.6263.6103.3603.2066.3**All Castons

. 20.

R«Sloos of
U.».___

Table 2.1. Cue* ary of Float let lent te of J
Hi i lion Vehicle Ml _le • t or Typ 1 ca 1_C a r r 1 er ?



2.2. Analysis of Accident Bates by Tear nod Qusrter

The accidents, miles. and rates far 10 art Ilion vehicle al lea

(IO KVM) reported to the I.C.C. toy all large motor carriers of property

la each quarter of the years 1950 through 1959, are shown in Table 2.2.a

la waking these figures available. the I.C.C. has noted that the data

not exactly comparable since the mileage represents Intercity travelare

in ell years but the accidents reported in 1958 and 1957 occurred largely

1950. both accidents andia interstate commerce only.

In examining the effect of thia inconsistency, the yeara 1958-7

and 1958-9 were considered as separate periods, denoted by i • 1. 2 with

ewe years, J " 1, 2 in each, which are cross-classifled with quarters.

Assuming that the mean effacta of these factors areto - 1, 2. 3, A.

for each year-quarter can be expressedadditive, the accidents

as follows:

(2.1) •ijh

• overall mean rate.ro

pt • am an difference of period i • 1, 2

• mean difference of year j ■ 1, 2 in period 1,

qk « mean difference of quarter k — 1, 2, 3. A,

•i)k

1/

21.

As of January 1, 
1/ 

miles were required oo the intercity basis.**

H. U. McCoy. Kotor Carriers of Property-Accident Data. First 
Quarter. 1958.** Interstate Cnmsirce Cusml salon, Washington. D. C.. 
January 28. 1959.

rate r1Jfc

rijh

• amaaureanent error, assumed to toe approximately 
normal with mean aero and variance c2 cowmon 
to all observations.

”1 * *1) * %



The slgnlficancs of each difference is tested la th* analysis of

variance of Table 2.2. where the sun sun of squares associated with

each factor is computed and their ratio with the residual sis an square

Thue, the differences between years within periods io found to be In

significant; but both th* period and quarter differences are very

Significant.

The analysis of variance for quarterly rated Indi.ate* the

preoatice of significant quarterly rate variations which repeat th —selves

each yesr within 1956-7 snd 1958-9. Such stationary tine series can

be represented —thematically as the oun of a aeries of cyclic tense

r(t) •(2.2) eoe 2 0 0- ...4b. 0COiB-r

sin # ♦ b4

where r(t) denotes the rate at time t " 0, 1. 2. ... time units.

end O “ 2pt/k for a period of length k time unite.

The series repeats itself in the time intervale 0 to k, k to 2k. etc.

The period length k. and the coefficients a and b are to be estimated.

One method of detecting periodicity in the data is to cosspute

the product-mom— t correlation coefficient for the observations.

at tine t with those at time t 4- 1. t 4 2.

Chapters
4

22.

1/ 
la c—gsred with the corresponding critical value of the F distribution.

rt’

eln 2 0 4 ... 4 b* b2

Mill 
2 

sin~i 0

«o ♦ bl

...; where the serial 
2, 

correlation coefficient of order k Is given by

In a Fourier aeries, i.e.

1/ A. J. Dune—. "Quality Control and Industrial Statistics." 
XXIX and XXX. Honewood, Illinois. B. D. Irwin. 1959.

2/ M. C. Kendall, "The Advanced Theory of Statistics," Vol. II, 
“ 1946, Griffin. London, p. 404.

cos 0 4 b3



I

(2-3) R

Serial correlation coefficient* were calculated for the data of table 2.2.

The rates are plotted In Figure 2.1 and the aerial correlation coefflcl- 

The plot Indicate* th*

Model (2.2) with a period of four quarterly tine unit* bacons*

(2.4)

which reduce* to:

(2.5)

r2 • * ♦ bj(O) ♦ b2(l)

r3 *

» • a ♦ bt(0) ♦ b2(-l) ♦ b3(-l)

+ 8 - .1

When this nodal 1* fitted to the observed rate* by th* net hod of least

square*.

values of a and b.—

(2.6)

bx - (r2 - tj)/2

- r4)/4- (Fx -

23.

the nomal equation* give the following estlnates for the 
. . 1/

- a * bj(l) + b2(0) + b3(l)

rl *

r4

b3

1/ E. T. Whitaker and C. Robinson, "The Calculus of Observations," 
4th Edition, 1944, Blackle, London, p. 267.

-

rl

- <?2

a + bx(-l) * b2(0) ♦ b3(l) 

sin tH/2 + b3

♦ 4 - rt

r(t) - a ♦ bx

b2

♦ b3(-l)

co* tK/2 ♦ b2 cos til

ents ar* plotted against k In Figure 2.2. 

presence of an undanped cycle with a period length of four quarter*.

cov(rt. rt + k)
. - --------------------------- -] 1/2

Lvar(rt) var(rt + k)J
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Table 12.

Annual Total»th Qu«rt«f3rC Quartet2n4 Quarter* Ut Quarter
MteHVM* feate**Acc- HVM Acc .•aceWVM •ate Acc .•ateNVM Acc .Acc .Tear

MIA. 1 30. i500* .255.3 33-2 2 32221000.0 30.3>1325301 1710.1 30.0A*25 1000.3 Al.t1050
7203.0 30.2231300*20 1221.2 30.31052.0 32.05030>050 1010 . 3 32.30003 1002.0 30.21052

2000.0 >0 .2020202 55 2132.5 30.01011.0 35.20230eiOO 1010.2 30.10112 101A.O 00.21050
OOo3 0 3; 00210 2333.0 30.02120.3 35.270 222750 2205.0 33.0OAOO 2130.1 05.01050

U1120 30500.0 >0 320035 2000.2 30 37033.3 33.o2550125107 7000.0 32.031022 7001.0 02.0Total

io onm.*MUt»a are »l»ee a* aeclOeata aer«WVN. mllioee ef vehicle mlee.

Analyaia ef Variance

Oat to0.2. man SquareQua at Square*Source at Vat tat too

3.0030. 1202.252>200255Quarter

1Tear*

3.002.0217.205351.005Total

2.12110.500 0OaetOual

«*

51.123 
0.301

5.12 
0.20

51-123
0.202

23.00
o. 10

1050-7 re. 1050-0 
Witate perleCe

33051

Vehicle mice, aoO Ut.» Uy Tear anO 
___ _ .____ r darrt—B H troyeroj

Acc 1 Centr, Vehicle mi. 
for Urgr lX-C. Wotor



1W aia*Hcity *f that* raMlta, bblcb 1* 4*e te tte« «rt)»otOMltty

at (2.5). Mke* it yoaalkl* t* t*et tb* elgalflcaace *f tbe

*b*tb*r th* "**" cMffic1Mt• btffer frM Mr*, by

mmc *f «*•<••• *f frooM la tb* aMlysle *f earlaM*

2, 2 *•. 4. a*4 1. 2 •*. 2. • -1 *•-blffereace* bet mm **art*r*t

nw eMlyele •< *f T*bl* 2.2 1* eateMe* la Table 2.2 te lac 1*4*

t*ete •< •lyoifuoxo far tbe ret I* af mm eop’ar* te rraibwl f*r Mcb

All tbr*« tern* are fawa* te be ei*atfica*<.af tb* ber**Mic loreo.

wltb CMfftClMt* 4iff*rMt frM Mr*.

Table 2.2. lableibaal

Wee* Ipearo •at la4.f .•aarce af V*rl*tl**

QMtrter*:

2.12ni.no • 1.40174.720 I

5.1212.272b.44524.441 1l*t 4tM t««*

5.1244.200 20.4b44,bbO

42.752 54.12 3.04244.253 3T**«l f*r Qwercere

2.11114.540BMlbMl

The mmmmbI cycle I* mcIOm* rate* re*reeMte* by tb* Fa*rt*r

Mr!** (2.2) M* e*ai**Aa<4 tar tb* *ccl«e*t bat* 1* Table 2.2 «ltb

The Mttaart* 14 bl*** bytb* Mtiaater* *f (2.4>.

4 4.444 «•* 0 . 1.754 el* 0 ♦ 1.754 cm 2 •(2.7) ’ •)

- 54.447 far 1954-7•1

- 27.974 far 1954-9 a*

27.

»«• acwt bj

*2

let cm tee <•«*. b{

2*4 «mI«m tec*, bj

ro.b5

•re •'•elealeat to c*M*arl*Me af mmTbe tMte far

'J

labietbaal CMMrleawe far OarMalc CMf*M*t c 
*j tb* QMrter Oiffereacee at T*ble !.<•

barwMlc ter**, l.e



gquatLona

expressed as a

0 • 2U<T - 0.125)<2.e>
and the differencealso plotted in Figure 2.3,The observed rates are

periodo 1F56-7 and 1F5S-F la quite apparent.in the

♦

28.

(2.7) are plotted in Figure 2.3. where each quarterly rate 

ia Interpreted as applying to the aid-point of the qiartrr, and 0 la 

function of the fraction T, of the year that hae elapsed

since January let, i.a.
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2.3 Analysis of Geographic Differences 1n Accident Rates

The 1958-59 accident rates for large carriers located in the

The

The mean *
differences in accident rates by district, quarter, and year were

examined by means of the following analysis of variance model.

(2.9) ♦ eijk

rate

■ mean difference for district 3. 4 12 .

qj “ mean difference for quarter J

y^ — mean difference for year y •» 1, 2

dq£j - mean Interaction of district 1 with quarter J

dylk • mean interaction of district 1 with

• mean interaction of quarter J with year k

at the 5Z level of probable error.

the difference between years. However, both the mean differences

asong districts and'quarters are significant.

In Table 2.5 lhe xcan district rates

order, and compared wltn the probable range of mean rates when measured

from both the highest and lowest values.

(known as the "Student iced

601

30.

The 95% probable range 
2/ 

range) la given by

<*1

yk ’yJk

d approximately normal with 
common to all observations.

ro

dylkrljk

— overall steen

d<,lJ

terms are not significant

year k

*

various I.C.C. motor carrier districts are given in Table 2.4. 
1/ 

districts are identified on the map in Figure 2.4.

are ranked in descending

1_/ I.C.C. districts 15 and 16 were combined into a single district, 
designated 14, because of the sma11 number of vehicle miles 
reported in district 15.

2_Z A. J . Dune an, op. c it ■ , p .

“ 1. 2. 3, 4

In the analysis of variance for Table 2.4, all of the interaction

ro * di

1-1.2,

•ijk “ measurement error, assume 
mean zero and variance CT2
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«*ttwt«d variance of

assumedw

The mean rate for

the upper rarise . indicating that

differences anong than. five

districts of Table 2.$. This gruuping of the districts corresponds

ttie United States into two rrgions.to a division of east

falls outride of t ne rang* of witherAlthough the irrotnins district

region* was further

enamined toy •■tending the analysts of 

the analysis of gevsrapnu differences and interactions tooth between

This is don«- in Table 2.5», whore thethe regions and within regions.

between* regl on differences and interaction* appear to toe significant

Wl t hoot apparent

int eiation.

it provide* a basis for gaining sore precision

in estisatlng accident rat es .

Siow explanation of the differamces belween accident rates in

tn* eastern and western portion* of the United States can be obtained

from the differences in htgtway characteristics tor these teglooi

for U. SSusa* character 1st lea Interstate Highway System in these two

fable 2 to rat es*
to toe associated with highway* having denser traffic and closerappeal

estimated variance of rate* within district* 
cosswn to all district*.

there may be no significant rate 
w

The taw reasoning applies to the last

The within region dlffetences are still significant» tout 

Although this treatment tai Is to cesapietely enplain

r
the first sis districts of Table 2.5 tall withtn

•£ • 
r

•!

and west.

geographic differences.

(2. IO> « - g<12 •Mt)aT - to. JlKJb. JbS/b)1'* - io ta 

«1 • range factor for 12 (scans and bfe degrees of freedom

ts geographical ly contained in the western region

IM O t«M»

vatiainr in Table 2 .A to permit

> 
the mean rates • s/b r

regions are shown in in general, higtiet sccidrnt

This grouping of the district*

group, it



Caster*

Group or

Hegloa*

20.13
25.50
10.03
20.30
17.50
I*. 50

*0.250
*7.025
*0.750
*2.500
30.025
30.025

0.00 
0.03 
1.50 
5.75 
0.53 
0.53

Western

Croup or

10.10•Grille*I Vol** to

(Late** ip* of Table 2.0Analysis of Variance -

■olioMoon SquaresO.f .O* of SpoaresSource of Variatir*

10.020333*0.125•**10**1 Krror

3*.

A*. 700
100.921

*0.M 
10.00

1
10

0.00 
1.57

Dietrlct .Quarter
Lot er act loo 

Cast v«. Wear 
Within K«*lona

12
7
9

LO
13 
1*

5505.510 
1*32.055

277.190
310.502

35.000
30.375
20.750 
20.025
27.125
22.125

3
30

1
10

13.25* 
17.00 
19.50 
19.03
21.13
20.13

5505.51
103.29

92.00
10.09

527.92
13. 70

0.1*
2.13

0.1*
2.13

12.00*
0.25 
0.03 
0.50
5.00 
0.00

0.00
1.01

2.09
1.01

Anon* Districts 
Cast vn. West 
hitble Re*lona

Dietrict.Year Interaction 
East *a. West 
WitKin Rations

r0.05

Tabla 2.5.

LouestMaa* Mata
Ranging of Platelets t>v Kata 

District No. r:___

Crtysj1 sons of Haan AcciRoot Bataa far Dintrlets of Table 2-3

DIffarenea* fro* 
Highest

9 K
i 9 

r W



An attempt was sad* to correlate there character! at Iceurban coaaunittee.

with IndividuaX district accident

cone iuelee.

of accidents on th* New Jersey Turnpike over

large property carrying vehicles

experienced it»9*» MCifeMa for a total of SbS. ) oil lion vesicle wiles

of t -eve 1 rate of JO. Ofc accidents perThis yields an MCldeul IO NVM.

which to alightiy higher than I tie ovetall rate of 2S.5S reported by 

all J.C.C. carriers la the western grouptna of districts; and cemaidee- 

abiy lower than the overall rate of <*fc./3 tor the eastern districts.

highsaays in tne sseur area.

Table 2.9-
111 f 1 etent Reg; one*'

Characterrat ics Kascern Western

I.C.C. Accident Rate A>.9 29.7 JS.J (acc./lO NVM)

•Sowrco:

a

Urban Mi lea 
hira> Mi lea

Divided Hwy. Rural
Aug. Dai*y Trat1ic-Aural

«
Towns of 5000 or sure 
Mi Lea between Towns

2t» . f*Z 
b22h

J.iJl (i-»A) 
11.IM (BIX)

2 .Sib (1IX) 
21.2 J* (Ml)

io. 2 n 
fc*»2O (whs./day)

5.0*9 (ifcX) 
Jfc.Jbh (bbl)

i2 »9X 
Ail J

1VOG.
C.

>17
99.5

bbl 
20. A

«•

Scone Cnamtertst tes of inter stat e 
mays m ill f lei ent Bea lone'*

iiao
29.1 (si /town)

W
In a recent study

•9>M.~

■M* SWniUanMSe-eeMSBfcmSMWjaaBn.

Accident Kapot seance on the New Jersey Turnpike 
New Brunswick. N. J..

1/ Joon *. Crosby.
pp. 2 A, New Jersey Turnpike Authority
I9>b. (unpublished)

rates, but the issults were not

At sue i up no inportant seasur cesnt difference. this would Indicate that 

bureau of Public Hoads. Tfignway Statistics 
y. X3A-1J7. t9AV. U. S. Governnent Pttntin* Office 
Wsshiiuiton. D

U.S Total

turnpikes etfectively reduce the accident rate nonwlly eapeiiesced on

a period of ess years (19>2 >7).



1.4. Anaijeie of 4cc kales for_»ifforrnt kinds of Catri«r«

»U tall lion vehicle ei lea arc ahoem in Table 2.7Act ident rates per

for ei*bt types of l.C.C. carrlara c aanfiH by the kind of c«ri« carried• *

The tlinUicanca of rate differences — nag c lassosor service rendered.

was evaluated tn the analysts of variance of Table 2.7, which follows the

following linear espresaioa for the rate.

<2.Il) rt -

re • overall neon rate

1. 2. .... e.C| • steen difference for carrier c lass i •

gj • aaan difference for qua tot ) • I. 2. ). h.

1. 2.« awan difference for year h •>k
• aaean interaction of carrier 1 with quarter J.

• swran interaction of cat tier l with year k.chk
• neon Interaction of quarter j with year k.

ijke

The analyiit indicates CMC carrier differences are as highly sign! f leant

che carriersi -e.

itsposd co aaaaonal 'actori uaitorsly. There also appears to be a

conslstout difference la rates tor the two years.

Since the accident experience of carriers of radioactive Materials

to included with that of carriers of eaplosives and ocher dangerous

race for that class is of particularart teles, the accident intereat

its ditferencoo Itos the rates of otnor classes. Under the

M.

’>Jk

ro * C1 * •tjk

aaauacd appro* lassie iy nonwl wlcb 
C* <ro—oo to ail obsorvatlone■

SMSM r Meat er ror , 
min sere and variance

irruaptioti that Cnere IS no significant difference between che rate 

♦ * *fc * «;tJ ♦ <ylk ♦ JM

tor a certain c.ass and that of the eapioeivos class, che assn rate F

as the quirirr dltfeivoces wnicb do not interact. .



Tao*** 2.7. A*, c i dr nt Kat es lot Various Type* of Interstate Carriere

4th3rd4th

37 33. 5021 2337 37 30 3960

3340 45 2» 34 33.5025 2* 34

32 36. 13*5 32 3433 364a 33

3232 32 36.3532 31 352*46

5.
32 35 36.6036-6Jo 34 4144

6.
42.13433“ 3937 36 494446

7.
53 39 39 42 45.0057 4345 40

34 31 55.3060 5160 54 54 54

Analysis ot Variance

Me*° S^uared . t .Sub of Squares Hat luiourct at Variat ton

20.37321427.62*Ititdu*1

haten*ion of Carrier Comparison (see teat)

37.

Pvt <o levs 
Products

lot eract ion 
Carrier -Year 
Carrier Quarter 
Year-Quarter

Vtner Carriere 
not Specified

Heavy Machinery 
and lata* I'nlta

1*90.009
121.650
730.750

2*3 734
532.703

70.297

7
21

3

7 
I 
3

1*90.009
30.613

365.375

40.533 
25.3b7 
23.433

19.23
4.53

22.92

2.1* 
4.02 
2.78

Carrier* 
Year* 
Quarters

Ceneral Preipht 
Carriers

Houroho id 
Uood*

hefriterated 
Products

2742.609
92.644 

.400.922

4 
4
2

391.001 
92 o4 i 

466.374

Mean 
Kat*1st

92.77
1.50

17 93

4.02
2.54
3.17

2.00
1.23
1.15

2 . 1*
1.76
2.76

Claes ef Carrier
Service ot Uic
-9» i.v.m > ■*»< » IMW1111 »

„ ............. ..„-J fMPf 1

Kaptuaivra and
Dan^rrcvr Article*

3

1956 Quaiteis

2.

Mut «*l Vehlc >» 
Transportut ion

(Acc ident * 
1

F0 -05 
no. . »*ii am.....

Claeses I 5. ve. 6-8
Jskmik C.aaees 1-5
Aaoni; C.niei 6-8

,«•___ £St 2nd
ten milion Miles)

1959 Quarters 
2nd



1/22

35.50 ♦ 5.97

Here, r “ 35.50 !• th* maan accident rate for the explosive* c lass

from Tao 1* 2.7; the estimate ofi a

to all classes; andwithin-class variance of the

56 degrees of freedom for the estimateis based on th*l0.05

fro*. 29.5 to 41.5. which is not theth* mean rate shouldThus. range

The resulting

that carrier class** 1 through 5 have a common accident rate.arguaect

by extending the analysis of variance of Table 2.7. The individual

comparisons between the two groupings and among th* classes of each

group suf ports the argument.

rat* for classes 1-5 differ* from the overallThe cocoon accident

1 .

fol low*.which can be expressed a*

2 , 3. <*- F i —- A.

the mean rate

*••* independent , thefor the raxaliung 3 classes.

variance of d^ is given by

38. -

a2/8 
r

2 
SF "

p. 474.

of f;.
Her*.

Since r£ and rV

- 50.145/8 where **

(2.13) d£

(2.12) r • re* tQ

rate assuaad common

- 35.50 ♦ 1.68 7(2-50. 14 5/8)1/2 -

denotes the overall mean for quartet i a* a weighted average

which differ* from tnat of the remaining classes, was further examined

case for carrier classes 6,

t_/ A . J . Dune an , op . c it . , 

the mean rate for the first 5 classes, a.id F|',

7, and 8 of Table 2.7.

accident rate of all l.C.C. carriers by an amount dt in each quarter

for that class is expected to lie within th* following interval 9OZ 
1/

of tt*e tisse.

- F; - (5rJ ♦ 3ry)/8 - 3(F; - FpS



- (3/b)2< 1/10 ♦ 1/6) var (r)

is based an IO observations (5 classes in 2 years) and

uased on 6 observations in Table 2.7.

independent of quarters. The estimated values

- (9/64)(4/15)s2(2.15) 3) - -3.95

-4.71 - (3/80)50.145

-4.46 - 1.8804

- -4.11 - 1.37

He re is tiie estimated wi thin-c lass variance having 56 degrees of

f reedom. is given by 2(4.56)s

5.43 while the actual range is relatively very small. Therefore ,

sang les of the same d and independent

of quarters, with estimates: Carrier

classes

miles than the mean rate of all I.C.C. carriers .

occurring in th

following frequency.

x - 0,

Both the mean or expected number of accidents £(x) and the variance

are equal to directly proportional to the mileage. When rm

39 .

1/ W. Feller, 
Applications," p.

2
*d

2 s r

The Poisson frequency distribution is often used to describe 
1/ 

the pattern of accident observations.

var(7/

and r '

*4

3J “

dl

(2.14) var(dx) - (3/«)2

X

-

/4 - 0.34.

10 million vehicle

■im(tm)x/x.’(2.16) f(x) - e

"Au Introduction to Probability Theory and Its 
147, John Wiley 6 Sons, New Turk, 1957.

the four d^

2 
X

duration of m vehicle miles, with a rate r, has the

where rhe number of accidents x

can be considered as

r'l’ 18

where r is assumed to have a common variance in all classes and quarters

1.2, .

The variance of is also

J " -4.21 and s^ 
d

1-5 have approximately 4 leas accidents per

The studentized range for the four d^

nn, i.e.



the Poisson variate la approx-

The proportionality property suggestsimately normal In distribution.

linear regression of accidents on miles, as shown

in Figures 2.5, 2.6, 2.7 and 2.8 for carrier classes 1 through 5 with

the data of Table 2.8 plotted separately for each quarter.

on millions of vehicle

for carrier J in quarter i is given by

3, 4; J - 1, 2,

Estimates of the regression values for each quarter are shown at the

bottom of Table 2.8. The agreement of the data with the linear model

is very good over an extremely large range of mileage exposures, as

being very close to 1. Of

a£, since they should all

equal zero under the Poisson assumption. estimates arc

well within the confidence limits for the hypothesis. On the other

outside the confidence limits for such a hypothesis. These values

are the regression estimates for the quarterly accident rates per

million vehicle miles.

evaluated by the analysis of covariance in Table 2.9. At first the

differences in slope are tested by determining the significance of the

sum of squares associated with separate slopes as compared withmean

a single coastion slope; and secondly, the significance of the separate

40.

1/ 
is sufficiently large, 25 or more,

XiJ “

2 reflected in the correlation measures R .x/m

the applicability of a

The regression model for accidents x^j

The differences between the four quarterly regressions arn

1/ D. A. S. Fraser, "Statistics, An introduction," p. 
Wiley & Sons, New York, 1958.

miles nr j

(2.17)

particular interest are the constant terms

125, John

1 - 1, 2,

hand, the b values are significantly different from zero, fall! ig well

3, 4, 5.

All of the

ai + btmij



ratxo use* the
Both F values arc

very significant which justifies the use of separate regressions.

I

1956, The Iowa
i

4) .

The F test 
1/ 

vlthin-quarter variance as the denominator.
mean regression levels is evaluated.

1/ G. W. Snedecor, "Statistical Methods," p. 401, 
State College Press, Ames, Iowa.
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Table 2.8.

Yr. Acc. Acc . MVM Acc . MVM

13380 3023.6Total 9999 3108.0 9881 2988.0 11853 3323.2 45113 12442.7

Regrenlon Estimates 1st Q 2nd Q 3rd Q 4th Q

0.999 0.999 0.9980.999

3,245.676 2,329.436 2,661.168 5,699.442

56.97 48.26 51.59 75.50X/m

Accident* and Mileage (in millions) for Five l.C.C Carrier Classes 
by Quarter for 1958 and 1959

5.2
5.7

•8
•9

*8
'9

*8
•9

C.8
7.3

6.7
7.1

Motor 
Vehicles

•8
•9

7.3
7.5

Estimate a
Umti (a* • 0) 
Estimate b 
Limits (b* - 0)

Large
Units

General
Freight

Class of
Carrier

tetroleum
Products

Explosives 
et al.

4319
5075

984
1423

582
703

98
144

31
21

989.6
1139.3

222.5
294.2

-0.9169 
+35.19 
3.2465 
+0.085

3323
3910

674
1004

372
459

25
15

1014.6
1215.9

186 .5
310.2

147.4
159.2

3514
3835

463
542

528
746

90
107

27
29

1055.5
1181.9

134.7
207.3

163.7
165.0

31.7
33.6

4273
4185

1083
928

550
533

153
112

20
16

1179.4
1217.3

264.5
267 .4

161.0
154.8

15429
17005

3269
4101

196 7
2237

418
503

103
81

808.2
1079.1

106.1
150.0

'8
9

20.3
45.4

77
140

15.014 
+56.07 
3.5216 
+0.125

618.6
633.9

CT

9.001 
+37.61 
3.2768 
+0.090

4239.1
4754.4

26 .0
27.6

146.5
154.9

-3.0865 
+41.55 
4.4308 
+O.106

24.1
36.0

30.0
35 .0

__ Year Total 
Acc .

3rd Quarter 
Acc .

4th Quarter 
MVM

2nd Quarter 
MVM

1st Quarter 
MVM

R2 
x/m

s2 
x/m



Individual Quarters

25,965.410
18 ,635.489
21,289.343
45,595.535

8
8
8
8

Within Quarter 1
.. .. 2
" ” 3
.. «. 4

Total within Quarters 111,485.777 32 3,483.931 Residual

1,481,853.108 3 493,951.036 141.730 2.90

1,593,338.885 35 45,523-968/

834,072.594 3 278,024.198 79.802 2.90

2,427,411.479 38 63,879.250

4 7 .

Differences in Means
Adjusted for Slope

Differences in Slope 
Coefficients

Regression with 
Conwnon Mean 

and Slope

Regression with 
Common Slope

Analysis of Covariance for the Regression of

Source of Variation Sum of Squares d.f. Mean Square Ratio F0.05

Table 2.9- _____
Accidents on Miles for the Data of Table 2.8

n 
c
m 

c
m in p >

- p
 e 

P O
' W

 M 
w

 ou 
o c

?

O
' O'

 w
 t j

 
'C

O
M

P 
M

) h-
 *C

 U>



2.5.

a mean accident rate and by tne slope of the regression line of accidents

on

sanpies with ulmnum variance.

is given by

• r *

*£✓/•£ when d log L/dr’(2.18) - O.

, the estimatorFor large ««■

variance

/
I.C.C. <arricrs are shown in Table 2.10 for each of the quarter-region 

class,fications, which were found to be significant in the. previous

analysis.

typical carriers of radioactive materials. In the analysis of variance

same magnitude for all quarters. It will now be necessary to assume

evidence to the contrary.

48.

n 
in-1

observations x* ,

xi/xi-‘

r is normally distributed with

desirable estimate can be obtained from the method of maxisum likelihood.

r “ r/?m£

which is nsxlaized with the estimator

- Vxi /V.

(2.19) var

(2.17)

Although both methods provide unbiased ertlsstei, a more

following the Foisson distribution with a coasaon rate

all types of carriers, an adjustment must be made to get the rate for

In particular, the latter estimate is normally distributed for large

Maximum Likelihood Estimates of Accident Kates for Carriers 
of Radioactive Materials

Maxianju likelinood estimates of the accident rates for all large

Because the data represent the accusailated experience of 

it to be of the same magnitude for all region-quarters, for want of 

for carriers, Lt was shown that this adjuitBcnt differential is of the 

The likelihood expression for accident

In the preceding analysis the accident rate was estimated by both

r* for the ooserved mileages



Uaing eaxiaua likelihood eatiaetei for th* data of Tabla 2.2,

th* difference between rh« rat* citiaat** for th* typical carrier* r^

and that of all ca'riet* r In all quarter* and region* ia given by

«/■

- 36.2560 - 38.2562 - -1.9996

Expanding the ratio x/*. d become a

- (1 - *l/»)(x1/ai1) - (Bj/nXMj/Bj)

- (*2/n>(r1 - r2) - ?2<rl “ v2)

(2.22)

- 0.0085

In order to obtain an unbiaaed ectiaate of th* accident rat* for

typical carriera in a particular region-quarter, aeveral aaauaytlon* are

r*qui r*d.

particular region-quarter r" (denoted by th* doubl* pria*) la adjuated

given by

p2C<rl) * ’

49.

♦ war r2)

' r2>

- (0.25)^(0.0291 ♦ 0.1073)

r2>

where

/*2)

(2.21) d - x1/n1

Th* variance of d aa eat iaated in (2.20) ia given by 

war d • p2(var t|

* V

- p£C(rT)6 P2E(r") ♦ *2UrI

♦ ap/Ga^

/W1

- ppt(r^)

/■ “ »2/(nl

* v'1 r:

(•■j /a»)(X|/ai) -

(’l

* -2) - 1 - P,

When the eat faulted accident rata for all carriera in a

(2.23) E (r" ♦ d) - E(
~1

I1 * 

2

by the factor d fro* a rifforent a«t of data, th* expected value la

(2.20) d - - r - xpai •



to order for Chi* to yield on unbiased eatlente of l(r*j), two ««waptloM

<•> P, l.e. eha a>l lea** dlstr 1 bet Ion between th*are required: 1
typical and noo-typlcal carriers oust be the sea* In both aete of data;

»

the analyst* of variance. Then (2.7)) reduce* to

(2.2*) «<r“ ♦ d) - (P1 ♦ p2)t(rp 4 (p2 - P2)«<rp

(2.25) var(r* ♦ d) - var(r**) ♦ var(d)

where r" and d are Independent eatinatee. However, with rhe data

available, d is actually eat lasted free the sun total of observations 

for all of the eight reston-quarter claaaI fleetloan used to eatlSMte

Therefore (2.25) tends to overeat inate the variance. The

aalerlalt are obowei la Table 2.10.

50.

rj’) as wee indicated fro*r2) • <(r|and (b) K(d) - E(d") or B(rt -

• «(r7) 
1

aa desired, w*th variance.

adjusted eat lentes sf the accident rates tor csrrlors of radioactive 



T*t>i« a. 10. tUxlwm Lihslibood Est of Acct done JU t *« for Carritrt of Kad io active Material*

Qvrrtrr Koto v«rtone*

1

2

J

4

All

Carrier Classes

1-5

Esclasts
Variance

East 
West 
Both

Huaoer of 
4ccldone•

Ml 1 llOO* of 
V*bicI* Ml la*

1-5
Other 
1-5 Bias

East 
dasc 
Both

45.113 
IS.273

2.452.5*
1,637.5 
-.090.0

12.442.7
4.12b.I

36.2566
44.2*04
-1.9997

44.725* 
28.54*1 
3*.2562

43.7420
29.3400 
38.09 7b

41.1988
27.2244 
35.6039

39.7394
25.3712
34.0847

54.7125
32.0291
45.4393

0.0291
0.1073
0.00*5

0.0450
0.0431
0.0231

0.1080 
0. 1003 
0.0871

0.1*40
0. 1712 
0.08 72

0.160*
0.1558
0.0829

0.2317
0.1961
0.1137

42.7252
20.5473
38.2356

41.741* 
27. 3-60 
36.0970

39.1982
25.2238
33.0033

52.7119
30.0285
43.4387

37.738*
23.5706
32.0*41

0.0533
0.0516
0.0316

0.1765
0.174*
0.0956

0.1731
0. 1797
0.0957

0- 1693
0.1643
0.09.4

0.2402
0.2046
0.1222

0.-12
0.-05
0.302

East 
West 
Both

0.416
0.-24
0. 309

East
Vast
Bath

East 
Vast 
Both

Mats par
10 MVM

0.420
0.417
0.309

0.-90
0.452
0.350

0.231
0.227
0.178

9.820
4,197

14.017

11.624
5,030

16 .634

9,9*2.* 
6,626.0 

16.5*4.*

2.361.8
1,633.2
5.9is.o

12.922 
5,231 

18 . Bi

10,104 
-,45* 

14.5*1

2,471.1
1.641.3
4.111.4

44 ,4 70 
18,9X6 
<3,3*6

Observation
Be* ion

2.657.4
1,714.0
4.571.4

Adjusted for Carriers of KA Material* 
Standard 
Oeviacion



2.6. Accident Occurrence by Tiste of l>sy and Day of Week.

tier of day end the day of the week when they occurred. These are

plotted tn Figure 2.9 and auaMrlterf tn Table 2.11 with the 24 hours

of the day divided into foot six hour periods. In the same cable an

analysis of variance was sadt to determine the algnificsnce of the

There is a highly significant difference betweenobserved difference*.

dayt law and night la*, but no significant variation within these periods.

There is also a very pronounced difference between weekends and the

weekday* of Monday through Friday, with no apparent difference* assong

There 1* a difference between Saturdayor within the** latter five day*.

and Sunday of th* weekend.

Unfortunately. it was not possible to obtain a corresponding

claaalfleet ton of th* vehicle stile* of operation by the I.C.C. carrier*.

Thia would have *sd« it possible to drteminr and cospsre the accident

rate* for hours of the day and days of the week. However, there is

do occur. it war

found that the accident <6 ton* or wore) was

section* of wain rural highway* in th* United States. In the data

collected for that study, th* night tiSM* vehicle Mileage reported for

truck combinatton* was slightly greater than the dayt law mileage.

■>2.

rat* for large trucks 

considerably less at night than during the day on representative

evidence frost other source* which indicate »uch variations in rste 

1/ 
In a recent atudy by the Bureau of Public Hoads"

£/ L. L. Strauss. ‘The Feders 1 Rots tn Highway Safety.'* House 
” Document 93. Bbt h Congress, Washington. D. C., 1959.

In its report of truck accident data for the fourth quarter of

1959. I.C.C. provided * detailed classification of the accidents hv the
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Table 2.11.

Total

Monday 6 15 66 7 2 56 1322186

429 402Tuesday 265 24 7 1343

404 429Wednesday 2 56 254 1343

412 407Thursday 283 304 1406

1337356Friday 44 7 300 234

1225Subtota1 2016 2 152 1358 6 751

268Saturday 215 162 291 936

Sunday 97 135116 104 452

Total 2381 2483 1655 1620 8139

d. f.

Subtotal 91,006.3929 3 30,335.46 8.72 3. 16

Subt ot a 1 184,221.9696 30,703.666 2.668 .82

Residual 62,631.9018 18 3,479.55

54 .

1 
1
1

Sum of 
Squares

Sou rce of 
Varlation

Day of Week 
Weekday vs. Weekend 
Within Weekdays 
Within Weekend

AccirfontR 
Reported by:
Weekday 

Mean
Square

Critical 
Value

Time of Day 
Day vs. Night 
Within Day 
Within Night

153,785.1571
1.154.8125 

29,282.0000

90,175.7500
743.1429
87.5000

1
4
1

153,785.16
288.70 

29,282.00

90.175.75
743.14
87.50

44.20
0.08
8.42

25 .92
0.21
0.03

4.41
4.41
4.41

Variance
Rat i o

4.41
2.93
4.41

Number of Acci dent s Reported by _T i me of 
Dayand Day of Week.

12 Noon 
to 6 p.m.

12 Midnight 
to 6 a.tn.

6 p-m. to
12 Midnight

6 a.tn. to
12 Noon



Assuming no change in the mileage for night and day operation*

the ratio of the accident r.ateof trucks engaged in intercity commerce,

for these two periods is equal to the ratio of the number of accidents

which occur. i .e .

the subscripts 1 and 2 denote day and night for accident rate* r.wnere

and mi les, m equal to one.accidents x,

ratio for the data of Table 2.11

x
- 0.67.4664

With a mean accident rate of 3.626 accident* per MVM and the relationship:

(2.28) 2r - 72.52 - rj ♦ 2

. these equations can be solved simultaneously to give the following value

(2.29) mi les by day

mi lea at night,

rate of ♦ 0.721 from the iwsn rat*.

This difference in accident rate is quite similar to that observed for

highways in different regions of the United State*. In both comparisons

i.e. reduced trafficthe same underlying road factor can be cited.

density.

of highway accidents. and Woo

55.

and r:

Thi* conclusion is consi&ten* with those found in other studies 
1/

In studies by Versace and Woo , average

(2.26) LL-

r2 ml *2 mi

- 2.901 acc./106 i 

or a mean difference tn accident

- 4.343 acc./lO6

11

X2

r2

ri

(2.27) 
Tj X] 4664

for rj

With m /tn 
2 1

■am——* w—■ ■■■» MS ma —aamm«aaamms~mm» .ea'—a~.--*~ mM *

1/ J. Versace, 'factor Analysis of Roadway and Accident Data," 
Highway Research Board Bulletin 240. Washington, D. C. , 1960.

£/ J. C. H. Woo, "Correlation of Accident Rate* and Roadway Factors." 
Joint Highway R> search Project, Purdue University, 1957.

the accident rate



. .... ... - -- ■

daily traffic was found to ba the variable wost highly related to

accident occurrence.

accidents. Roff reports: "In woet caoea the average daily traffic

has a considerable effect on the accident rate on tangent highway

sect ions■

f

1/ M. Rafi, "The Interstate Highway Accident Study," Public 
“ Roads. 27. 170*184. 1953.

The cot an pattern is for the accident rate to increase 
1/

as the volune increases.**

tn an extensive study of interstate highway



Impact Characteristic* of Trvck Accident* u*MMM*>* — «K-«HMMMea*M***e.-*eiMei.»w»-- eiiinw UM ’ ■ ■.• «- « **■ —Inr — ■-.**»3.0.

3.1. ’.nt jr r»«Juc t i «»n

off th* r<mdway. Th* collision accidents can ha further divided into 

Collision* with wot or »ehlcl»* ar* th* sost•tc .

freryuent t yp* *nd th*** can to* classified ace or din* t“ th* hind of

fro* th* standpoint of th*v*hlc 1* struck and th* tooinrr of collision.

s*v« city of Motor vehicle accidents th* *or» l*porr»nt char ac t erl st let

ar* th* weight and structure of th* opposiiMl vehicle*. their speed and

direction at the tin* of impact . and th* occurrence of such i«ib«»qu»nl

Data for a large number »< accidents Involving large cusmn rc tai

Public Road* and th*

Interstate Cossaerc* Cusenisslon.

•stinates of the relative frequencies for th* different types of

accident* and how the** frequencies change for different types of

the type of venic ie struck

was found to be statistically independent of bote th* direction of

However, th* direction ofinpact and tin highway charge t*rist ic*.

impact is influenced by th* highway. In that toeadon collisions are

virtually *iminated on divided highways.

The vehicle struck was found to be clos*l> related to th*

Th* weight

and

composition of the traffic *tream on th* highway.

characteristics of the various types of vehicles were studied.

For motor vehicle collisions.

nedestrians,

•vent* as fires and secondary impact*.

those with motor vehicles and thos* with fitted obfecte. ratIroad trains.

trucks were obtained from the U. 9. Bureau of

These data ver* used to develop

Accidents con to* divided Into collision and rrwi-col lislon type* 

with th* latter category consisting principally of overturns on and



the 4latributioM of weight were The occurrence of fare

woe found Co havv a alaiiar frequency lai the varioua types of colltelon

accidenta. with approximately IX of ouch accidents resulting la fires.

of accidents were appro«leate4 with cnepoenu distributions having troth

a hell-shaped high speed coepanrnt and a rectangular low speed < wapoarnt .

which secure when the vehicle Is unable to melataia a normal highway

speed pattern. The relatlwe proportions of ciao two ccmpooenta differ

for the various accident types. Unfortunately, so analytic studies of

speeds are re found la the literature, hut the results of studiossec idem

of vehicle speeds under various hlgnuay conditions appear co be la

autoatantlai agroessnnt with thoae results.

The velocity of impact for motor vehicle collisions wes taken

the sum aac. difference ia noad-ea end rear-end accidents respectively.

Since the two speeds appear co bo distributed independently, their

Jo«.nt distribution was defined as their product, end the distributions

of the sum and difference ia speed were evaluated from the csapcued

mat gins1 densities. An analytic evaluation was used for tUe bivariate

aonml and bivariate rrctaaptiar coo-ponente of resulting distributions.

5 aph intervals. Mather than use the vector sums in angle accidents.

the speed of Che opposing vehicle striking the critical vehicle wee

Mi.

taken to be the impact velocity.

but the normal-rectangular components were evaluated auawrlcally in

However, ia overturn see I dents, fires occur with twice that frequency, 

estimates of the speed of the vehicles involved ia various types

to be the «ector earn of the speeds of the collidlag vehicles, e.g.



Thoae cel Halon* In rd»l«-h the layMact la received at the a eave

point on the critical vehlc Io wer* crnahlned Into a alngle impart category

rootend accldantt la WhichThue .

of velocity in the vorloua itapact cat»gorl»a art ahown In Tehie 3-1.

Thoae eettnatea are baaed on th* **p*rl*oc* of lav** tmeka operation

t« Intercity travel throughout th* United State*. For port ten lot

typo* of highway a th* eat 1 awe tea any he different.

♦

combined with the front eno impact* received In tuad-on col 11 alone.

Catinatea of hath th* fr*nuoncy of their occurrence and th* dlatrlhutloo 

with a alnftle velocity diet r I hut ion.

th* critical vehicle atrthe* th* rear or aide of another vehicle were 



3.1.Tao

True* CoHUlotwAoCooobi le Coiimon<

From Wear Side Total front Baar SLtfe Total

0.31b 0.204 0.041 0.30) 0.094 0.032 0.011 0.157

Typo

. 722io or* .0*0 .407 .4)9 .M3. 7M . 744 .900

20 .421 .174 .730.7)9 .410 .932.4M .400 .340

.273JO .574 .507 .317 .220.447 .573 .924.424

.121 .421 .30540 .414 .144 . 103 .313 . 795.404

. 193 .244 .014 .202 .23430 .400 .019 .319 .005

.247.33)40 -OOO .040 . 192 .OOO .002 .140 .004

70 .207 .on . 142 .OOO.231 .130 .OOO

.00140 .241 . 135 .no. 104

.17) .000 .095.09 7 .03790

1OO .019 .Oil.009 .049

no .027 .OO1.013

120 .003 .003 .OOO .OOO

40.

Belatloe 
Fretfootneyr

Accl4*ati 
Point of 
faepact :

Ooertoraa 
•r»d CM hat 
ColLLaLona

0.090 
4 0.190

fatcrMtg* of 4ccl4««tt E.*c»o41«mi tWo Btatoa Velocity La SacW Callttlon «

.001

Sweater y of the Kat Lent <4 Pt atrLbotLoo of Wet iayect 
^•15*A<Z ±5L tb* at tracer iaarttral let



3.2.

t

Inc luded in one of three group*:which to

collision with another motor vehicle, collision etch an object, other

than a »ntor vehicle, and non-celIisi on such ■» overturning and running

off the road. tn Table 3.2. the number of accidents in each group is

given for data fro* two sources. The t.C.C. data represent ail

Tne relative frequencies of the accident types

were compared by means of a chi square test, and the result, shown tn

Table 3.2. indicates that there are no significant differences among the

two sets of accident data.

In Table 3.2. the accidents reported tn the B.P.K. study era

further c.asst fled according to the kind of highway on which they

occurred

dally traffic (AST) of wore or less than 3000. chi square con*

parisons indicate considerable differences eaist in the relative 

frequency of non-collisten and collision type accidents for these

The proportion of non-co 11 ision accidents tends to decrease roads.

bl.

The Classification and Frequency of Collision and gon-Col Union 
■ dents.

accidents for large carriers of property for rhe fourth quarter of 
2/ 

19*9.“

Motor vehicle accidents are usually classified according to Che 
It 

first went of the accident

with a further distinction between the tuo lane roads having an average.

trailer type vehicles over several years on 35 represents!Ive highway 
>/ 

sections in 11 states.

y Department of Hr*ln, £ducat 1 on.
of Motor Vehicle Accidents

2/ Interstate Consserce Coaseisslon.”
Data for Fourth Quarter. 1959," 1

3/ "Tne Federal Hole in Highway Safety." Both Congress.
House Document Ko. 93, U.S. Gov’t Printing Office.

and Welfare, "Uniform Definitions 
Washington, D. C., 195b.

1 Motor Carriers of Property, Accident
Septesfeor lb. <9b0, Washington, D. C.

1st Session,
pp. 71-bd. 1939

a distinction being made between two and four lane highways.

The B.P.d. data represent the accident involvsmrnt s for tractor



Table 3.2.

B.F.B. Highway Study. 1934-59

2231332 lane a under 3000 veha/day 30 183 SO

2 lanea over 3000 veha/day 210 *2 232 *3 29 7

215 33 282* lanea, divided roeda 248 anew 14

$30 125 483 119 802Total for B.F.B. Study

589 7 1141 7038 1131 8189

it Critical ValueCowrarlaot. of Accident Typer Square d.f.Chi

2.342 3.99Between l.C.C. and B.F.B. Total 2

Aaamg Highways in B.F.B. Study

0.744 5.992

47.43* 5.992

42.

Between collision and 
non-col llelon

Between motor vehlcle and 
other collisions

Source or Location 
of Accideate 

Non-Col Halon 
Accident a

All * 
Accidents

l.C.C. Carriere. 
4th Quarter. 1939. 
Intercity Travel

Coillaiwa and Non-ColI.aion Accidents for 
Tractor Trai lor Type Vehlc lee from Vai tour Sources

Colllalon Accidents 
Hotcr

Vehlcle Other Total



as traffic density and/or highway control decreases.

differences were found between the two types of collision, ft.a. wotor

for the different roads.vehicle vs. ocher objects.

A ss»re detailed ana lyate of Motor vehicle collisions was wads of

the two-vehicle accidents reported in the B.F.*. study, in which the

vehicle struck and the direction of Inpact were Identified. The data

are shown In Table 3.3 for each of the three types of highways. Chi

t<|uats tests were used to c onpare the swrginal frequencies of vehicle

with each characteristic. In addition the interaction of vehicle struck

with direction was tested within each road type.

However, the direction

of Inpact is dependent on whether the highway is a two or four lane

(divided) road; in particular, head-on collisions are rarely eaperlencod

The traffic density does not appear to have aon divided highways.

significant influence on the types of Occidents occurring on the two

Jane roads.

The wore detai led classification of accidents reported by l.C.C.

carriers 10 shown in Table 3.4 for both the fourth quarter of 1959 and

the first quarter of I960. (More recent data were not avallable at

thio tins.) since the l.C.C.

wade a rule change in the beginning of 1940, which relieved carriers

43.

J7 A cooperloon oi thevehicle struck in the l.C.C. 4th Quarter 1959 
data with the B.F.B. uata showed that there were no significant 
di f fereoces.

The results indicate that the vehicle struck is independent of 
17 

both the road type and the direction of isq»act.~

However, no

The two quarters are not exact ly cocapar able.

struck and direction of inpact for the road types, ft.a. road interaction



Table 3.3.

47 16298 1157262 2b47 15

3 158 433 949429

313282018 23 1714Angle Collision*

19751176 146139 3722 11290

d.f. 5X Critical ValueChi SquareTeats for Interaction

5.9922.022Vehicle Struck vs. Road Type

Direction of Uapact »». Road Type

5.9921.045Between the 2 Lane Roads

5.99267.497Between 2 and 4 Lane Roade

Vehicle Struck ra. Direction of Lapset

5.994.314 2For 2 Lanes under 5000 ADT

5.992.348 2For 2 Lanes over 5000 ADT

5.9925.069For 4 Lane. Divided Roade

12.6011.731 . 6for All RoadsTotal

64.

Head-on 
(or Sidwewipe in 
the Opposite 
Direction)

Rearend 
(or Sideswipe in 
the Seas* Direction)

Total Two 
Vehicle Collisions

Direction 
of Lwpact

2 Lane*. over 
5000 ADT 

Auto Truck Total

2 Lanes, under 
5000 ADT 

Auto Truck Total

4 Lane Divided 
Highways  

Auto Truck Total

Vehicle Struct* and Direction of Impact in 
Two Vehicle Collisions of the B.F.R. Study



Indicatebetween $100 and $250.

that significant differences exist in the accident proportions both among 

the three siajor groupings and within the motor vehicle collision group.

Attributing these differences to the procedural change would indicate 

that the largest proportion of the minor damage accidents omitted are

The tests also show that there are no significant with automobiles.

differences in the proportions within the other collision and non-co111- 

slon groups.

Approxisiately 60% of the non-col lision accidents reported by the

In order to obtainran off roadway . **I.C.C. occur when the truck

additional data were obtained from the National Safety Council's

Vehicles leaving

the roadway, subsequently overturned 52.8%, 62.5%, 59.9% and 59.1% of

The average of 58.6% overturns appearsthe time in the respective years.

The remaining 4’.4% of the off-roadwayto be a representative estimate.

accidents terminated in colliaions with fixed objects.

The above results were used to estiwiate the frequency of accidents

by aanntr of accident and direction of impact for tractor trailer type

For wantvehicles operating on various types of intercity highways.

of evidence to the contrary unidentified accidents in any one group

65.

£/ Nat ions i Safety Counci 1, 
Chicago, Illinois, 
truck accidents, 
avallable.

7 'Accident Facts,” 1956-1959 editions, 
These data apparently represent both auto and 

Similar data for large trucks only were not

some estismte of the secondary, damage-producing events in such accidents, 

from reporting those accidents.which result in property damage only

The chi square teste, shown in Table 3.4,

directional analyses of motor vehicle accidents which appeared in the 
y 

Council's annual reports for the years 1955 58.



Type* ot Accident* Reported to the I.C.C.Table 3.4.
by ^*rHe Hot or C“J,ter* °£ Property

Pct

Motor Vehicle Collisions1.

0.6 76589 7 0.7201 4926Sub tote I

2. Other Type Col 11*1 on*

922 0 12 70. 13931141Sub-tot*1'

3. Non Collision Accident*

0.19714371151 0.1406Sub-total

7285R189 I -OOO1 OOOTotal

d.f. Critical V* lueChi SguateCorapat Uon of Quarter*

69.4 7 2 5-99Among the 3 Group Sub-total*

Within Each Group

28 71 7.823Within actor '•--die 1* collision*

7.58 7.823Within other collisions

5.993.07 2With non-collision group

66.

Overturn on Road 
Ran off Road 
■•'her Non-Col Halon

4 564 
1215

51
67

149
681
321

I 46
66

819
110

3604
1206

38
78

166
898
3/J

109
78

663
72

lac Quarter 
Accident*

0.5573 
. 1484 
0062 
0082

.01 76 

.0081 

. 1000 
0134

0.495 
. 165 
005 
Oil

015 
.01) 
.091 
.010

.0182 
08 32 
0392

.023 

. 12 3 

.051

1960
Pct .

Passenger Avto 
Property-Car rter 
Motor Bus 
Other Motor Vehicle

4th Quarter 1959Illi ■! 11 lit* ——Jae— 
Acc ident *

Accident Type* 
by Pi rat Event

Pedestrian. Animal, etc. 
Railroad. Streetcar 
Fixed Object 
Other Object
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Kat tant_ed fttywcy at Act * dent • by MannerTable. JUL.
JT cTiTialoc and- Olrectiee at lufcect'

Ac c 1 dent ...JXE**

Motor Vehicle Collirtonr

0 1100.012o. m0. 101O.iUHeed -an

0.011ooo*0.0)0OOM0 021Truck

0. 1*10.01*0.2)1 0.209o. inTotal

0. )/<•O.***0.2/10.2900 250Rearend . Auto

Truck 0. IO*o. 1920.09*0. iO*0.000

0.9/00*0*0 J*/0 )9*O.JMfTotal

0.029Oil)0.0/30.0/3 0.0/2Auto

0.0220.0270.0110.0000.01bTruck

0. 1O1O. 1*00.06*0.0600 091Total

0 >*)0 >690 >25O »•0-79Total Auto Coliiaiorra

0.15/o in0. 1)5O 11/ 0 !*•Total Truck Goiliaiaaa

O 720O 2*20*>OO 1070.59*Total *»hul» Colliaioaa

0 190O 20*0.2110.2)2 O 19*Other Typo Culliaieua

0.0900 0320 097 0 1290.172Outturn

1.0001.000I OOO1 OOO1 OOOTat al All Arcident•

a

k«.

All Koada 
(UUarcltyj

Two Lana Aoada 
Under Sver 
3000 •fgr 3000 APT

All Four Lanea 
AOT (Olaided)

* Auto



The pete

O M3

(*u»a«it>bi lr) out of >e *O a dent * f t ed l.C.C.t 4*4

The ra-Mimng or«••*»<*«w of taHircUi vvhic ieMtoi vartiitit ruIllBiMU

tr«wl provides on of th» types o< »»hici»« and theft frequency

vthacit aoilnioMof occurtone* in motor

In th. study cited. DimaHck reports on th. weight character 1st ice

of *ppn»iisst«l» 133.O0U trucks onserved st

. Samson reports

The

Also shown In this table is a coaaposite weight dutnhutns for

trucks with two Akios and sin tire* or wore than two aales.

The frequencies lot the included vwhici.s were weighted according to their

line appro* t suit ion to th* plottedThe st ratghtprobability coordinate*.

1*3$ * Public Moods .

k*.

3 3. Furl her* tvs lyate of Motor Vehicle Accidents oj Type and Weight
of Vehicle Struck and the Occur terns* ot Fire. 
mmwwmm waW- ■ein ad* •. »»>weeeudpunneaesenmn“-**^*i*. ■***► ■'■ aww* m* twu *<^w vw eMMw»eeM

weighing stat Iona in kA states 
2J 

In another study

Slates IB the Sureri of 
1/ 

Dlsmick •

favorably with the eat looted frequency of autosMibile accidents.

The weight dietributions are plotted in figsrr 3.1 with logs*11hotc-

iron Table l.k.

"large"

m the registration weight of trucks throughout the United States

pe.xenlat* of travel (Table 3.b>, and summed

These findings are shown In Table 3.3.

data correspond to iogssorsMil distribution functions.

1953 is Shown in Table J b Iron a study by

t rucks , i .e

The estimated percentage ot eutcawobilw travel. O M3. compares

!_/ I*. B. Disable ii*.... 'Trisf flc and Travel Trends.
Vol. 29, No. 3. December 193b.

2/ I Samain. State Highway User Public Moods. Vat. 29,
No 12. February 19M»

distribution ot registered weight by vehicle type is ehuam in Table 3.S.

struck ray tractor trailers in motor vehicle colliaiu.is

distribution ot travel by vehicle rypes on main rural ruads of the United

A fur t het sue lysis was made ol the type and wight ot the vehicles
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The )o*aor«a t p«r«a»t*r* wt» vat lasted by »*«lur<ln( two at endard 1 sod

, whicli cortttpond to the bUrrved cuaulatlr*nonwi da«t«t««,

each eod of the wight•I ran«r.1
The to lot ionahi pa,

I • 1. 2<3-0 i«g

andCSS log

naer ly:

I* 20-0 1 •

and C oat insret

><3-3> Nvan («*> • rap

)

(«r)

In Table 3.* the eat mated paraawtera *-*• anown for Cha various weight

distribut imm .

loaded trucks in Tabla 3.7.weight it less than the average weight for the

taunt recent changes in the reporting of accidents O' the I.C.C.

was the identification of the masher of accidents in which fire occurs.

In Table 3.9, the percentage of accidents resulting in fire is shown

for the ssajor types of accidents in the fourth quarter of 1959. and

the first and second quarter* of 1900. A cno|artson of these percentages

was node with likelihood ratio teste for sonnies free s Poisson dis

71.

°!og " <*•« *1

*log

and Wj,

and *2

- (log wt

frequency for weights w

•l

> - Mean*

Id**'*

<“leg

Median <w) • e*p<w

Node (w) " eapfa^ 

Variance (w> ■» a«p(2alot

ee solved alieu 11aneoue Iy for es instore of the eran n

log *1*^*2

With values for n. and C, . estieuB<ee can be node for the patsassters log log t/

of the skewed, weight dietrabut ion freer the following relationships:

standard deviation 9" ,
log

- log wa - «te^

•|>

£/ J. Altchesoo and J. A. C. Brown. ‘The Lognorasal Distribution." 
Cambridge University Press, 1957.

It is interesting to note that the eean registration

log^

* 2C?-g



1955.Table 3-6. Percentage Utatnbutlon of Travel on U. 
■■*»*«■■■■■« ■ ubi—inm no. ii ummmamm ■— . ■ iaa»i m* * ....... . ■ •*— ■—m .» «- - e ei ■ 11 i Rural RoadszS.

PacificCentral Mountain II. S. AverageVehicleType Eastern U. S.

. 771 . 758 .8 39 .785- 793Passenger Cara

.009 .007.007 006 .006Buses

.0770 79 .083083 . 1152-ax le. 4 tl re

.019 .053.055 .059 .0616 tire

.005.007 .004 .006 0063 ax le . a v

.050 .067.081 .054.055CoebiiMt ton

1 ooo1 ooo1 ooo 1 ooo 1 oooTotal

1955Observed Truck Weights on U.Table 3.7.

Percentage Lees than:

0.391 0. 7950.68815 tons 1.000 0.994

0.581 0.8720.8981 .OOO20 tone

0.751 0.9250.99025 tons

Mean Weight (tons)

12. 1722 .915.242.71 7.34Loaded Trucks

10.9 4. 712 .09 7. 384.29Empty Trucks

8.8018.542.32 6.15 12.10All Trucks

Percentage

0.6820.6820.6010.375 0.612Loaded
0.3180.389 0.3180.625 0.388Empty

72.

S Rural Roads

3 axle 
ail

Truck
Coeblnations

Observed
Weight
Characteriselee

All
Truck
Ixe?»

Single Unit Trueks 2 <xle 
6 tire



Table 3/8_ Cumulative Distribution of Registered Truck Gross Weight*.

3axle

G.O270.845 0.064

0.944 0.07b3-4 0.1 79

0.1444-5 0.984 0.339

5-6 0.2151.000 0.506

(Panel vehicles 0.065 0.3586 -8 0.1010.754

O. 1278-10 O.Z50 0 .460included 0.900not

10-12 0-289 0.573with heavy 0.954 0.351

0.639t rucks)12-15 O. 3820.977 0.500

15 20 0.867 0.558 0.7581.000

X travel (0.040) (0.536) (1.000)(Heavy Trucks) (0.424)

for Regiatered Truek WeightsEstineted Lognorma1 Parameters

3- axle Heavy Vehicles

Mean (log w) 0.2 78 1.266 1.0620. 783 1.114

Var. (log w) 0.057 0-2690.039 0.039 0.028

Mean (w) tons 13.45 19.72 17 71 98 7.99

Median (w) tons 12.996.07 18 .45 11.51.90

Mode (w) tons 12.17 16.17 6.21.74 5.55

. (v) 12.26 21.24V 0.37 54.955.94

73.

Logncrma1 
Parameters

Vehic le
Combi nat ions

Truck
Combinat ion

Heavy Trucks 
(Composite)

Registered 
Grose Weight

2 axle, 
4 tire

2-axle, 
6 -ti re

3 tons 
or less

Single Unit Trucks 
2 -ax le , 
6 -tire

Single Unit Trucks 
2 axle, 
4-t1 re



Tab le 3.9. The Occurrence^of Fire in Major Types of Accidents

1960 1960Accident Type
Acc . Acc . Acc .

Co 1Llsion with

252642 .0092 3604 35 .009 74564 18 .0071Auto

.0123 120612 15 19 .0158Truck 15 787 16 .0203

663 482819 9 .0110 6 .0090 4 .0083Fixed Object

66 5473 60 3795 38Collision Total 6598 .0100 .0110 ■ OlOO

. 06 52 1437 98 .0682 883 98Non collision 75 .1110

.0182 .02297 749 141 6910 158 46 78 136 .0291Accident Total

Comparisons Cni Square d. f .

for : 1959 0.921 2 5.991

1960 2.549 2 5.9911st Quarter,

2nd Quarter, 1960 8.836 2 5.991

12.306 12.592Total 6

0.8 72 5.9912

1959 56.180 3.841Col lis ion for : 1

62.953 3.84 1I9601st Quarter, 1

2nd Quarter, 3.8411960 90.612 1

209.745 7.8153

7.227 2 5.991

74 .

Among Quarters for Non
Collision Accidents Only

Among Quarters for Total 
Collisions Only

Between Collision and Non 
4th Quarter,

1st Quarter, 
Fires Pct.

2nd Quarter, 
Fires Pct.

Critical Value 
(57. Risk.)

4th Quarter, 1959 
Fires Pct.

Among Collision Accidents 
4th Quarter,



tribution, under the assumptions that the small probability of fire

The results shown in

frequency of fires for collision accidents, but a considerable difference 

between non-collision and collision accidents.

The data for the second quarter of 1960 appear to differ front

those of the other two quarters.

change in the I.C.C.'s reporting procedures which occurred at the

carriers were relieved of thebeginning of 1960. At that t ime ,

responsibility of reporting accidents resulting in property damages

only between $1O0 and $250. The reauction In the number of accidents

reported under the new rule is apparent in Table 3.9. there is aThat

greater reduction in the second quarter than in the first quarter may

lag in this change over, although a seasonal reduction indicate a time

in accidents' is to be expected for Chis per iod.

For the purpose of the present study, accident frequencies based 

on the $100 limit have been used, and therefore the probability of fire

is best estimated from the data of the fourth quarterin such Accidents

17. of the collision accidents and 6.5Z of the non-of 1959, in which

collision accidents resulted In fires.

latter class of accidents also includes such incidents as tire and

cargo fires without prior collision or overturn.

reported 3 fires forthe I.C.C.

frequency of 0.020. In

75.

tributed approximately as chi square variate.

149 overturning accidents on the roadway, or

Table 3.9 indicated chat there is no significant difference in the 

permits a Poisson approximation and that the likelihood ratio Is dis-

the first two quarters of 1960, the 8 fires •n 285 overturns raised

However, this lf» probably due to the

In addition to overturns, the

In the fourth quarter of 1959,



procedure*.

This la twice thereasonable for accidents of $1OO damage or more.

fire rate experienced in collision accidents.

76.

the frequency to 0.0281. which may be due to the change in reporting

An estimate of 0.02 for fires in overturns appears to be



3.4. Est ism ted Vehicle Speeds in Highway Accidents.

The estirsated speed of vehicles involved in Occidents was included

Provision was made for both the prior travel speed and the

The reported travel speeds into be the same as the travel speed.

various accidents are shown in Table 3.10 for 705 tractor trailer type

vehicles and 390 autosobtles involved In tractor trailer accidents.

The result in* speed

distributions appear to follow a bell «nap«d pattern in the upper speed

discernable pattern is apparent for the vehicles with accident speeds

There appear to be considerable differences in theless than 32 mph.

proportions of slow speed vehicles for the different types of accidents.

In analysing the accident speed distributions of Table 3.10. the

observations in the upper range were treated as a truncated sample from

a normal population.

and these were compared by use of the arxisue likelihood

is the sasqile likelihood with commonratio.

77.

variance for each accident type were obtained, wring the methods of 

A. C. Cohen;

in the study of vehicle characteristics amide by the Bureau of 7\ablic 
1/

Roads.

£/ "Although reasonably accurate estimates of vehicle speed Just prior 
to an accident can be made by experienced investigators. It was 
recognised that not all accidents used in the study were investigated 
and that involved drivers, especially those at fault, often under
estimate their speed.* Secretary of Commerce. Federal Role in 
Highway Safety." p. 73. House Document 93, both Congress. U. S. 
Government Printing Office, Washington. O. C.

2/ Cohen. A. C. , Jr.. ''Estimating the mean and variance of normal, 
populations from singly truncated and doubly truncated samples.** 
Ann. Math. Statist. . Vol. 21 (1950), pp. 5S7-b9.

The ratio L^/L^ where

impact speed, but in sort cases the impact speed was unknown or reported

Maximum likelihood estlaurtes of the mean and

well as the speed for all automobile i nvo iveemnt a .

range; but because of the large and unequil intervals used, no clearly



mean and »«ri«ne« and Lg io th* It kali hood with different M«n« and

variances. for truncated samples frnm a normal population, la given

nl

Thia yields the teat statistic:

1>0-5) o o

which is approximately a ch. etjuare variate with 2K - 2 degrees of

Here, the following notation la used:freedom.

for accident type IJ - I. 3. .• speed observationMIJ

* **2

• ettlaat's for common population•o'

Utiastes of the moan and variance of the higher speeda. when

The hypothesis that the distributions are the same

samples was tested with the likelihood ratiotn ail truck accident

78.

it
n
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assumed normal, are shewn in Table 3.11 for tna sample data truncated

<«.J -

-H tsp.

io greater than x(
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at various points.

teat. and the value

^by:
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«*!

2 io* Lg/Lp was found to be well within the 5X

o o

-2 log Lq/B*!

• point of truncal I on, and 

n^ • total number of observations



critical value for a chi square variate with IO degree* of freedom.

which support* th* hypothesis.

In r««rchtnc for a euitabl* dirt rlbutlonal for* to include all

th* *sti anted nor* 1 component was subtracted•pe*da greater than xoro.

fro* th* aaar»le. and th* remaining dial rttout ion suggested * simple

Therefore itrectangular pattern.

(30)

E(«) - pb/2 ♦ (I

where p la tie proportion having a rectangular dietrIout ion in th*

estimated as (44.06. 30.705) and (50.33.

101.59) for truefc* and autos respectively.

Uai-< th* '*ethod of aoarntr" to ••tlaate b. th* aaarpl* means

estimate* for ■ and fro* th* truncated samples and the oba*rv*d

values f ir p. In solving for b* it was found to b* very cine* to •

in everr sample. I.*, th* upper Unit of th* rectangular coaponrat is

<3.7> t(x> - p/m ♦ ( 1

<(x) • pm/2 ♦ (1 - p)m - * - pm/2

proportion p can now be eat looted toy th* method of momenta. wetting

np*ctation la (3.7) equa l to th* aampl* mean. rdtich yield*the»

p • 2(o - x)Z*(3.0 I

The resulting *atia*t«a ar* shown in Table 3.11.

79.

and (1 - p) la th* proportion la the normal component 
2 

with mean o and variant* 9

rang* 0 to to atph.

Agalr using the «atia*t*a for o and c2 trau th* truncated data, th*

ver* set «*ua1 to th* expected value* In equation (3.0) with the

waa postulated that th* data had

th* following compound form:

f(x) • p/to ♦ (1 - p)g(x. *. r2)

th* s* in of th* normal cooporurnt . Thus equation (3.0) reduce* to; 

p)g(x; o. 9*)



Th* for each accident type were computed

Th*** were cnmpsred with th* reportedand ar* «bo*n in Table J.10.

frequencies by was of the chi tquarr teat for (ooAwm of fit Since

the coMparlaoa should be msd* on the beat* of all accidents for each

Thevehicle type rather than for each accident type independently.

for each vehicle type la within tla* SI critical value.total chi square

The largest deviations of observed from expected frequencies occurred

low speeds and particularly with automobiles.ia the angle accidents at

where the unusually large number of vesicle speeds less than 23 nph

emde it necessary to omit thia interval tress the estimation and

cossparisoo of toe theoretical distribution.

Considerable effort was expended ia trying to inprove and verify

the fom and dlmoMlona of the speed distributions eat lasted above.

The speed data used are admittedly questionable since.

effectsthe else of th* samples is quite large and the errorHowever.

Lt was not possibleUnfortunatelymay be a* It-cancel ling in part.

Furthermore. a search of the literatureto obtain additional data.

failed to uncover any analytic studies of the frequency distributions

Sow empirical data on the distribution of vehicleof accident speeds -

travel speeds have been published and were compered with the results

obtained above.

80.

relieved carriers from 
because of the

1/ ft is of interest to nets that the I.C.C. 
reporting speeds on their accident forma, 
questionableness of this data.

ooaervers ar* those involved sod this is

usually, the only 
1/ 

likely to bias the data.

the parameters a» ana O were eattmated in cosmos for trucks and autos.



These B»aaur«wnt» were made at highway local l«mafor autos *nd trucks.

and float such that most drivers could travel at their desired apetds .

Thus. virtually no vehicles wra oooerved trave ting below JO mph. and

the observed speeds follow an approxlamte ly normal pattern a loti la r to

the fast speed component developed In the analyses above. The measured

apeed distributions and the estimated fast apeed coaponrnta for trucks

It is

Intereat Ln* to observe a tern biss of approximately 5 mph between the

Observed and eat twated di atributlone Thia could be due to observer

bias Ln accidents and/or the effect of differences in traffic and highway

iocat tons -

speed characterlst were obtained for

an instrumented tractor-trailer operating on the Wee* Virginia Turnpike

inadequate sight distance, and roadside development.**

Average speeds were 40.o mph for the turnpike and JI mph for alternate

routes, as compered with the mean accident speed of J4.g aaph including

standiug vehicles and 37.1 mph excluding them for the data of Table J.IO.

Of particular interest is the distribution of trip time for the ten gear

ratios of the truck tractor, which are shown in Figure 3.3. The

bi.

and on alternate routes which are characterised by **tsd alignment.

conditions for the measured speed 
2/ 

in a study by Scnwender

steep grades.

1/ Bureau of Puolic Hoods. ''Traffic Speed Trenda.** Departase«*t of 
Commerce. March 1959. Washington. D- C.

2/ H. C. Scnwender. "Vrhicir Operating Characterlst ice on tie West 
Virginia Turnpike and Alternate Routes.** Vol. 39. p. 539. Highway 
Research Board Proceedings. 1957. Washington. D. C.

and autos are ilo-ted in Figure 3.2 wn normal probability paper.

In a susuMry repo«r r>f <55 speed studies in 2B states during 
U 

195* , the measured speed frequencies were given in 5 mph intervals
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I

observed in accidents. in that speed in each gear ratio may follow

linear combination of the densities in each ratio

weigh! '.d with the relative frequencies of Figure 3.3.

speed range this would generate a pattern approaching a rounded.

rectangular form, while in the upper range the high proportion of travel

in the prominent bell shaped pattern.low gear ratios produces a

In tile Schwender f jdy the observed speed distributions for the

the speed distributions for an automobile

30 miles or turnpike and 38 miles of an alternate road are unimodalover

prominent low speed tail.

with

a notable difference in a second mode in the lowest speed Inten’al.

they may be the cause of this phenomenon.

8A .

Similar distributions for an instrument- 
1/ 

ed automobile operating in city traffic are reported by Stonex ,

with a

truck are not

distributions provide an explanation for the compound speed distribution

However, since zero speed observations are included in this interval, 

speed density is a

shown, however,

Thus, the overall

1/ K. A. Stonex, "Survey of Los Angeles Traffic Characteristics,’1 
Vol. 36, p. 509, Highway Research Board Proceedings. 1957, 
Washington, D. C.

unimodal patterns about the mean speed for that ratio.

In the lower



Reported and_Estipated Speeds_of Tractor TrailersTable 3.10a.
in l~*JCk Accidents

4 Lane

1081-22 tnph

5723-32

7333-37

12838-42 26

1723043-47

10348-52

2 3 1622 0753-57

50103 058-62 1

163-72

72 -over

66392 986495156Tota 1 158.

1.939.83 6.678.368.04Chi Square 5.25

85.

Reported 
Vehic le 
Speed

36 
(33.00)

14 
(14.61)

17 
(16.65)

22 
(18.99)

0 
(6.00)

2 1 
(14.80)

23 
(16.35)

25 
(29.15)

22
(20.12)

27 
(2 1.25)

29 
(23.87)

12
(14.50)

10
(9.87)

0
(4.28)

7 
(7.69)

8 
(10.11)

5 
(6.97)

16 
(8.29)

5
(4.31)

18 
(23.22)

24 
(16.54)

8 
(9.33)

4 
(3 94)

3 
(4.19)

7 
(5.81)

10
(9.94)

1 
(5.56)

10
(13.55)

7 
( 10.59)

0 
(1.36)

7 
(5.45)

24 
(24.37)

20 
(17.62)

0 
(6.35)

2 i 
(21.86)

26
(32.60) (33.24)

28
(28.31) . (30. 15)

35 34
(34.35) (35.99)

0 
(5.22)

46.35
(28 d.f.)

Rearend Collision 
2 Lane

Head-On Angle Other Non
Collision Collision Collision Collision Total



V

Total

1129861 22 mph

3963423 32
(5.81)

2533 -37

6623538-/, 2

43 84443-47

13194448-52

10494353-57

6582558-62

4572 12263-72 8

5 13572-over

352 70625486212Total

2.459.653.33Chi Square

86 .

Rearend 
Co 111•1on

Reported 
Vehicle 
Speed

19 
(19.83)

13 
(13.25)

23 
(29.42)

22 
(22 34)

21 
(17.18)

28
(24.70)

51 
(47.54

15 
(14.56)

0
(7.65)

15 
(1396)

18 
(1219)

IO 
(8.88)

8 
(7-87)

3 
(6.03)

6 
(4.53)

2 
(319)

2 
(2.83)

5
(4.82)

1 
(187)

2 
(3. 12)

27 
(©•At)

15.43 
(18 d.f.)

3 
(11.82)

24 
(26.92)

11
(9.37)

5 
(5.207

2 
(1.44)

Ang le 
Co 11la Aon

All
Auto 
Accident a

Headon
Co 1lialon

413



Eat i Sts t ed Fat onetert fot rna|niund Speed Otttr 1 but tonsTabla 3.11.

Mean

Tractor Trailers:

26 35.1$ .409Rearend, 2 Lane . 165 132

.635Rearend, 4 Lane 12 .077 36 09 . 366144

7012 .021 93 37.53 .799Headon Collision

2 29.46 669 .331.031 62Angle Collision

4 41.53 .1160 92 .664Otner Co llitton O

4 1.36 .124 .676Non Coliision 0 O 98

37.L3 31542 .063 62 1 .68$Total

Autoaoniltt with Tractor Trailers:

36.79 .500 44.2734 . 136 212 32 12.96. MIORea rend

49.632 .023 45.30 .200 . 600 32 7.8$8eHeadon

2 $4 31.36 .754 32 52.01 11.43.036 .246Angle

.097 352 37.90 .277 . 723 32 47.46 11.07Total 3b

Autosobilea in All Accidents:

.81$546 .072 7062Total 44.86 .185

67.

. 591

Mean
Vehs. Speed Slow

Accident 
Class and 
Vehicle

Ft . of 
Trunc .

32
37
42

6.11 
5.5$ 
$.20

10 06
10.29
10.24

32
37
42

32 
37 
32 
37 
32
37 
j2 
37 
32 
37
32 
37

St ending 
Vehicles 
Oba. Pct.

43.35 
44 49 
42.0$ 
43.93 
42.38 
42.33 
43.$$ 
44.80 
44.62
45.28 
43. 71 
46.65

$0.33 
$0 30 
$0.35

6.50 
5.74 
7 12 
6.03 
4.62
4.56 
$.54 
4.$$ 
$.51 
4.9$
6.42 
6.83

43-26
44.06
44. 79

Moving Vehicles Fast Speed Costfionent 
No. Mean Proportion Ft . of Std.

Fast Trunc. Mean Dev.



3.5. Aailyl* of th< lauct _*• locities to Accidenta.

Th» iepact velocity io a collision is s function of the speeds

of the colliding vehicles and their direction of ia^act. The toe of

speeds for hots vehicles in s headon col listen aod the difference la

speeds for s rearend collision noy he taken

a Moving vehicle striking a stationary one. The probability distribution

of speed sue* and differences is a function of the joint dietributton of

the two speeds. This la the product of the Marginal speed dietributions

of the two vehicles when their speeds are independent

In Table 3.12 the Joint speed distribution is shown for the

tractor trailer accidents reported la Che Bureau of Public Hoads Study

and in which the speeds of both vehicles were given. A chi square test

for Independence was Made by coopering the observed frequency in each

ceil with that given by the product of the two Marginal frequencies for

that cell. The resulting chi square Measure la witsin the SX critical

value and supports the hypothesis that the speeds are independent.

The sariiaal density f1(«l)of speed * for the ith vehicle is

given by the c na» u end distribution of equation (3.7). and the Joint

(>.») sj) • fjCsglfjCaj)

- »»2>»2Z"1 * 1 **i>»i,’i2

ba.

Is the proportion in the rectangular c inpnnent with density 1/** .

density is given by their product, i.e.

• •*i,*i* <* “ ♦ (i - p2)g2^
/<«!.

and p4

as equivalent to the speed of

♦ <1 - pjXl - PjJgjgj 

where gt is the norMai denaity function with Mean 

dj. (1 - Pg) is the proportion of speeds la the iwraal c iwngi went gg .

" ”i*2'"i“2 **»!<*-

m4 and variance



Joint Cpeete la TWo Beblcle AcciBeataTable 1.12.

43 - 47la 42 Total23 - 3722

5«1 22 »t»h

3522 37

5238 47

7048-57

33Over 37

33 2484047*452Total

Teat for Indapeateoce

It. 322.48 18

78.320. 78 18

*■

88.

»

1 
<4.84)

8 
(•18)

12 
(10.80)

10
(8.82)

7 
<12.18)

11
(41.32)

IB 
(.2.03)

8 
(8.25)

8 
(8.88)

7 
(*O 88)

IO 
(12.58)

22 
(18.84)

18 
(14.03)

4 
(•47)

3 
(*4* )

II 
(7- 34)

Sp«r4 of
Otter Voblcla

Eac»u8io* accidanci with •taoxlin* »rhtcl»» 
(Capectte va iuaa «b<wn io parentheses)

(7.34)

IS 
(14.48)

5

8 
(7.82)

14 
(15.24)

40 
(883)

8 
(8.88)

.3 
(•3.27)

8

lacludin* stanOta* »»hi<U accidents 
• Wot shown In abowe table)

5X 
Critics 1 

Cbi S^oare a. f. (falwe

1 -



Th* Joint cknaity t* a linear coaotnation of four blvarlat* t*n*a: 

In deriving th* diatributlon of Ch* auo or diffarenr* rectiofulrr tern*.

of th* two speed*. th* denaltle* of th* ou* or different* in ooch tarn 

wae evaluated individual ly and contained wain* th* weight tn* factor for

th* t«naa.

1

♦ of two rectangular variate* •

id diocontInuoui over lea ran** (O. ■ ♦ at S • 0. a»| and

, nod

• "I

S

♦

S ■a. *

In th* event that a| • Uj . equation* (3.10) daacrib* a triangular

diatributlon. and if they ar* not equa 1. th* diatributlon la trapesold*I

ha* th* aan* (om a*The diet r I but i«m of th* difference. 0 • *2 I

Th* probability denalty function* for th* sun and diff*r*«ac* ol

a rectangu Jar iy and a no ratal ly diac ri but ed apeed wore »»i ’<*at*d

Ualng th* Midpoint value* fornuoMaricaily rather than analytical ly.

5 aapo iotervala th* frequency diatributlon* were convoluted to give

opproaiaat* interval frequencies for th* aw* and dlffere»»c* of the

90.

f(S) - 

i

Wham S 1* evaluated in th* Interval* (0. *j)« <*,.

nornai with nean a[ ♦ a^ and varlanc* 

<1 - di>(l F,)-

The diatributlon of th* awn S *

For th* blvarlat* noraal ter*, th* aua or dlft*r*nc* la

♦ and th* weight la

blvarlat* rectangular. a blvarlat* ocraal, and two blvarlat* norval-

tM »ue witn F(O) • F(» -

V a*2>> th* following reeulta ar* obtained:

(3.10) F(») - S2/!*^. f(») - S/n^n,. (O,S <>j

F(S) - (2* - np/Za^. f(S) - l/n,, <»t e S « 

F(») - I - (•l ♦ - d)2/^^. f(S) - («l



TH* (r*fu*oci*t for the san* midpointtwo aidpoint values.

•nd the bivariate rectangular coepon»nt»; and the wel*ht*d sun of the

frequencies tea* obtained In the manner of equation (3.9>. tn this way.

and rearend coilleiona between two movin* tractor trailers and a tractor

The estimated distributions are ahown intrailer and automobile.

Tables 3.13 and 3.I*.

In rearend accidents the ran*e of the distribution of the

difference in vehicle speeds Includes both ne*ative and posit tee values.

This type of collision la expected to occur in 3OX of thefrom behind.

rearend accidents for two tractor trailers and tn tpp*rnUaatoly M»X

of the truck-auto rearend accidents.

nuslbar of rearend accidents occur between a eovina vehicle and a 

standin* tractor trailer, they should be included with thia class of

Of the 262 identified rrarrst involvements for tractor

trallera In the BPB study, the distribution between isovin* and atandin*

XTruck TotalKe a rend Col Halon with: Auto

3 13 O-.96Tractor trailer atandin* a
25 -095A9Other vehicle atandin* lb

.•>50•3 22c,Both vehicles movin* IA1

1.000097 165 202Accident total

The chi square value is only 0.02 with 2 oe*iees ot freedom for a teat 

of difference In frequency between vehicle type and accident type.

91.

accidents ta as follows:

values in 5 mph intervale were evaluated for both the bivariate normal

furthermore, since a considerable

the distributions of equivalent velocities were obtained for headon

where negative differences occur when the vehicle of interest la struck



Table 3.13.

Cu*.Cm*.

.24 .56 1.00.42 .06 . 14.44 1.0009Total

92.

Kat looted Diet rlbwjt loo of the 8w of Speeda 
la Headoo Co Illaloom

S 
75 

208 
408 
676 

1013 
1436 
2030 
3055 
4849 
7436 

10666 
14473 
18675 
24124 
30820 
39 392 
50280 
62656 
74 786 
84929 
92 165 
96510 
986 70 
99578 
99884 
99978 
99996

Speed

333
222
111

14

1 
25 

231 
1071 
2648 
4013 
4556 
4658 
4666 
4665 
4642 
4436 
3595 
2018 
6 54 
109

9

14 
111 
222 
333 
444 
557 
692 

1009 
1960 
3620 
4902 
5336 
5350 
5 394 
6006 
8101

9116 
4112 
1273 
274 

34 
1

14 
125 
347 
680 

1124 
1681 
2373 
3382 
5342 
6962 

13864 
19200 
24550 
29944 
35950 
44051 
55995 
71133 
85185 
94 301 
98413 
99686 
99960
99994
99995

858
4 50 
194
68
20

4
I

1 
7 

69 
321 
795

6 
34 

112 
386

72 36 
4345 
2160 

908 
306 
94
18

6 
67 

133 
209 
268 
337 
423 
594 

1025 
1794 
2607 
3232 
3785 
4402 
5249 
6696 
8572

77.5
82.5
87.5
92.5
97.5

102.5
107.5
112.5
117.5
122.5
12 7.5
132.5
137.5

2.5
7.5

12.5
17.5

25 
172 
897 

3126
7286 11944 

11432 15 1 38 
12020 14052 
6462 
4003 
1264 
274 

34 
1

8 (a 10 
67 

133 
200 
267 
333 
400 
467 
533 
592 
592

606 9654 12130 
196 8579 10143 
33 6 345 

3 3892 
1966 
840 
286 

90 
________ 17

-»>

Tractor Trallet anJ Autoeoblle 
*tra rt*a want Total

T»ro Tractor Trallera
2rl°t «tot Total <trt

1 
3 

16 
58 

171 
407
805 1204 

592 1298 1367 
592 1809 1397 
533 2116 1400
46 7 2469 1400 1047 
400 2582 1400 2447 
333 2589 1393 4390 
267 2491 1331 6933 10888
200 2259 1079 8971 12376 
133 1862 
67 1368 

8

14 <«10'5) 
111 
222 
333

m
M

W
N

m
M

m
M

m
M



Estimated Distribution of the Difference —— ■ - ■ -- | - -r ■ — |- -ini - » —— — - «* --—a——*— —• - - «ti rm ■ • —a

nr,

(x 10

1
I

.3 .3 . 3.2.2.24 .36 1.00.24. 16Total

93.

1580 
1383 
1185 
988 
790 
593 
395 
198
25

371
61

7

5
67

44 1 
1619 
3871 
6801

501 
180 

54 
12
3

Speed* 
■pt»

1 
4

16 
57 

162 
375 
715 

1140 
1583 
2116 
2574 
300/* 
3542 
4334

-87.5 
-82.5 
-77.5 
-72.5 
-6 7.5 
-62.5 
-57.5 
-52.5
47.5 

-42.5

5 
62 

374 
25 1153 

198 2054 
395 2535 
593 2653 
790 2666 
988 2666 

1185 2662 
1383 2605 
1580 2293

5 
62 

374 
11 78 
22 52 
2930
3253 10054 
3517 13571 
4026 17597 
5369 22966 
8217 31183

8217 77035 
5369 82404 
4026 864 30 
3517 89947 
3253 93200 
2930 96130 
22 52 9 8 382 
1178 99560 
374 99924 

62 99996 
5

3 
12 
54 

180 
501 

1164
16 2229 

149 3528 
689 4743 

671 1703 5172
339 2580 4743 
143 2930 3528 
48 2994 2229 
13 3000 1164 

3 3000 
2999 
2984 
2852 
2311 
1298 
420 

70 
6

1 
5 

21 
78 

240 
615 

1330 
2470 
4053 
6 169 
8743 

11747 
15289 
19623

5425 25048 
6 74i 31789 
8292 40081 
9518 49599 
9634 59233 
8379 67612 
6827 74439 
5510 79949 
4615 84564 
4068 886 32 
3705 92337 
3308 95645 
2 5 36 98 181 
1326 99507 
420 99927 

70 99997 
6

b
c*t trt

CxlO’b i 
4 

16 
57 

162 
375 
715 

1140 
28 1552 

222 1882 
444 2076 
667 2157 
889 2152 

1111 2058 
1333 1847 
1556 1508 
1778 1082 
1972 
1972 
1778 
1556 
1333 
1111 
889 
66 7 
444 
222 

28

Tabla 3.14.___I____ _ _ ____ ____ _——- ——■ - — ' " - II - — II - ■ ■ ■■ IIMI — « -a—— — "I,,— 
Ln Speeds for Rearend Collisions 8—^—M—« «*■ —w in—»i     n»w .    ■■■■

Two Tractor Trailer*_______
ctnt ntrt rat**t Tot at Cute.

•Minus apeed indicates the tractor trailer was struck Ln the rear 
by the second vehicle.

7 
61 

371 
14 1508

132 409 7 
b!2 7423 11908 43901 

1728 1513 1513 9065 13819 56910 
612 2293 7423 11908 68818 
132 2605 409 7 

14 2662 1508 
1 2666 

2666 
2653 
2535 
2054 
1153 
374 
62 

5

Tractor Trailer and /^itoaobi le 
rtna nart n*°t Total Cue.

U»
,.<

V'
V»

V>
W

W
V<

W
V’W

W
V<

V'
W

W
W

W
W

W
.V

<

rc
 ; • 9- 

» •- 
*-

 n
 n

O
' V

 V*
 h 

6 
W

 W
 

N 
M

 M
 M

 M
 m

 N



Tractor trailers apparently strike standing vehicles inaccidenta_

The dlstri-

trailers are struck in thebut ions of the speed difference when tractor

by autos and trucks are estisMted in Table 3.16 by combining therear

negative speed densities of Table 3.14 with the speed densities for

In the proportions estimated above.standing accidents

the tractorin the rearend accidents,

' trailer is assumed to be the slower of the two vehicles in approximately

By50Z of the truck accidents and 54X of the automobile accidents.

one

Because of their similarity in tne point of impact, the following

allaccidents were confined into a single class of front end impacts:

headon collisions and those rearend and angle accidents when the tractor

[he weights used in com-trailer is the faster of the two vehicles.

frequency of each accident type from Table 3.5 and then distributing

94.

1/ Although there is insufficient evidence to specify the true speed 
~ measure tn angle accidents, the resultant speed vector,

(x^ x2)*^2, is a logical alternative. However, it is difficult

to estimate the distribution of this function.

Therefore the coesson estismtes can be used for both auto and truck

In angle colliaions, as

them among the impact categories in the proportions shown in Table 3.15.

The weighted distributions of velocity are sunned for each impact

category as shown in Tables 3.16 and 3.17, to furnish an estimate of

the rear twice as often as they are struck in the rear.

that struck in the side, the fraction of such impacts and the 
y 

speed of the striking vehicle can be estimated as shown in Table 3.15

designating the faster vehicle as the striking vehicle and the slower

binlng their frequencies were obtained by first taking the estimated



|-

thc distribution of velocity among the various types of impacts a tractor 

In Table 3.1 the marginalsemi-trailer is subjected to in an accident.

These are also shown in Figure 3.4.object, and overturn accidents -

i

*»5.

distributions of impact velocities are evaluated for auto, truck, fixed



AngleRearend Total

0.170 0.0360. 1 10 0.316Front Auto

0.052 0.01 I0.031 0.094Truck

0. 190 0. 190 0.600Other

0.204 0.204Rear Auto

0.052 0.052 0.256Truck

0.043 0.043Side Auto

0.011 0.0540.011Truck

0.090 0.0900.090Overturn

0.331 0.478 1.000U. 191Total

96.

Point of
Impac t

Opposing 
Cbject

Est. Frequency 
Subtotal

_____ Type o£ AccIdent 
Headon

Table 3-15. Estimated Frequency of Impact Type* 
(Based on intercity mileage for large carriers.



Table A• Estimated Distribution of Velocity aawng
Different Types o f Front End Impac t a

TotalTot a i Rearend AngleRea rend Ang le

A>

5201 939V3601 31602 309 7 1IO11700111000Total

5x IO*

97.

117.5
122.5
127.5
132.5
137.5

1451 
2866 
2506 
2044 
1653 
1333 
1105
961 
855 
762 
5 76 
413
265 
141
61 
21
6 
2

134 
268
268
269 
271 
276
292 
325 
374 
422 
328 
159
112 
63 
27

9 
3 
1

1 
3
7

10 
14 
17 
21 
31 
61 

112 
152
165
166
167 
186 
251 
370 
469 
436
283 
127

39
8 
1

689
1189 
824 
542 
410 
360
335 
316 
277 
174
69 
15

1

42 
85
85
85 
85
85
90 

120 
181
149 
’2 
20

2

732 
1-17 7 
916 
637 
509 
462 
446 
46 7 
519 
435 
293 
200 
169 
16 7 
186 
251 
370 
469
4 36 
283 
127
39 

8 
1

1 
7

15 
22 
29 
37 
47 
65

113 
197 
287 
356 
416 
484 
577 
737 
94 3 

1198 
1361 
1334 
1116 

796 
4 78 
238 
100
34 
10
2

1586 
3143 
2787 
2335 
1953 
1646 
1444 
1351 
1342 
136 1 
uri
928 
793 
688 
66 5 
76 7 
?j2 

1201 
136 1 
1334 
1116

796 
4 78 
238 
100
34 
10 

2

Velocity 
(midpoint) 

x 10-5
2.5 mph
7.5

12.5
37.5
22.5
27.5
32.5
37.5
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lit.

i.o. latroduct i sjl

in ord»r to diKu** analytically th* severity of truck Kcld*nt»,

related to th* degree of severity of a tractor »*aitrailer accident

1 nvo I vesurnt woe r*^ulr*d. Consistent with a»a*urlnt the severity of

highway accidents over a meaningful cunt Inuus la ths notion of consider*

The conversion ofIng the extent of dasa*e* sustained in Occidents

haaard ronaeguenevs into damages leads directly to the cont easp lot ion

of the economic costs of dswages evaluated aa a direct result of an

acc1 dent.

The desirability of equating severity to dollar costs has bean

omni tested oy the Bureau of Public Roads in the following context:

Fleeing a dollar value on losses resulting from traffic

In no way minimises the personal tragedy ofaccident a

either traffic fatilltiea or serious injuries; it is

aimply a swans of identifying and measuring financial

losses that

Total dollar daasages sustained by the tractor and semitrailer

as well as economic costa of damages to certain types of cargos supplied

the required quantitative responses, »o that the Investigation

31.1/

100.

ANALYSIS OF THE SEVERITY OF TRUCE ACCIDENTS IN TERMS OF 
THEIR VEHICLE ANO CARGO DAMAGES

**A Symposium on Traffic Accident Costs,** Public Roads, Vol. 
No. 2, June 1960, p. 33.

in turn can be used aa a tool in the planning 
y 

Of both highway safety and highway improvement programe.

a quantitative measure, or "response.** yielding Information directly



considered highway accident severity in terns of veilic la damage and

cargo daawigr costa.

The primary purpose of the analysis was to generate statistical

node Is describing the casts of tractor-scsitraller highway accidents

in order to understand the mchanlm through whichcharacterise ice.

accident coats arise statistical techniques including distribution

The proceduretheory, regression end variance analysis were employed.

conelsted In gathering emaningful daawge coat data and deriving

probability distributions of damages for different accident types tn

an attempt to describe the expected frequencies of certain amounts of

Attention then centered on explaining the variability tndamage.

costs or degree of severity as a function of particular characteristics

Variables ••»chrelating to the objects involved in the collision.

as vehicle speeds. weights, object struck, direction of isqtact and

rhe energy released in impact were related to damage coots in an

atteagit to account for coot variation.

The epee ific form that the analysis took can be stated In an

Thus, theoutline of the mathematical expressions that were deirved.

development was conducted in the amnner described below.

Vehicle Damage AnalysisA.

1.

I g(C). gtprob.

« “ parameters associated with the specific density function.

g(C) “ a transformed variate of the original cost.where:

101.

Derivation of probability distribution of the form:
A r 1

in term* of frequency of occurrence end in relation to different accident

0 - parameters associated with the specific density function.



2. Re lat ionshlp of damages and accident variables!

Aj • accident vat lab lea.wnere:

Teats for significant effects nf accident3.

characteristics on costs.

Cvrgo Damages

1.

>

where:

X| “ parameters to be estimated.

2. Relationship of cargo damages, vehicle demages and

3.

i “ return period.
1 -

The development of the aforementioned models ruggeited the

estimation of threshold probabilities for cargo damages: The

probabilistic approach to the point at Milch damage to a ahipatent 

originates led to inferences as to the probability of occurrence 

of container damage in ahipewtnts of radioactive Mtrrial*.

102 .

1.1

Md0)

Derivation of probability distributions of the form: 
prob fh(d) > h(d0) - k^h(d>;xl2

h(d) - some function of observes cargo damage

g(C) - f(At>

Return period approach to cargo damage: 
t[h<d>] -

accident variables: 

h(d) - eJ_g(C); At '



1.1. Def ini t Ion, .

The analyst* of th* ••verity of truck highway accident* was

confined to accident experience of tractor semitrailers. The data

•■•ployed were results of sample* of reporta of accidents, involving

prepared by and for the Interstate Coaaaerce

Thua. all reported reaponaea refer to a particular tractorComml salon.

The accidents were•eaiitrailer involved in a certain type of accident.

motor vehicle traffic accidenta which are defined aa any accident

The population of

accident report* included ail accidenta resulting in daamges to ail

vehicles and cargo* involved equalling and exceeding 9100.

Damage coat* are defined aa the money value of damage* to the

vehicle coata arevehicle and cargo Involved in the accident. Thua ,

the dollar (haagea •ustained by the tractor and semitrailer and cargo 

cargo.

The accident type was classified by the object struck and the 

direction of iaq>act ascertained from the I.C.C. accident report and

Thus .

responding tractor seaitrailer was involved in the particular kind

103.

involving a sotor vehicle In isotion occurring on a trafficway and 
1/ 

resulting in death, injury or property daassge.

£/ Uniform Definition* of Motor Vehicle Accident*, U. S. Dept, of 
Health. Education, and Welfare, U. S. Gov't Printing Office, 195b.

2/ Ibid.

a tractor semitrailer.

the Involvements were categorised into automobile.

comniled with the manual on "unitors Definition* of Motor Vehicle 
2/ 

Accident*.'* 

truck, fixed object and non collision accidenta indicating that the 

damage coat* are the dollar damages or losses sustained by the truck's 



Fixed object* referred to any stationary object, not aof accident.

sotor vehicle, such as bridge railings, utility poles, buildings.

Non-collislon accidents were primarily characterlxed by the trucketc.

overturning, on or off the roadway, without striking another vehicle

The direction of Impact was determined by the sinneror fixed object.

In which the vehicle collided and classified as head-on, angle and

rear-end accidents.

representing one of theThe weight of the tractor semitrailer.

gross vehicle weight consisting of the vehicle and cargo weights.

Velocities were defined as the reported estimates of vehicle speeds

prior to Impact.

The foregoing definitions pertain to thoae more general components

Other relevant definitions arising in specific areas areaccident s.

presented In their context.

104.

mis components contributing to accident severity, was defined as the

of the analyses of cargo and vehicle daamges in tractor semitrailer



Theoretical Distribution of Vehicle Damage Costs in Accidents.2.1.

In attempting to measure and describe accident severity as a

component of the expected hazards involved in transportation. it i a

necessary to consider the frequency with which the severity measure

Thus total costs sustained by the vehicleassumes different values.

in an accident may be treated as a

If the probability of the variable taking on values between events.

then the probability distribution of the random variable is also known.

if the probability distribution for total dollar damagesThus , were

it would be possible to completely describe the total costknown,

When working with probability distributions, it is usually

desirable to classify or describe them by means of statistical measures

characterising the location, variability and degree of symmetry. It

is well known that many distributions encountered in the collection of

Indeed, probability distribution arisingasymmetric distributions.

in such fields, as biology, psychology and economics are frequently

The observed distributions of vehicle damages for all typesskewed.

of objects struck exhibited high positively skewed tendencies.

Fig. 2.1.1 shows the histograms of total venlcle costs for a tractor-

105.
<

severity measure in terms of its distributional form.

2.0. Ana lysis of Vehicle Damage

any given values along the entire possible range of numbers is known, 

statistical data in many diverse fields tend to form skewed or

random variable, taking on different

semitrailer striking automobiles, trucks, fixed objects and non-co11islon

values which possess an inherent order in their nature, for different
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Th* data «r* r«»ulti of » random ••R’lt of 200 vehlc Is•ccldvnta.

~*wr~r<~ producing accidents taken t ro* tne files of the Interstate Com-

The acctdente occurred over the too year periodsere* Commission.
a

ISM1 19S9 and the nuemr selected for each accident type

•esitratier, fiaed object and non collision accidents.

The rationale for considering the iopariihmic normal distribution

vehicle lismaaea «ni actually two-fold-

statistical analysis ot quantitative information Lt La often deal table

Thus, ability to ttanafor* a skewedas cnaracterism* a variable

One suchdistribution into a morsmitsed form la highly desirable.

!<>S*r 1 that of the variable La considered, andtransformation is where the

is uomaliy distributed, the orisinai variable i»‘ said to possessif Lt

a logarithmic normal dial rlbutioa.

lognormal theory lies in the fact that with its aid a numerous classof

The second Lsportant resboa for

Ln coaalferl«< a transformedmtrodvclM lag-eorml theory, was not

district loo •- -rdcr to satisfy certain prerequisites for applied

statistical analysis, but the fact that the physical interpretation

of the theory offered a Mention as to •one re llama about the degree

107.

a

and at times necessary to consider tne normal or Gaussian distribution

as the underlying probability distribution for the total costa of

by the total accident population's dialrtbut ion of automobile, trector-

T7 ALtchfeom. J., and •'rows. J. A. C.. Ths Lognoresl Distribution.** 
Cambrid**. Cambridge University Press. 19S7.

of shewed dietrlout Lome in a number of fields are brousht within the 
1/ 

damn Ln of normal test statistics.

It has been stated that the usefulness

was det ei mined

The first reason use that tn



ot accident severity. This approach arose since the lognormal distri

bution nay also be derived by considering the position of a result or

event ia the range of the associated variable. If the position is

affected toy a masher of independent influences, not acting additively

a.« in the norml case, bet dependent upon the importance or stretch

Thus, if total ilanage coats were to follow s iognoruml distribution.

the ph could be eapleined as arising from a multitude of carats

operating slew Itaneouely tn determining the amount of damages. Further

total danages in any one■ort,

collision might toe determined toy the product rather than the sum of a 

great many different random factors.

Mttbmatlcally, it can toe said that if the logarithm of a

then the probability density function of a io

1)<1.1) f(a; m.0) ••

The positive skewness of the distribution io emphasised by the poeitioM

since

median • e
/2O?

and the greater the variance rhe greater la the skewness.

1M*.

ioa.

mods • e"

a - m,lZ ’ . for a

of the mode, median and mo an of a. 
1

> O-* o
a^r

mean - *

1/ frbaer. M. , Hathesmtical Methods of Starlet ice. Princeton,

it la not iasplauaitols to suppose that

of the influence, according to the central limit theorem the varieble 
1/ 

should be lognormally distributed as rhe number of factors increases -

variable, log a ia normally distributed with mean m and variance 



Pl at rl t»ot loc.a of Vehicle Pooles tor 200 AccidtnHTable 2.1.1.
t>/ Object St reck

1> IOO* -IOO» -too b2

IS-500-SOO lb>200 lb

21.000s-1,000 .>-300

12-2.000-2.000 b-bOO

IS-5,0003-5,000-SOO

3-10.000112 10.000-1.000

20.000 135S-2.OOO

Sb-3.000 b

5-5.000

I O'?
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One of the inherent *dv«ntig»i in using the lognormal distribution

is that it allows for the subjection of data to a simple graphical

analysis as a preliminary to more detailed work. By plotting the

cuaailative frequencies on logarithatic probability paper the tenacity

of the lognormal assumption can be quickly and easily observed. The

tendency of the points to form a straight line provides an approxiaiation

to Judging the feasibility of the underlying lognormal population.

An obvious advantage of the graphical approach is that

The data of Taole 2.1.1 ate shown plotted onof the values is necessary.

The lognormal naturea logarithmic probability scale in Figure 2.1.2.

of tiie population of total costs tv the trec tor-semitrailers involved

Before actuallyappeared to be reflected in the sample observations.

tests of signi-fit ting theoretical dietrioution to the observations.

It was hopedficance were performed on the sample swans and variances.

a conanon variance could be applied to the groups, which wouldthat

degree of skewness associated

It was also desired to Justify combining thewith t*a distributions.

as well as to defer applying theoretical frequencies to only sixteen

non-collision accidents.

was made on the

variances of the four accident type distributions. Assuming the

logarithms to be normally distributed, the sample variances of the

111.

ly Bartlett, S., ‘Properties of Sufficiency and Statistical Tests,” 
Proceedings of Royal Society of London, A.160 (1937).

no transformation

reflect, as might oe expected, a coneion

in automobile, truck and fixed ooject collision and non-co111slon

fixed object and non-collision accidents, based on a priori reasons

1/
Bartlett's test for homogeneity of variances



I

in common log terms , were computeddistributions of the logarithm,

Table 2.1.2 showsand the hypothesis of equal variances was tested.

the necessary information to apply the test.

Table 2.1.2.

Collision with:

.501254.6317 108Automobile

.350012.1515 34Truck

.2192398-7687Fixed Object

.41666.6655 15Non-Co 11 ision

- 7.83L - 3.1041

The test statistic is

r. i><2.2) log S 7 i- . —•L -

where:

10

, which is an unbiased estimate of the

-1)

if the variances are equal.coonon

•J/1 1).1 +c -
1 s 1)

112 .

Degrees of 
Freedom 

n - 1

4
_y

i =* i

^2

Test of Homogeneity of Variances of Log Cost Distribution 
Four Accident Types.

4

*5’
I-*- 1

Sums of Squares
I-?

<ni

X2 
.05

<ni
2.3026 

C

Ly—i l~ ni -

2.3026 - log 
2 e

X1

4
5 

Z-J
i - 1

<ni

(ni

s2

2
- 1) log S‘

2
Si



zUnder the hypothesis of equal variances. L is distributed as X with

1 degrees of freedom, where K “ 4 groups. The computed value ofK

found to be 3.1041, reject tne hypothesis of equalL was which does not

variances among accident types. Thus ,

considered as representative for the four distributions.

Analysis of variance methods were employed in testing for rhe

significance of tne sample The mode 1

under consideration was of the form

(2.3) “ m +■

“ logarithm of total vehicle costswhere:

“ common mean valuem

“ effect of accident classification

2and variance

that the mean costs tor the differenttested was

accident types were equal. Tne analysis of variance in Table 2.1.3

showed significant differences among total vehicle damages.

113.

*J

xiJ

xij

random error;eiJ assumed normally distributed with mean aero

means of venicle damage costs.

eiJ-

e
The hypothesis to be

i - 1. 2,

the common variance of .42 may be

n£; J - 1, 2, ... 4



Mean of Log CostCollision with

2.2846Auto

2.6295Truck

3.0366Fixed Object

3.0463Non-Collieion

FMean SquareSum of Square*

18.387.5743322.7229Object Struck

82.2174 .4195196Realdua1

104.9403Total

The significant F ratio suggests that the cost sustained by a tractor

semitrailer Involved in a collision varies for different objects struck.

Accident severity for the tractor semitrailer appeared to be greater in

fixed object and non—co 1lision accidents and descending from truck

accidents co automobile accidents.

In order to determine significant differences, if they existed.

The

between automobiles and trucks, fixed objects and non-collisions, and

Generally.autos and trucks versus fixed objects and non-col 1 isions.

equa1, the subdivision

of the sum of squares yielding as many planned orthogonal costparisons

as there are degrees of freedom, proceeds simply since the necessary 

orthogonal coefficients are usually obvious. However, certain

114.

Source of
Variat ion

Degrees of
Freedom

Table 2.1.3. Analysis of Variance of Logarithms of Vehicle Damages 
for Automobile, Tractor-Semitrailer, Fixed Object, and

Non-Col1ision Accidents.

F 05(3.196) - 2.70

three interesting comparisons, one for each degree of freedom, were

within the mass classification. Individual comparisons were made.

when the number of responses in eacn group



The eoap«rt(on« made.for th* unbalanced nature of th* data.to account

la • cnayerlaon If1. Ci *

2.

3.

• orthogonal coefficient a

Thun, th* coeffletanta found to aatiafy th* reatrlctiona were *et up

tn th* following fora:

S4Compariaon

-3.11 O0Auto va. Truck 1

-2.300 O 1Fixed Object v*. Non-Co 1 Halon

-2.53 -2.531 1

35109 40 lb

Th* analyala of th* Mean dlffereracea within th* accident claaa la 

in Table 2.1.4.

1/ Sntdecor, G. ti. , "Stat 1 at leal Nethoda.** low* Stat*. 1950

115.

S2

"J

®3

1

3lJ

SJ

among the aua* of th* log*rlthana of vehicle damage. veto aet up ao that 
£/ 

the following relatlonahlpa were aatlafled.

v r. l.s. la a cnapartaon if n.l. 
J J »• J J

S1

v
C| and Cj ar* two orthogonal coaparlaona if^ n^l^lj^ • O.

• ata* of square* for the comparteon

Auto. Truck va. Fixed Object. 
Mon-Co I Halon

•djuatwenta aauat be ata de when the ample* unequal ala*, in order

- O. j - I. 2. .. 4.

i - I. 2. 3

where lj

• auaa making up the coaparlaona



Table 2.1.4.

of *»rl«tt<m Mean S^uarti r
Auto »». Truck 4.4 754 4.4754I 11.1452

I.0011 • OOll .0024

14.0444 14.0444 43.01441

Total 22.7224 3

Noaidual 42.2174 IM .4193

The only comparieon ebowiag no aignlfLeant dLffereec* we* between fixed

object and non-co 11 La io>i ac ci it an re ■ Significant differencea were

evidenced for it an a gee aiitaload la auto and crock acrLdaata aa wall 

aa for accldoata between other vehicle* and accident* only inrvolviag 

the responding vehicle. I.a. fixed object colllaioaa and noe-colllaiona.

fitted to the obeerved dietrtbwtIona for the four accident tyye«, 

combining fixed object and noe-co 111 alone oo the aaauaaption of equal

naan* and variance* . Figaro 2.1.3 atone Cha theoretical diet rlbut Iona.

cnagiared with the actual date, of the logarithm* of coot* while

Figure 2.1.4 present* the lognonml dietrlbutlone oa a log probability

The method of fitting conaleted of flttl^ nnrwl dietrlbutlone

to the dlatrlbutloe of logarithm*. Table 2.1.5 illustrate* the method.

with automobile accident*. Since a one to one relationship axlata la 

the logarithmic tramaformat ion, goodaoaa of fit teata were applied

The X2 valwea failed to dLaprove theto the norani di*trlbution*.

114.

bum 
of Squares

doe-Col11aloe ve. 
Fixed Object

Degree* of 
Fraedow

Auto, Truck ve. Non- 
Colllaioe. Fixed Object

Conyarlaona between Coat* of Oaangea tor Different 
Objecta Struck.

Logarithmic oonal diatrlbutIona, with two peranetera. ware 
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aaaumption of cviaally distributed logarKtaM, thereby justifying 

ths assumption of the population of vehicle damages fol1owl cm a

lognormal distribution. The mean, median and mod* were computed.

using the following equation*.

log smdian * log cost

The results are sussnariaed In Table 2.1.0.

Table 2-i.b.

r.Accident

193Id ni 2.29Autos .31 0.97.50 15.30

Trueha 90 920 1070 2.93.35 .22 1.71 7.02

259 1095 22 73 3.09.20 . 17 3.01 7.02

2<.92 “ enmun S2>

In summarising then, the vehicle damages tend to follow a 

lognormal distribution for each accident class, with s common variance 

and different costs between automobile and truck collisions and collisions 

with ocher aotor vehicles as opposed to non-esotor vehicle accidents.

and other natural
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Fined Object. 
Non-Col 11 slon

vehicle damages suggested that perhaps a law of accident cost might 
£/ 

In the same amnner as locum* distributions , 
3/ 

. number of word* in sentences'" 

X2

be brought forth.
2/ 

organisms * growth

0*

The apparent goodness of fitting lognormal distributions to

£/ Aitchison. J., and Brown. J. A. C.. 'The Lognormal Distribution. 
~ Cambridge. Cambridge University Press. 1957.
2/ Crasser, H.. Kat hem sc lea 1 Methods of Statistics, Prtncetan. 199b. 
T/ Will leas*. C. 0.. "Blosset rice," Vol. 31. p. 35b. 1990.

Nodal Median Mean
Type Coat <<) Coat <$j Cost <|> ^log * log

log mean • log cost * 1.151302

log mode • log coat - 2.3026<y?

Suamsry of Ke so its of Lugnormally Distributed Passages.

V. Criticallo»_ 2 ,
- S/X X*_____ X*
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Thus, the model could be interpreted as suggestingslight accident costs.

that the distribution of damage costs arises from a multitude of causes

Hence, the number of causes generating differoperating simultaneously.

ent costs in a collision take the form of speeds, directions of impact.

road conditions, weather conditions, driver characteristics and most

Thus, the plausibility of lognormalprobably an infinity of other causes.

theory being applied to accident costs can not only be Justified by 

the goodness of fit of the empirical results, but also from a general 

consideration of what is happening in a collision to generate such cost

It shall be shown at a later point that this concept distributions.

may be upplied to disasters in general as well as to direct costs of all 

automobile accidents.

121.

phenomena have been explained by the law of proportionate effect, so



I

2.2. Analysis of Vehicle Damages with Respect to Accident Types.

The qualitative accident characteristics directly related to the

collision are the direction of impact and the object struck. In t he

preceding section attention was Centered on the object struck, while

the present analysis investigates costs with respect to both the object

Table 2.2.1 represents the average costsstruck and the type of impact.

sustained by the tractor-semitrailer and the average common logarithms

for all combinations of direction and object struck, utilizing the

random sample of 200 accidents discussed previously.

Table 2.2.1.

Automobile
$ 332 § 2.0143-3,700

Trucks
958 100-3,000 2.804

Headon*Fixed Object 1,699 100-5,000 3.037

Non-Co111sion Headon* 2,816 110-11,000 3.046

The logarithmically transformed costs were used to test for significant

differences between objects struck and direction as well for anyas

interaction effect among the two characteristics. Since object

122 .

Collision 
with:

Tractor -Trailer 
Strikes in Rear 

Tractor-Trailer 
Struck in Rear

Angle 
Headon

Tractor-Trailer 
Strikes in Rear 

Tractor-Trailer 
Struck in rear

Angle 
Headon

Direction of
______ Impac t

56 5
88

2,980

353
223

1,810

Range of
Costs

10-1,590
45-500 

150-5,000

2.456
1.898
3.190

2.121
2.237
3 029

Average
Cos t

’5-2,575 
50-125 

450-8,000

Average 
J^10_CogL

*Non-Collision and Fixed Object accidents were considered as Headon 
accidents.

Average Costs and Logarithms of Costs to Vehicle 
for Direction and Object Struck in 200 Accidents.



fixed object and non-co111siondifferences were explored previously.

involvements were not

Essentially then the information ana lyzed constituted aaccidents.

four by two matrix

Table 2 2.2.

Collision with

Truck Auto
IVy Log CostLog Cost

Striking in Rear 2.01410 2.808 47 57

18 2.456 22 2 . 121 40Struck in Rear

A.-.gle 2 17 2.2371 .898 19
Headon 5 3.190 23 3.029 28

35 109 144n

It is to be noted that the number of replicates in each cell not

only differed from cell to cell. but was also disproportionate to the

totals for each effect. This necessitated altering the usual analysis

of variance procedures for testing the effects, in order to account for

the inherent non-orthogona1ity of the date due to disproportionate

The method of weighted squares of neant furnishedsubclasses. an

exact test test

The hypothesis was represented by the model.

1 ,+

k -

123.

!_/ Gates, 
Numbers in the Different Classes,’* J.A.S.A., Vol.

Direction 
of Impact

oJ

Means of Logarithms of Vehicle Damages for 
Collisions with Other Vehicles and Ditections.

nA nT + A

1 - 1, ... 4,
J - 1. 2,

1, niJ
+ *tjk

_!/ 
for main effects.

Log Cost “ m 4- d 
ijk 1

for interae-ion as well as an exact

as in Taolr 2.2.2.

F., "The Analysis of Multiple Classifications with Unequal 
29, No. 185, 1934.

treated, as both only occurred in headon type



where:

b> “ overall aean

• effect of the 1th direction

• effect of the Jth object

*■ randoe error; assumed normally distributed witheljk

for the assumption of negligible Interaction L« providedThe exec t test

by weighing the squared differences between scans for each direction by

the ratio <nT * nA^- fhe Interaction term proved not to be

significant and the completed analysis of variance was performed

in Table 2.2.3.

Table 2.2.3.

3. 1496 4.0903 4.0903 11.989 3.9Vehicles 1

17.38116.8611 17.8018 5.9339 2.7Di re-lion 3

2.5347 2.5347 .8449 2.475 2.73

46.4315 . 3*1446.4315 136Error

The analysis rejected the hypothesis of no difference in

roots when striking autos and trucks and also showed differences

to exist for direction of impact. Thus, while coat differentials

between objsrcts struck and direction existed. they were consistent.

124.

Mean
Squares

•Correction for Disproporttonality “ -.9407, applied to main 
effect sum of squares.

Vehicle 6 
Di rec t ion

Source of 
Variation

Unadjust ed 
Sun of 
Squares

Adjusted 
Sum of 

Squares*

c2

Degrees 
of 

1reedom

di

r
.05

Critical
r.O5

Analysis of Variance on Logrlthmic Costs 
of Vehicle Damages for Object and Direction.

mean zero a'.d variance



2.3.

Thus far, th* relationship between vehicle tian age coate, lapact

Generally, highwaydirection and object struck has been investigated.

The present section attempts to relate certain quantitative accident

It was hoped that thecharacteristics to the severity response.

variables, vehicle weight and speeds of the involved vehicles prior to

inpact, night aid in explaining the variations of the severity of

tractor semitrailer accidents.

Prlsmrily. attention mm centered upon speeds and existing

The data employed in the previous analyses, contained speed inforamtloa

of questionable merit due to the reporting method Involved, since speed

data were not specifically asked for and was only volunteered by the

resort was surds to anotherThus.reporting party if he so desired.

area of the Interstate Cuani rce Commission'» motor vehicle activities.

These invest!gable accidents are selected from the entire accident 

of personal injury sustained. and/or evidence of negligence.

reports a selective sample of IOSthis substantial group of accident

Essentially the selection criteria were accidence was taken.

comprehensiveness of report, and specifically reliable estimates

125.

involveaentr are discussed In terms of severity character1st tea even as 
1/ 

vehicle weight and vehicle age

Analysis of Costs with gesyect to Quantitative Accident 
Characteristics.

The study was based on specific accidents investigated by the ICC.

HcCarThyTT f. . ''HMTBSHMBc Cost of Traffic Accidents in 
gelation to the Vehicle,*' Public goads. Vol. 31, No. 2. June 1960.

population by the ICC on the bases of degree of damage involved, amount

Accident types are also considered.

accident r;.ordr were searched in an effort to attain speed information.



It ahould be rooted that reliability la mattonedof speeds and weights.

Accident* idiere flrea orreport Itself as determined by the source.

explosions occurred were not included In the sample. Thea* Invest lasted

sect dent* were the only source where adequate speed information coupled

with a creaintent accident severity raaponaa could be discovered. Thus .

In order to arrive at meaningful concluaiona over a range of coats with

a sufficient roumoer of caaaa for each variable, a selective aaaaple was

The above observation doe* root mean to iaaply a lisalt to th*necessary.

generalisation* fro* the derived Models, elec* the purpose wa* to study

the inter re let lonai.1 p* of the variables and aot necessarily to predict

the cost response in future involvement*.

Th* typical ICC investigated report contain* th* following

information relating to th* accident:

of tractor and trailer (nab*, type, axle arrangement). description of 

vehicle or object struck, cargo description, vehicle weights (tractor.

trailer, cargo), speeds of both vehicles, description of accident and 

•ubsquent aovtemts, dollar damages to th* vehicle and cargo, injury 

eatent, and fire or explosive incidenc*.

The objective of th* analysis was to study th* mjtual relation

ships between vehicle damage coat* and th* accident characteriat1c*

by deriving a series of functional equation* ■egression and variance

12b.

Impact. typ* of highway, time of day. weath*. condition*. description 

technique* were employed in an effort to explain accident coat*.

date, location, carrier, type of

not tn th* stat 1st I'-al terminology, bu» refer* to th* adequacy of th*



Throughout the regies*Ion analysis ala independent or ceuaatton 

variaoles were analysed as to their degree of association with accident

The warlables are presented below:costs.

Weight of responding vehicle (Wj): Cross vehicle weight.1.

cuwpused of the tractor, trailer and cargo; Measured la tons.

Qualitatively defined <a* previouslyObject struck (V^)2.

used) as cosaaerclal sartor vehicle, outoaaobile. Used object.

and non-colHelen.

Qualitatively defined (as previously01 rec lion of lapacl (O):1.

responding vehicle struck in rear

(reflecting ilsnsge to the trailer), responding vehicle struck

second vehicle In rear (reflecting tractor damages).

Speed prior to is^aet.

Measured in M.P.B.

Speed of struck vehicle (V ):5. Speed prior to Laps' t, sseaewred
2

in H.P.N.

Combined speeds of two vehicles (Vj ♦ W?):6. Speeds were

coutlined tn the following eeasier:

headon collision:

rearend collision: depending upon

the larger speed

angle collision:

The reports were Initially classi‘led by object struck and

epreeentatIva notation fordirection as Ln Table 2.3.1, where Che

127.

used) as headon, angle.

or Vj- ’2

in (»j

* *2

' *1-

ly Since the angle of lepact was unknown. the average coaabined 
speed was utilised.

*1

V1

Speed of responding vehicle (V^):



each factor to ahown a* well an th* mi—h ar of obcervatlorw in th* a —* I*.

At m i I loaf rot loo of th* notation to he onployed. Ah deaignatea 

vehicle I or th* reapondlng tractor aearit roller colliding header* with

on rut —ob 1 I*

Muabir of Inveatigated Accldwtr byTable 2.3.1.
Object Struck and Direction of 1—|Sct.

Direction (D>

20Hendon (h)Cn—itcirl Motor Vehicle <T>

St rib. in* tn rear <tj> IS

14

2Ansi* <*>

51Total

24Mendon <h)•Autoaoblle (A)

b

Ansi* <•)

3STotal

UHendon (h)Fixed Object a (F)

7Hendon (h)Non-Col Halon (at)

IOSTocci Accident*

A curnory aurvey of the a«er*t« vehicle it an age coet* for the 

nine co—blnot lone of object and direction revealed increaaing coete 

**••• di opera ion. indicated by the range of da—agea. *• accident type 

varied freer coto-engla co Croc*-Hendon *a in Figure 2.3.1.

The regreaeion analyai* concreted In a progreaalon of analytic

12S.

St ruek la rear (r

Struck in roar (»p

•ho rearend accident* were obnerved etoere vehicle I a truck rut
in the rear.

Object Struck (Wj)



STRUCK. DIRECTION -ACCIDENT TYPE

AND RANCES FOR ACCIDENT TYPES

«29.
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models attempting to explain eor* and aor» of the variability in vehicle 

itmrirg- costs by directly fitting successive equations to the observations.

Since the legarit** of (toiler damages was seen co be a normally distrib

uted random variable, the dependent variable was trans footed from actual

The transformation also facilitateddaSMgea to the logarithm of damages.

the regression analysis by reducing the absolute range of the dependent

In general, the regression models mere of the form:variable.

where:

notation accounting for higher order polynomials in x£ .

(a) represents the mean log cost value corresponding to

equating the independent variables to sero. «dil le b

The initial model was:

Vog(Cost> - a ♦ bjOrp ♦ »»2<V2> ♦ b3(Wl>Model t:

iswhere:

the weight of the responding vehicle.

tn attempting to develop the most meaningful relationships. seven

equations were derived by combining certain classes of observer ions.

Thus, within automobile collision* the eight angle accidents and the 

six raaremd involvessents were combined la order to increase the number

Fixed object and non-co11 inion accidentsof observations employed.

IX).

1 

represents the change io log costs per unit change In

are the speeds of the vehicles and Wj*1 *°d *2

were also combined on the basis of the previous analysis of the two

Log (Cost) - a ♦ btf(xt)

a and the b^r are parameters to be cstismted and the 

»( are the independent variables with the functional



Table 2.3.2 record* the regression equation*. coefficient* ofgroup*.

various struck object* and direction*.

the amount of viri*tl<n in log cost explained by the too speed* and

weight, are also included.

An examination of equations (1)

to

Equation (7) which combined fixed object

and truck-headon collisions showed a greater amount of explanation in

variability than either group considered separately. Generally, a mean

cost displacement wa* Indicated among auto, truck, and fixed object

and non-col liaion accidents.

Of particular intereat in the first model were the signs of

the coefficients of the variable*. The sign reflects the direction

in which th* dependent variable change* given an increase in the

Independent variable. the weight of the responding

vehicle. It was felt that gross weight

in th* sampled accidents, in that there would be no significant varia>

bility within and between classifications. In order to show that gross

vehicle weight was not a significant contributor to vehicle oassgei

within the accident classification*, test* of significance were

for the seven equation*. Merely

escamininq ths regression equation* revealed a changing sign attached

131.

“2-

performed on the coefficu.it*, b-j

wa* actually fairly constant

l.e. all truck accidents with varying directions, suggested an

(3). which are at a constant

With respect to W^,

The value* of R^, representing

Within automobile accidents, .(A> and (5), the meantj to h.

increasing aesn cost level, as direction of impact moved from r^ 

level

appeared to remsln the same.

multiple correlations (R) and the standard error* of estimate, for the



Table 2.3.2. Regression Equations of Model I

Regression Equations

(1) y - 3.55 + .0050VTruck Head-on .49 .24 .1521
(2) y - 2.26 + . 0160V- .0061V2Striking in Rear -0260WJ . 74 .55 .361

(3) y - 2.11 + .0006VStruck in Rear + .0200V .46 .21 .39221
.59(4) y - 2.56 + .0110VHead-onAuto .35 .3731

(5) y - 2.60 .50 .25 .420

(6) y - 3.31 + -0O12VHead-on .30.006IW^ .09 .3361

(7) y - 3.18 + -0054VHead-on . 70 .277.491

as

1 
fv ” log(Cost)J

Fixed Object 
and Non-Collision

Standard 
Error of 
Estimate

Fixed Object 
and Truck

Direction 
(P)

-OOOSWj
Struck in Rear 

and Angle

Mu Itiple 
Correlat ion
Coeff. (R)

+ .0070V2

* .0047W2

.0120V2 -

R2

Object
Struck (W9)

-0066Wx

+ .0021W^

.0024Vx

*2 accidents where the tractor trailer struck slow moving railroad trains were classified 
fixed object involvements.

•0110V.1

+ .0090V2

+ .0072V2 -

Log (Cost) - a + b1(V1) + b2(V2) + b3(Wx)

+ -0099V-



coeff iclentit was negative in four equations.i . e .

and (5/, both rearend accidents. A control chart analysis was performed

on the mean weights among the groups.

the seven equal ions were used to determine whether or not the deviation!

As is generally

represented t>y the control line in Fig. 2.3.2, was determined from an

external source.

of a study by Dimnuck

An estimate of the expected varianceweighing stations in 44 states.

Figure 2.3.2 shows the observed means and the upper and

lower control limits for each accident group. Since each mean was

the limits, calculated from-based on a different sample size,

UCL * 3

, whe re:

o' • expected standard deviation

varied for each group. No evidence appeared to suggest that the atari!

were out of statistical control. The aoove analyses supported the

hypothesis that variability in weights was not a significant contributor

to the variaolllty in vehicle damages and that changing sign of b

State Highway User Taxes," Puollc Roads, Vol. 29,

133.

3o*
J/rT

- w'
1

Traific and Travel Trends,

in truck weights was obtained from Sampson’s report on gross weight 
2/ 

of t rucks.

3 
1’55," Public Roads.

to b-j , The Wj

T7 Ditwnick, T. B. , 
Vol. 29, No. 5, December 1956.

2/ Sampson, E. , 
No. 12, February 195b.

LCL - W - 
1

The means were compared to the mean loaded weight

, in which 135,000 trucks were observed at

in mean weights were due to non-random variation.

done in industrial analysis to control current processes, the mean.

was found to be significantly grcatei than zero only in equations (2)

Essentially, the mean weights for

Wj - expected mean
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a

<«t the V^uations Barely a chance occwrreavce.

Wight COtfflClMl.

in* the hypotheaea that a) are*** My bn •44*4 an headon

and b) lower apeeda My be awbt ratted tn rearend

All Of Che headon <4111 •I4M ibovvJar VarcI dent■,

cMined apeed for thia type of accident.

the greater apeed lai the reareod accident na»4 venation O>. IB

However. the ceefftctent wee foundcoefficient wea there diaperity.

be etcher negative or poollive.

omittedModel II. of the form:

combined according cor*(r«(tloni at to* coat verbob the two apeed*

Ab only two variable* were coealdwred tn orderth* prior •••waeptlow.

to *iaplify t»h» BOdel. Che original c la»aifleet Iona were weed eince

tbe nwmber of obeervec lone wee cone ide red aufhclrnt for the aioplar

Toole 3->.> preoonte egwat tone relating combinedregreaaion model.

•peed* CO log coata for trock-headon end both form of rearend accident*.

outotaobi le-headon, rearend and eagle, fined object* and non-cotltBton

lave Ivreani •.

i».

4 .*

♦ *,>.

where

Che larger *peed, the theory of eubtroctton eveemd to be *wb*»ant loted.

Only tn eg wot ion (» here • negative sign wee e-e pec ted for ”, ’•

LgfCoat) • a ♦ *<*j X 'J 

the weight of the reapomdtng vehicle end concentrated on ataple linear

not to be *i«nt f leant ly greater than taro, inplying «bat the alga anight

acebanta, ft.a. *j ♦

V, . WI or bt . Wt.

posit tee aigna for both coefficient*, awpporting the Ida* of an additive 

ftdpadtton <1> where T| t*

The aigna ol b, and b} aeened to offer Mre awanlng than the 

The aign* of the apved coefftcienta lent in*igbt



■egression tytloa* for Model IITable 2.3.3.

*

r*A. ted. Errorr■egreoeion MurtiotuD

.1*1.22 .05(•)bT

.2*2.13 .33(*) y

. 121.00.00(io>

.321.30.55(U>

.452. 15.3*y - 2.0* ♦(123

.250.12.05(13)

.’30. IO.32(1*>F y

.353Ol-.10(15)hM y

heado-i

The pnarry purpoos was to

ft^uei slopes with elevationthe im» for the three objects struck.

difforent tale would support the concept of different ease levels*

representing the type of object •truck, contrlbut in* to Occident

Figure 2.3.3 shows graphe of the throe linearseverity difference*.

The covariance said*I was of the tors:equations.

13b.

analyses of covariance were performed.

ascertain If the linear regreseioa of equations (•). (11). (I*) were

♦ *2>

r2 

k

rl

- r’2

- V

* *2>

* V 

’ *2* 

- V

* *2>

r2 

h

on log coot woo the sane for trucks, autonomies and fined objects la 

accidence and also for trucks and autos in rearend accidents.

i nim
O2Oa{l/2(Vj**,)]

y - 2.02 ♦ .O15*(V

1

- 3.3d - .003K*!

tn order to learn if the linear regressions of cooblnod speed

Log (Coot) - • ♦ b(1fl ♦ »f) 
[y - log(Cost)]

y - 3.d5 .00a»(V.

- 2.11 ♦ 02b*(*l 

y - 3.Ob ♦ .000*0

2

• 3.12 ♦ .OlOl(V

2
y - 2.33 ♦ .0105(11
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J - 1, 2, 3+ e

where:

- O

B ” assumed cocmon regression slope

— random error; assumed normally distributed with*1J

Table 2.3.4 illustrates a typical analysis of covariance arrangement.

As seen Iron the graphs of the equations, the eeeuspi.on of stat 1st lea 1ly

equal slopes is not obvious so that an F teat comparing the mean square

for regression coefficients to the mean square within objects struck

was performed. The result

" 1.01, failed to reject the assumption

of slope equality so that a common elope was indicated. When the iwin

square for adjusted mans

significant F ratio was found, implying that although the regressions

had a common slope, the equations differed in elevation levels which

was partly ascribed to differences in the type of object struck.

Furthermore, the common regreasicn was found to be significant, when

the hypothesis that B ■> 0 was rejected. The conclusion iron the analysis

would be equal if the swan effect were constant when different types

of objects were struck by a tractor semitrailer.

138.

MS Regression .090

MS within .089

X1J

+ Bx

<V1 * v2) " 68-4

1? 1

2) from the total mean.■ deviation of any <Vj

W
J

was coeqiared to the c nanon mean square a

Log(Cost) ” m + U 
J 

m “ overall mean

“ effect of the three levels of ; 2j*2

mean aero and variance .

might be alternatively stated that seen cost levels in headon accidents

1, 2, ..nj.



Analy*l* of Covarian:* ofUn(Coit) and Adoed Speed* for Heaaoc Accia«nnTabla 1.3.4.
and Object Struck (Trucki~, Au<o», Fu<a Ooj«ct«y.‘

2 d-f. Kean Squares*2.
.♦7 09 7101.07 .010110-761072.6911Fined Object*

.47 .0241600149.44 .49369 3.7319Truck*

. 1374.30 22 3.02.010311463.20 121.0623Autoa—bl lea

.069SO 4.i.e

.0902 . 16He*. Coefficient

5.66 4.63 .069.0067 5216249.64 141.3253Coe—nn *e*re*alouI

2. 7505.502

10.133436155.03 109.15 10.4655Tot*l

■

De free* of 
Freed*—

Sum of Square* 
of Deviation*

Kagreaslon
Coefficient

Deviation* free 
*e*»'e*«i«a

Source of 
Variat loo

wfe-' bb

2 y

Witbin W2



equation* (IO) and (19). The analyst* of covariance found slope* aa

level* to differ significantly, most probably duewell a* cost elevation

■Mini tested by the seroto the wide scatter of th* truck observations,

correlation coefficient. A* will be shown later, when these type* of

accident* ar* grouped within their respective classification of object

struck, they seemed to represent th* lower cost level of damage* within

a mas* category.

Th* data *ees»*d to reveal that dollar damage* received by a

tractor semitrailer. and hence, accident severity, approaches an upper

limit dependent upon th* object struck and c □whined speeds. It was

»
would not merely eaplain mor* of th* variability in dsnmge*. but would

also lead to an analytic

Eaaphasis was lent to th* above • rgimeot . particularly the curvilinear

when combined apeeds were plotted for all direction* within aaspect

given object struck level. Figure 2.3.A, showing all of th* observed

point* for truck accident*, offers eaqtirical reasoning for th* intro

duction of curvature, and th* necessity for combining all accidents

for a particular object struck.

language, in two-dimensional space. log costs and combined speed*.i.s.

when attention is relegated to a particular region of interest a linear

fit is often acknowledged. Previously, th* region* of intersat

IAO.

associated with rearend and headon accident* for a particular object 
17 liter* were no r type accident* reported for truck semitrailer 

auto collision*.

In th* framework of response surface

felt that th* intiuduction of curvature to the regression models

A smiler analysis was conducted for rear-end accidents where
J.Z 

the responding vehicle struck auto* end truck* in the rear.

inference a* to the area of the upper limit.
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However «

when the entire region of operability is ton»l4»r»<, a carve of higher

la usually required tn order to satisfactorily represent the

Indeed, cutvatvro appears to occur la Figure 2.3.4 when theout face.

including l.eadon accidents occulting at

greater speeds, are Incorporated with the lower speed rearend accidents.

Thus, aside frets improving the gcodner • of fit and explaining sore

verlability in the dependent »srtable through curvature as well as

was developed.

curvilinear equations ol the second segree were fitted to naadon

accidents as well ai* ail accidents for a given sass level, la

Table 2.1.3. where Model 111 was of the tore:

Log(Cos*) — a ♦ b(VU>«<

1 in Table 2 3.5 reflectThe consistently high correlation indenes.

the high degrees of association between ctasblnod speeds and dollar

danag?s for all t,pss of collisions given a specific object struck.

In other words, the grouping of direction coasponeaita increased the

ability of coabblnod speeds to explain var* ability In rf swage costa. In

significance teats wart perfonaod between linear

regressions and the curvilinear regressions for the groups.

Figures 2.3.5-2.3.7 »nd Table 2.3.4 point out the lack of a significance

difference between any of the curvilinear and linear regressions.

142.

1

1 ± V2>2

■

were considered and linear approxisttions were found adequate.

I ♦ ♦ c<*

offoritgi the upper liadt area, an eoipliical rationale for curvature

range of cosablned speeds.

order to ascertain the appropriateness of parabolic curves to describe

the cost response

Since seats hoadon accidents thewselves occurred at low speeds.



Taole 2.3.5. Regression Equations for Model III

y ~ Log(Cost)

Regression EquationsDirection n

(16) y - 2.744 + .0213 (V ♦ V2) - .00009(949 .65 .344All .43Truck 1
(17) y - 2.131 + .0166(9, +V2) - .00004(V .69 .36238 .47All Automobile

Headon
(18) y - 2.797 + .0205(9 ■» V ) - . 00009 (V61 .62 .39 .334

1 2 1All Truck

2(19) y - 2.246 +■ .01280^ + V2) - .00001(9! ♦ V2)24 .30 .379Headon .55Auto

Standard 
Error

Object
St ruck

Index of 
Correlation

(1)5? w
I2

Fixed Object) 
) 
)

1 ±V2>2

1 ± V2>2

* v2>2



Table 2.3.6.

Direction

.42 .43TruckAll

.47 .47All Auto

.30.30Headon Auto

Headon
.38 .39

All Truck

Significance teats similar to that in Table 2.3.7 were performed and a

straight lir.e was found to be applicable as a second degree curve.as

Table 2.3.7.

Source of Variation Mean Square

Curvilinearity of Regression J .088.088

Deviations from Curv. Regression 46 5.458 .119

Deviations from Linear Regression 47 5.546

.739, not significantF -

A covariance analysis vac performed on the linear equations

shown in Figures 2.3.5-2.3.7, in order to determine the effectiveness 

of a single equation depicting the relationship between costs and

speeds for all accidents. The model under consideration was:

e

whe re:-

“ effect of Jth object struck

J ” 1, all truck accidents 

144.

Object
Struck

Degrees 
of Freedom

Sum of 
Squares

Fixed Object) 
) 
)

Test of Significance of Curvilinear Regressions: 
All Truck Accidents.

Values for Linear and Curvilinear 
All Types of Accidents.

■ 388 , 
. 119

.nr+ Bxlj

Linear (r2) Curvilinear (I2)

r2 and I2
Regressions:

Log(Cost) “ m + W£ 

m “ overall mean

ij; i - 4 •• J “ 1. 2, 3
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J • 2. all eutaoobi le •ccld«at<

J * 3, all fixed object accidents

1J
with naan aero and variance

Table 2.3.* above the analysis of covariance table.

The results shoved the three equations

Log(Cost) - 2.94 ♦ .0119(9J - I. 1 -
J - 2, Log(Cost) - 2.28 ♦ .0113(9

J - 3. Los(Cost)

could be applied to a representative equation for all accidence. The
result la* couson equation was: Log(Cost) - 2.70 * .0115(9

differential elasMnts lo cost elevation, after adjust In* for different

objects struck. Thus, although a cosson elope could be introduced.

there rests toed significant discrepancies in the cost levels, ascribed

to the type of object struck. Figure 2.3.8 transfotw the covnon

equation in log coots to the exponential fore of actual dollar rlansges

The parabolic curves. though not significantly different free

accident group, a sexleua cost area that a particular combined speed

Table 2.3.9 shoes Che upper cost levels, obtained bynight gstwrate.

148.

11 ’»’•
However, the high variance ratio for tne adjusted nean indicated

• deviation of any (9^ ♦ 9^) from the overall 

esse. (9* ♦ 9?) - 52.9

• randon error, aseuned noranlly distributed

sustained by the trueto. eenilialler as a function of cossbined speeds.

lineality in describing the coat-speed relationship, offered, for each

* V2>

1±W2>

did not have different slopes, so that a cniou regression coefficient

1 -
- 3.12 ♦ .0101(9
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d.f. F

Fixed Object* 11 1072.8903 10.7846 1.0736 .0101 10 .9651 .0965

Truck* 28998.000048 344.6246 9.6417 .0119 47 5.5460 . 1180

AuComobl le 37 31928.8948 359.30 72 8.6799 .0113 36 4.6377 . 1288

93 11.1488 . 1199

keg. Coefficient 2 .0071 .0036 .0300 3.1

Common Regression 96 61999.7851 714.7164 19.3952 .0115 95 11.1559 . 1174

Adjusted Mean 2 10.2004 5.1002 43.443 3. 1

Total 98 74163.4862 491.646 24.6182 97 21.3563

Source* of 
Variation

Degree* 
of 

Freedom
Mean
Square

o

Reg.
Coeff. F.05

Within W2

Y»2 xy

Table 2.3.8. Analy*i* of Covariance of Log(Cost) and Combined Speed* for 
All Direction* and Object* Struck (Truck, Auto, Fixed Object)



and solving for vi + ^2’

Upper Cost Levels for All Accident GroupsTable 2.3.9.

Required (VLog(Doilars) Actual DollarsObject Struck

11510,2004.01Truck

2057 .0803.85Autoroobi le

402,7003.43

The value of combined speed represented the point where the maximum cost

certain level ofresult of

speeds.

involvements with other trucks, a combined speed of 115 miles per hour

In

contrast, automobile involvements require speeds exceeding 200 m.p.h.

before a level of $7,000,

Similarly, fixed object and non-collision accidents, essentially

Including only the speed of the responding vehicle, required a speed

relatively low cost level of $2,700. The reason

last conclusion probably arises from the confounding of fixedfor this

objects such as trees, utility poles and fences with objects with

buildings and railroad trains,considerably greater mass such as bridges,

the gamut from a slight damage

result of Jackknifing.

151 .

Fixed Object ) 
) 

Non-Co 11 is ion)

producing skid to a

while non-collision accidents may run

1 t»z’

severe overturn as a

equating the first derivative of the second degree polynomial to zero, 

level might be expected to occur, as a

was necessary before dollar damages to the vt'dcle reached $10,200.

less than that for trucks, was reached.

The figures in Table 2.3.9 indicated, for all tractor-semitrailer

of 40 m.p.h. to reach a



Vehicle Damage and Hcctunlcal Energy2 .4.

Whereas the foregoing analysis attempted empirically to derive

theoretical aodeli relating the vehicle damage coat of a collision to

accident characteristics, the subsequent analysis utilises the concepts

of energy and soaantua, coaamonly studied in connection with lapset

A theoretical amdel representing the mechanical energy of theprobleas.

tyatea was developed and the resulting energy equation was then

considered as a dependent variable in fitting empirical equations for

This aechanlsa yielded a general equation for all typesdaaage costs.

of accidents relating dollar damages to the concept of energy released

«*r considered available for damage.

The general model represents the conditions of two bodies

approaching one another, colliding, and at some inatant after impact.

the totalBecause of the laws of conservation of energy.separating.

From the principle ofenergy remains constant throughout th* impact.

Assuming perfect inelasticity.is also unaltered by the collision.

where the colliding bodies remain together after the collision and move 

with the same velocities, the aaxlaua work done under impact can be

Generally, for only an instant do the bodies have equal determined.

velocity before separation occurs.

If a collision between two bodies la perfectly inelastic, the 

(2.4) ♦ E

and (2.5) m^
2 2

152.

l/2(ml ♦ «2>*c

equations

•j-
4 m )v

2 c‘‘-I

the conservation of sMmentum, the total momentum of the colliding bodies



Equation (3.4) represents the conacrvatton cf energymust be satisfied.

•nd (2.5) th* conservation cf momentum. stwrt: ar* th*

and t It th* maximum amount of energy aval lab 1* for rtsmag*. Solving th*

(2.6)

Combining the units of th* terms of (2.6) reveals th* disuenslons

Sine* mj and *2 *r* tn lb-sec2/ft.of b. ar* in ft/sec.

th* diasensional analysis yieldvd

- ft2/**c2— ft-lb, a* ch* unit of

available energy.

(2.7) B -

where: and g is the acceleration2

(2.7) represents Sb* theoretical model

for th* maxisum *n*rgy available for damage do* to an impact of two 

colliding v*hicl*s.

Anticipating che following section where energy vat considered a* 

a dependent variable, it became necessary to correct for tn* fact that

*«locicy «•• recorded in miles par hour (V) and weight in tons (W).

Thus. if E -

a ft. Therefor*, th* working model for energy wsa

(2.S) tn foot >pounds.
1S>.

velocities of th* colliding bodies before impact, m^

•nd *2and

E • 66.69 WV2

or K - 66.69 M 
ton

•nd Vj*1

(lb-sec2/ft)2 
lb-s*c2/ft

2« is the common velocity after impactrespective masses. v^

_ _ 1 g w ..  .. ..... x
64. 34 ft/sec2

hr£
Bl n

♦ a diatt«<o<ul transforation yield* 
2000 16 (528O)2 ft2/mln2

ton (36O0)2sec2/hr2

v - *J ♦ v

Equation (2.6) readily becomes 

1/2 mv2 - l/2Sv2

^V1 —

•nd m^ th*

two equations simuItaneousiy yields

j “ m • a

of gravity (32.17 ft/sec2).



The prervlous rtgrtatioa ewade La actually derived •qMtloM for 

the logarlthn of coatt reoultsag froaa a collision aa a function of the 

energy coancnaiita, aaaa, ve lor tty and direction (reflected la the ninnir

of coteblnlng speeds). These atuailona enabled atattotical analysis to bo

per to me it Thus. Lt rosoained to fit aonponents.

gewerallsod a^uatloa to lop. coati and energy as theoretically derived.

The pointe of Figure 2 4.1 Indicated that a hyper ho lie function of the

tom:

Log(Coet) •(2 9)

The two

»y algebraic aaaiputat Lon. (2.9) Le easily transferred into the

torn of a straight line for a specific function of log coat and

Thus .energy.

(2.10) - a ♦ b£. which io rpwlvalent to (2.9)

To facilitate the eat lent ion of the two

table, as presented la Table 2.4.1. The resulting equation:

154.

I 
U>g Coot

io linear in X and X/Log Coot.

X 
a ♦ bC 

night beat describe the relationship between 4snogs and energy.

branches of the hyperbola are aoywptotlc to the linos X • ~ and

Log Cost • — . 
b

Log Coat • * 
(.02) * IO* ♦ .242C 

yielded a flexible curve to describe energy and -< — rg-

paraaeetcro, a and b. the data were grouped Ln a bivariate frequency

*n analysing the
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Foot -lb*.

tt-lba OO-.l 1.0-1.1 2.0-2.1 1.0-1 1 1.0-1.0 5.0-1.1 1.0-1.0 7.0-7.0

*17.0-17.1

11.0-11.1

15.0-15.0

11.0-11.1

11.0-11.1

112.0-12.1

111.0-11.1

2 110.0-10.1

10.0-0.0 1

0.0-0.1

27.0-7.1 1

21-0-1.1

1.0-5.1 1

11.0-1.1

33.0-3-1 1

72.0-2.1 0

101.0-1.1

210.0-0.1

151.

Cost
‘**51<P

Ena r 1 n IQ*

Tabla 2.1.1. Bivariate Frr^trxy Tabla jz£ 
Energy/Log Cost and g«wr<_/



The upper asymptote esaphasised the approach of a aaxtaua

level as a function of energy available for damsge at a result ofcost

Indeed, if the upper asymptote of the

lose probsoi titles say be derived from the proLabi -

lity distribution of vehicle dastages . By inferring that total loea of

the vehicle occurs at the upper asymptotic level of log coat, the

probability of a tractor-semitrailer sustaining this level of damage in

an accident may be obtained by considering the normally distributed

variable.

dure: * “ standard norml deviate

T • total loss level. 1/b in

S ” standard deviation of distribution of log cost.

Table 2.4.2 sumarites the results and yeilds the probability of total

loos ad»er> different types of objects are struck.

s

Auto 2.28 .71 2.61 .0045

Truck 2.63 .59 2.55 .0054

Fixed. Non-Co11 sion 3.04 .52 2.09 .0188

157.

Standard 
Deviation (Sj

Object
St ruck

Mean Log
Cost (C)

E 
a ♦

Deviation of Total Loss Probabilities
TrF

- T ~ c3

T - C .
<TT~

Probability of 
Log Cost > T

impact between two vehicles.

curve is considered to represent the point at which total loss of the

vehicle occurs, total

C • mean of logarithm of cost, from coat distribution 
in 2.1

Table 2.4.2. 
lor Objects Struck, Total Loss Level - 4.1322



It is evident that the probability of vehicle total loss occurring

Increases, as the general mass of the object Btruck increases. Thus ,

col Halon accldenta occur and leaat when autonoblles are Involved.

Figure 2.4.2 exhibita the rate at which the total loaa level la approach

ed for different objects struck. The three curve* Indicate the concept

that aa the total loaa level decreate*, the probabilitlea of attaining

total loaa showed greater differencea among accident groupa. Where**

the differencea in probabilitlea are small at the high level derived 

fro** the energy curve, a reduction in thia level would indicate sharp 

contrast in attaining total loaa for different mass levels of objecta 

(truck.

Keturnlng to the coat-energy relationship, the function sub

stantiated the feeling that beyond a certain level of damage producing 

loss la approached.

gancrated by the initially released energy, until a point la reached

where energy can

sustained by the vehicle.

158.

no longer contribute significantly to the damage 

energy, dollar damage Increases In smaller and smaller amount as total 

th* probability of a total loss is greatest when fixed objects or non
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Analysis of Cargo Damages Resulting from Accidents.3.0.

In order to understand and meaningfully describe the manner in

damages to cargo, different types of cargos must be properly distinguished

Since a multitude of cargos are transported by ourand identified.

transportation system, the general analysis of cargo damages has to be

partitioned into sets of individual analyses pertinent to a specific

So that inferences analogous to those for vehicle damages mightcargo.

it was necessary to gather information aboutbe drawn,

number of accidents involving cargo damages for a homogeneous load of

freight.

those damages resulting from extraneous effects, such as1st 1c ef fee ts ,

fires, had to be eliminated.

At the present time, this somewhat Herculean task of collecting

cargo damage data has been satisfactorily performed for only one cargo,

The three predominant reasons for fruitless searchesnew automooiles.

elsewhere have been lack of sufficient cargo damage records, inadequate

systems of recording information, and the predominance of non-homogeneous

cargo shipments.

The following discussion presents the analysis performed on the

automobile carrier accident experience and suggests the type of analysis

that might be employed on other forms of cargo.

3.1. Damages Sustained by New Automobile Carriers.

Prior experience suggested that automobile carriers travelled

a relatively large number of vehicle miles and were involved in a

This assumption was substantiated bysizeable number of accidents.

160.

a sufficient

Furthermore, in order to investigate the accident character-

which tractor-semitrailers, loaded with commercial freight, sustain



Interstate Comnerce Commission report of property-accident data forthe

the fourth quarter of 1958, which showed Motor vehicle carriers

travelling 264,524 thousand vehicle miles (12Z of all carriers), ranking

Thethird behind general freight and miscellaneous cossnodity carriers.

relative position was held for total number of accidents reportedsame
(13Z of all accidents). Automobiles certainly satisfied the homogeneity

criterion and new automobile damage could be evaluated fairly easily at

the occurrence of an accident, tuereby easing the reporting of cargo

Only those accidents resulting In both vehicle damage andselec ted.

A total of 189 observationscargo damage were included in the sample.

Table 3.1.1 shows the breakdown by type of accident.gathered.was

l.e. object struck.

Table 3.1.1.

Hueber in SampleObject Struck

43Automoblle

Commercial Vehicle 50

29Fixed Ooject

Non-Collislon* 67

189

161 .

•Most non-collision accidents were characterised by the 
tractor-semitrailer Jacknifing and overturning.

Sample of Accidents of Hew Automobile Carriers 
by Object Struck, 1959-1960

damages in the ICC report form.

sample of the ICC accident files for the years 1958 and 1959 was

A list of ICC licensed auto carriers was procured and a random



Since the carriers included In the sample were carrying from one

total cargo that waa daamged woe considered ae the saeasure descriptive

In order tu approximate the original cargo value, theof cargo damage.

average wholesale value of passenger care

. was employei.

This figure of fl.aOO for both 1958 and 1959 was used as the average

The average value, multiplied byvalue of tbe transported •uto».>bl le.

the number of care being carried, afforded a base upon sdiich the per-

Table 3.1.2 presents thecentage of cargo damaged waa computed.

positively skewed frequency di stribut lone of percentage of cargo damaged 

and type of object struck.

It seemed obvious that the distribution of cargo damages would 

differ sign'.f leant ly between collision and non-col lieion typo accidents.

However. wlt**<n collision type accidents differences were not obvious.

A chi-square test was performed for the homogeneity of Che distributions 

of percentage cargo damaged for auto, truck, and flwed object accidents

The computed

This indicates that the dletr ibut tons18.34 with 10 degrees of freedom.

of percentage of cargo damaged for autcmobile cargos did not differ

among objects struck in collision accidents.

1/

162.

‘Automobile Pacts and Figures,” Automobile Manufacturers As so. , 
1959-19M.

for the years Involved, as 
1/ 

reported by cue Automobile Manufacturers * Association

to five new passenger care at the time of collision, the percentage of

The test for homogeneity is presented in Table 3.1.3.

value of chi-square was 10.96. lees than the 0.05 critical value of



Table 3.1.2.

Dem-Col ll*4oe

1V> 1935-10.0

1*55110.1 - 20.0

121 1320. 1 - 30.0

101 1- 40.0 130.1

100 I- 50 O I40.1

41 11- 40.050.1

5OO1- 70.0*0.1

3OOO70.1 - 00.0

1oo- 90.0 100.1

11o 190.1 -IOOG

472943Tbtal 50

>4.2514.4410.5012.00Mean I Demag*

4.442.57 3.902.77

143.

Variance of
X o—■<«

X of Cargo 
n*e«ged

Object Struck 
Am to* Fiaed-Object a

Frequency Distribution* of Percentage ot Cargo Damaged 
and Object Struck, Automobile Carrier*.



Tabla 313

«•<» •Flaad ObjactaAutoi

!•1.00

475.001.01

13- 10.005.01

17- 20.0010.01

• 40.0020.01

0than 40.00Greater

t

12?20MJ*3Total

7.50 10.001.202.20Chi *Square

<10> 1034
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Theoretical probability functions were derived for percentage

of cargo deaaged for collieion and non-col Union type Occidents. Since

the variable. percent damage, was restricted to the poolttwo range between

a theoretical dietrtbutIm wee fitted which satisfied thio

restraint and wee of a form thought to he descriptive of the oboe rood

The density functiondistribution.

<<Pi •. 0 « p c 1. a. b > - 1

The

method of owns at a provided estimates of the too parameters, a and b.

Sy sitmrltamoous iy solving the two equations represent Ing the oapacted

Vsr(p), the distribution was epeelfind. Thus.
a

i - «<p>

yields

a

Table 1.1.* ouasnsriaee the results of fitting beta diet ri but ism to the

test for goodness of fit.accidents. The distributions

mere found to adequately describe the frequencies with which cargo

Figure 1.1.1 shows graphs of the theoretical diedamages occurred.

tributions and serves to indicete the flenibility of the type I curve.

dines the exponential for* for collision accidents arises whan

The more general form is that for non-collisten

1*5.

- I < a < 0 and b > 0. 

accidents.

abb s ”4 k J J

value.

aero and one.

b!

known as the beta or Pearson typo X distribution was comaidered.

C(p) and variance.

Vsr(p) • Iff...?.. ♦ Q__________________
(a ♦ b ♦ 2)^(0 ♦ b ♦ J)

percentage of cargo damaged for pooled collision and for non-colliaion 

aa well as the

p(b ♦ 2) - 1
I - P

b> - ± t. y; p*<i . p>b,
a? b!

ind b . 1T<1 ♦ »* ♦ *•«•€»>] • 1 Far(p) 

*ar<p>
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The «pp*rent differences between the two curves indicated a 

greater degree of cargo damage in non-co 11ision accidents, which might 

have been anticipated especially for carriers of a product as exposed 

and susceptible to damages as automobiles.

the analysis of floods. Under the assumption of an underlying beta 

distribution, the theoretical cumulative distribution, F(p), can be

1 - Ffp) represents the probability of p equalling ordetermined.

exceeding a certain value of p. The reciprocal of 1 - F(p>,

denoted by

T(p) -

T(p) represents the number of accidents

such that, on the average, there is one observation equalling or

exceeding p. the return period of the distribution functionThus ,

indicates the nunber of accidents luch that a certain amount of cargo

damage might be expected to occur. The return period distribution

corresponding to the cusxalative distrioution function of the densities

of Figure 3.1.1 are shown it* Figure 3.1.2, plotted on a logarithmic 

scale and return periods for specific values of p are shown in

Table 3.1.5.

The obvious differences between the two return period distributions

emphasise the severity differences between collision and non-col 1 ision

accidents.

16b.

Another method of viewing the distributions of per cent damage 
1/

is the return period, discussed by Gumbe1 , and commonly employed in

Thus, on the average, twenty non-collision accidents are 

1/ Gumi>el, E. J., Statistics of Extremes, Columbia University Press, 
" New York. 1958.

1____
1 - F(p) 

is called the return period.
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required before p • .95 is expected to be equalled or aaceeded.

wbereae aeventy-eeeon collision accidence aco required.
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3.1. Cargo damages and Vehicle

A logical relation between cargo damage and veticle daaaage may

too espreaaed and eapected to Maintain for all typo* of cargo. It seeew

natural to nprct cargo denary to Incrraa* ar vehicle daaaage locreaaea.

not tnat the relationship la atrictly causal, tout the two fore* of

damage reou It freer forces being applied at iarpact.

cargo damages do not occur when the vehicle auataina no damage. although

the vehicle nay be damaged with no destruction of cargo. In most

trector-aemitratler involvements the latter result arisea. The relation*

ship between the two types of daaurges emerges from a consideration of

some cargo itemage does occur. As vehicle damage increases, cargo

it am ages would be eapocted to increase at a continually increasing rate

as vehicle damme approachee its msriaua. The function form.

C< Cargo thasaagc) - V< Vehicle Ham age) . where CfCargo Homage) might be

the proportion of total cargo destroyed, should supposedly be co<ncave

from above, and originating where the level of vehicle damage generates

no cargo damages.

Thus, a parabolic function would not only satisfy the assumed

enable a simple interpreter I.» to the rates of Increase of cargo

il am ages and would lend meaniagful comparisons for different cargos.

In this manner, relative susceptibility of different cargos to damages

could be identified as a function of the rate of Increasing cargo

damage as vehicle dsn age increases. In order to illustrate the

111.

In moat accidents

what happens to the cargo as vehicle damage varies, la accidents where

relationship, tout what is aor» interesting. the parameters of the curve



observation, Figure 3.2.1 presence two hypothetical curves depicting

cargo daaages versus vehicle rf wages.

Figure 3.2.1.

Curve A reflects a nearly indestructible cargo, whereas curve *

shows a cargo that la easily d waged at a relatively lower Level

of vohic le dungs .

In order to obeerve and soeaeure the i asport ant relationship

between cargo ds stage s , as a proportion of total cargo value, end vehicle

When percent cargodanage, seta of regreiaios eguatlona were devised.

dwage uno plotted against the logarithm of vehicle dwage the

exponential teawiency was eshibited as describing the growth of dwage

The regression node I was of the fem:to cargo.

fable 3.2.1 show, the derives eguationa for non-collieion. fined object.

truck and auto accidents, along with the correlation Indexes.

172.

C(Cargo
Damage)

(Vehicle Daaaage)

Hypothetical Curves of Cargo Daeaage

Z Cargo Cm age « a b Log Vehicle nonage ♦ c(L<og Vehicle Dwage)*.



to <y)»Irurtilion Equations of 1 Cargo

Egu«ti<m»Object Struck

bO. 7®Truck

.15.50Auto y -

.*7 .A5Fixed Object y -

.15.50y - -.13 ♦Non-Collision

found tn the previous analysis to indicateThough no evidence was

Significant differences between objects struck in collision accidents 

a function of vehicle lawsge s» reed to behave differently within the

The ability of the tuncttonal relationship 

to elucidate mmH differences suggested different rates of approaching 

total cargo loss, with truck and rlxed object accidents (vaulting la 

lack of a clear relationship betweenof pointe called attention to the

overturns.

the curves, with the solid portion ewanatlng frow In general

the alnlaua, suggested a for* of exponential growth of percentage cargo 

vehic le ilaaiage.

in.

Index of 
Correlation (I) 121

Table 3.1.1. degression Equations of X Cargo Dai 
Log Vehicle Oawage Autonot»litf Cargo

. 7 7X ♦ . 1 7X2

.tax ♦ .01X2

group, as in Figure 3.1.1.

With respect to non-colliston accidents, tne wide scattering

dawaged. approaching total loss, asywptotic to the euuciwuw possible 

higher cargo dawagea at fixed levels of vehicle it aw age ■

and the great range that -i swages can assuwe «dien the t tec tor-t rat lar 

cargo and vehicle ri swage. <aoet probably due co the nature of the cargo 

when the di strlbuttonal forw was considered, per cent cargo daeags as 

y • I.Ob - l.OSX ♦ . 2 7X2

104 . I.OCX ♦ .1AX2
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In addition to the automobile carriers' reports procured from 

the Interstate Coamerce Commission, sone data were made available by

a large transporter of petroleum products. Collision type accidents

Involving the oil carrier and automobiles and ether trucks from 1955-1959

were stuoied and the cargo damage and veaicle damage relation for this

Figures 3.2.3 and 3.2.4 presenttype of cat go derived. the scatter

diagram and tne curves for Doth types of objects struck. The potential
/

development of a family of cargo damage curves as

damage is exhibited in Figures 3.2.5 and 3.2.6 where the curves for

auto carriers and oil carriers are shown for involvements with trucks

In accidents involving automobiles and other trucks,and autoerabilea.

the levels of the curves for oil and auto carriers indicated displace-

sents due to the cargo carried.

automobiles have a lower damage susceptibility than petroleum and have 

a smaller degree of potential destruction than the liquid cargo. ■ This,

of course, might be due to oil leakage from a puncture in the trailer

which can easily occur Ln accidents . However, of particular interest

is the fact that given a certain level of vehicle damage, di fferences

in the expected amount of cargo damage may be evaluated for different 

types of cargo.

175.

h function of vehicle

Hence, it night be inferred that
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3.3. Cargo Damage. Vehicle Da-nage and Eechanical Energy.

In equation (2.9) and In Figure 2.4.1, vehicle damage was found 

to be related to the energy released in a collision and available for

damage by

(3.1) Log V •

where: V - Vehicle damage

E " Energy available for damage

a - .02 k 106

.24.b -

A general parabolic relation has also been applied to vehicle damage

and cargo damage. taking tne form

2(3.2) p - aQ + b1Log V + b2(Log V) 

where: p “ Proportion of total cargo damaged

- Function,, of cargo type and object struck.*0’

Equations (3.1) and .3.2) adequately described the respective

relationships in the regions where observation from accident reports

occurred. As mentioned previously,

a scatter diagram for cargo damages and energy, due to the lack of speed

information in the reporting system when cargo damages occurred.

However, since indications were obtained of vehicle damages as a function

of energy and cargo damage as a function of vehicle riserjr, it was

possible to infer the functional form relating cargo usages and 

mechanical energy.

178.

E 
a + bE

bl’ b2

it was impossible to observe directly '



in 0-2) yield*Substituting Log V *

(3.3) P “

Manipulation becomes

(3.4) P

kl " *<2aOb bl>

- 2*b

k5 “

p equals the ratio of two quadratic equations in S.Thus,

When (3.4) was plotted for the damage relationship* for autcaaobi le

the curves of Figure 3.3.1cargos over the positive energy region.

The graph, which is read asresulted for auto and truck collisions.

a nomograph starting in the first quadrant. indicates the Banner in

which energy released from 1 aspect smy generate damage* to the tractor-

sealtrailer's cargo, sisal lar to the for* taken by vehicle damage*.

Similarly, relative potential destructed lity of cargos may be consloered

of potential cargo destruction in collisions might be developed.

As a matter of fact, extensive efforts were m»de in attempting

co gather pertinent cargo damage information for nusseroi* types of

Except for the two cargo* discussed, these efforts have provencargo.

179.

b2

k4

kg ♦ ktE ♦ k2E2 
k3 e k^B * k5E* 

a2a a *O

as a function of the velocities and direction of impact a* well as

E 
a ♦ bE 

a^ + b}E/(a * BE) * t>2E2/(a ♦ bE)Z. which by algebraic

mass reflected in the energy variable and it is hoped that a continuum

k2 • bfagb ♦ t>p ♦ b2

k3--2

where: kg “
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Discussions with shipper* as well as searches of cnaysoyfrutsless.

records smphaaised ths lack of adequate information with respect to

sonetary losses of cargo in highway accidents.

a survey of large private truck-fleet owners la under consideration.

Unfortunately, extenuating clrcvestances have so far prevented the

However, It is believed that the availabilityInitiation of th* study.

of adequate cargo ilea age information of the form discussed would

yield the results necessary to describe sufficiently a severity

continuum of cargo fiamsgos•

At the present time



3.4. Thresholds of Cargo D«hm.

The concept of a thro ahold for cargo damages may ba defined 

in tarae of the probability of cargo damages occurring In an accident.

By utilising the equations relating cargo and vehicle damage and 

probability distributions of vehicle daaag*<> the probability of damage 

to cargo can be determined.

and oon-collieions were:

2Trucks:

. 77X ♦ . 17X.Mb -Autos: P -

I.Ob - I.OCX ♦ .2bFlsed Objects: P -

-.23 ♦Now-Col lieions: P -

p “ percentage of ^argo damagedwhere:

X “ logarithm of vehicle rlswages .

Equating p to aero in each relationship and solving for X yields

the value of log vehicle damage ehsrt cargo damages may be expected

lognormal density functions of vehicle denudes.From thetv originate.

the probability was determined of log vehicle damage being less than

the value of X satisfying the equation at p • 0. As an illustration.

If rhe truck equation for cargo damage la set equal to aero,

- 2.167. The amount of vehicle damages corresponding to

Xq • 2.167 is $187; thia Implies that no cargo rfaarage will result

Since logunless vehicle daamge exceeds $187 in truck collisions.

vehicle damage in truck accidents is distributed normal (mean • 2.63, 

variance • .33). the probability of vehicle damage being less than

182.

«0

The curves relating cargo and vehicle damages. for carriers of 

new automobiles, in accidents Involving autos, trucks, fixed objects

. 18X ♦ .01X2

p - 1.06 - 1.08X ♦ -27X

2



$187 is .27.

all truck accidents, no cargo damage will occur. Table 3.4.1 summarises

the threshold probabilities for different accident types.

Table 3.4.1.

Truck 187 0.27

338Auto 0.63

Fixed-Object 147 0.05

Hon *Collislon 16 0.00

The probabilities of Table 3.4.1 nay be interpreted as condi

tional probabilities denoting the probability of no cargo damage given

a certain accident type, and subtracting each from one yields the

probability of cargo damage occurring. Of particular interest is the

probability of the Slav Itaneous occurrence of tne

type and cargo damages. In probabilistic notation, this probability

is defined as:

1

where: C « Cargo daamge

and

accident type occurring

183.

Probability of 
No Cargo Damage

Accident 
Types

Minimum Vehicle 
Damage Necessary

Probabl llties of Cargo Daaiage Occurrence 
for New Automobile Carriers.

*1

two events, accident

P^A^J - probability of a particular accident type occurring;

p[c|/J “ conditional probability of cargo damage occurrence 

given a particular accident type.

Thus, the inference is tnat in twenty-seven percent of

“ accident type; 1 • truck, auto, fixed object, non-collislon 

pj^CA^j • probability of cargo damage and a particular



1

From the analysis of impact characteristics of truck accidents discussed

in section three, the probabilities of the four accident types were

the total event space was described as in Taole 3.4.2.derived. Thus,

Table 3.4.2. Probabilities of Carp Damage and Accident Type.

pfcAi]

. 73 .115. 157Trucks

.37 .208.563Autos

Fixed Objects . 190 -95 . 181

.090Non -Collision .090 1.00

.5941.000

last colossi of Table 3.4.2 indicates the probability of cargo damageThe

and a specific accident type occurring, while the sum yields the

probability of cargo damages occurring in all types of accidents.

The relevance of this analysis to carriers of radioactive

it offers pessimistic condi-tTtrona 1 threshold pro-materials is that

babilities and total event probabilities for expected cargo damage.

Since the container and cargo in shipments of radioactive materials

i.e. the probabilityfor these shippers.

occurrence, it

The thresholdis only necessary to teouce the threshold probabilities.

probabilities can be reduced by design of containers such that a greater

amount of vehicle demage is required before cargo damage results. Thus ,

if controls are applied to increase the threshold vehicle damage in

184.

automobiles, the resulting probabilities would be high or pessimistic
T—

In order to reduce ptCI^J, 

of some container dasiage and a particular accident type's

pLAi?
Accident Type

L*1 J

may be considered less susceptible to damage in accidents than are new



non-col11sion accidents,

damage, and If it may be assumed further that if cargo can better with

stand a certain increase in vehicle damage for these

types, it will be able to withstand at least the sane percentage

reduction in the overall

probability of cargo damage in all accidents may be realized.

As an illustration, consider the minimum amount of vehicle damage

required in non-collision accidents before damages to new automobiles

are expected to occur. It was seen that only sixteen dollars of vehicle

damage was required and that virtually all non-co 1lision accidents would

generate this much damage and hence cargo damage was almost certain to

resuIt. If design were such that it would take five times this amount,

eighty dollars of vehicle damage to generate container damage inor

non-collision accidents. due to the lognormal vehicle damage distributions

the probability of exceeding Chis

However, assuming that the required vehicle damage level in the other

accident types increased at least

resulting threshold probabilities would be reduced by 61.07., 75.7%

and 61.5% for fixed-object , automobile, and truck collisions respectively.

due to skewness of the vehicle damage probability dlstrioutions. The

assumption is equivalent to

and percentage cargo damage curves. Table 3.A.3 summarizes the results

of increasing the resistance of cargo damage, by a factor of five, i n

non-collision accidents. The probabilities may now be considered

185.

a constant shift in the log vehicle damage

more severe accident

the most severe type for automobile cargo

increment in other accident types, then

amount, or of container damage

five times that for auto carriers, the

resulting, would be .985 or a 1.5% reduction in the threshold prebability.



more optimistic than the original thresholds. Furthermore, the overall

probability of cargo damage in all accident types has been reduced 

from .594 to .304, or by 48.8%.

Thus, the container damage threshold represents the first stage 

of the accident mechanism approaching release of radioactive cargo.

The threshold procability refers to the probability of container damage.

prerequisite for release, analogous to exceeding the injury threshold 

related to fatality occurrence of "h iman cargo."

186.



Table 3.6*.

#

*1.5113 935 .281 .044,.73 113.157 $ 187Trucks
e—•

73.65 .0511.690 .09037 .208338. >6 3lutot

. 120735 .629 33.79-93 . lc.116 7. 190Fixed Objects

.069■222 60 .985 1.501.00.090 16Hen-Co11it1oo

306.5961.000
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_____ Prcbauititles of *~argo Package and Accident Types, 
Based on Sew Auto—ooile Carrier TnresnoIds

and a Pesigra Factor of Fixe.

Mlnioua 
Vchlc le Damage 
Required. VQ

Au^nenoile Carrier
______Experience  

Threshold
Pro*ability

*
»>..cai .

Five Fold Increase of 
Vehicle Damage Threshold 
Threshold 

Frobaoility 
r f 1 '

FcC A1 - *5voA1
r 

pj^i _

»

5


