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An Analysis of Truck-Involved Freeway Accidents 
Using Log-Linear Modeling 

Thomas F. Golob and Wilfred W. Reeker 

Log-linear modeling is advanced as a procedure to identify factors that 
underlie the relative frequency of occurrence of various accident characteris- 
tics, such as accident type, location, and severity. The method is centered on 
the estimation of saturated log-linear models for pairs of accident variables 
and determination of indices of association between categories of the varia- 
bles. Using data drawn from more than 9,000 truck-involved accidents that 
occurred over a 2-year period on freeways in three metropolitan counties in 
Southern California, the method is demonstrated by analyzing accident 
characteristics both by type and by freeway route segment. Accidents by 
collision type are analyzed relative to characteristics such as the primary 
collision factor, the location of the accident, the time period, road condi- 
tions, and weather conditions. Differences among 38 specific freevvay seg- 
ments in terms of accident characteristics are also analyzed. The results of 
the analyses indicate that the method is a useful tool in uncovering underI!.- 
ing patterns in accident characteristics. 

The research reported here involves statis- 
tical analyses of the characteristics of truck- 
related accidents that occurred on freeways 
in three metropolitan counties in Southern 
California. It is part of a larger study of the 
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congestion costs associated with truck-relat- 
ed freeway accidents (Golob, Recker, & 
Leonard, 1987). The analyses are based on 
data for more than 9,000 truck-involved ac- 
cidents that occurred during the 1983-1984 
period. These data were drawn from the 
Traffic Accident Surveillance and Analysis 
System (TASAS) data base maintained by 
the California Department of Transporta- 
tion (Caltrans). 

The methodology used in this research 
is centered on the discrete multivariate 
method of log-linear modeling. The anal- 
ysis involved the estimation of saturated 
log-linear models for pairs of accident var- 
iables, followed by calculation of indices of 
association between categories of the varia- 
bles. 
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Varidble Categories 

Culi:$,cn 

T'$E 

[nilwr,.e alcohol 353 

Talljn::n: 263 

Faliure :o )ielc 65 

Improper thrr 9c3 

Cpeedin5 2,786 

Ctther blolations (hazardous) 4,276 

Ctrer Improper- drlring 189 

No: dr-lver 525 

Unkncn 136 

Generic Highhsy 7.889 

Loczticn Ramp (includes connectors) 1.619 

Time 

Period 

midnight - 5:59 a.m. 669 

6~00 a.m. - 8:59 a.m. 1,613 

9:00 a.m. - 11:59 a.m. 2,039 

noon - 2:59 p.m. 2.127 

3:clo p.m. - 5:59 p.m. 1,871 

6:oo p.m. - e:59 p.m. 720 

9:Oo p.m. - 11:59 p.m. 438 

TerraIn Flat 8,057 

Rolling 904 

Mountainous 547 

Road 

Conditions 

No unusual conditions 9.030 

Holes or loose material 76 

Construction 253 

Other unusual conditions 111 

Yeather Clear 7,415 

Cloudy 1,327 

Rain or fog 749 

Road OrY 8,423 

Surface L&t 987 

Condition Icy or otherwise slippery 63 

Ramp 

Girection' 

on-ramp 581 

Ofi-ramp 991 

Other (scales, etc.) 4i 

Ramp 

Locationa 

Ramp intersection (exit) 

Ramp 

Ramp entry 

Intersecting street 

451 

520 

220 

419 

a 
Ramp accidents cnly. Freevvay design, traffic levels, and man> 

other factors that can be broadly defined as 
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The analyses are divided into tLv.0 catego- 
ries: (a) accident characteristics by type of 
collision and (b) accident characteristics by. 
freevvax, route segment. In each categor!: 
the objective is to identify underlving pat- 
terns in accident characteristics. First. acci- 
dents by collision t)-pe are analyzed relative 
to characteristics such as the primary colli- 
sion factor, the location of the accident, the 
time period, road conditions, and Lveather. 
Sext, statistical models are developed that 
identifv differences among freevvay seg- 
ments in terms of accident characteristics. 
Thirty-eight specific freevvay segments in 
Southern California are analb,zed as an es- 
ample of hovv the method can be used to 
identify roadvvays vvith v,arying accident 
characteristics. 

DATA 

The data source vvas the TASXS data base 
maintained by the California Department 
of Transportation (Caltrans, 19;s). This da- 
ta base comprises all accidents on the state 
hightvay system that involved police investi- 
gations at the scene of the accident. For 
1983-84, there vvere 9,508 such accidents 
involving trucks larger than pickups or pan- 
el trucks on 22 freelvay routes in Los 
Angeles, Orange, and Ventura Counties, 
three adjacent metropolitan counties in 
Southern California. 

The analysis focused on the v.ariables list- 
ed in Table 1. All variables are categorical in 
that there is no preconceived ordering of the 
categories. The category frequencies are in- 
cluded in Table 1. The overall sample size of 
9,508 truck-involved accidents over 2 years 
vvas sufficient to satisfy minimum cell size 
requirements in the cross-classifications of 
most variable pairs. h general rule for the 
accuracy of the statistical measures used is 
that all cells (category pairs) in a cross-clas- 
sification have at least one observation, and 
SO% of the cells have at least five observa- 
tions (Cochran, 19.54; Haberman, 1978, 
Vol. I). This was satisfied except in a few 
situations, which are indicated in the de- 
scriptions of the results. 



freeivay conditions are espected to influence 
the characteristics of truck-in\.olved acci- 
dents. The approach in the present stud! 
\\.as to divide freelvay routes in the case 
stud!- region into segments. \f.ith the condi- 
tions Tvithin each segment being relativel!. 
homogeneous compared to differences in 
conditions betn.een the segments. The num- 
ber of possible segments is limited by the 
necessit). of having sufficient numbers of ac- 
cidents to conduct reliable statistical analv- 
ses. Of the 22 free\vay routes, 16 had sufii- 
cient numbers of accidents. \Vith the aid of 
the California Department of Transporta- 
tion (Caltrans), 38 free\vay segments were 
defined on these 16 routes. These 38 seg- 
ments are mapped in Figure 1, and descrip- 
tions of the segments are provided in Table 2. 

METHOD 

Log-linear models Lvere used to deter- 
mine relationships between the categorical 
variables measuring the characteristics and 
locations of truck-involved freeway acci- 
dents. The variables analyzed included the 
type of collision, the seven other accident 
characteristic variables listed in Table 1, 
and the route segment. 

Log-linear models are designed to identi- 
fy structure in the relationship between two 
or more categorical variables. In the follow- 
ing, the relationship between freeway route 
segment and collision type is used as an ex- 
ample in describing the modeling approach. 
The objective in this example is to determine 
whether or not there are differences among 
the types of collision that occur on specific 
route segments. Given that a certain num- 
ber of truck-involved accidents occur on a 
specific segment, and that there is a known 
distribution among types of collisions for all 
segments, is there a significant interaction 
between route segment and collision type 
that indicates that the distribution of colli- 
sion tvpes might be different for the seg- 
ment ‘in question? The approach to this 
question involves estimating a saturated log- 
linear model for the contingency table rep- 
resented by the cross-tabulation of route seg- 
ment by collision type, a 38 x 6 contingency 
table. 

A test of independence betlveen route and 
accident t!.pe in\.olves lvhether or not the 
entries in the contingency table can be con- 
sidered the result of a random process that 
depends onl!. on the expected number of ac- 
cidents for each route (for all types) and the 
espected number of accidents by collision 
type (for all routes). Defining n,, = obser\.ed 
number of accidents of t>.pe j on route i, the 
hypothesis of independence bet\veen route 
and type ini,olves comparison of each n,, 
with the randomly espected numbers. m,,. 
given by the product of the sample size times 
the probability that an observation falls into 
the P row times the probability that the ob- 
servation falls into the j”’ column: 

I. mij = N(ni ,/N) (n.j/‘N! = ni .Il,j/:d 

where 
n, = total accidents of all t!.pes on route 1’. 
n, = total accidents of type j on all routes. 

and 
iv = total accidents (size of the sample) 

The most common measure of association 
betlveen n,, and m,, is given b!.: 

which has the kno\vn chi-square distribu- 
tion for hypothesis testing under the usual 
assumption of multinomial distributions 
and sufficient expected cell frequencies. 

Taking the natural logarithm of both sides 
of Equation 1, 

3. In mij = In N + lfl(fli./Nj f ln(n,j/Nj 

the test of independence for the (i,j) cell of 
the contingency table translates into a test 
of whether or not there is a statistically sig- 
nificant P,, term in the log-linear equation 

4. lfl flij = Cf + Bi + 8j + Bij 

where CY accounts for the sample size (grand 
mean), /3, accounts for the route effect, /3, 
accounts for the accident type effect, and /3,, 
represents the interaction between route i 
and tvpe j. 

It is logical that the probability process 
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FICL’RE 1 
THIRTY-EIGHT FREE1C:XY SEChlENTS 
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underlying the accident counts is Poisson. 
The usual assumption for stochastic pro- 
cesses of Equation -i is then assumed to in- 
clude a Poisson error term and represents a 
saturated log-linear model (Birch, 1963: 
Plackett, 1962). (Extensive overviews of gen- 
eral families of such models are provided in 
Bishop, Fienber,. u 6r Holland, 1975; Good- 
man, 1972, 197s: Haberman, 1974, 1978; 
McCullagh & Nelder. 1984; Plackett, 1974). 

Estimation of the parameters of Equation 
1 and their error terms is effectively accom- 
plished using maximum likelihood methods 
(Bock & Yates, 19i’3: Haberman, 1973a; 
Nelder & IVedderburn, 1972). T-statistics, 
given by the ratios of the /3,, parameter esti- 
mates to the standard errors of the esti- 
mates, are used to determine which of the 
combinations of route (i) and accident type 

12-I 

(j) have interaction terms that are signifi- 
cantlv different from zero under the as- 
sumption of Poisson distributions. 

The log-likelihood ratio statistic, given b!, 

has a distribution that is as>.mptotically chi- 
square (Cochran, 195-I: Haberman, 19%) 
and can be used to test the hypothesis that 
the structure of the contingency table can be 
represented by a log-linear model with some 
coefficients set to zero. 

A direct measure of the degree to which 
any route-accident type combination (in 
general, any cell i,j in a contingency table) 
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varies from its expected value is giv.en by the 
standardized chi-square residual for the 
cell: 

6. ‘ij = [flij - (ni.n.j /NJ1 / Uij 

where u,) is the standard error for the cell, 
given by 

7. Oij = (fli n _ .j/al 

4 

This residual is distributed as a standard 

normal variate under the probability as- 
sumptions and sufficient cell frequencies 
(Haberman, 1973b). The residuals are em- 
ployed in the present analyses as indices of 
variation from expected values. They are 
Iisted for variable combinations (or interac- 
tion terms) that have significant coefficients 
in the log-linear models. They are not resid- 
uals associated with the fits of the log-linear 
models, which are exact because there are as 
manv parameters as there are cells in the 
contingency tables (“saturated” models). 
The standardized residuals merely are one 
measure of the degree of variance betvveen 

TABLE 2 
DESCRIPTIONS OF 38 FREEWAY SEGIMENTS 

Code Oesct-iptim 

5.1 

5.2 

5.3 
5.4 

10.1 

10.2 

10.3 

10.4 

10.5 

14.0 

22.0 

55.0 

57.1 

57.2 

60.1 

60.2 

91.1 

91.2 

101.1 
101.2 
101.3 

101.4 
110.1 
110.2 
110.3 

118.0 
134.0 
210.1 
210.2 
405.1 
405.2 

405.3 
405.4 

605.1 
605.2 

605.3 
710.1 

710.2 

Santa Ana (I-5): Orange-San Diego County line to Jet. 55 (Costa f+?esa Freeway) 

Santa Ana (l-5): Jet. 55 to Jet. 10160 (Pmona Freeway) 

Santa Ana-Golden State (I-5): Jet. lo/60 to Jet. 170 (Hollywood Freewayi 

Golden State-Hollywood (SR-170. I-5): Jet. 101/134 to Jet. 170/5 to Los PngeieslK:rr Z'NntY line 

Santa Honica (I-10): Jet. 405 (San Diego Freeway) to Jet. 110 (Harbor Freeway! 

Santa Monica (I-lO)-Pcmona (SR 60): Jet. 110 to Jet. 710 (Long Beach Freeway) 

San Bernardino (I-IO): Jet. 101 to Jet. 710 (Long Beach Freeway) 

San Bernardino (I-10): Jet. 710 to Jet. 605 (San Gabriel R. Freeway) 

San Bernardino (I-10): Jet. 605 to Los Angeles-San Bernardino County line 

Antelope Valley (SR 14): Begin Jet. 5 (Golden State Freeway) to Los Angeles-Kern Co-ntY line 

Garden Grove (SR 22): Jet. 405 (San Diego Freeway to end, Jet. 55 (Costa tiesa Freewill 

Costa Mesa (SR 55): Begin Freeway southwest of 73 to end, Jet. 91 (Riverside Freecar) 

Orange (SR 57): Begin Jet. S/22 to Orange-Los Angeles County line 

Orange (SR 57)-Pcmona (SR 60)-Foothill (I-210): County Line to Jet. 30 

Pcmona (SR 60): Jet. 710 (Long Beach Freeway) to Jc:. 605 (San Gabriel R. Freeway) 

Pomona (SR 60): Jet. 605 to Los Angeles-San Bernardino County line (excluding over:% with Rte. 60) 

Artesia-Redondo Beach-Riverside (SR 91): Begin Freeway near Jet. I10 (Harbor Freeway to Jet. 55) 

Riverside (SR 91): Jet. 55 to Orange-San Bernardino County line 

Santa Ana-Hollywood (US 101): Begin Jet. 5 (Golden State Freeway) to Jet. 134/170 

Ventura (US 101): Jet. 134/170 to Jet. 405 (San Oiego Freeway) 

Ventura (US 101): Jet. 405 to Los Angeles-Ventura County line 

Ventura (US 101): Los AngeIes-Ventura County tine to Ventura-Santa Barbara County lice 

Harbor (I-lI0): Begin Freeway near Jet. 47 to Jet. 405 (San Oiego Freeway) 

Harbor (I-110): Jet. 405 to Jet. 10 (Santa flonica Freeway) 
Harbor (I-110): Jet. 10 to Jet. 101 (Hollywoal Freeway) 

Sini Valley-San Fernando Valley (SR 118): Begin Freeway in Ventura County to Jet. R-e. 216 

Ventura (SR 134): Jet. 101/170 (Holl~o~ Freeway) to Jet. 210 (Foothill Freeway) 

foothill (I-210): Begin Jet. 5 (Golden State Freeway) to Jet. 134 (Ventura Freeway) 

Foothill (I-210): Jet. 134 to end, Jet. 30 

San Diego (I-405): Begin Jet. 5 (Santa Ana Freeway) to Jet. 22 (Garden Grove FreeMY) 

San Diego (I-405): Jet. 22 to Jet. 10 (Santa Monica Freeway) 

San Diego (I-405): Jet, 10 to Jet. 101 (Ventura Freeway) 

San Diego (I-405): Jet. 101 to end. Jet. 5 (Golden State Freeway) 

San Gabriel River (f-605): Begin Jet. 22 to Jet. 91 (Artesia Freeway) 

San Gabriel River (I-605): Jet. 91 to Jet. 60 (Pcmona Freeway) 

San Gabriel River (I-605): Jet. 60 to end, Jet. 40 (Foothill Freeway) 

Long Beach (I-710): Begin Jet. 1 to Jet. 5 (Santa Ana Freeway) 

Long Beach (I-710): Jet. 5 to break in route, Valley Blvd., north Of 10 
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actual counts and counts espected under the 
assumption of independence betlveen the 
variables. 

The log-linear models for this example, as 
lvell as for the remaining associations tested 
in this analysis, lvere implemented using the 
CL111 (Generalized Linear 1nteractii.e 
Xlodeling) program (Baker & Welder, 1978: 
XIcCullagh & Selder, 19S3: Welder & Wed- 
derburn. 1972). (Log-linear models are also 
a\.ailable in most commonly used statistical 
analysis packages such as SAS, SPSS-X, and 
BSIDP.) The results of these analyses are de- 
scribed belolc 

KESULTS 

Accident Characteristics by Collision Type 

Primary collision factor. The relationship 
betlveen collision type and primary collision 
factor \vas analyzed by estimating a log-lin- 
ear model on the S&cell cross-classification 
table for these tlvo variables. The chi-square 
statistic (Equations 1 and 2) for this cross- 
classification (x2 = 4925.1, elf = 10) indicat- 
ed a very. strong relationship between the 
\.ariables (the critical chi-square value being 
55.S at the p = .05 level). The log-linear 
model (Equation 1) for the table had 35 in- 
dividual cell terms (p,,) that lvere signifi- 
cantly different from zero at the p = .05 le\.- 
el. The standardized residuals (Equations 6 
and 7) are listed for these 35 cells in Table 3. 
(In Table 3 and all subsequent tables, stan- 
dardized residuals are sho\vn only for cells 
Lvith significant log-linear model coeffi- 
cients; all other cells are left blank.) 

The residual values in Table 3 indicate 
relationships that are largely as expected. 
HoLvever, they do re\.eal some associations 
that can be useful in explaining accident 
causality. For instance, rear-end colli- 
sions had a strong relationship not onlv with 
tailgating driving behavior, but also v<ith al- 
cohol, speeding, and other improper driv- 
ing. The strongest associations Lvere for 
speeding (positively associated with rear- 
end collisions, negatively associated ivith 
sideswipes), other violations (positively asso- 
ciated Avith sides\vipes, negatively asso- 
ciated xvith rear-end collisions), and the not- 

driver factor (positi\.ely associated Lvith 
other types of collisions). 

Accident location. There lvere substantial 
differences among collision types in terms of 
proportional occurrences at highway and 
ramp locations (x2 = 50S.7, df= .5, critical 
value = 11.1)) again indicating strong inter- 
actions. The residuals shown in Table 4 for 
significant terms in the log-linear model re- 
veal that all collision types except those in 
the “other” category ha\,e had \.arying high- 
\vay versus ramp splits, Lvith rear-end and 
sideswipe collisions occurring predominate- 
11, at highw.av sites, and overturns, broacl- 
sides, and hit-objects occurring at ramp 
sites. The strongest associations bet\f.een 
collision type and site were for overturns 
and broadside collisions at ramp locations. 

Time period. Collision type and time period 
(in seven categories) xvere strongly related 
(x’= 186.1, df=30, critical value = 13.8). 
Significant time-of-dav patterns for the col- 
lision types are sho\vn’in Table 5. Hit-object 
collisions tended to occur from midnight to 
6:00 a.m., whereas sideswipes did not. 
Rear-end collisions appeared to be particu- 
larly a morning rush hour phenomenon, 
and overturns occurred more frequently 
than expected during the 9:00 p.m. to mid- 
night period. The strongest association in- 
\.olved the occurrence of hit-object collisions 
during the midnight to 6:00 a.m. period. 
There lvere no significant differences among 
the collision types in terms of their occur- 
rences over days of the Lveek. 

Roadtcay terrain. The relationships be- 
tween collision types and roadxvay terrain 
are shoxvn in Table 6. There \vas a highly 
significant overall relationship betkveen the 
variables (x2 = 101.5, dj= 10, critical val- 
ue= 18.3). Sections of Routes 14, 403, llS, 
and 5 are classified in the TAS.\S highlvay 
records as being “mountainous,” and almost 
all routes have both “flat” and “rolling” sec- 
tions. As shown in Table 6, only the moun- 
tainous terrain eshibited differences in the 
distribution of collision types. There Lvere 
relatively more rear-end and overturn colli- 
sions and relatively fewer sideswipes on 
mountainous sections. 
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TABLE 3 
ST.ANDARDIZED RESIDUALS FOR COLLISION TYPES WITH SIGNIFICANTLY 

HIGH (+] OR LOW (-) FREQUENCIES BY PRIMARY COLLISION FACTOR 

Collision Type 

Primary 

Collision 
Factor 

Influence alcohol 

Tailgating 

Failure to yield 

Improper turn 

Speeding 

Other violations 

Other improper driving 

Not driver 

Unknown 

Sideswipe 

-4.2 

Rear-end 

+6.2 

Broadside 

Hit 

Object Overturn 

Other 

Types 

-2.9 

-10.0 +16.9 -2.4 -3.0 -2.4 -3.6 

-4.3 +19.2 -2.8 

+9.2 -11.1 +2.7 t3.a -2.3 -5.4 

-25.9 +29.8 +3.2 +7.1 -5.7 

+24.2 -21.5 -8.5 -5.9 

-2.8 +2.8 

-10.1 -8.6 +13.9 +7.7 +22.2 

-2.5 

Road conditions. There was also a signifi- material, and this is the strongest associa- 
cant relationship between collision type and tion in the table. 
road conditions (x2 = 75.9, df= 15, critical 
value = 25.0). As shown in Table 7, hit-ob- 
ject collisions were more prevalent in areas Weather conditions. With regard to weath- 
of construction or other unusual conditions. er conditions (Table 8), broadside, hit-ob- 
Collisions in the “other” category occurred ject, and other types of collisions occurred 
in areas classified as having holes or loose relatively more frequently, in conditions of 

TABLE 4 
STANDARDIZED RESIDUALS FOR COLLISION TYPES WITH SIGNIFICASTLY 

HIGH (+) OR LOW (-1 FREQUENCIES BY LOCATION: HIGHWAY VERSUS RAMP 

Collision Trpe 

Accident 

location 

Highway 

Sideswipe Rear-end Broadside 

Hit 

Object 0vertL.m 

Other 

Types 

Ramp -4.5 -7.3 +10.5 +8.6 +12.7 
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T;\BLE 5 

ST;\SD.IRDIZED RESIDU.ILS FOR COLLISION TYPES Ct’ITH SIGSIFIC;\STL~- 

HlCH[ * ] OR LOiV [ -) FREQUESCIES B‘i’ TIhlE PERIOD 

Collision Type 

midnight - 5:59 a.m. 

6:CC a.m. - E:59 a.m. 

9:oo a.m. - 11:59 a.m. 

noon - 2:59 p.m. 

3:G0 p.m. - 5:59 p.m. 

6:OO p.m. - a:59 p.m. 

_c : .:.3 

A3.5 -3.5 

-2.2 -3.5 

9:oo p.m. - 11:59 p.m. _. 

rain or fog, and these are the strongest asso- 
ciations in the table. Conversely, sideswipe 
collisions were less likely to occur during 
rainy or foggy conditions. The overall rela- 
tionship betvveen collision type and weather 
vvas again highly significant (x2 = 201.3, 
rlf= 10, critical value = 18.3). 

Srlrface conditions. Table 9 shovvs a signifi- 
cant relationship betvveen collision type and 
surface condition (x2 = 248.0, df= 10, criti- 

cal value = 18.3). Hit-object and other colli- 
sions occurred relati\.elv more often under 
both vvet and ic)- or slipper\. road surface 
conditions. Hovvev.er. broadsides vvere relat- 
ed to vvet roads only. and ov.erturns were 
related to icy or slipperv conditions. The 
largest standardized deviations from ran- 
domly espected frequencies xv-ere associated 
with the occurrences of truck-involved hit- 
object and broadside collisions on wet 
freeways. 

TABLE 6 

STANDARDIZED RESIDUALS FOR COLLISION TYPES WITH SICSIFICASTL’J 

HIGH( +) OR LOW [ -) FREQUEKCIES BY TERRAIN AT SITE 

Collisim Type 

Terrain 

Flat 

Sideswipe Rear-end Broadside 

Hit 

Object 

Other 

Types 

Rolling 

Mountainous -6.5 ~4.8 +4.: 
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TABLE 7 
ST;\NDARDIZED RESIDK.-\LS FOR COLLISION TYPES 1VITH SIGSIFICASTL\I 

HIGH (+] OR LOCV (-) FREQUENCIES BY ROAD CONDITIONS 

Collision Type 

Road 

Cmdi tims 

NO unusual conditions 

Lideswipe Rear-end Broadside 

Hit 

Object Overturn 

Other 

Types 

Holes or loose material -2.2 +4.1 

Construction 

Other unusual conditions 

-3.1 +3.2 

~3.6 

TABLE 8 
STANDARDIZED RESIDUALS FOR COLLISION TYPES WITH SIGNIFICANTLY 

HIGH (+) OR LOW (-1 FREQUENCIES BY WEATHER CONDITIONS 

Collision Type 

ueather Slder*1Fr Rear-end Sroadside 

Hit 

Object 0vepri.m 

Other 

Types 

Clear 

CloUdj 

Rain ov fog 

-3.1 

-2.5 

-6.? t7.2 +7.6 +3.s 

TABLE 9 
STANDARDIZED RESIDUALS FOR COLLISION TYPES WITH SIGNIFICASTLY 

HIGH (+) OR LOW (-) FREQUENCIES BY ROAD SURFACE CONDITIOXS 

Collision Trpe 

Road 

Surface 

Conditims Sideswipe Rear-end Broadside 

Hit 

Object Overturn 

Other 

Types 

Dry -3.2 

Yet -6.4 +7.7 +a.2 +2.7 

Icy or otherwise slippery -3.1 +4.3 +3.1 +2.4 
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Accident Characteristics by Freelva! 
Segment 

Log-linear models can be used to identif! 
road\vay segments \tith \.arying accident 
characteristics. This stud!. presents an esam- 
pie of the types of information that may be 
pro\,ided by this approach. Using 38 free- 
\\.av segments in Southern California (Fig- 
ur; 1). the analyses focus on several accident 
characteristics: collision type, relative con- 
centration of ramp in\,olvement, entr!, vs. 
esit incidents, location on the ramp, and 
time of occurrence. These analyses seek to 
identify freelvay segments that tend to ha\.e 
either a particularly se\‘ere or a light associ- 
ation \vith the various accident characteris- 
tics. 

The relationship bet\\.een freelvay seg- 
ment (38 categories) and collision type (6 
categories) was significant (x2 = 538.8, 
(If= 183, critical value= 224.6). (Although 
there are 228 cells in the cross-classification 
of these t\vo variables. only 37 of these cells 
or 16.2% had expected frequencies of fewer 
than fi1.e accidents, so the chi-square statis- 
tic is a fairly accurate indication of overall 
association.) There M.ere 34 significant in- 
teraction terms in the log-linear model of 
the cross-classification, and the standard- 
ized residuals for the category combinations 
corresponding to these terms are given in 
Table 10. Because collision type captures an 
array of other accident characteristics, as 
described in the previous section, the results 
in Table 10 are depicted in the tables b> 
collision type. 

Sidestcipe collisions. The freeway segments 
with proportionally higher concentrations 
of sideswipe collisions were segments 10.2 
and 3.3 (Table 11). These t\vo adjacent seg- 
ments are highly congested and serve down- 
to\vn Los Angeles. The segments with rela- 
tively low concentrations of sidesxvipes were 
5.1, 14.0, 605.7, and 5.1. The first two of 
these segments are located at the northern 
edge of the metropolitan area, and conges- 
tion levels on all four of these segments were 
substantially lower than the average for all 
segments. 

The indicated relationship bet\veen the 
proportion of sides\vipe accidents and traf- 

fic congestion \vas further investigated 
through correlation analyses of annual a\.er- 
age daily traffic measures at locations alono 
each of .the 38 free\va>. segments. The bes: 
indicator of the percentage of sidesxf.ipe ac- 
cidents \x’as found to be the maximum annu- 
al average daily traffic (.-MDT) per lane at 
all locations along a freexvav segment; the 
correlation betxveen this indicator and the 
percentage of sideswipe collisions \vas 0.44 
(p < .Ol). The maximum AADT per lane for 
the tivo segments \vith high sides\vipe inci- 
dences \t.as 105,500 for the segment 10.2 
and 91,500 for the segment 5.3. The masi- 
mum XriDT per lane for each of the three 
segments xvith low incidence of sides\vipes 
lvas lSIOOO for segment 14.0, 42.700 for seg- 
ment *51. and 49,000 for segment 37.1. The 
median maximum AADT per lane for all 38 
segments \vas approximately 31.300. 

Rear-end collisions. Rear-end collisions rep- 
resented relati\,ely high percentages of all 
truck-involved accidents on segment 110.3 
and intersecting segments 405.3 and 101.2 
(Table 11). These are three of the heaviest 
tra\,eled freeway segments in the area. In 
contrast, rear-end collisions represented rel- 
atively low percentages of accidents on seg- 
ments 101.4 and 710.2, segments that are 
much less traveled. 

The percentage of accidents that \vere 
rear-end collisions \vas found to be signifi- 
cantly related to the mean average annual 
daily traffic (AADT) at all locations along a 
freeway segment. The correlation betlveen 
these two variables Lvas 0.39 for the 3s seg- 
ments (p<.Ol). Tkvo of the three freelya) 
segments with high incidences of rear-end 
collisions had the highest le\.els of mean 
AADT among all segments (206.300 for the 
segment 105.3 and 198,200 for the segment 
101.2); the third segment (110.3) also had 
a high mean AADT lex.el of 16i3.800. Cor- 
relations with maximum A=\DT and 
maximum AADT per lane xvere not signifi- 
cant. Thus, relatively high percentages of 
rear-end collisions are associated with high- 
er levels of overall traffic, whereas high per- 
centages of sides\vipe collisions are asso- 
ciated \vith high levels of traffic per lane at 
key locations. 
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TABLE 10 

ADJUSTED RESlDUALS FOR FREEiV.-\\I’ SEG\lENTICOLLISION TYPE COMBINATIOXS 

CVITH SIGNIFICANT CELL EFFECTS IN THE LOG-LINEAR MODEL 

Collision Type 

Route Sideswipe Rear-end Broadside 

Hit 

Object overturn 

Other 

Types 

5.1 
5.2 

5.3 

5.4 

10.1 

10.2 

10.3 

10.4 

10.5 

14.0 

22.0 

55.0 

57.1 

57.2 

60.1 

60.2 

91.1 
91.2 

101.1 
101.2 
101.3 
101.4 
110.1 
110.2 
110.3 
118.0 
134.0 
210.1 
210.2 
405.1 
405.2 
405.3 
405.4 

605.1 
605.2 
605.3 

710.1 
710.2 

l ; 3 
-2.8 

+2.6 
-5.8 +3.9 c4.s 

+2.8 -2.2 
+2.2 

-4.5 +4.4 

-2.2 

+2.5 

-2.3 +2.5 

+2.8 

+2.1 

-2.5 

-2.6 

+2.6 

-2.4 

+4.2 

+2.2 

-3.5 

+3.0 

-2.5 -2.4 
t3.4 -2.3 

-2.3 

+2.3 
-2.2 t4.5 

-2.2 

Broadside collisions. With regard to broad- Such collisions frequently occur on ramps 
side collisions, two segments had signifi- (Table 4), and an investigation of the char- 
cantly high concentrations and three seg- acteristics of the ramps for each freeway seg- 
ments had significantly low concentrations. ment revealed that the percentage of broad- 
Segments 118.0 and 57.1 were high; and side collisions was directly related to the 
two adjacent segments of Route 405, 405.2 percentage of ramps that are parts of dia- 
and 405.3, and segment 710.1 were low in mond interchanges. Approximately 38 % of 
terms of broadside collisions (Table 11). all ramps in the study area on which truck- 
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WBLE 11 

FREEiVAY SEG>lENTS WITH PROPORTIONS OF TRUCK i\CCIDENTS SICNIFIC;\NTL~ 

HIGHER OR LOWER THAN EXPECTED: ALL COLLISION TYPES 

Collisim 

In= 

overall Average 

i of All 

Collisims 

Significantly High Cmcentratims Siqificantly Low Cmcmtratims 

: of All : of All 

Segnent Collisions Segllen t Collisions 

Sideswipe 43.2 10.2 54.1 14.0 13.0 

5.3 49.6 5.4 25.4 

6Cj. 1 25.4 

57.1 33.3 

Red r-end 31.3 110.3 

405.3 

lC1.2 

46.4 

45.2 

45.1 

710.2 

101.4 

15.6 

22.9 

Broadside 4.8 118.0 11.8 

57.1 8.3 

405.3 1.1 

405.2 2.3 

71C.l 2.9 

Hit object 11.5 605.3 18.3 

5.4 17.6 

710.1 17.3 

101.4 16.9 

5.1 16.0 

110.2 6.0 

101.1 6.8 

10.2 7.2 

405.2 7.9 

Overturn 2.8 14.0 

10.3 

5.4 

10.2 

7.8 

6.2 

5.2 1.4 

All other types 6.5 14.0 17.3 101.1 1.5 

101.4 11.4 10.5 1.8 

91.1 8.8 

involved accidents occurred are diamond- Hit-object collisions. High concentrations 
interchange ramps, but 77% of the ramps of hit-object collisions vvere found on seg- 
on segment llS.0 and 61% of the ramps on ments 710.1, 3.4, 101.4, 603.3. and 5.1 (Ta- 
the segment 57.1 are diamond-interchange ble 11). Love concentrations were found on 
ramps. Conversely, only 26%) 10%) and intersecting segments 105.3, 110.2, 10.2. 
16% of the ramps on the three freeway seg- and 101.1. The percentage of hit-object col- 
ments vvith significantly low proportions of lisions was found to be the opposite of the 
broadside collisions Lvere diamond-inter- percentage of rear-end collisions in terms of 
change ramps. However, there are other a relationship to traffic volume. The corre- 
freevvay segments with very low or high per- lation between AADT at all points along a 
centages of diamond-interchange ramps, freevvay segment and the percentage of hit- 
and further research is required to identif) object collisions was - .60 (p < .OOl). It can 
other possible causes of these collisions. thus be inferred that the number of hit-ob- 
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ject collisions on an urban freevvay segment 
does not vary as much with traffic levels as 
do the numbers of rear-end and sideswipe 
collisions. Consequently, the percentage of 
hit-object collisions is an inverse function of 
traffic levels whereas rear-end and side- 
swipe collisions are direct functions. 

0t;erturn accidents. Segments with signifi- 
cant concentrations of overturn accidents 
are listed in Table 11. Segments 14.0, 5.4, 
and 10.3 had a high concentration, and seg- 
ment 5.2 had a significantly lower percent- 
age of overturns. Two of the three segments 
vvith high percentages of overturns, segments 
14.0 and 5.4, are located in mountainous 
and rolling terrain. The third segment, seg- 
ment 10.3, is adjacent to downtown Los 
Angeles and is built primarily with road- 
ways on separate structures with relatively 
steep ramps, Further investigation is required 
to isolate other potential causal effects of such 
types of truck-involved accidents. 

Other collisions. Finally, high percentages 
of “other” types of collisions vvere found on 
segments 14.0, 101.4, and 91.1, and low 
percentages were found on segments IO.5 
and 101.1 (Table 11). As in the case of hit- 
object collisions, there is an inverse relation- 
ship between the percentage of other types 
of collisions and average traffic volume on a 
segment, with a correlation coefficient of 

- .65. However, the high incidence of other 
types of collisions on segment 91.1 demon- 
strates that other factors are involved as 
well, because the segment 91.1 has a greater 
than median level of AADT. 

Ramp IX. highway accidents. Freeway seg- 
ments with significantly higher or lower 
proportions of ramp accidents are listed in 
Table 12. Segments with relatively high con- 
centrations of ramp accidents are intersect- 
ing segments 10.3 and 710.2, 605.3 and 
10.5, 22.0 and 405.1, and segments 10.1 
and 57.1, the majority of which are east and 
south of downtown Los Angeles. Segments 
with relatively Zotc; concentrations of ramp 
accidents (or high concentrations of high- 
way accidents) are 101.1 and 101.3, 60.1, 
5.3 and 5.4, 110.2, and 405.3, all of which 
are west or north of downtovvn Los Angeles. 

On-ramp us. off-ramp accidents. Three free- 
way segments were found to have relatively 
high concentrations of on-ramp (freeway 
entrance ramp) versus off-ramp (freeway ex- 
it ramp) accidents (Table 13). The overall 
split was 36% on-ramp, 61% off-ramp, and 
3% other (such as truck scales and rest ar- 
eas). However, these three segments, 605.2, 
5.3, and 405.2, had from 50% to 63% on- 
ramp accidents. In contrast, segment 101.3 
had fevver than 10% on-ramp (over 90% 
off-ramp) accidents. 

TABLE 12 
FREEWAY SEGMENTS WITH PROPORTI0h.S OF TRUCK ACCIDENTS SIGNIFIC.-\NTLY 

HIGHER OR LOWER THAN EXPECTED: RAMP ACCIDENTS 

Collisim 

Me 

overall Average 
2 of All 
Collisims 

Siqificantly ltigh Cmcentratims Siqificantly La Cmcentratims 

I of All % of All 
Segnent Collisions Segnent Collisions 

Ramp accidents 16.8 10.3 41.2 101.1 8.4 
710.2 34.4 101.3 9.2 

22.0 31.0 60.1 9.3 
605.3 29.0 405.3 9.6 

57.1 26.3 5.4 9.7 
10.1 25.9 110.2 10.8 

405.1 23.5 5.3 12.2 
10.5 22.6 
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1:IBLE 13 

FREELY.IY SECJIESTS 1C’ITH SIGSIFIChSTL\r 
HIGHER COSCESTRa\TIOSS OF 

TRUCK.[Sl’OLVED RhhlP ACCIDENTS 
TH.\S ESPECTED: OS-R.IhfP 1’ERSL.S 

OFF-Rh\!P ACCIDENTS 

Overall Averaq? 

Collision 2 of All 2 of All 

Cocatim Collisims Seqent Collisims 

On- ramp 36.0 605.2 63.1 

5.3 51.2 

405.2 50.0 

Off-ramp 61.0 101.3 90.9 

Locations of ramp accidents. Three loca- 
tions were distinguished for ramp accidents: 
ramp entry; ramp itself, and intersecting 
street (Table 14). Relatively high percent- 
ages of accidents at ramp entries occurred 
on two segments, 10.1 and 10.9. both of 
xvhich serve the immediate dolvntown Los 
Angeles area. One segment, 710.1, had a 
high percentage of accidents on ramps. Fi- 
nally, four segments had high concentra- 

TABLE 14 
FREEWAY SEGMENTS WITH SIGNIFICANTL\I 

HIGHER COSCENTRATIONS OF 
TRUCK-IS:VOLVED RAhIP ACCIDENTS THAN 

EXPECTED: THREE RAMP LOCATIONS 

Overall Average 

Collision 2 of All I of All 
Location Collisions seplent Collisims 

At ramp 14.4 10.4 37.5 

entry 10.2 28.3 

On ramp 
itself 32.0 710.1 54.3 

On inter- 25.7 91.2 70.0 

setting 5.1 53.3 

streets 57.1 42.9 

91.1 40.8 

tions of accidents on intersecting streets; 
these Lvere 91.2 and 91.1, 5.1. and 37.1. all 
of Lvhich are at least partiall?. in Orange 
County in the southern portion of the met- 
ropolitan area. 

Time period. The final accident character- 
istic investigated b!. freetvay segment \vas 
the time period during xvhich an accident 
occurred. Seven time periods lvere distin- 
guished, during five of Lvhich there Lvere sig- 
nificant differences in accidents on some 
freeway segments (Table 15). Three adjacent 
segments north\vest of do\vnto\vn Los 
Angeles had relatix.ely high concentrations 
of accidents in the early morning hours 
(midnight to 6:00 a.m.). These lvere seg- 
ments 101.1, .5.4, and 14.0, all of Lvhich are 
major truck routes north from LOS Angeles. 
The 5.4 segment also exhibited a high per- 
centage of accidents in the 9:OO p.m. to 
midnight period. Tivo segments. 57.1 and 

TABLE 15 
FREELVAY SECXlENTS WITH SIGSIFICASTL~ 

HIGHER CONCENTRATTIOSS OF 
TRUCK-INVOLVED RAXIP ACCIDESTS TH.-lN 

EXPECTED: TIlLIE OF D.i\r 

Overall Average 

Time of 2 of All I of All 

bY Collisims k-t Collisions 

Midnight - 7.0 14.0 26.5 
5:59 a.m. 5.4 19.4 

101.1 i0.a 

6:OO a.m. - 17.2 57.1 25.8 
8:59 a.m. 10.5 22.3 

9:00 a.m. - 21.4 405.3 30.9 
11:59 a.m. 5.2 25.0 

noon - 22.4 110.1 42.4 
2:59 p.m. 110.3 32.7 

110.2 31.2 

9:oo p.m. - 4.6 5.4 14.4 
11:59 p.m. 
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10.5, had high percentages of accidents dur- 
ing the morning peak hours. TLVO segments, 
403.3 and 3.2, had high percentages in the 
9:00 a.m. to noon period. Finally, the three 
segments making up the entire length of 
Route 110 (110.1, 110.2, and 110.3) eshibit- 
ed high concentrations of accidents in the 
noon to 3:00 p.m. period; Route 110 is 
the major harbor access route. No segments 
had significantly high or LOXV concentrations 
of accidents during the afternoon peak 
hours or during the 6:00 p.m. to 9:OO p.m. 
period. 

The method of log-linear modeling is po- 
tentially a powerful tool in identifying fac- 
tors that underlie the relative frequent:- of 
occurrence of various accident characteris- 
tics, such as accident type, location, and se- 
verity. In the absence of interaction effects, 
the method can be used to obtain a direct 
measure of the degree to which any accident 
characteristic represented in a standard con- 
tingency table varies from its expected 
value. 

In the application presented in this paper, 
the method tvas used to associate accident 
characteristics with type of collision and to 
identify freeway segments on which various 
accident categories were more prevalent 
than expected. The results indicated sub- 
stantial differences between the types of tol- 
lisions that tend to occur at ramp locations 
and those that occur along the freeway. The 
analysis was also able to uncover significant 
differences among the factors associated 
with the types of collision and to associate 
other characteristics, such as weather and 
road conditions, with particular collision 
types. In the analysis of accident character- 
istics by freeway segment, the analysis re- 
vealed several freeway segments that \vere 
particularly susceptible to certain types of 
accidents. 

Some roadway characteristics, particular- 
ly overall traffic levels, were found to ex- 
plain the pattern of freeway-segment re- 
sults. However, the present research stops 
short of a thorough investigation of poten- 
tial causal factors that distinguish freeway 

segments in terms of the types of collisions 
that occur on them. 

Directions for further research include a 
multit-ariate analysis to relate the identified 
freeway-segment accident characteristics to 
roadxvay characteristics such as geometric 
design, shoulder prosisions. and traffic pat- 
terns. The log-linear model residuals calcu- 
lated in the present research could be used 
directly in future anal!-sis. It Lvould also be 
useful to contrast truck-invol\,ed accident 
characteristics kvith car-only accident char- 
acteristics as a control sample. The o\,erall 
objectives of such future research tvould be 
to enhance truck-related safety consider- 
ations in freeway design. 

Baker. R. J., & Nelder. J. A. (IKS). The CLI.U systou. 
(Release 3). Oxford: Royal Statistical Societ!: Nu- 
merical Algorithms Croup. 

Birch, ,\I. iI’. (1963). ~~~sirl~Ll~1 likelihood in three-tva) 
contingency tables. /orrrnnl of tlw Royal Sfntbtical 
Society (Series Rj. 25. 2%“33. 

Bishop, I’. XI. M.. Fienberg. S. E.. Sr Holland. P. ‘rt: 
(1975). Discrete rnl~ltirariatc ntra@i.s. Cambridge. 
1iA: A1.I.T. Press. 

Bock, R. D., & Yates, C. (1973). .\fL.LTIQLXL: Log- 
litwnr arzaly,& of norltirznl or ordirraf qtmlitaticc data 
by the method oj ~IIU.~~/~~~~~I~ ~~~e~i~~ood. Chicaqoo: In- 
ternational Education Services. 

Caitrans. (1975). Mannal of traffic accident strrceii- 
Zuttce nrtd a?~u~~s~s~~sfe~?~. Sacramento: State of Cali- 
fornia, Business and Transportation Agency. Depart- 
ment of Transportation, Division of Operations, 
Office of Traffic Engineering. 

Cochran, IV. C. (1954). Some methods for strengthen- 
ing the common ~2 tests. Biortwtrics. 10, 417-451. 

Goiob, T. F., Reeker, \V. Iv.. & Leonard. J. D. (1987). 
An analysis of the severity and incident duration of 
truck-involved freeway accidents. .4ccidenf .4m&&~ 
and Prevention (forthcoming). 

Goodman, L. A. (1972). Some multiplicative models 
for the analysis of cross-classification data. In L. Le- 
Cam, et al. (Eds.). ~roerediil~~ oi the Sixth R&&I 
Sympotiicrtn &I hi~thc,,~aticatStoiktic.s and Probahi~ 
ity (Vol. I, pp. 649-496) Berkeley: cniversitt_ of Cali- 
fornia Press. 

Goodman, L. A. (19’8). Arralrtzing qualitaticekate- 
gorical data. London: Addison \V&ley 

Haberman, S. J. (1973a). Log-linear models for fre- 
quency data: Sufficient statistin and likelihood 
equations. ~nna~~o~sfu~~~j~, 1: 617-632. 

Haberman. S. I. (191735). The analvsis of residuals in 
cross-classification tables. Biomet&s 99 505-220. . “. , ” 

Haberman, S. J. (197-t). The analysis o~~reqtieli~ da- 
ta. Chicago: University of Chicago Press. 

Haberman, S. J. (1978). Analytic of ytralitatiw data (7 
Void. New York: Academic Press. 

Fall 1987!Volume 18fitimber 3 I35 



136 journal ~j Safety Research 


