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Operational Effects of Two-Way Left-Turn Lanes on 

Two-Way Two-Lane Streets 
PATRICK T. McCOY, JOHN L. BALLARD, AND YAHYA H. WIJAYA 

Tho two ·way loft-tum lane (TWL TL) has been insta lled on two-way meets 
under o wide variety of conditions as a solution to tho sa fety and operational 
problems caused by tho confli ct between midblock left turns and lhrough 
t raffic. Although the safoty effoctivoness of 1he TWL TL has bee n the subject 
of many studies, very few studies have been mado of iu operational effective
ness. Consequently, lu effects on t he ef'ficiency of traffic flow have nol boon 
precl5ely measured. Tho objective of this study was t o quantify th e effecu of 
e TWL TL on the efficiency of traffic flow on a two·way two·lano street. By 
using computer si mulation models specifically dovoloped and validated for th o 
purpose of this stud y, t raffic operations wero .simulated over a range of traffi c 
volumes and driveway donslt i01. From the outputs of the"' si mulation runs, 
the reductions In stops and delay• that resu lt from a TWL TL were computed. 
lsograms of lhe stop and delay reduct ions wore prepared to fHillUlte Iha use 
of tho resu lts of this 11udy to evaluate the potential cost effectivcnoss of TWL T L 
installations. 

The t wo-way left -turn l ane ('IWLTL) is recoqn ized a s 
a possible solution t o t he sa f ety and operational 
p r oblems o n two-way str e e ts that ar e caused by t he 
con flict between midblock l e f t t ur ns and thr ouqh 
t raffic . Th e primary fu nction of the TWL'l'L is t o 
e limi na te t his c onflict by removing the deceleration 
and stor age of vehic les makinq these turns from t he 
through lanes , thereby e nabli ng t hrough traffic to 
move past them without delay. However , t h e e xten t 
to whic h a '1'9LTL c a n improve t he effic i e ncy o f traf
f ic operations depends on the traff i c vo l umes and 
de nsity o f driveways involved . Although the pr in
c iple of t he compi e x re l atio nsh ip between these f ac
tors and the operat i onal effectiveness o f the TWLTL 
i s i n t uitively a pparent , it has ye t to be quanti ta-

tively expressed. Consequently , traffic engineers 
have not been able to pr ec isely predict the amount 
of improvement in the efficiency of traffic opera
tions that would result from the installation of a 
TWLTL. 

An extensive review of the literature and nation
wide survey of" experience with the 'IWLTL we re con
d ucted by Nemeth (1 I i n d eveloping guide lines for 
.i ts applic a t ion . This effort revealed t ha t the 
TWLTL has been insta lled unde r a wide varie t y of 
conditions . In most cases, it was considered to 
have noticeably improved the quality of traffic 
flow. Numerous before-and-after accident evaluations 
were found that provided measures of the safety ef
fectiveness of the TWLTL. But similar studies of 
its effect on the efficiency of the tr affi c were 
rare, and measures of the operational ef fect iveness 
of the TWLTL were not found. 

Likewise, in developinq guidelines for the con
trol o f a ccess on a r t e rial streets , Glennon and 
others (~ I found that emp i rical da t a pertinent to 
the determination of the operational effectiveness 
of the TWLTL were lacking. This deficiency preclud
ed the precise estimate of the delay-reduction po
tential of the TWLTL . And this in turn limited the 
specificity with which the conditions that warrant 
installation ot a TWLTL could be defined. 

I n response to t he need of traffic engineers to 
be able to more precisely predict t he oper a tional 
effective ness of a 'l'WLTL and more cle arly de f ine 
those circumstances that justify its installation, a 
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study of the operational ef f ects of a TWLTL was con
ducteo at the University of Nebraska-Lincoln. The 
objective ot this study was to quantity the effects 
of a TWLTL on the eff i ciency of ti:affic flow on a 
two-way two-lane stree t. Two computer simulation 
models were developed and val.idated foi: this study. 
One of the models was used to simulate traffic 
operat i ons on a two-way two-lane street with a 
TWLTL, and the other model was used to s i mulate 
traffic operations on a two-way two-lane street 
without a TWLTL. Ti:affic operations were simulated 
with both models over a range of traffic volumes and 
driveway densities. The outputs of these simulation 
runs were then compared to determine the reductions 
in stops and delays that resulted from the TWLTL. 

'this paper presents the procedure and findings of 
this study. Also presented is a brief description 
of. the simulation models and their validati on, and 
to facilitate the implementation of the results o f 
the study, isograms of the stop and delay reductions 
provided by a '™LTL over the range of traffic vol
umes and driveway densities are included. 

SIMULATION MODELS 

The two computer simulation models developed in this 
study were written in the General Purpose Simulation 
system (GPSS) language (3). These models are basi
cally the same, except that one is for a two-way 
two-lane street with a TWL'l'L and the other is for a 
two- way tno-la1ie s treet wi t hout a 'NLTL. A brief 
description of the input, logic, output, a nd valida
tion of these models f ollows. 

The input to the models consists of two types of in
formation--traff ic characteristics and street geom
etry. The traffic character is tics input ,to the 
models at:e the volume and average speed of traffic 
in each direction and the percentage of the traffic 
volume turning left into each driveway on the 
street. Also, the arrival pattern of the traffic en
tering at each end of the street is specified . The 
models can generate random and nonrandom arrival 
patterns , so that the effects of traffic signals can 
be simulated by the models. 

Because of the nature of the GPSS la,nguage, the 
street geometry is defined in terms of sections. 
Each lane on the street is divided lengthwise into 
20-ft sections, and driveway locations on the street 
ate defined by the numbers of the sections in which 
they are located. Also, input for each driveway in 
the model with the TWLTL is the section number of 
the farthest point upstream at which a vehi cle turn
ing left into the driveway can enter the TWLTL. 

The qeometry of a 1000-ft street segment with a 
TWLTL is illustrated in Figure 1. Each lane is 
divided into fifty 20-ft sections, which are 
numbered as follows: 

Lane 1: 
Lane 2: 
TWLTL: 

sections 1-50, 
sections 51-100, and 

sections 101-150. 

The sect ion numbers of the driveway locations and 
their corresponding TWLTL entry points that would be 
input to the model with the TWLTL are shown below: 

Lane No. Driveway TWLTL 
Entered Location Entry Point 

Drivewa}:'. From Section Section 
A 2 18 121 
B 2 29 133 
c 2 38 139 
D 2 45 149 
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Figure 1. Geometry of 1000-ft street segment with TWL TL 
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Lane No. Driveway TWLTL 
Entered Location Entry Point 

Drivewa}:'. From Section Section 
E 1 61 139 
F 1 72 124 
G 1 74 124 
H 1 78 121 
I 1 86 111 

In the case of a 1000-ft street segment without a 
TWLTL, sections 101-150 would not exist. Therefore, 
only the driveway location section numbers would be 
input to the model without a TWLTL. 

In both models, traffic enters the street segment at 
either end in accordance with the traffic volumes 
and arrival pattern specified in the input. The 
course of any vehicle entering the segment will be 
one of two types: (al traverse the entire length of 
the segment without turning let't and exit at the 
o:ther end or (b) traverse a portion of the segment 
and exit by turning left at one of the driveways. On 
entering the segment, the cour se taken by each 
vehicle is determined probabilistically in ac
cordance with the lett-turn percentages specified in 
the input. 

Vehicles move through each section in the main 
lanes at the aver age si:>eeds specified in the input 
and maintain at least 2-s headways. Thus, it a 
vehicle is stopped, the time required for it to 
traverse the next section is at least 2 s plus the 
travel time at the average traffic speed. Vehicles 
traversing the entire street segment remain in the 
main lanes and do not pass other vehicles in their 
lanes. 

In the model wi thout the TWLTL, turn i ng vehicles 
also remain i n the main lanes until they reach the 
driveways into which they turn. However, in the 
model with the TWLTL, a turning vehicle remains in 
the main lane until it reaches the entry point to 
the TWLTL, wh.ich is designated in the model input 
for the driveway into which it turns. The vehicle 
then moves from the main lane to the TWLTL. Once in 
the 'IWLTL, a vehicle moves ahead at a speed of 10 
mph until it reaches the driveway into which it 
turns or until it is stopped by vehicles already in 
the TWLTL waiting to tuYn left. 

If a turninq vehicle reaches i ts entry point to 
the 'l'WLTL and finds that the sect ion i s occupied by 
a left-turning vehicl e from the other direction, it 
r ema i ns in th e ma i n lane and movei; ahead until i t 
finds an unoccupied section in the TWLTL upstream 
from the driveway into which it turns or until it 
reaches the driveway. If it reaches the dr_i veway 
before it finds an empty section in the 'rWLTL , it 
turns left i nto the dr i veway from the main lane. 

In both models, a turning vehicle must have an 
acceptable gap in the opposing traffic stream before 
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it can turn left. The required length of the gap is 
determined probabilistically in accordance with the 
left-turn gap-acceptance function derived by Ger
lough and Wagner (4). If the required gap is avail
able, ·the vehicle -turns left. Otherwise, it waits 
until one is available. However, in the model with
out the TWLTL, if this wait exceed's 30 s, the at
tempt to turn is aborted and the vehicle traverses 
the entire length of the segment as if it were a 
through vehicle. 

The output from the models includes the following 
data: 

1. Number of vehicles entering and exiting the 
segment, 

2. Number of left turns attempted and completed, 
3. Number of stops, 
4. Travel time in the segment, and 
5. Stopped-time delay. 

The travel time, stops, and delay totals are output 
separately for through vehicles, turning vehicles, 
and all vehicles. 

Validation 

In order to validate the models, traffic flow on two 
two-way two-lane street segments (one with and one 
without a TWLTLJ in Lincoln, Nebraska, was filmed. 
Those films were analyzed to determine the volumes, 
left-turn percentages, travel times, delays, and 
stops of the traffic on the two street segments. The 
traffic volumes, left-turn percentages, and geom
etries of the segments were then input to the models 
to simulate the traffic operations on them. 

A series of t-tests comparing the simulation and 
observed mean delay times and number of stops indi
cated that there were no significant differences 
(a = 0.05) between the simulation and observed 
mean values. In addition, during the conduct of 
this study, the models were used to s imulate opera
tions on segments that have a wide range of traffic 
character is tics and dr iveway densities, and in all 
cases the models gave consistent and reasonable re
sults. 

PROCEDURE 

The operational effects of a TWLTL on a two-way two
lane street were determined in this study by a pair
wise comparison of the outputs from the two models 
for identical traffic volumes and driveway densi
ties. The two models were used to simulate traffic 
operations on a 1000-ft street segment, with and 
without a TWLTL, under three levels of traffic vol
ume, left-turn volume, and driveway density. Simu
la ti on runs were made for all of the 27 possible 
combinations of these variable levels. The specific 
values used for these levels are given in Table 1. 
These values were selected as being comparable with 
the low, medium, and high levels of volumes and 
driveway density, which were used by Glennon and 
others (~) in developing guidelines for control of 
access on two-way two-lane arterial streets. 

The traffic volumes given in Table 1 include left 
turns. And both the traffic volumes and left-turn 
volumes g iven are the volumes in each direction. 
Thus, the evaluation of the TWLTL in this study was 
for balanced traffic-flow conditions (i.e., the same 
traffic flow in each direction) • 

Also, the left-turn volumes are the total number 
of left turns made into all the driveways on one 
side of the 1000-ft street segment. In this study, 

Table 1. Volume and driveway-density levels studied. 

Traffic Volume• Left-Tum Volumeb 
Level (vph) (vph/1000 ft) 

Low 350 35 
Medium 700 70 
High 1000 105 

aVolume in each direction, including left turns. 
bvolume Jn uch direcrion. 
C"foral numb er of driveways on both sides of street . 

Driveway Density< 
(no./mile) 

30 
60 
90 

Figure 2. Driveway con
figurations. 

(a) 30 Driveways Per Mile 
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(b) 60 Driveways Per Mile 
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all the driveways on one side of the segment had the 
same volume of entering left turns. Therefore, for 
a given left-turn volume, the number of left turns 
entering each driveway was inversely proportional to 
the number of driveways. 

The average running s peeds used for each traffic
volume level were 35 mph for 350 vph, 30 mph for 700 
vph, and 25 mph for 1000 vph. According to the 
Highway Capacity Manual (SJ, this speed-volume rela
tionship was reasonable for a two-way two-lane urban 
arterial street. 

Intuitively, the location of the driveways within 
the street segment has an effect on the efficiency 
of traffic operations. However, it was beyond the 
scope of this study to investigate the differences 
in traffic oper ations within driveway density 
levels. Instead, our primary concern was to examine 
the differences between driveway density levels. 
Therefore, only one configuration of driveway loca
tions was evaluated for each density level. In each 
configuration, the driveways were evenly spaced 
throughout the segment. However, the side of the 
street on which each driveway was located was deter
mined at random. The driveway configurations used 
are shown in Figure 2, 

When the computer simulation runs were conducted 
with each model, the variability was controlled by 
selecting the random number variates so that the 
same traffic-flow and gap-acceptance sequence was 
always used for each dr iveway configuration. There
fore, for a given combination of traffic and left
turn volume levels, the differences in tr affic 
operations were due only to the effects of the 
driveway configurations and the 'IWLTL . 

Every simulation run was initialized by running 
the model for a few minutes to achieve system sta
bility. Once stability was achieved, the model was 
run for 1 h of simulated time. Traffic operations 
data were collected and output for this hour. 

FINDINGS 

The reduction in stops and delay that results from 
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the installation of a 'niLTL on a two-way two-lane 
street was computed by a pairwise comparison of the 
outputs from the two simulation models . The results 
of these computations were expressed in terms of the 
number of stops per hour and minutes of d.elay per 
hour that were eliminated by the installation of the 
TWLTL . These reductions are given in Tables 2 and 
3. Ill though these two tables con ta i n the same in
formation, they are ananqed di-fferently. The re
d uct ion in stops and delay is given with in driveway 
dens ity in Table 2. In Table 3 , it is given within 
t raffic volume . 

Examination of Table 2 reveals that in no case 

Table 2. Reduction in stops and delay within driveway density. 

Left-Tum Volume 

Driveway Density• Traffic Volumeb 
(vph/1000 ft)c 

(no./ mile) (vph) 35 70 105 

Reduction in Stops (no./h) 

30 350 23 36 45 
700 98 157 290 

1000 186 612 982 
60 350 0 14 29 

700 69 189 206 
1000 140 804 1216 

90 350 18 27 48 
700 74 206 244 

1000 326 814 1630 

Reduction in Delay (min/h) 

30 350 
700 

1000 
60 350 

700 
1000 

90 350 
700 

1000 

;11T<1 l 11I numl).cr t1r drlvew11ys on both sides of street . 
bvolumt in uc:h dirt'et lon . including left turns. 
cv olume in ~ :u:·h cHrcctlon. 

4.1 
13.7 
19.4 
0 
5.3 

16.I 
1.8 
6.9 

47.3 

8.8 11.4 
16.8 43.8 
44.2 79.8 

3.8 9.0 
24.I 30.3 
75.6 123.6 
6.5 14.4 

30.2 37.6 
83.6 271.1 

Table 3. Reduction in stops and delay within traffic volume. 

Traffic Volume• 
(vph) 

Driveway Densityb 
(no./mile) 

Reduction in Stops (no./h) 

350 30 
60 
90 

700 30 
60 
90 

1000 30 
60 
90 

Reduction in Delay (min/h) 

350 30 
60 
90 

700 30 
60 
90 

1000 30 
60 
90 

aVolume in eal!h direction, including left turns. 
lJTotal number of driveways on both sides of street . 
cvolume in each direction. 

Left-Turn Volume 
(vph/ 1000 ft)c 

35 70 

23 
0 

18 
98 
69 
74 

186 
140 
326 

4.1 
0 
1.8 

13.7 
5.3 
6.9 

19.4 
16.I 
47.3 

36 
14 
27 

157 
189 
206 
612 
804 
814 

8.8 
3.8 
6.5 

16.8 
24.1 
30.2 
44.2 
75.6 
83.6 

105 

45 
29 
48 

290 
206 
244 
982 

1216 
1630 

11.4 
9.0 

14.4 
43.8 
30.3 
37.6 
79.8 

123.6 
271.1 

Transportation Research Record 869 

did the 'IWLTL inc rease stops and delay . In only one 
case, there was no red uction i n stops and delay. 
Also, a s expected, the size of t.his reduction in
cr eased within each level of driveway density as the 
tr atfic a nd left-turn vol.umes were increased . These 
increase s in the reduction were greatest above the 
7 00- vph traffic-volume level with more than 70 left 
turns per 1000 ft in each direction. 

I\ review of Table 3 indicates that the effect of 
driveway density within each level of traffic volume 
was not consistent over the range of left-turn vol
umes . The reduction in stops and delay increased 
with driveway density only at the highest levels of 
tra ffic and left-turn volume. At the lower volume 
l evels, these reductions were generally larger at 
the level o f 30 driveways/mile than at 60 drive
ways/mile. This is prObably because the a veraqe 
number of left turns enter inq each driveway at the 
level of 30 driveways/m ile is twice that at 60 
driveways/mile . However, when the driveway density 
was increased from 60 to 90 driveways/mile, these 
reductions are increased rather than decreased . One 
explanation of this apparent contradiction is the 
fact that unlike the levels of 30 and 60 drive
ways/mile , 90 driveways/mile did not have the same 
number of driveways on each side of the street seg
ment. As illustrated in Fi gu re 2, there were ll 
driveways on one side and 5 on the other. 

Thus, it is apparent that driveway configuration 
has an effect on the amount of the reduction in 
stops and delays that can be realized by a TWLTL . 
Therefore , application of the results of this study 
should be limited to street s egments with driveway 
conL igur at ions that are similar--at least with re
spect to the number of driveways on each side of the 
segment--to those shown in Figure 2. 

Another factor that should be remembered in using 
the resu.lts of this study is that the simulation 
model with out the TWLTL ass umed that the maximum 
length of time that any driver will wait to turn 
left was 30 s. Thus, in the model, when this wait 
exceeds 30 s, the turn was aborted. l\lthouqh this 
assumption worked i n the validat ion cif the model, it 
was based on simulation stability requ irements 
rather than on o bserved driver behav i or. Wa it 
limits much greater than 30 s caused the simulation 
to break down at the highest volume levels. The 
numbers of aborted left turns experienced in this 
study are given in Table 4, 

The reduction in stops and delay determined in 
this study provides a basis for evaluating the ef
fectiveness of a TWLTL on a two-way t wo-lane street 
from the standpoint ot user c osts , energy consump
tion, and a il: quality. The stops and delay reduc
tion values are directly applicable to procedures 
for evaluating traffic engineering improvement, such 

Table 4. Number of left turns aborted per hour. 

Driveway Density" 
(no./mile) 

30 

60 

90 

Traffic Volumeb 
(vph) 

350 
700 

1000 
350 
700 

1000 
350 
700 

1000 

1To 1DI numher o f JrJvcw:. ys on both sides of street . 
bvolum c- in er.ch dircc:lion, incJuding left turns. 
,.Volume in (3 \l h Jlha:liuu. 

Left-Turn Volume 
(vph/1000 ft)c 

35 70 

5 6 
6 IS 

12 26 
0 I 
2 9 
9 31 
2 6 
2 II 
8 36 

105 

18 
18 
49 
3 

II 
50 
13 
20 
96 
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Figure 3. Reduction in 
stops: 30 driveways/mile. 

Figure 4. Reduction in stops: 
60 driveways/mile. 

Figure 5. Reduction in 
stops: 90 driveways/mile. 

Figure 6. Reduction in 
delay: 30 driveways/mile. 
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Figure 7. Reduction In 
delay: 60 driveways/mile. 

Figure 8. Reduction In 
delay: 90 driveways/mile. 
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as the procedure outlined by Dale (~). Therefore, 
to facilitate this application of the results of 
this study, isograms of the reduction in stops and 
delay were constructed from the data in Table 2 • 
The stop-reduction isograms for the three levels of 
driveway density are shown in Figures 3, 4, and 5, 
and the delay-reduction isograms are shown in 
Figures 6, 7, and B. 

CONCLUSIONS 

Based on the findings of this study, it was con
cluded that the installation of a iWLTL on a two-way 
two-lane street improves the efficiency of traffic 
operations over a wide range of traffic volumes, 
left-turn volumes, and driveway densities. Under 
balanced traffic-flow conditions, it is particularly 
effective at traffic volumes above 700 vph in each 
direction with more than 70 midblock left turns per 
1000 ft from each direction. 

The stop and delay reduction isograms that were 
developed in this study facilitate the quantitative 
evaluation of the operational effectiveness of a 
TWLTL under balanced traffic-flow conditions on a 
two-way two-lane street. Used within the context of 
a cost-effectiveness analysis, these isograms con
tribute to the identification of the circumstances 
under which the installation of a TWLTL on a two-way 
two-lane street would be justified. 

However, this study is just a start. The need 
for further research is obvious. Additional studies 
need to be conducted for more levels of traffic vol
ume, left-turn volume, and driveway density. Future 
studies should address unbalanced as well as bal
anced traffic-flow conditions, and the effects of 
driveway configuration need to be evaluated. Of 
course, similar research needs to be conducted to 
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evaluate the operational effects of a TWLTL on two
way four-lane streets. 
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Effects of Trucks on Freeway Vehicle Headways 

Under Off-Peak Flow Conditions 

WILEY D. CUNAGIN AND EDMUND CHIN-PING CHANG 

The results of a study to determine the effects of the presence of heavy trucks 
on traffic flow in sections of freeway as an operational measure of total through
put capacity are presented . The variable used to evaluate truck impacts was 
time headway. Data were collected at two sites on the Houston, Texas, free
way system during off-peak flow conditions. After each observed headway had 
been classified as to types of vehicles involved in the interaction, various sta
tistical tests were performed to analyze variations in headway due to headway 
type, lane width, and traffic volume. Headway type (i.e., the types of vehicles 
involved in the headway interaction) was shown to be the major determinant in 
length of the headway; those that involved trucks exhibited the greatest 
magnitude. 

In recent years the construction of new highway fa
cilities has not kept pace with the expansion of ve
hicular travel. In urban areas in particular, con
cern with measures to increase the efficiency of 
traffic operations has aroused increasing interest 
as the emphasis has shifted toward making the exist
ing system work as well as it can. The diverse mix
ture of vehicle sizes, weights, and operating char
acteristics has become a potential limiting factor 
in trying to attain maximum efficiency and minimum 
accident experience from the highway system. 

Of approximately 145 million motor vehicles in 
operation in this country today, nearly 7 million 
are trucks with empty gross vehicle weights of 
10 000 lb or more. When these trucks are involved 
in accidents with the passenger cars in the traffic 
stream, the results can be startling. Although 
heavy trucks comprise less than 2 percent of the ve
hicle population, they were involved in accidents 
that accounted for almost 9 percent of all traffic 
fatali ties in 1976. Of these, 91 percent were per
sons in other vehicles that conflicted with the 
trucks l.!I . 

The problem is further complicated by an increas
ing polarization of the vehicle mi x into very small 
cars and very large trucks. The trend toward 
smaller, more efficient passenger cars is undeni-

able. In 1963, automobiles made up 84. 3 percent of 
the total vehicle fleet and included about 8 percent 
automobiles with registered vehicle weights of 3000 
lb or less (2). By 1978, automobiles were down to 
79 percent of the vehicle total but the small-car 
portion had risen to 22 percent. By 1990, the pro
portion of automobiles is expected to be 75 percent 
while more than 50 percent of those will have regis
tered weights of less than 3000 lb (]_I. Unfortu
nately, the quest for more economical personal 
transportation vehicles has been pursued through 
methods that reduce the survivability of the pas
sengers in an accident, since the smaller passenger 
cars generally are characterized by reduced track 
width, higher center of gravity, reduced horsepower, 
reduced weight, reduced structural integrity, and 
lowe r driver eye height. 

Spurred by both demand for more fuel-efficient 
vehicles due to rapidly rising gasoline prices and 
mandatory standards set in the Energy Policy and 
Conservation Act of 1975, gains in mileage per 
gallon have been attained primarily by lowering 
horsepower and increasing ratios of weight to horse
power. These changes have tended to reduce acceler
ation rates and therefore the vehicle performance 
capabilitie s (]_). A study by Woods and other s 1,.11 
showed that although smaller v eh icles acce l erated 
adequately at low speeds, their acceleration capa
bility at highway speed was substantially lower than 
that of full-size cars. Indeed, at 50 mph, more 
than 200 additional ft were required for the 85th
percentile small cars to pass another automobile. A 
recent study by the Institute tor Highway Safety 12.1 
showed relative injury rates on a normalized experi
ence basis by make and model of automobile. The 
best vehicles from the standpoint of protecting oc
cupants were full-size cars , and the worst were sub
compacts or smaller. For example, drivers ot a 
Honda Civic are three times as likely to be killed 




