






Before 1983. twinS accounted for less than four 
percent of all combination truck travel in the U.S. 
They were most common in California and nearby 
states--twins were 30 percent of all combinations 
on rural Interstates in California in 1982, and 
about half of all twin travel nationwide occurred 
in California. By 1990. twins will account for about 
11 percent of nationwide combination-truck 
miles. Nearly 90 percent of this increase will occur 
outside the western states where twins were 
common before 1983. General freight common 
carrier conversion to twins will be largely complete 
by 1990 and will account for most of the growth 
between 1982 and 1990. 

As a ;result of increased capacity and greater 
flexibility in operations, general freight common 
carriers adopting twins will achieve on average a 
nine percent reduction in combination-truck 
miles of travel1n the portion of their freight hauling 
that is switched from tractor-semitraUers to twins. 
Cost savings from twins are not expected to 
stimulate any appreciable new combination-truck 
travel because the general freight common ca..rrJ.ers 
have no strong competitors for the less
than-truckload freight that they specialize in 
carrying. Consequently. because of the nationwide 
use of twins, by 1990 combination-truck travel in 
the D.S. will total about 500 million vehicle-miles 
(two-thirds of a percent) less than it would have 
been otherwise. 

Because ofthese travel reductions and the equally 
important savings from reduced handling that 
twins allow. truckers adopting twins are 
increasing productivity. General freight common 
carriers will achieve cost reductions of $500 
million annually (1985 dollars). 2 percent of their 
total costs and 0.5 percent of total intercity 
trucking costs. compared with costs using 
pre-1983 equipment and operating practices. 
when twins are fully integrated into their 
operations. 

Neither the current scope of the highway network 
open to twins nor existing restrictions on access 
to that network will ultimately have much fmpact 
on travel by twins. In general, the network allows 
carriers to operate twins on the Interstates and 
major primary routes that account for the hulk of 
combination-truck traffic. In some areas, the 
limited extent of the network and state restrtctions 
on access to the network have slowed the 
introduction of twins. but access restrictions have 
generally lessened with time. 
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SAFETY CONSEQUENCES 

The increased use of tv.ins will have little overall 
effect on highway safety because the resulting net 
reduction in miles of truck travel will 
apprmdmately offset a possible small increase in 
accident involvements per mile traveled. 

Twins probably have slightly more accident 
involvements per mile traveled than 
tractof-semitrailers operated under identical 
conditions at highway speeds. Although the 
information available for comparing the relative 
safety of twins and tractor-semitraHers Is 
imperfect. this conclusion is supported by two 
independent lines of evidence: studies of the 
performance and handling characteristics of large 
trucks using experimental vehicle testing and 
simulations, and analyses ofhistortcal twin trailer 
truck and tractor-sem1trailer aCCident and travel 
experience. 

HANDLING.AND STABILITY OF TWINS 

Studies of the handling and stability of large 
trucks have identified four handling difficulties 
that are characteristic of twins. First. when twins 
are steered through an abrupt maneuver such as 
a sudden lane change to pass another vehicle. the 
rear trailer may exhibit an exaggerated 
side-to-side motion often described as a 
crack-the-whip effect. This phenomenon is known 
as rearward amplification and may result in 
roliover of the rear trailer (5-9). 

Second, drivers of tVl.'ins are less able than drivers 
of tractof-sernitrailers to sense impending trailer 
instability and prevent related accidents (10, ll). 
This impaired sensory feedback is the result of the 
greater number of coupling pOints in a twin trailer 
truck (a total of three compared with one in a 
tractor-semitrailer). To properly control a vehicle 
the driver must be able to sense the dynamiC forces 
acting on it. 

Third, twins can undergo a low-amplitude 
rear-end oscillatory sway during routine 
operations (l2-15}. 

Finally. when a twin traUer truck rounds a curve 
at highway speeds. its rear wheels deviate from the 
path of the front wheels (offtrack) toward the 
outside of the curve and !llay encroach on the 
opposite lane or the shoulder. Tractor-semitrailers 
also offtrack in this way, but less so than twms at 
highway speeds. At slow speeds the off tracking 



performance of twins is superior to that of 
tractor-semitrailers (5, 16). Consequently twins 
are more maneuverable than tractor-semitrailers 
in low-speed situations such as driving on city 
streets. 

These four handling characteristics of twins are 
not of equal importance for the vehicle's safety 
performance. Rearward ampllfication is probably 
the most important physical feature that affects 
the relative safety of twins and 
tractor-semltrailers. and may explain the high 
frequency of rear-trailer rolIover in twins accidents 
(5). Impaired sensory feedback may affect twins 
safety mainly to the extent that it tends to lessen 
driver awareness of the rearward amplification 
problem. Low-amplitude oscillatory sway is largely 
aVOidable through proper operating practices and 
is a potential hazard only to the extent that other 
motorists may take anomalous action to avoid 
operating near a swaying twin. The difference in 
off tracking at high speeds between twins and 
semis is slight. and outward offiracking may be 
offset by normal superelevaUon of curves. Twins' 
superior tracking in low-speed turns seems a 
significant advantage. especially compared 'With 
the new 48-ft semitrailers, and suggests that twins 
should be less frequently involved in collisions 
while tUrning. 

Twins' special handling characteristics were 
corroborated in a suxvey of professional truck 
drivers conducted for the TRB study. The 
respondents, nearly all experienced union drtvers 
employed by large general freight common 
carriers, expressed a clear preference for driving 
tractor-semitrailers rather than twins and 
perceived semis to be safer and to perform better 
than twins. The drivers found semis especially 
easier to handle on slick pavement, in severe 
crosswinds. and in emergency braking, but 
preferred the handllng of twins on city streets and 
turning sharp corners. Asked to compare the 
frequency of encountering certain adverse 
situations in twins and in semis, the drivers most 
commonly identified tr--ailer sway and rearward 
amplification of steering response as situations 
encountered more often with twins. The most 
experienced twins drivers usually agreed with the 
majority, but tended to see less difference between 
r.vins and semis in most Situations. 

SAFETY IMPLICATIONS OF 
TWINS IMPACTS ON TRAFFIC 

The safety of combination trucks depends not only 
on their handling and stability properties but also 

on the influence of their presence in the traffic 
stream on the operations of other vebicles. The 
twin trailer study exammed the literature on seven 
categories of operational effects of large 
trucks--speed differential, passing behavior. 
freeway merging and lane changing. splash and 
spray, aerodynamic buffeting, blockage of view, 
and lateral placement--to determine whether 
differences between twins and tractor-semftrailers 
in thetrinteractions with traffic might affect safety. 
For all categories of effects except splash and 
spray, there are some grounds for expecting twins 
to have adverse impacts on traffic operations 
compared to the tractor-semftrailers they are 
replacing. Twins generate less spray than five-axle 
semis (l7. 18). However, in all categories the 
differences are slight and seem unlikely to have an 
hnportant effect on safety. 

The marginal degradation of traffic operations due 
to twins that is suggested by these comparisons of 
the performance of individual vehicles will be offset 
by the net reduction in combination truck travel 
that accompanies expanded twins use. 

ACCIDENT RATES .AND 
SYSTEMWIDE SAFETY IMPACTS 

Taken together, the special handling 
characteristics of twins (rearward amplification of 
steering. impaired sensory feedback. and 
high-speed off tracking) are mechanisms that 
could lead to a higher aCCident rate for twins 
operating at highway speeds. However. it is not 
possible to tell from vehicle handling obsexvatfons 
alone how differences in handling affect the 
frequency of accidents in on-the-road experience. 
To predict changes in accidents, actual accident 
and travel data are necessary. 

Analyses of historical aCCident and travel 
experience before the nationwide adoption of twins 
in 1983 indicate that twins had slightly more 
accident involvements per mile traveled than did 
trador-semitrailers similarly operated on rural 
highways. The relative accident rates of twins and 
tractor-semitrailers as reported in the literature 
appear on first inspection to be extremely variable 
and conflicting. Among all the studies identified. 
the reported rate for twins ranged from about 
one-half the rate for tractor-semitrailers to more 
than six times as large. To narrow this range of 
uncertainty, a critical review of this literature 
identified which studies were most successful in 
measuring accident rate differences that are 
genuinely attributable to vehicle configuration 

201 



rather than to the confounding influences of 
environmental factors. 

Of the studies reporting relative accident rates for 
twiP.s and tractoy-semitra:1lers reviewed, five stood 
out as the ones that were the most nearly free from 
obviOus methodological flaws. that made 
reasonable attempts to minimize the obscuri.ng 
effects of the operating environment, and that 
reflect accident experience under cond:l.tions that 
are typical of many roads throughout the nation. 
The three most reliable pre-1983 analyses 
comparing involvement rates in all reported 
accidents for twins and tractor-sern1trn1lers on 
rural highways estimated rates for twins that were 
2 percent less (IS). 6 percent more (20), and 12 
percent more (21) than the rates for 
tractor-semitra:l.lers. In the three most reliable 
analyses of involvements in aCCidents reSUlting in 
fatalities. rates for twins of involvement in fatal 
aCCidents were estimated to be 7 percent less (21), 
5 percent more (22), and 20 percent more (23) than 
the rates for tractor-semitrailers. {For two of these 
accident studies {21, 23} the ratios reported here 
were derived from a re~analysiS of the data rather 
than from aCCident involvement rates reported in 
the source reference.} 

Comparisons of aCCident rates for twins and 
tractor-semltrailers are necessarily imprecise 
because they must be made between the two 
vehicle types operating under very Similar 
condttions--for example, similar routes. drivers, 
and times of day--if they are to reflect safety 
differences between the vehicles rather than safety 
effects of the operating conditions. Even these 
relatively reliable aCCident rate analyses were 
unable to fully allow for the effects of such 
extraneous factors. and in no single analysis was 
the difference measured between twins and 
tractor-semttrailers large compared with the 
inherent uncertainty of the estimates. 

Nonetheless. when taken together. the aCCident 
rate analyses and the handling and stability 
studies indicate that twins will have a slightly 
higher rate of involvement in aCCidents per mile 
traveled than t.he tractor-semit.railers they replace. 
However, the safety consequences of twins depend 
not only on their relative accident rates. but also 
on the reduction in truck travel that accompanies 
their expanded useo The nine percent reduction in 
truck miles in operations that are converted from 
tractor-semitratlers to twins approxtrnately offsets 
the possible increase in accident involvements per 
mile. Hence the likely net safety impact of 
expanded use of twins will be slightly fewer miles 
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of truck travel with slightly more accidents per 
mile of travel, resulting In very little change in the 
number of accidents. When all factors are 
considered. despite the uncertamty in compartng 
accident rates of twins and tractor-sem1trailers, 
twins clearly appear to be about as safe a method 
of hauling freight per ton-mile of travel as the 
tractor-semttratlers they replace. 

SEVERITY OF TWINS ACCIDENTS 

An investigation of the relative severity of twin 
trailer accidents was conducted by using the 
records of aCCident involvements reported by 
motor carriers to the D.S. Department of 
Transportation's Bureau of Motor Carner Safety 
(24). Comparisons were limited to five-axle 
combination trucks carrying general freight in van 
trailers and operated by Interstate Commerce 
Commission-authorized carners. To control for 
possible operating environment influences, the 
data, aggregated over the period 1976-1981, were 
partitioned into 32 categories representing all 
possible combinations of four regIons. fOUT 

highway types, and wo land uses. The severity 
measures analyzed in most detail were the fraction 
of all involvements that were in aCCidents reSUlting 
ill injuxy and the fraction in accidents resulting in 
death. 

This severity analysis showed that overall, twins 
were involved 1..'1 7.5 percent fewer fatal accidents 
(not statistically significant) than would be 
expected if the fractions of twins accident 
involvements resulting in illjury and death had 
been identical to those of tractor-semitrailers. The 
difference in ~u:ry involvement was attributable 
primarily to accidents on divided highways of four 
or more lanes in rural areas. Regional differences, 
if any. were not pronolli"1ced. 

The most notable difference between accidents 
involving twins and those involving 
tractor-semitrallers was that a significantly higher 
proportion of twins aCCidents were single-vehicle 
aCCidents (that is, involved no vehicle other than 
the truck). a factor partially explaining the 
reduced overall severity of twins aCCidents. in 
automobile-truck accidents, differences in 
severity between accidents involving twins and 
those involving tractor-semitrailers were small 
and in no case statistically Significant. 

RECENT ACCIDENT TRENDS 

Experience since 1982 shows an increased twins' 
share of accident involvements that is roughly the 



same as twins' increased share of miles trave1ed. 
For example, excludIng involvements in 
California, the number of multitratler vehicles 
involved in fatal accidents increased from an 
average of 1 08 percent of all combinations involved 
in accidents in 1980-1982 to 2.6 percent in 1984 
and 3 percent in 1985 (25). Collectively, the recent 
data are still too fragmentary to confirm or revise 
the results of pre-1983 analyses that estttnated 
the accident rates of twins relative to those of 
tracior-semitrailers, but they show no surprising 
changes in truck accident experience that could 
be attributed to twins. 

HIGHWAY CONDITION~ 
OPERATIONS. AND DESIGN IMPACTS 

Compared with the tractor-semitraHers they 
replace, twins accelerate pavement wear and will 
increase pavement rehabilitation costs. 1Wms' 
pavement impacts were estimated using the 
relationships between pavement wear and the 
number and magnitude of single- and 
tandem-axle load applications embodJ.ed in the 
pavement design method of the American 
AsSOCiation of State Highway and Transportation 
Officials (26). First, an estimate was made of the 
annual cumulative 10adJng of the highway system 
by the traffic of vehicles that are being replaced by 
twins (primarily, a portion of the traffic of flve-axle 
tractor semitrailers with van bodies haulJng 
general freight), expressed in annual 
equivalent-single-axle-load-mHes using load 
equivalency factors from the MSHTO method. 
Next. equivalent axle loads were Similarly 
estimated for the expected 1990 new twins traffic, 
taking into account the reduction in vehicle-miles 
required to haul the same volume of freight in 
twins. The change in equtvalent-axle-load-miles 
"With twins is a measure of the change in pavement 
wear. All the computations used actual axle weight 
distributions and vehicle classification count data 
compiled by the Federal Highway Administration 
(3), dlsaggregated by pavement type. highway 
class, and region. 

The computations illustrated that three 
characteristics of twins and the loads they cany 
increase pavement wear: 

@ Twins typically weigh more than the 
tractor-semitrailers they replace. '1".v:ins carry 
higher average payloads, and they weigh more 
when empty, but they typically have the same 
number of axles as tractor-semitrailers. 

Pavement wear increases exponentially -with 
axle load. 

(11 The loads on tvvins are usually distributed less 
uniformly among their five axles than 
tractor-semUraller loads, Uniform loading 
miIlimizes pavement wear, again because wear 
lncreases exponenUally "With increasing load. 

W Twins transfer their loads to the pavement. 
with an axle arrangement (five smgle axles) 
different from that of tractor-semttraUers 
(usually one single axle and two pairs of tan
dem axles), On asphalt pavements, a tandem 
axle causes less wear than two single axles 
equally loaded. On portland cement concrete 
pavements. however. a tandem axle causes 
more wear than two single axles equally 
loaded. 

These factors are partially offset because greater 
use oftwms reduces combination-truck travel, but 
with all factors considered, on asphalt pavements 
twins wlll on average cause about 90 percent more 
pavement wear than the tractor-semitrailers they 
replace. whereas on portland cement concrete 
pavement twins will cause about 20 percent more 
pavement wear on average. 

Nationwide, at the expected 1990 level of twins 
use, the additional wear twms will cause would 
cost roughly $50 million annually to repair. about 
2 percent of current highway rehabilitation expen ~ 
ditures by states and 10 percent of the expected 
1990 annual productivity gains In trucking. This 
estimate assumes a load-related pavement repair 
cost of $.0 1 6/equivalent-smgle-axle-load-mile, 
which was the average e."q}enditure on rural Inte:r~ 
states in 1983. 

Twins will have no effect on the rate of deteriora
tion of existing bridges and will not require any 
change m design procedures for new highway 
structures. The forces created in bridge com
ponents by fully loaded twins are less than those 
created by equally loaded tractor-semitrailers. 

The nationwide use of I:W.l.ns probably will not 
affect overall highway congestion and traffic delay. 
As deSCribed 1,."'"1 the preceding section. a twin is in 
most respects slightly more disruptive to traffic 
flow than the typical tractor-semitrailer it 
replaces, but this degradation will be offset by a 
reduction in combination-truck miles of travel and 
the better low-speed turning ma."'1euverabillty of 
twins. 
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Expanded use of twins will not require changes to 
geometric design policies and practices for high
ways. Because twins are more maneuverable at 
low speeds than the tractor-semitrailers they 
replace. they can more easily negotiate inter
change ramps. intersections. and other roadway 
facilities that are designed to accommodate com
bination -truck turning movements. 

SAFETY AND PAVEMENT 
WEAR CONSEQUENCES OF 
48-FT LONG SE:MITRAILERS 
AND l02-IN. WIDE TRUCKS 

The federal law that legalized nationwide use of 
twins also permitted use oftrucks with 48-ft long 
semitrailers and trucks 102-in. wide on the same 
network of roads. In contrast to twins, 48-ft semi
trailers and 102-in. wide trucks had seen little use 
in the D.S. before 1983. Consequently they do not 
have a historical record on which to base defrnite 
projections of their ultimate effects on highway 
safety. freight productivity. or pavement wear. 
Nonetheless. the available information does sup
port some general conclusions about the potential 
extent of use of these vehicles and their impacts. 

The 48-ft sem1trailer is par-dcularly appealing to 
private carriers and truckload for-hire carriers 
who need added volume capacity but do not have 
a potential for savings in handling costs through 
use of twins. The 48-ft length accounts for almost 
60 percent of recent sales of new van trailers and 
is becoming the industry semttrailer standard. 
replacing the 45-ft semitrailer (27). The safety 
effects of 48-ft sernitrailers have not yet been 
established. Compared with the combination 
trucks with shorter semitrailers that they replace, 
which usually also have shorter wheelbases. 
combination trucks with 48-ft sem1trailers are less 
maneuverable (5) and therefore more likely to have 
accidents on turns. However. they will travel fewer 
miles to carry a given quantity of freight because 
oftheir greater cubic capacity. 

Because they are less maneuverable than the 
shorter semttrailers they replace. 48-ft 
semitrailers are more likely to override shoulders 
and curbs during turns and at curves. Therefore. 
widespread use of 48-ft semitrailers will accelerate 
deterioration of highway shoulders and roadside 
signing and guardrails and will probably require 
changes in highway deSign standards. According 
to the survey of state highway agencies conducted 
for this study. at least 18 states have made or plan 
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to make changes to their design poliCies to better 
accommodate these vehicles. 

Most new van trailers (70 percent in 1984) are 
purchased with widths of 102 in. instead of the 
older 96-in. standard. Of new twins, about 90 
percent are purchased with the 102-in. width (27). 
As with 48-ft semitrailers, the safety consequences 
of !ncreasing truck widths to 102 in. have not yet 
been demonstrated. Although wider trucks maybe 
more hazardous on roads with narrow lanes, the 
added width increases stability and reduces the 
possibility of overturn, provided that the trailer is 
equipped with wider axles matching the increased 
width ofthe cargo space (5). Moreover, the added 
width increases the payload per trip on average 
and therefore reduces miles of travel required to 
transport a given amount of freight. 

The use of l02-in. Wide trucks and 48-ft 
semitrailers increases pavement wear. because 
these vehicles generally weigh more on average 
than the ones they replace. The greater weight 
increases net pavement wear despite the 
accompanying reduction in miles traveled. 

CONCLUSIONS 

The TRB Study of Twin Trailer Trucks, conducted 
at the direction of the U.S. Congress. estimated 
benefits and costs of the 1983 nationwide legaliza
tion of twins in the three areas of trucking produc
tivity. safety, and pavements and other highway 
impacts. It showed (Table 1) that although greater 
use of twins has reduced the cost of shipping 
goods by truck. the growth of twins traffic has also 
increased some public costs. particularly road 
pavement wear. However. these added costs will 
be small compared with the shipping cost savings 
gained. Greater use of twins will have little or no 
overall effect on highway safety. 

The safety of trucks in general continues to be a 
major concern, but truck safety depends on many 
factors in addition to the kinds of vehicles allowed. 
Many opportunities are at hand for improving the 
safety of twins and all large trucks, for example, 
through improved vehicle design. controls on 
drivers, appropriate highway design and 
maintenance. enforcement of truck safety 
regulations, and effective safety management by 
trucking firms. The goals of safety and trucking 
productivity are not inherently in conflict--in fact, 
it may be possible to develop trucks that are safer 
than present vehicles yet are more productive and 
less wearing to roads. The optimum values of 



vehicle dimensions that can be safely and 
cost-effectively accommodated on U.S. roads have 
yet to be established. 

Table 1 - The effects of nationwide 
lega.liza.tion of twin tra.iler trucks 

Use and productivity gains by 1990 

'!Wins travel 

Net 
combination-truck 
travel savings 

7.8 billionmi/year-1O.8 percent of 
all combination truck travel; up 
from 3 .7 percent in 1982; 
less-than-truckload carriers 
account for nearly all growth 

500 mi/year - 0.7 percent oHoW 
combination-truck travel 

Freight cost savings $500 million/year (from reduced 
freight handling and reduced 
mileage) - 0.5 percent of intercity 
truck freight costs 

Wghw!lysaiety impacts 

Handling of tw'IIlS Severe rear-trailer sway in response 
to abrupt steering maneuvers 

Driver's ability to sense impending 
trailer instabil!ty impaired 

Rear wheels deviate more from 
track of front wheels at highway 
speeds; tracking is bett.er than that 
of tractor-semitrailer at city street 
speeds 

Accident rates Twins probably have slightly higher 
rates than Similarly operated 
tractor-sern1trailers on rural roads 

Accident severit-j No difference between twins and 
tractor-semitrailers under similar 
conditions 

Systemwtde safety Reduction in travel offsets sUghtly 
higher accident rate; therefore little 
or no net overall effect on safety 

Impacts OD pavement and other highway ieatW'cs 

Pavement 

Systemwide 
pavement cost 

Wear of structures, 
traffic flow and 
geometric design 
requirements 

Twins cause 90 percent more 
pavement wear on asphalt 
pavement and 20 percent more on 
portland cement concrete than 
tractor-semitrailers carrying the 
same freight 

$50 mHlion!year increase in 
pavement rehabilitation cost by 
1990 - 2 percent of total 
rehabilitation expenditures 

Impacts all negligible 
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