(‘ ====

http:/AMww.nhtsa.dot. gov

U.S. Department
of Transportation

National Highway
Traffic Safety
Administration

June 1995

DOT HS 808 574
NHTSA Technical Report

Impacts with Yielding Fixed Objects
by Vehicle Weight







Impacts with Yielding Fixed Objects by Vehicle Weight

Susan C. Partyka
Office of Safety Performance Standards
National Highway Traffic Safety Administration
June 30, 1995

Summary

This report describes the frequency of impacts with trees and poles in
vehicle-to-object crashes (excluding those that were primarily rollover) and
the resulting damage to the impacted tree or pole. Previous research has
shown that injury rates are lower in heavier vehicles in both multiple-vehicle
and single-vehicle crashes. Part of the explanation for the lower injury
rates among occupants of heavy vehicles seems to be that when a heavy wvehicle
collides with another vehicle, the other vehicle tends to be lighter. That
is, what might appear to be an advantage of the absolute weight is largely the
advantage of the relative weight in vehicle-to-vehicle impacts.

The explanation for the lower injury rates for occupants of heavy
vehicles in single-vehicle crashes is more elusive. It has been suggested
that part of the explanation may be that heavier vehicles are more likely to
damage the object contacted, which would mean a lower crash severity for the
vehicle and its occupants. This paper addresses this suggestion by exploring
how many the vehicle~to-object crashes involved tree and peles, how often
these vehicles were damaged by the vehicle impact, and how these crashes
varied by vehicle weight.

It appears that about half of vehicle~to-object crashes involved trees
and poles, and about a third of these trees or poles were damaged by the
impact. Damage to the tree or pole appears more likely for heavier vehicles
than for lighter vehicles in front impacts, but not in side impacts.

Data

There were 7,452 vehicle-to-object crashes of towed Yight vehicles
investigated by the National Accident Sampling System (NASS) during the six
years from 1988 to 1993. For this analysis, impact type was defined by the
most severe damage to the vehicle and the associated object contacted in that
collision (regardless of whether there was a less-severe vehicle-to-vehicle
impact). Vehicles classified as "primary rollovers" (those that rolled over
and also had primary damage caused by either overturn, ground contact, or an
impact with a ditch, culvert, or curb) or with an unknown contact were not
included here. Of the investigated vehicles involved in vehicle-to-object
crashes:

3,832 contacted a tree or pole,
3,597 contacted another identified object, and
3 were reported as invelved in a noncollision event.

These vehicles included 2,475 with primary damage to the front and 1,386 with
primarily side damage.

Method

Light passenger vehicles were classified as passenger cars, utility
vehicles, passenger vans, or pickup trucks using the NASS body type variable.
Passenger cars were divided into six classes based on the vehicle curb weight



reported by the NASS investigators. The weight classes were defined in the
standard 500-pound categories used by the agency, as follows:

Minicompact = up to 1,949 pounds
Subcompact = 1,950 through 2,449 pounds
Compact = 2,450 through 2,949 pounds
Intermediate = 2,950 through 3,449 pounds
Fullsize = 3,450 through 3,949 pounds
Largest = 3,950 pounds and over.

Utility vehicles were divided into the three subcategories defined by the 1992
and 1993 NASS body type: compact utility vehicles, large utility vehicles, and
utility station wagons. Utility vehicles in cases investigated between 1988
and 1991 were reclassified into the later scheme using the reported vehicle
make, model, and model year. Passenger vans were classified as either
minivans or large vans, as defined by the NASS body type. Pickup trucks were
classified as either compact pickup trucks or large pickup trucks, as defined
by the NASS body type. Pickup trucks with slide-in campers and convertible
pickups were reclassified as compact or large pickup trucks based on the
reported vehicle make and model.

The NASS data are stored as Statistical Analysis System (SAS) files, and
SAS was used to create the tables included here. The tables show the number
of investigated cases, the national estimates produced by statistically
weighting the data (using the national inflation factors), and relevant
percentages for damage received from impacts with trees and poles. No
adjustments have been made for missing data, so the results are underestimates
of the number of occurrences nationwide during these six years. However, the
results should be useful in describing the relative frequency of impacts and
damage involving trees and poles.

NASS is a statistical sample, and estimates derived from NASS contain
both sampling and nonsampling errors. Some idea of the reliability of the
estimates is suggested by the number of investigated cases on which each
estimate is based, with estimates based on only a few cases being particularly
susceptible to sampling error.

Frequency cf Tree and Pole Impacts

Table 1 shows that a substantial fraction of vehicle-to-object crashes
involved impacts with trees and pecles. An estimated:

44 percent of front damage and
55 percent of side damage

in vehicle-to-object crashes was attributed to contacts with trees and pcles.
The percentage of car-to-object frontal crashes that invelved impacts with
trees and poles was:

37 percent for minicompact cars,
48 percent for subcompact cars,
44 percent for compact cars,

42 percent for intermediate cars,
43 percent for fullsize cars, and
46 percent for the largest cars.

Figure 1 suggests that cars of all weights were about as likely to have a tree
or pole as the object contacted in frontal vehicle-to-object towaway crashes.

The percentage of car-to-object side crashes that involved impacts with
trees and poles was:



60 percent for minicompact cars,
43 percent for subcompact cars,
53 percent for compact cars,

60 percent for intermediate cars,
67 percent for fullsize cars, and
58 percent for the largest cars.

The results seems to suggest that trees and poles accounted for a larger
fraction of side-impact vehicle-to-object crashes for heavier cars. The
fraction of side-impact vehicle-to-object crashes that involved trees and
poles was 48 percent for the three lightest classes combined and 62 percent
for the three heaviest classes combined. Minicompact and the largest cars do
not seem to fit the pattern, but these classes have the smallest number of
investigated cases.

A greater fraction of large utility vehicles, large vans, and large
pickup trucks involved in front-impact vehicle-to-object crashes had a tree or
pele as the object contacted than was the case for compact utility vehicles,
minivans, and compact pickup trucks, respectively. That is, the larger
version of each of these three vehicle had a larger fraction of vehicle-to-
object crashes into trees and poles (rather than into other objects). This
was also the case for utility vehicles and pickup trucks involved in side
impacts, but not for passenger vans in side impacts. However, some of these
comparisons are based on small numbers of investigated cases.

Damage to Impacted Trees and Poles

Most vehicle-to-object crashes involved damage to the front or side of
the vehicle, so consideration of the effect of the impact on the tree or pole
was limited to these two vehicle damage areas. Table 2 shows the outcome for
trees and poles impacted by the front or side of a light vehicle. An
estimated 35 percent of the trees and poles contacted by either the front or
the side of the vehicle were damaged. This damage included cracked, sheared,
and tilted trees and poles, uprooted trees, pocles separated from the base, and
poles reported to have been "replaced.”

The likelihood of damage to the tree or pole when it was impacted by the
front of a light vehicle seemed to vary by vehicle size. For passenger cars
with front damage from tree or pole contact:

32 percent of minicompact cars,
32 percent of subcompact cars,
28 percent of compact cars,

44 percent of intermediate cars,
41 percent of fullsize cars, and
56 percent of the largest cars

caused some sort of damage to the tree or pole, Figure 2 seems to show a
pattern of increasing tree or pole damage with increasing car weight, which
suggests that heavier vehicles could coffer more protection to their occupants
in tree and pole frontal impacts. The larger versions of utility vehicles and
passenger vans also had higher rates of damage to the impacted tree or pole in
frontal impacts, but this was not the case for pickup trucks.

A different effect is suggested by the data for side impacts. For
passenger cars with side damage from tree or pole contact:

39 percent of minicompact cars,
33 percent of subcompact cars,
30 percent of compact cars,

37 percent of intermediate cars,
23 percent of fullsize cars, and
27 percent of the largest cars



caused some sort of damage to the tree or pole. There does not appear to be a
consistent pattern of either increasing or decreasing damage to trees and
poles associated with differences in car weight. There were very few
investigated cases of utility vehicles or passenger vans impacting a tree or
pole. There were more pickup trucks, and compact pickup trucks had a higher
rate of tree or peole damage than did large pickup trucks (based on a small
number of investigated cases).

Delta V for Tree and Pole Impacts

The NASS investigators do not attempt to estimate either pre-crash or
at~crash speeds, but they do attempt to estimate delta V (the change in the
vehicle velocity during the impact). It would be useful to compare the
fraction of damaged trees and poles to the delta V. However, Table 3 shows
that damage to the tree or pole virtually precludes estimation of delta V;
damage to the tree or pole usually viclates an assumption needed to use the
estimation method.



Figure 1 (above) and Figure 2 (below)
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