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Introduction

This project was undertaken to provide an improved method for selecting
the locations, lengths, and grades of gravel beds for stopping runaway trucks
safely. A convenient program has been developed for use on desk calculators
having program storage of about 250 steps or more. It can be used to predict
the speed of a coasting truck as it travels along a grade of varying steepness.
Surface drag can be chosen to represent either pavement or a bed of loose gra-

vel.

Program Usage and Limiting Assumptions

During the design process, the program may first be used in the pave-
ment mode to determine the speed a runaway truck might reach at various points
as it coasts down a paved highway grade. Following this, the gravel bed mode
can be used to check any desired combinations of entry speed, grade, and length
for escape ramps. Thus, escape ramp configurations and locations can easily be
chosen to match the terrain and the expected truck speed at any point along the

highway.

Several simplifications were required to kecp the program short enough

for desk calculator use. First, vertical curves are approximated by chords.
Se¢ond, horizontal curvature has been ignored altogether. Therefore, the energy
loss due to sideways friction in curves isn't considered. This means the speed
prediction for a runaway truck may be slightly high in some cases. Another re-
sult of ignoring horizontal curvature is that the speed estimation is indepen-
dent of safe cornering speed. The user must check the speed predictions against
horizontal alignment to determine whether or not a truck can necgotiate a given
curve at the predicted speed. Finally, the truck is assumed to be out of gear.
This corresponds to a situation where the driver has tried to downshift to in-
crease the engine braking effect, but has missed the shift.

Program Description

The theoretical basis of the program is energy summation followed by com-
putation of the speed corresponding to a given kinetic energy. The energy sum-
mation has the foliowing forms:

Final Initial Energy change| [Energy loss| . [Mechanical Air drag
kinetic|=|kinetic|+| due to ele- [-|due to road|- |loss within|-]| energy
energy energy vation change friction the truck loss

Mathematical expressions for road, mechanical, and air drag losses appear
in references (1) and (3). Reference (2) indicates the air drag and mechanical
loss expressions given in (1) are unrealistically high, and suggests that they
be multiplied by 0.72 and 0.22, respectively. These factors were used in the
Idaho Transportation Department program, and a further change was made as a
result of field testing. The detailed energy summation, afler solving for spced
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is:

V= 5.469 (.03343 V2~ H ~ KL - ,000016 V L - .0012 FLVZ /W) 2

Where V = speed (mph) at the end of distance L

V, = speed (mph) at the beginning of distance L

H = vertical distance (ft) corresponding to distance L

K = constant incorporating surface friction and
speed-independent portion of mechanical loss:
.01675 for pavement and .26175 for gravel bed

L = grade distance (ft) computed from stationing
and decimal fraction grade

V, = average of V, and V

F = frontal area of truck (ftZ)

Vﬁ = average of V% and v2

W = truck weight (1b)

The fact that ¥, and V%'are both functions of V complicates the determi-
nation of V., An iterative technique was chosen because it is relatively easy
to program. A first estimate for V is obtained by assuming the potential energy
available, as weight W moves through vertical distance H, is all converted to
kinetic energy. First estimates for V and V% are then computed and inserted into
the right side of the expression. The right side is next evaluated, giving an
improved estimate of V. The process is repeated until successive approximations

differ by less ‘than 0.1 mph.

Program structure is outlined in Figure 1. Note that input data is calied
for in two places. Initial input includes information about the truck. Input
at a grade change requires only data about the length and steepness of the new
grade. The original truck data and the spced at the end of the previous grade
are retained in memory and necd not be reentered.

Field Verification

A series of downhill coasting runs was made on an Idaho highway, using a
Department tractor and lowboy semitrailer loaded with a motor grader. As indi-
cated carlier, a change was made in a program constant as a result of the field
work, This adjustment yielded a speed prediction error of two mph or less, up
to 64 mph for the conbination of vechicle and grade under which the testing was
done. No testing was done above 64 mph, nor was any other truck-trailer combina-
_tion readily available for testing. The appendix contains a morc detailed dis-

cussion of the field work.
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FLOW CHART FOR

TRUCK COASTING SPEED PROGRAM
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Horizontal Increment Lgth.
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due to elevation change

Iterate total energy expressicn
to improve speed estimate

Y

Display speed, add 1 to increment count
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previous dist. incre-
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dist. increment
X
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increment
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ment as V, for next

dist.

increment

Figure 1




Field verification of the gravel bed mode of program operation is

based on a series of runs made in 1977 by the Oregon State Highway Division.

A loaded tractor-flatbed trailer was coasted at speeds up to 55 mph into a
gravel bed having a grade of =5.5%. The gravel was 18 inches deep, and met
the following gradation specification:

Sieve Size % Passing

1 Inch 100
3/4 Inch 85-100
3/8 Inch 0-15

The gravel coefficient in the calculator program was adjusted to give
a stopping distance at 80 mph, which is 20 feet greater than indicated by
extrapolation of the Oregon field data. Further details are presented in
the appendix.
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APPENDIX

Downhill Coasting Runs on Pavement

A series of field runs was made September 22, 1978, on I-80N, between
mileposts 108 and 109. Highway grade varies from -4.0% to -4.3%. The
vehicle used was a forward-engine tractor towing a lowboy semi-trailer loaded
with a motor grader. Gross weight was 61,200 tb., and overall frontal area,
including grader cab, was 82 ft4. All runs were made with the transmission

out of gear.

Typical distance~speed data from the field runs are given in Table A-1.
Speedometer observations were made as the truck passed roadside delineator
posts. Tabulated speeds include correction for speedometer error. These
corrections were obtained from a speedometer, calibration check performed the

same day as the coasting runs.

Table A-1 also lists estimated speeds given by the calculator program,
incorporating a modification made as a result of the field runs. This change
invoives the speed-independent mechanical loss term of the energy balance.
Reference (3) gives a resistance value of 6.75 Ib, per 1000 1b. of truck
weight, but 4 1b, per 1000 1b. was found to give better speed prediction under
the conditions of these field runs. Computed results also include the effect
of an altitude correction factor of .94 applied to air resistance.

Figure A-1 is a graphical presentation of the speed data in Table A-I.



o—
o=

6" €9 79 9709 LS 0°8% 95 058y Ll

G8¢ €'v

9729 €9 A 63 G99 GS Gogv H
0le ey

¢ 19 L9 9° LS 84 81§ ¥S GGeP 6
029 €'y

¢8G4 84 €19 12 ¢ 1§ LS GE9e g
0ss €'y

¢ GS Gg 0" LS A 9" LY 3y G80E L
08§ €'y

0°¢g A ANA 1537 97 ¢V v Ges¢ 9
. _ 005 €1

6°8Y Y7 8 EY G G 6E 0y Ge0¢ S
a G/€ €'Y

€' 9v L°0Y 0°9¢ 0991 M. 54

0¢ 0't

LGy 9y ¢ 6¢ )7 ¢Tve G¢ 09vlL 14
8y 0'v

8 LY A £ Gt 9¢ G 6¢ L€ 086 : 13
LY 0'tv

£°8¢ 8¢ 8°0¢ A L7 €2 12 60§ A
_ GQS 0'v

123 123 G G¢ Gl Gl 0 L

493 3Wo | 431 3W0 483310
weuaboag  -psadg  wesboud  -poadg  weaboud -paadg 14 T3St 24 o spedy ASGUNY
SAL}R{NWNY  "3SLQ  9AL3ebBIay  403B3ULLAQG

HdW p2aads yo2nua’

L -V 3ltgvi



707

Crosses and broken
lincs are field
data. Solid lines
were calculated
using the program.

10

1000

T 1
2000 3000

Distance, Ft.

Figure A-1

it



Gravel Bed Data from Oregon

The gravel resistance factor used in the program is based on a series
of field runs made by the Oregon State Highway Division in December of 1977.
The arrester bed was described in the body of this report. Several runs
were made with a 5-axle tractor semi-trailer combination, both locaded and
empty. Empty weight was 28,800 1b., and loaded weight was 49,200 1b. All
runs were made with the transmission out of gear.

Entry speeds and stopping distances furnished by Oregon are listed
below., Radar was used to measure the entry speeds.,

Entry Speed
V, mph. 28,5 28,5 39.5 Lo 48 55 28 27 Ly Lo 53

Stopping Dist.
to Front Axle 123 132 246 259 359 4L8L 129 113.5 253 236 L33.5

D, ft.

Loaded or .
Empty E E E E E E L L L L L

Using a least squares technique, the following regression expression
was obtained based on the Oregon data:

log V = .5039 log D + .3938 (V = speed, mph and D = distance, ft.)

The foregoing regression equation was used to extrapolate the Oregon
data to a speed of 80 mph, giving a stopping distance of 990 ft. The gravel
resistance term in the calculator program was then adjusted to give a com-
parable stopping distance for the conditions of the Oregon runs. The value
selected is 255 1b, resistance per 1000 1b, of truck weight, giving a stopping
distance of 1010 ft., This slight conservatism was incorporated into the pro-
gram to help compensate for uncertainties in the original data and to provide
a slight margin of safety in design.
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