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1.0 Introduction
We thought it might be helpful for the MARC1 user and ARJ readers to see Victor Craig’s
problems solved with the MARC1 software modules. Vic provides excellent detailed long-hand
mathematical solutions to each problem. Using MARC 1 is not intended to suggest to readers
that long-hand solution practice is not necessary. The ability to carry out manual calculations
establishes the expertise required of experts throughout their career. Using MARC1 software is
intended to be a companion tool, to allow quick and efficient parameter evaluations, as well as to
provide many more insights easily available with MARC1.
Let us say from the outset, the solutions in ARJ 22/6 are correct. At times we will comment to
help readers visualize additional important elements of the reconstruction involved.

2.0. MARC1 Solutions
2.1. Problem #1
It is a straight-forward motion/deceleration problem. Since MARC1 – A1 also computes the
kinetic energy of the truck, we assumed a weight of 48,000 lb for the dump truck. The drag
factor of 0.51g is that of a good air brake system on a dry road.
The MARC1 – A1 data printout below shows the velocity of the truck as a function for each
tenth of a second (0.1 sec). The stopping time is 5.98 sec. Inspection of the printout reveals, for
example, that after four seconds of braking the truck has traveled 261.51 ft with a travel speed of
22.19 mph at that moment. The kinetic energy of the truck at the beginning of braking is
7,190,728.91 lbft.

ARC1 – A1 : ARJ 22/6 – Prob. 1.

2.2. Problem #2
The problem is a relative motion problem since two vehicles approach each other in the same
traffic lane. When the vehicles are 850 feet apart, the common clock begins to tick.
The MARC1 – B2 printout is shown below. The output table shows the distances traveled and
velocities in one-tenth of a second time intervals. Impact occurs after a time of 4.33 seconds has
elapsed. Further review of the table shows, after three seconds V1 has traveled 277 ft, V2 312 ft.
the distance between them is 260.67 ft.

MARC1 – B2: ARJ 22/6; Prob. 2

2.3. Problem #3
This is a straight-forward motion/acceleration problem. Inspection of the MARC1 – J2
output below shows that the bus accelerated to a speed of 12.19 mph. We could also have used
MARC1 – E1 which calculates speed from distance and deceleration.

MARC1 – J2: ARJ 22/6; Prob. 3

2.4. Problem #4
This is a straight-forward motion problem with a motorcycle traveling over different lengths
of surfaces with different drag factors. The MARC1 – J2 data printout is shown below. Now let
us assume that the motorcycle after sliding the last segment of 107 ft did not come to rest and
impacted a stationary pickup truck pushing it a certain distance indicating a secondary energy of
24000 lbft. Also assuming a motorcycle weight of 470 lb, calculation now yields a travel speed
of 69 mph (instead of 56 mph) (see example two below).

Example two with secondary impact energy:

MARC1 – J2: ARJ 22/6; Prob. 4

2.5. Problem #5
This is a straight-forward motion problem involving vault speed analysis. The MARC1 – L1
printout is shown below. The speed required to depart under an angle of 4 degrees (7%) upward
and land 70 ft horizontally from takeoff-point is 86.54 mph. For a Camaro weight of 3680 lb the
crush energy at 86.54 mph is 919,767 lbft. A detailed vault analysis including pitching motion
can be done with MARC1 –L2.

MARC1 – L1: ARJ 22/6; Prob. 5

2.6. Problem #6
This is an engine-transmission-final drive-tire radius problem. As it is usually done, we
assume that the driven tires are not slipping. The two MARC1 – M3 data printouts are shown
for an engine speed of 800 and 2100 RPM. If the driven tires were slipping, the engine speed is
not fully transmitted to the driven tires. With 100% slip to vehicle does not move at all.

MARC1 – M3: ARJ 22/6; Prob. 6 – 800 RPM

MARC1 – M3: ARJ 22/6; Prob. 6 – 2100 RPM

2.7. Problem #7
This is a speed-from yaw marks motion problem. The reader is reminded that the yaw marks
must have been caused by a steering input by the driver, and not, for example by rear tire tread
separation, by bumping by another vehicle, or by premature rear brake lockup.
We first compute the tire mark radius from MARC1 – M3. The data output is shown below
indicating a right front tire mark radius of 292.68 ft.

MARC1 – U1: ARJ 22/6; Prob. 7a

Since the speed from yaw marks applies to the center-of-gravity, we have adjusted the cg-radius
by 3 ft to 289.68 ft. MARC1 – U3 data output below shows a speed of 60.88 ft.

MARC1 – U3: ARJ 22/6; Prob. 7b

2.8. Problem #8
This is a straight-forward intersection collision problem. MARC1-X5 uses the polar
coordinate system where east is 0 degrees, north 90 degrees, west 180 degrees, and south is 270
degrees, and 360 degrees is the same as 0 degrees, namely east (sin0 = sin360 = 0; cos 0 = cos
360 = 1).
The MARC1 – X5 data output is shown below. It computes the same speeds as ARJ, as well as
many other very useful data such as delta-Vs at the center-of-gravity of the vehicles, the impulse
at the crash point (common velocity), direction of principal force (same as impulse direction or
delta-V direction) and crush energy. Since linear momentum does not calculate rotational afterimpact dynamics, the crush energy value of 86,569 ftlb assumes rotational energies after impact
as zero. However, if the accident scene investigation indicates some vehicle spinning after
impact, the actual crush energy shown may be lower by the amount of rotational energies after
impact. Standard linear momentum does not know anything about rotational dynamics!

Using the sketch shown in the TEST YOUR SKILL section for problem 8 as a guide to locate
vehicles at impact, and running a crash-test-on-paper with MARC1 –X8 (which includes linear
and rotational momentum) yields a total rotational after-impact energy of both V1 and V2of
approximately 15,773 lbft. V1 will rotate 109 degrees, V2 only 32 degrees after impact.
The crush energies in terms of A and B-stiffness values and crush depths are all estimated
assumed values. However, they seemed to be in harmony with the “reconstruction” since the
energy balance error is only 0.34% as an inspection of the last calculated date output shows.

“Crash Test on Paper” MARC1 – X8: ARJ 22/6; Prob. 8

