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1.0. Introduction
In connection with the newly released updated MARC1-2015 accident reconstruction software I hope
a detailed MARC1 analysis of specific crash test data may be of help to those who are new to
MARC1 and those experts who may need a refresher. In low-speed crash tests data traces recorded
are not always easily interpreted with respect to meaningful data ranges, and hence, are subject to a
reasonable data interpretation. Correct crush depth measurements are not easily done. Conducting
MARC1 crash tests-on-paper will in many cases shed helpful light on the facts involved.
2.0. The Low-Speed Rear-End Crash Test
A 1993 Mercedes Benz 190 rear-ended a stationary 1992 VW Golf in an inline low speed test. The
normally available crash test data such as test weights or specific crash speed were not published.
Inspections of crash photographs below and velocity traces allowed an acceptable data collection.
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3.0. Vehicle Test Data Collection
The curb weights plus a driver plus instrumentation were used to obtain reasonable test weights:
MB: 3000 + 200 + 100 = 3,300 lb
VW: 2350 + 200 + 100 = 2,550 lb
There are two velocity-time recording diagrams. The red line shows the velocity of the MB, the blue,
green and black lines are those of the VW. All traces except for the black line were measured by
recorders located in foot area rear right and left rear area. The black trace was recorded at the left rear
longitudinal structure of the VW. The location of the MB recorder is not stated but most likely was
also located in the floor area (front). The time scale is divided into 20 ms. Consequently, the time
scale starts at 60 ms and ends at 180 ms.
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The black velocity trace recorded at the left rear longitudinal load-carrying structure of the VW most
likely represents the area where accurate impulse dynamics was recorded , and hence, reflects the best
data for impulse comparison analysis.
The speed of the MB (red line) begins to drop significantly between 70 and 80 ms. The speed of the
VW begins to rise at approximately 70 ms. I chose 20.5 km/h or 12.74 mph as test speed of the MB.
The speed of the MB and VW reached a common velocity at approximately 120 to 130 ms. Both
vehicles achieved their final velocities at approximately 170 ms. Consequently, the approximate time
of the compression phase is 50 (or 40) ms, that of the restitution phase 40 (or 50) ms.
The final velocities of the vehicles are: MB = 6.1 mph, that of the VW = 8.7 mph. The common
velocity should probably be represented by the intersection of the red line (MB floor) with the double
green and blue lines (VW floor) rather than the black line (VW left rear longitudinal structure).
Consequently, the common velocity is Vc = 12 km/h or 7.5 mph. The common velocity can be
obtained from MARC1-W2 with coefficient of restitution e = 0 as Vc = 7.2 mph.
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The black deceleration trace of the left rear longitudinal structure load-carrying area shows
decelerations spikes as high as about 220 m/sec2 or approximately 22.4 g. This deceleration spike
occurred at approximately 60 ms from begin of deceleration rise. I chose a deceleration of 140 m/sec2
or 459 ft/sec2 (14.3 g) for the VW. While readers may disagree with me, it is not an extreme value.
Not knowing the damping and filtering of the deceleration recorder, it appears to be acceptable.
All other deceleration data seem to be located “far” from the crash area, and hence, may not directly
qualify for direct impulse analysis comparison.
Of course, accident reconstructionists frequently have a similar dilemma when doing a light-on-off
analysis. Consider a car hitting a wall at a moderate speed without head lights turned on. The question
is: Would one expect to see hot shock at the rear brake light filaments? The answer obviously
depends on the deceleration of the rear corners the car experienced during the crash.
Close inspection of the eight crash photographs allow an approximate distances after impact to be
determined. Knowing the wheelbase for the MB as 8.74 ft yields post-crash distances of
approximately 9 ft for the VW and 7 ft for the MB. MARC1-X8 computes post-crash distance for
each vehicle based on an assumed braking deceleration by each driver. Inspection of Table 1 shows
these deceleration to have been 0.18 (MB) and 0.28g(VW). Using these values in MARC1-W4 shows
that their influence on predicted impact speed is negligible. Also, for braking to have an effect in W4,
braking must occur during impact..
4.0. Impulse Analysis
In an standard impulse analysis the simplification is made that the velocity change occurs in an
infinitesimally short time. In the MB-VW rear-end crash the common velocity was reached after 40
to 50 ms. For comparison, the blinking of a human eye lid takes approximately 300 ms.
4.1. Crash Test-on-Paper Using MARC1-W2
We first need to compute the coefficient of restitution that existed in the MB-VW crash. See Eq. 3311 of the 7th edition. It is given by the ratio of velocity difference after impact to that before impact.
e = (V22 - V12)/(V11 – V21) = (8.73 – 6.2)/(12.74 – 0) = 0.199
The MARC1-W2 print-out is shown next for an impact speed of 12.74 mph. Vehicle 1 (MB in our
case) is always the striking vehicle, vehicle 2 (VW) always the struck vehicle. Inspection of the W2
data show that the test data and MARC1 data are in excellent agreement. It also shows that the total
crush energy of both vehicles is 7,492 lbft. At this point we do not know how this total crush energy
is distributed between both vehicles. However, had we inspected the crash damage of the vehicles,
we most likely could have seen if the damage was that of a low speed impact and consistent with
7,492 lbft..
For comparison, if the MB had impacted a solid wall at 12.74 mph, MARC1-W2 shows for e = 0 and
W2 = 999,999 lb a crush energy of 17,874 lbft, significantly exceeding that of our test crash.
Additionally, if we had matched 17,874 lbft of crush energy in MARC1-X9, the expected
crush depth would have been approximately 6.5 inches (and not 2.2 as in our crash test).
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4.2. Crash Test-on-Paper MARC1 - X8
MARC1-X8 is totally independent of W2. They practically do not know about each other. They share
some data input files. X8 generally applies to two-vehicle oblique collisions. To make the crash an inline
collision, the approach angles are both set at 180 degrees (due west) with Vehicle 1 rear-ending vehicle 2.
However, in X8 no restriction as to which vehicle is Nr.1 is required.
In X8 we specify the impact speeds (in this case 12.74 and 0 mph). X8 also performs an energy balance
calculation with all after-impact motion parameters calculated, including linear and rotational motions
energies. Crush deformations and stiffness coefficients do not have to be used for the X8 crash-test-onpaper to run.
The German crash test does not show any crush deformation. However, I have used the standard A and
B-stiffness coefficients from SAE paper 960897 based on vehicle type and wheel base. A crush depth
of 2.2 in. and crush width of 53 in. are only estimates based on the frontal and rear view photographs
provided. It appears that the crash was a 100% overlap with some emphasis on the left rear of the VW.
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The basic data inline crash data calculated by X8 are fundamentally identical to W2 data. In
addition, the energy balance calculation shows a negative -0.11% error, indicating that the crush energy
input data data are in complete agreement with the X8 crash test-on-paper. The negative sign means a
slightly (0.11%) excess of crush energy.
5.0. Crash Test Reconstruction – MARC1 W4 Low Speed Analysis
In MARC1 - W4 the impact speed of the MB is not known. Its purpose is to compute impact speed.
However, the travel speed of the VW is known to be zero at the moment when the MB impacts the VW. I
further made the assumption that neither driver was braking during the moment of impact. The reader is
encouraged to carefully study Short Paper PCB 10-2006. There we compared many low speed crash test
data against an earlier version of MARC1. The basic underlying physics have not changed. In the new
MARC1-2015 the crash test-on-paper analysis of X8 was expanded to include the study of the coefficient
of restitution required for low-speed crashes This was not available in earlier version of MARC1.
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The attempt in my analysis is to see how many known crash test parameters are available to verify the W4
impact speed calculation. As indicated earlier, correct test data measurements are of critical importance,
and whether they are true indicators of the impact physics involved.
The MARC1-W4 print-out is shown. I have chosen the somewhat “flexible” input data (150000 &
130000 lb/ft and 9 & 9.2 ft/sec) such as to match as many of the test data and crash-test-on-paper data as
possible. The crush depth values of 2.2 inches are estimates based upon experience and viewing of the
photographs. The test speed is basically identical to the actual test speed of 12.74 mph. For example, the
crush energy equivalent speeds used in W4 are basically identical to crush energies calculated in crashtests-on-paper of W2 and X8.
Inspection of Table 1 shows that MARC1-W4 is capable of accurately predicting the low impact speed of
12.75 mph. To always find the correct input data of crush energy equivalent speed and stiffness remains a
real challenge. The major problem is the accurate assessment of crush deformation. What deformation is
soft, versus which involves load carrying members. A large deformation in a soft area may be less stiff
than a very small deformation in a strong area.
The coefficient of restitution is always a critical input factor. I recommend that when a low-speed crash
test has been conducted and sufficient data have been recorded, to do a data analysis similar to this paper.
The reader is encouraged to use the MARC1-W4 low speed outlines shown in Short paper PCB 10 –
2006. As consultant, I was involved in a low-speed inline crash. A low-inline crash test conducted at the
Las Vegas crash conference provided me with the deceleration and velocity traces that allowed me to
bring my analysis to a successful conclusion.
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6.0. Data Comparison
A data comparison is shown in Table 1. Evaluating the velocity and deceleration time-histories is not
always an easy task. Recordings measured in the occupant compartment floor space may provide good
data with respect to the overall performance but are not a true indicator of what happens at the impact
location where both cars achieve a common velocity. See vehicle contact diagram in MARC1- Z1 for
more detail. Good agreement has been achieved by using velocity and deceleration traces and confirm
them with basic data computed by running the MB-VW crash-test-on-paper. Acceptable crush energy
values calculated provide an excellent reference for comparison.
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7.0. Conclusions
Some readers may disagree with my test data interpretation in this low-speed rear end crash. I have
published in my reconstruction book and taught in many SAE and law enforcement seminars, that a good
expert collects the data honestly, analyzes data honestly, and presents the data honestly. In most cases,
and then in particular, where a plastic impact (no guesses on e = 0) is involved, a crash-test-on-paper with
MARC1 – W2 or X8 will show the truthfulness of an accident reconstruction.
In low-speed inline collisions, there may reasonable data ranges, both in terms of measured data
interpretation and computed values. However, the expert who provides an honest “Does-It-Makes-Sense”
analysis has a better chance of having his or her opinions heard and accepted.
I invite comments and
prosourc@xmission.com..
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