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Analysis of Side Impact Test Data
Comparing SID and BioSID

The Side Impact Dummy (SID) and injury criteria
are critical elements in the side impact test
rocedure developed by National Highway Traffic
gafety Administration (NHTSA). The proposed
procedure uses the NHTSA SID, the Thoracic
Trauma Index (TTI), and pelvic acceleration injury
criteria (1,2)°. In 1985, the Motor Vehicle
Manufacturers Association (MVMA) conducted a
series of 16 full-scale side impact tests using the
NHTSA test procedure (3). The results of this
initial series of tests showed that both reinforced
side structure and foam padding on the door interior
significantly reduced the TTI, as measured by the
NHTSA SID.

An issue that is closely associated with the
biomechanical fidelity of the anthropormorphic test
device is the choice of a thoracic injury measure. In
1986 Lau and Viano (4) proposed the use of a
deformation-based injury criterion, the Viscous
Criterion (V*C), as an alternative to the
acceleration-based injury criterion, TTI.
Calculation of V*C requires information on both the
compression and rate of compression of the ribs,
something the NHTSA SID was not designed to
measure. The European Side Impact Dummy
(EuroSID) developed by the European Experimental
Vehicle Committee (EEVC) had the capability to
make compression measurements.

In 1987 and 1988, both the U.S. Motor Vehicle
Manufactures Association and the Japanese
Automobile Manufacturers Association (JAMA)
independently conducted full-scale tests to evaluate
the EuroSID in both the NHTSA and EEVC side
impact test procedure (5,6,7,8). The U.S. and
Japanese tests produced similar results. Rib
accelerations and TTI were higher for the EuroSID
in the front seat when the ng'ITSA procedure was
used. Deceleration measures, in general, had
smaller variances and discriminated the effects of
door padding and side structure with greater
statistical significance (6,8). Variability was
substantially greater for the compression and
viscous measures, and consequently, they did not
discriminate well. The viscous and compression
measures tended to show little or no effect of door
padding or side structure stiffness changes. Force
deflection characteristics of the EuroSID rib
structure were considered too stiff, as was the
NHTSA SID, to differentiate the compression effects

*  Numbers in parentheses designate references at end of
paper.

of the changes in door padding and side structure
that were tested (9).

The lateral impact response of the NHTSA
SID and EuroSID were evaluated by the
International Standards Organization (10,11,12,13).
They concluded that neither dummy had sufficient
biofidelity to be used to assess side impact
protection (14). In response to this conclusion, an
SAE side impact task force was formed and the
BioSID was developed (15).

The Motor Vehicle Manufacturers Association
conducted a series of 12 full-scale side impact tests
at the General Motors Proving Grounds to
determine if the improved biofidelity of the SAE
BioSID produces a significantly different
assessment of the potential for injury reduction
than the NHTSA SID. This paper presents the
results of a statistical analysis of these data.

EXPERIMENTAL DESIGN

A mid-size, four-door passenger car was used
for the tests. The dummies were not belted. All
tests were conducted according to the proposed
NHTSA test procedure with a dummy in both the
front and rear seat position. The experimental
design is a full factorial in two variables, dummy
type and door padding, each having two levels. The
two types of dummy are the NHTSA SID and the
SAE BioSID. The door padding levels correspond to
the production door interior and a modified door
interior obtained by adding 3-inch-thick Arcel
512™ foam pads opposite the thorax and pelvis.
The arm rest was left exposed and was
approximately flush with the surface of the pads.
The dummy type in the rear seat is always opposite
the dummy in the front seat, so that no tests are
called for with two dummies of the same type in
both the front and rear seat.

The basic design is a 22 full factorial. There
are four runs corresponding to the four possible
combinations of the two levels on each of two
variables. These four runs are replicated three
times in order to increase sample sizes for tests of
significance. Based on three replications, the
expected precision is such that if the effect of the
dummy or the padding is approximately equal to the
coefficient of variation when expressed as a percent
of the average response, the result will be
statistically significant at the 95% level.

The 12 tests are listed below in standard
order. The order of the runs was randomized within
each of the three blocks. The sequential order in
which the tests were actually conducted is shown in




the last column of the table below. Each block
contains one replication of the basic four-run design.

DESIGN

STAND. FRONT REAR DOOR BLOCKTEST

ORDER DUMMY DUMMY PAD NO.  SEQ.
1 SID BIO BASE 1 4
2 BIO SID BASE 1 1
3 SID BIO MOD 1 2
4 BIO SID MOD 1 3
5 SID BIO BASE 2 7
6 BIO SID BASE 2 5
7 SID BIO MOD 2 6
8 BIO SID MOD 2 8
9 SID BIO BASE 3 10
10 BIO SID BASE 3 9
11 SID BIO MOD 3 11
12 BIO SID MOD 3 12

The blocking was incorporated to check for
systematic error over the course of the experiment.
For example, drift in the calibration of a transducer
or damage to a dummy may go unnoticed. Such
errors could introduce a constant shift in the
remaining tests. Blocking is a way to identify such
changes by comparing the average value of the
responses in each block. These block differences can
be incorporated in the analysis if necessary.

There were five acceleration-based measures
common to the two dummies, and an additional 11
measures available only from the BioSID that were
used in the analysis. These measures were the
dependent variables, and are listed below:

B I BioSID

Thoracic Trauma Index

Rib 1 Peak Lateral Acceleration (g)

Rib 3 Peak Lateral Acceleration (g)

Peak Lower-Spine Lateral Acceleration (g)
Peak Lateral Pelvic Acceleration (g)

BioSID only

Rib 2 Peak Lateral Acceleration (g)
Rib 1 Maximum Compression (mm)
Rib 2 Maximum Compression (mm)
Rib 3 Maximum Compression (mm)
Rib 4 Maximum Compression (mm)
Rib 5 Maximum Compression (mm)
Rib 1 V*C Maximum (m/s)
Rib 2 V*C Maximum (m/s)
Rib 3 V*C Maximum (m/s)
Rib 4 V*C Maximum (m/s)
Rib 5 V*C Maximum (m/s)

DATA

Figures 1 through 10 are bar charts of the five
common injury measures listed above. Each figure
shows all 12 tests, with the three replications

ouped together for each of the four test conditions.

he first two groups of three correspond to the
baseline door interior, and the last two groups show
the responses with the modified padding. The type
of dummy, SID or BioSID, is indicated under each
group of three replications. The data from the front
seat position are shown in Figures 1-5, and from the
rear seat position in Figures 6-10. Compression
measures from the BioSI%‘are shown in Figures 11
and 15 for Ribs 1-5 respectively, and the V*C results
are shown for each rib in Figures 16-20. Results for
both the front and rear seat are shown in each of
these figures.

ANALYSIS METHOD

A linear least squares regression model was
used to quantify the relationship of the two
independent variables to the injury measures.
Independent estimates are produced for the main
effects of each variable as well as for the interaction
effect of the two variables. The basic model
employed for each injury measure is the following:

LM. =C + b*DUMMY + %PADDING

+ by,*DUMMY*PADDING (1)
Where:
ILM. = the injury measure
C = constant, or average value
DUMMY = dummy, SID(-1) vs BioSID(+1)
PADDING = baseline(-1) vs modified(+1)
b, = main effect of dummy type
b, = main effect of padding
by = interaction of dummy and padding

The results of this analysis are summarized in
Table 1 for the five acceleration-based measures
that are common to both dummies. The top half of
the table shows the results from the front seat
position, and the bottom half shows the results from
the rear seat. Separate estimates were calculated
for each injury measure. The resulting coefficients,
or effects, are listed in the corresponding column.
For example, the results for the Thoracic Trauma
Index are shown in the column of Table 1 labeled
TTI. Looking at the front seat results, the constant
is simply the average TTI value for the 12 tests.
The two main effects are shown next. The main
effect of the dummy type on TTI is shown as 4.7.
This means that the average TTI of the BioSID was
4.7 g’s higher than the SID. However, the asterisk
indicates that this difference was not statistically
significant at the 5% level. Since the coding used
for the independent variables in the analysis results
in a change of 2 units (from -1 to +1) in going from
the low level (SID) to the high level (BioSID), the
effects shown in Table 1 are twice the value of the
least squares coefficients (b’s) shown in equation (1).
Looking at the main effect of padding, the modified
paddirrxﬁldecreased the TTI by 17.3 ¢’s.

ere is also an interaction effect shown, —4.8
for the TTI in the front seat. The interaction effect
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indicates whether the effect of padding was the
same for each of the dummies, In this case, the
interaction term indicates that the effect of padding
was to reduce the TTI an additional 4.8 g’s for the
BioSID as compared to the SID. In other words, if
the effect of padding were calculated separately for
the SID and the BioSID, the results would be a
padding effect on TTI of -12.5 g’s for the SID, and
an effect of -22.1 g’s for the BioSID. The interaction
effect was not statistically significant in this model.

The block effects shown require a brief
explanation. Recall that the blocking variable was
introduced to distinguish the three replications of
the basic four-run design. In the absence of any
systematic changes over the sequence of tests, the
average value of each injury measure should be
about the same from one block to the next. More
precisely, the variation from block to block should
be consistent with the normal variability of the
measure.

However, when the results were analyzed, a
few of the acceleration-based measures from the
BioSID in the front seat position showed substantial
block to block variation. For example, look at the
variability of the lower thoracic rib (Rib 3)
acceleration in Figure 3 for the BioSID in the front
seat as compared to the SID. In particular, the first
replication of the BioSID in the front seat with the
baseline padding produced appreciably higher rib
accelerations than either of the subsequent
replications of this test condition. It may be
significant that this was the first of the 12 tests
conducted.

The implication, of course, is that there was
some ext%erimental error, or problem, with the first
test in the series. However, no physical basis has
been identified for the apparently high rib
accelerations. The BioSID thorax calibration test
response showed no significant differences between
tests, and the crush profile of all 12 vehicles and all
12 barrier faces is, for all practical purposes, the
same. Thus, there is no basis for exclusion of this
test from the analysis. The barrier faces are
scheduled for force-deflection tests in the near
future.

Assuming that there was an error in this test,
even though undiscovered, raises the concern that
the comparison of the two dummies, or the other
effects calculated in the analysis, might be in error.
This concern was addressed by recalculating all of
the front seat effects shown in }i‘able 1 separately for
each of the three replications. This is possible
because each replication was a full factorial
experiment. While there was some variation, the
effects were all similar from the three replications.
Consequently, the agparent experimental error on
the first test with the BioSID does not appear to
have introduced any bias in the calculated effects.
It does, of course, inflate the variance of the affected
measures for the BioSID.

This variability produced a relatively poor fit
for the affected models. However, the experimental
design allowed the block effects to be incorporated
into the model. These are the three coefficients

labeled as Block 1, Block 2, and Block 3 in Table 1.
The calculated coefficients indicate the change in
the average value of the measure for each block
relative to the overall average, as given by the
Constant term. Looking at the coefficient for Block
1 in Table 1, the average TTI in the front seat was
7.9 g’s higher than the overall average of 70.9 g’s
(the value of the Constant). Since the block effects
are calculated relative to the overall average, the
sum of the three block effects is zero. The
advantage of including the block effects is that the
overall fit of the model is improved. The
experimental design is such that the calculated
effects are independent. Thus, the inclusion of the
block effects does not change the values of the other
effects in the model.

The multiple correlation coefficient, R% shown
in the last row of both the Front and Rear sections
of Table 1, is a measure of how well the model fits
the observations. It is the ratio of the variation
explained by the model to the total variation of the
observations relative to the mean. The models
reproduce the average of the three replications of
each of the four test conditions in the basic design
exactly. Since there is no lack of fit, the R? value is
only a reflection of the variability of the injury
measure. If there were no variation in the replicate
runs, R would be 1.0. With the addition of the
block effect, R improves to about 0.9, except for the
TTI in the front seat, where R2 = 0.80. For
comparison, the value of R? for the model without
the block effect is shown in parentheses in Table 1.
The models were highly significant (p < .001, except
TTI in the front seat where p < .05). Individual
effects that are not statistically significant are
indicated with an asterisk.

COMPARISON OF SID AND BIOSID

As in the JAMA test series with the EuroSID
(8), the results in the front seat are appreciably
different than in the rear seat. The comparison of
the two dummies in the front seat position will be
discussed first. Table 1 is organized so that one can
compare the models for each injury measures by
reading along the rows of the table. The dummy
comparison is based on the main effects calculated
for the dummy, shown in the second row of Table 1.
The main effects for the dummy shown in Table 1
are simply the difference in the average of all the
BioSID runs and average of all the SID runs. A
Egs}iltive sign indicates that the BioSID average was

igher.

g Based on these main effects calculated for the
dummy, the TTI and pelvis acceleration are not
significantly different from the SID and BioSID.
The peak thoracic rib accelerations from the BioSID
are significantly (20-40%)" higher than from the

**  Percentages were calculated by dividing the magnitude of
the effect from the analysis by the average response, or
constant. For example, the main effect of the dummy on
geak acceleration from first thoracic rib is shown as 14.0 in

'able 1, or 20% of the average peak acceleration from the
first thoracic rib of 71.1.



SID. The lower-spine lateral acceleration, on the
other hand, is significantly lower, by about 30%,
from the BioSID. An important feature of the front
seat results is the significant block effects for both
rib accelerations and the TTI. While this problem is
most evident in the first BioSID run, it also shows
up in other runs and in the SID to a lesser
magnitude. These differences are also evident from
Figures 1-5. While the addition of a blocking
variable removes much of this problem from the
models, the overall repeatability of these tests, as
indicated by the R2 values, is still not as good as the
R? values obtained from the tests conducted by the
Japanese (8).

There are also some differences in the effect of
the door padding as measured by the two dummies
in the front seat. Based on the five common
acceleration-based measures, both the SID and the
BioSID give consistent indications of the direction of
the adgilng effect. Looking at all five measures, the
modified door interior produces reductions ranging
from 7% for the lower spine to 46% for the third rib.
These reductions are all statistically significant,
except for the lower spine. However, the interaction
terms show that the magnitude of the reduction due
to the padding may be somewhat different
depending on which dummy is used. For each of the
five measures, except the lower spine, the
interaction term indicates that the BioSID shows a
somewhat larger padding effect. However, this
interaction is not statistically significant. The
exception, lower spine, showed a 16% reduction in
the SID and no effect in the BioSID.

Whereas the peak rib accelerations were
higher from the BioSID in the front seat, they were
lower in the rear seat. This difference was not
statistically significant for the upper thoracic rib
(Rib 1), but was for the lower thoracic rib (Rib 3)
and for TTI. The magnitude of the difference
ranged from 15-30%. Also unlike the front seat, the
pelvis acceleration from the BioSID was
significantly lower by 25%. Only the lower-spine
peak acceleration showed an effect in the rear seat
that was similar to the front seat, with the BioSID
lower 'tl)‘i almost 40%.

e main effect of padding in the rear seat
was generally consistent with the front seat result,
although the magnitude of the reduction was
somewhat greater. The interaction terms from the
rear seat were opposite in sign, except for the lower
spine. In other words, the BioSID in the rear seat
produced lower estimates of the effect of padding by
about 30%.

A final difference between the front and rear
seat is that the blocking effects were generally not
statistically significant in the rear seat, and were all
relatively small in magnitude. The many
differences between the front and rear seat position
imply that the collision is much different in the two
positions. Some of the differences, particularly in
the rib accelerations, may be due to differences in
the direction of loading and spacing of the dummy
relative to the door padding. The loading in the
rear seat may have a greater rearward velocity

component than in the front seat due to the edge
loading of the movable deformable barrier face and
the actual impact location.

COMPRESSION AND VISCOUS MEASURES

Compression and viscous measures can be
made with the BioSID, but not the SID. Limiting
the analysis to the BioSID, the design has only one
independent variable, the padding. The effect of the
padding was calculated for both acceleration-based
and compression-based injury measures from the
BioSID. The results are shown in Table 2. Notice
that all of the acceleration-based measures show a
substantial reduction for the modified padding in
both the front and rear seat position, except for the
lower spine.

The compression measurements and Viscous
Criteria in the front seat position show results that
are the opposite of the acceleration-based measures.
The compression data are plotted in Figures 11-15
for Ribs 1-5 respectively. Compression
measurements get increasingly larger for the lower
thoracic and abdominal ribs (Rib 3 and 4) in the
BioSID with the modified door interior. V*C values
are plotted in Figures 16-20. The Viscous Criteria
increase for the lower thoracic and abdominal ribs
(Ribs 3 and 4) with the padded door interior. While
the compression effects are generally statistically
significant, the largest increase in V*C is not.
However, block effects were not included in this
model.

These results are consistent with other
studies that have found that padding decreases
acceleration levels, but increases the seformation
(16, 17). The position of the dummy relative to the
interior sheet metal was not changed when the
padding was added. Insertion of the 3-inch pad
effectively moved the interior surface 3 inches closer
to the dummy. This is similar to the situation
modeled by Deng (16). The hypothesized
mechanism is that the padding produces an earlier
contact with the thorax and a longer duration
impact resulting in more deformation. However,
detailed analysis of thorax contact velocities and
durations has not been completed, so the actual
mechanism in this BioSID test series is not known
yet.

In the rear seat position, there was no
significant effect of the padding on the compression
and viscous measures, except the fourth rib shows a
statistically significant reduction in compression
and V*C. The mixed results in the rear seat may be
due to the impact direction being somewhat more
rearward as compared to a fairly direct lateral
impact in the front seat, or the dummy may not be
in the barrier impact area.

COEFFICIENTS OF VARIATION

The coefficient of variation, shown in Table 3,
is a measure of the repeatability of the dependent
variables, or injury measures. It is calculated from
the variation in the replicate runs and expressed as



the standard deviation of the replicate observations
as a percentage of the average value for the
measure. In form, it is similar to a “percent error.”
Block effects were not adjusted for in the calculation
of the coefficient of variation.

Coefficients of variation on acceleration-based
measures from past tests are on the order of 10%
(6,8). Many of the acceleration-based measures
shown in the top group of Table 3 have comparable
coefficients of variation. The rib accelerations from
the BioSID in the front seat are appreciably higher
at 16-32%, as is the upper thoracic rib (Rib 1)
acceleration for the SID in the front seat. This is a
reflection of block differences that have been
discussed previously.

The compression measurements in the front
seat generally have very good coefficients of
variation, well below 10% for the most part. The
V*C measure shows higher coefficients of variation
in the front seat, ranging from 13-28%. This result
is consistent with EuroSID results. Overall, the
compression and viscous measures have much
higher coefficients of variation in the rear seat
position as compared to the front seat.

SUMMARY

The responses of the two dummies are clearly
different in many respects. Only the pelvis
acceleration in the front seat and the upper thoracic
rib (Rib 1) in the rear seat were not significantly
different. Higher rib accelerations are consistent
with the reduced inertia of the BioSID chest.
Differences in the TTI were not significant in the
front seat position because this measure averages
the rib accelerations (that were higher in the
BioSID) with the spine acceleration (that was lower
in the BioSID).

In the rear seat, all of the acceleration-based
measurements common to both dummies were lower
for the BioSID. This result may be due to
differences in the direction of impact and/or dummy
spacing in the rear seat as compared to the front.
Despite these differences, when acceleration-based
measures are used, both the SID and the BioSID
show significant reductions for the modified door
interior with the foam padding in both the front and
rear seat positions.

However, the compression and viscous
measures show the opposite result in the front seat.
Both the compression measurement and the Viscous
Criteria increased with the modified door interior in
the front seat. The results were mixed in the rear
seat, with most of the compression and viscous
measures showing no significant difference, except
for the fourth rib, that showed a reduced
compression and Viscous Criterion with the
padding. Coefficients of variation were generally
good for the compression measurements, but were
appreciably higher for the viscous measurement.

These results have important implications for
the side impact test procedure. With the
acceleration-based TTI as the measure of injury, the
modified door interior produces substantial

reductions using either SID or BioSID. The
modified chest structure of the BioSID shows even
greater reductions in the TTI due to the padding
than the SID. In the front seat however, the
compression-based measures predict the opposite
result. These results illustrate the critical impact
the choice of injury measure may have on vehicle
design changes that are to be developed on the basis
of the side impact test procedure.
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TABLE 1

ACCELERATION EFFECTS
EFFECT T  RB1 RB3 SPINE PELVIS
FRONT SEAT
CONSTANT 709 711 738 637 83.2
DUMMY 47 140 290  -183 —5.3%
PADDING -173 207 -338  -45%  -206
DUM*PAD 48* -62* -153* 58 5.1*
BLOCK 1 79 110 173  -18*  -35*
BLOCK 2 16 37  -18 0.4* 3.7*
BLOCK 3 %3  -13  -155 14 —0.9*
R? 080 088 087 093 0.97
wlo Block 057 (063 (0.66) (092  (0.93)
REAR SEAT

CONSTANT 841 787 868 196 1246
DUMMY 247  -116* -229  -297  -305
PADDING 246 522 —482  —0.1*  -148
DUM*PAD 72 129* 12.5 2.8* -1.8*
BLOCK 1 48"  —06* 29  -60*  -10.1*
BLOCK 2 01* —44* -31 - 28* 4.4*
BLOCK 3 48 51 6.0 3.0% 5.7%
RZ 096 093 087 091 0.85
wlo Block (092)  (0.92) (0.96)  (085)  (0.72)

*Not significantly different from zero at the 5% level.




TABLE 2

PADDING EFFECTS FOR THE BIOSID

MEASURE FRONT SEAT REAR SEAT

ACCELERATION

TTI -22.1 -174
RIB1 -26.8 -39.3
RIB2 -40.5* -36.5
RIB3 —-49.1 -35.7
LOWER SPINE 1.2+ 2.7+
PELVIS -245 -16.7
COMPRESSION

RIB1 . 1.1% -0.1*
RIB2 8.5 1.9%
RIB3 15.3 4.8*
RIB4 16.8 -6.1
RIB5 2.5% 9.4*
(V*Cmax

RIB1 -0.08 -0.03*
RIB2 . 0.03* -0.08*
RIB3 0.23 0.03*
RIB4 0.30* -0.66
RIB5 ~0.06* - -0.20*

*Not significantly different from zero at the 10% level.




TABLE 3

COEFFICIENTS OF VARIATION
FRONT SEAT REAR SEAT
MEASURE
SID BIOSID SID BIOSID
ACCELERATION
TTI 8.7% 17.4% 8.2% 6.8%
RIB1 171 16.4 10.6 15.3
RIB2 29.6 9.2
RIB3 12.3 323 8.6 5.1
LOWER SPINE 6.7 29 10.7 6.7
PELVIS 79 2.7 116 7.2
COMPRESSION
RIBI 48 25.3
RIB2 15 102
RIB3 15 16.1
RIB4 103 3.9
RIB5 36 11.3
V*Cmax
RIB1 129 51.2
RIB2 129 428
RIB3 20.3 24.1
RIB4 28.4 75
RIB5 159 19.3




TABLE 4
MVMA BioSID Full Scale Side Impact Test Series

ACCELERATION-BASED MEASURES

STAND TEST LAT. LOWER COMPRESSION VISCOUS CRITERION, V*C
ORDER SEQ. DUMMY PAD BLOCK TTI(d) PELVIS RIB1 RIB3 SPINE RIB1 RIB2 RIB3 RIB4 RIBS RIB1 RIB2 RIB3 RIB4 RIBS
FRONT SEAT
1 4 SID BASE 1 752 966 768 75.1 735
2 1 BIOSID BASE 1 103.3 924 1100 1540 53.6 313 36.2 414 359 642 0.38 046 0.56 037 1.27
3 2 SID PAD 1 61.7 644 692 563 66.2
4 3 BIOSID PAD 1 68.7 654 726 790 542 342 459 564 515 659 028 04 0.66 0.63 0.99
5 7 SID BASE 2 81.5 113.0 789 712 84.1
6 5 BIOSID BASE 2 77.5 91.6 775 103.0 520 31.7 367 41.6 360 63.5 032 037 044 038 1.18
7 6 SID PAD 2 58.3 724 522 497 644
8 8 BIOSID PAD 2 598 708 61.0 639 556 30.7 44.6 58.1 556 64.6 0.23 051 0.89 089 1.26
9 10 SID BASE 3 67.8 1000 585 592 763
10 9 BIOSID BASE 3 71,6 944 870 814 56.1 298 373 423 452 587 029 039 044 075 093
11 11 SID PAD 3 609 688 493 441 724
12 12 BIOSID __ PAD 3 58.1 688 605 482 556 312 453 56.6 603 634 024 041 0.59 0.87 094
REAR SEAT
1 1 SID BASE 1 103.7 1430 1090 1210 86.3
2 4 BIOSID BASE 1 785 1050 945 902 625 128 189 229 59.1 - 0.09 0.13 0.16 1.29 -
3 3 SID PAD 1 73.7 1080 599 656 819
4 2 BIOSID PAD 1 613 1020 488 588 638 107 21.0 269 496 556 0.06 0.15 0.28 075 09
5 5 SID BASE 2 . 111.2 1420 113.0 123.0 994
6 7 BIOSID BASE 2 749 1260 772 915 582 8.5 224 319 584 532 0.03 0.19 034 147 099
7 8 SID PAD 2 86.0 1480 465 669 1050
8 6 BIOSID PAD 2 638 1000 604 535 672 141 235 320 53.1 640 006 002 029 0.75 1.05
9 9 SID BASE 3 1220 154.0 129.0 1420 1020
10 10 BIOSID BASE 3 879 1220 1060 979 69.7 169 232 267 546 658 0.13 0.21 0.26 1.36 1.46
11 12 SID PAD 3 81.8 1440 495 713 923
12 11 _BIOSID _ PAD 3 639 1010 506 603 67.5 130 256 369 51.1 662 005 0.13 0.27 064 1.12
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Figure 2 Upper Thoracic Rib Acceleration
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Figure 6 Thoracic Trauma Index (TTI)
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Figure 12 Thoracic Rib 2 Compression
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Figure 13 Thoracic Rib 3 Compression
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Figure 16 Thoracic Rib 1 Viscous Criterion, V*C
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Figure 18 Thoracic Rib 3 Viscous Criterion, V*C
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