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individual character positions are referred to by columin number for identification and computer storage
compatibility ag|illustrated in Figure 1. The definition0f each classification is provided in subsequent sections.
An Appendix is|also provided to assist in application and interpretation.

1. KA. Stonex, W. D. Nelson, et al., "Collision Damage Severity Scale," Paper 700136, presented at SAE Automotive Engineering Congress,
Detroit, January 1970.
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FORCE DIRECTION
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FIGURE 1—

Interpretatipn Requests—A task group has been established to procéss interpretation fequests that may
arise during|worldwide use due to unpredictable changes in vehicle’style, word meanings,|translations, user
backgrounds, etc. The format of the requests and address of the task group is given in the Appendix.

References|

Applicable Publications—The following publications form a part of the specification to the extent specified

herein. Unlgss otherwise indicated the lastest revision\of SAE publications shall apply.

SAE PuBLcATIONS—AVvailable from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

SAE J224 MARB0—Collision Deformation Classification

SAE 70p136—"Collision Damage (Severity Scale,” K. A. Stonex, W. D. Nelson, etal., presented at SAE

Autgmotive Engineering Congress, Detroit, January 1970.

Classificatipn of Collision Damage—\Vehicle collision damage is classified in a three-dimensional system.
Column 3, Deformation Location, defines an orthogonal set of axes for Columns 4, 5, and [7 (see Appendix).
Columns 1, R, and 6 proyide additional description. Individual character positions are definefd as follows:

Columns 1

and 2—Direction of Principal Force During Impact—The principal force i$ the force that

caused the ¢rush‘@hd sheet metal displacement on the damaged vehicle. The direction of the principal force is

determined py-the resultant of forces acting on the vehicle (that is, vector analysis) at the p
The directioh—&fthe—prinrcipal-force—is—desighrated-by—reference—to—-hod ectors—onr—a-cony
positioned over the point of application.

The clockface is assumed to be in a plane referenced to the horizontal plane of the car.

bint of application.
intional clockface,

Twelve o'clock

characterizes the direction of an oncoming force relative to the vehicle applied at the area of vehicle
deformation. Other examples of clock positions, such as "3", "6", and "9" o'clock, refer to forces directed from

the right, rear, and left, respectively. The code classifications are the hour numerals from "01"

—-"12". Columns

1 and 2 of the classification system are used for direction of principal force (see Figure 2). The entry of "00"

indicates that the impact is not horizontal, as in a rollover or undercarriage type impact.
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3.2

TABLE 1—
Direction of End Shift Classification Basic Rule ("

No shift of

Damaged Area 01-12 Add 0
Vertical-Up 21-32 Add 20
Vertical-Down 41-52 Add 40
Lateral-Right 61-72 Add 60
Lateral-Left 81-92 Add 80

1.

Specific increment added to horizontal resultant direction of force (see Appendix).

The direction of principal force classification is incremented to indicate vertical or lateral shifting of vehicle

basic end st
greater to be
direction of g

uctures whitT occurs auring torizomntat force apptications. 1 e shiftmgmustbe
classified, and is not related to the extent of crush (see Appendix). Specifig-ine
hift are shown in Table 1.

Codes are also provided to indicate longitudinal or lateral shifting of the top structure a

horizontal fd

visually apparent. Specific classifications related to direction of shifting are’shéwn in Table 2.

Column 3—

rce applications (that is, "00" direction of force) to the top. Shifting” should b

Deformation Location and Classification Code—This’character of a classifi

broadly defimes which projected area of the vehicle contains the deformation (see Figure 3).

included in
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the tires an
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the "F" projected area and the backlight is included in the "B" projected
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cannot be determined (non-classifiablg):
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5 a result of non-
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bns, but excluding
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(os] [ 0]
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Lo_b_ 12
FIGURE 2—
TABLE 2—
Direction of Top Shift Classification
No Shift 00
Forward 20
Rearward 40
Lateral-Right 60
Lateral-Left 80
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Location Clossification

Front
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Bock (Reor)
Left Side

XC—<r®®o™m

Top,
Undercorriage
Uhclassifioble

FIGURE 3—

3.3 Column 4—Specific Longitudinal or Lateral Location of Deformation and Classification Code—The
plan view of{the vehicle (Figure)4) illustrates the horizontal areas to be used in locating the deformation for "F",
"B", "R", or '|L" in Column<3.\"The letters shown at the front and rear of the vehicle can be for either the front or
the rear. The letters shown on both sides can be used for either side. Classification codes for this column are
orthogonal fo either\the longitudinal or lateral axis of the vehicle. Variations in vehiclgs require special
definitions for thecClassification code "P". "P" is defined as follows:

Paskenger cars - ba ) ) ! 3 !
Station wagons - from the base of windshield to the rear of the second seat.
Vans - from the front seat backrest to the center of the rear wheel.

Pickups - from the base of windshield to the rear of the cab.

Soft top jeeps - from the base of windshield to the center of the rear wheel.

® 20 ow

"F" and "B" are side deformation areas forward and rearward of "P", respectively. Column 4 has meaning only
in connection with Column 3; that is, it is a suffix of Column 3, rather than being independent of it. This column
also locates the longitudinal area of damage for vehicles with top or undercarriage deformation ("T" or "U" in
Column 3).


https://saenorm.com/api/?name=95726e559b79390791638e5106287759

SAE

J224 Reaffirmed MAY2011 Page 5 of 25

3.4

3.5

The classifications, "F", "P", "B", "Y", "Z", and "D" must be used in Column 4 for vehicles with top or
undercarriage deformation ("T" or "U" in Column 3).

Column 5—Specific Vertical or Lateral Location of Deformation and Classification Code—Figure 5A
illustrates the classifications for the vertical location of deformations associated with impacts classified "F", "B",
"L", or "R" in Column 3. Figure 5B illustrates the classifications for the lateral location of deformations
associated with impacts classified as "T" or "U" in Column 3.

Column 6—General Type of Damage Distribution and Classification Code—Definition of the classifications
is shown in Table 3:

TABLE 3—

Type Classification
Wide impact area W
Narrow impact area

Jideswipe

Rollover (includes rolling onto side)
Qverhanging structures (inverted step)
«

(

N

orner (extends from corner to <16 in [410 mm])
onversion in impact type (requires multiple CDC)
o residual deformation

cCxXm>» 0O wZ

D w
L 4
yi
-
Z R} ——1 Il |
" loCH «D
YOI
L =¥ = ]|
-J e | &
_ gL p_Llpg-
“@®
Y

Distributed—side or end
Left—front or rear
Center—front or rear
Right—front or rear

Side front—left or right

Side center section—Ileft or right
Side rear—left or right

Side or end—F + Porl + C
Side or end—B8 4+ Por R + C

DL R EE Fe¥alo]

FIGURE4—
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"S" is used to dJassify these types of damage;

Lateral Location—Top ond Undercarriage impocts Classification
Distributed D
Left L
Center C
Right R
Lond C Y
Rond C z
FIGURE 5B—

1. An impact which overlaps the corner of a vehicle by 4 in or less and then swipes algng the surface

paralle| to the direction of travel,
2. A clasgical sideswipe; and
3. A clasdical endswipe.

"A" is used to ¢lassify impagcts where the vehicle deformation resulted from an overhanging s:[ucture shaped

like an inverted step in which the vertical surfaces are at least 30 in (760 mm) apart. Both ver

cal surfaces of

the inverted stgp musi*have contributed to the direct damage. The resultant damage patterns|do not have to

occur simultangousty,”but must be caused by the same struck object.

underriding the|rear of some large trucks.

An example of this gircumstance is

"K" is used to classify impacts where a vehicle deformation pattern sustained during a single continuous impact
sequence resembles two distinct impact types (that is, front and side). Use of the character is limited to those
deformation patterns where an initial wide contact area ("W") converts to another impact type (generally

sideswipe).

For these deformation patterns, character "K" is substituted for "W" and a second Collision

Deformation Classification (CDC) is required to describe the remaining damage (see Appendix).

"U" is used to classify impacts where no residual deformation of the vehicle is noted. An extent code of "1" in

Column 7 must be used with this character.
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The use of "S", "O", "A", "E", "K" and "U" takes precedence over "N" and "W". "W" and "N" are used to
distinguish between large and small areas of deformation which do not fall into one of the other six categories.
If an area is less than 16 in (410 mm) wide, or less than 6 in (150 mm) high, "N" is the appropriate
classification. For small rectangular or circular areas of deformation, if the perimeter is less than the perimeter
of 64 in (1616 mm) use the "N"; otherwise, use "W".

3.6 Column 7—Deformation Extent—The extent of residual deformation is classified using a nine-zone extent
system as shown in Figures 6, 7, 8, and 9. Figures 6, 7, 8, and 9 are illustrative of passenger cars, station
wagons, vans, and pick-ups, respectively. Extent zones are applied to front, rear, side, top, or undercarriage
deformation, and should be selected so that they are compatible with the principal damage selection in
Column 3.

To achieve yniformity;thedeformatiomextent zomes tave beemrestabtishedimretatiomto-spycific points on the
vehicle.

If the passenger compartment is involved in the top damage, then the extent number, should reflect the extent
of damage t¢ the passenger compartment. This is true even if the hood or deck lidlare involyed.

If the distande from the rearmost point of the vehicle to the top of the rear window (backlight) |s greater than the
distance from the top of the rear window to the front door latch pillar (start of Zone 9), then Use the passenger
car deformafion rear extent zone guide for classifying rear deformation. ‘Other vehicles are classified using the
rear extent dquide for station wagons and vans.

THE EXTENT NUMBER SHOULD NOT BE USED AS A TOOL FOR DETERMINING [THE COLLISION
SEVERITY PR ENERGY REQUIRED TO DUPLICATE THE DAMAGE. FOR VEHICLE$ OF THE SAME
BASIC TYPE, IT DOES SERVE AS A TOOL FOR GATHERING TOGETHER VEHICLHES WHICH HAVE
SIMILAR DAMAGE CHARACTERISTICS.

LEFT SIDE EXTENT

¢ EQuUAL

s €QUAL
zonEs | m/w t@— s 7] L A R B I '
\ )| FRONT EXTENT
N0 el B
REAR EXTENT ¢ A I 3 EQUAL zonEs TOP SURFACE
| | SIOE WINDOW ("H—) 3
Bl N\ F ) umm voe
—
) s EXTENT
y 3 CauaL
— zO0NES
k 6 A . .
/) »
FRONT DOON BEGINNING OF ZONE 9 FROM
O TATCH PILLAR EITHER FRONT OR REAR.

FIGURE 6—DEFORMATION EXTENT ZONES (FOR PASSENGER CARS)


https://saenorm.com/api/?name=95726e559b79390791638e5106287759

SAE

J224 Reaffirmed MAY2011

Page 8 of 25

LEFT SIDE EXTENT

— \——T
T AN I\ i T,\ $1DE WINDOW
—— [ y 5 \
¢ EQUAL ZONES rad » l 7 | . s |4 | 3 |z ' ' | FRONT EXTENT
I .
e 3 4 5 [ L4 L i d "/'
REAR EX[TENT | | | | s gouaL zoncs Tor sumrFack
r 4
/‘ { SIDE WINOOW (_*:} ’lt:,::'
REAR WINDOW 1!
y €QUAL ) —— ToP
ZONES . EXTENT
)

FRONT DOOR
LATCH PILLAR

FIGURE 7—DEFORMATION EXTENT ZONES-(FOR STATION WAGONS)

BEGINNING OF ZONE
EITHER FRONT OR

9 FH
REAK

om



https://saenorm.com/api/?name=95726e559b79390791638e5106287759

SAE

J224 Reaffirmed MAY2011

Page 9 of 25

[ b~

LEFT SIDE

EXTENT
T

=R )=

6 TQUAL 20NES

FRONT EXTENT

1 L ? LY
llf AL EO- ONES
REAR EXTENT JI 3 <] =X v ‘
g [
—_—
Lo e | =\ | oo
SI10E —
\ WINDOW ( : ZONES ToP
o= \ EXTENT
\ 3 EQuAL
\ y Zones

ERONT DOOR
CATCH PILLAR

FIGURE 8—DEFORMATION EXTENT ZONES (FOR VANS)

BEGINNING OF
FROM EITHER F

ONE 9
RONT OR REZAR



https://saenorm.com/api/?name=95726e559b79390791638e5106287759

SAE J224 Reaffirmed MAY2011 Page 10 of 25

LEFY SIDE EXTENT
)

Y= e —

ﬂ | - ’,‘;lti. T—[/ﬁ
I jI: u\lé'

v

I

1 ‘
L—\ = | — = D | —
e .| 7 . s|o|!|l|' FRONYT EXTENT
—_—
| | | | I | | w/s | s £aual zowes
. 2 3 . s |e r s o>
YOP SURFACK ,
REAR EXTENT AU ~— -/ r 4
A £0UAL_ZONES Lo ) EQUAL
4
y s10C wmoow&_\_) ZONES
= . ToP
/——\ ores (1 EXTENT
.
D e——— m——————
©
’
FRONT DOOR BEGIMNING OF ZONE 9 FROM
r'uucn PILLAR CITHER FAONT OR REAR,

FIGURE 9—DEFORMATION EXTENT ZONES (FORPICKUP TRUCKS)

PREPARED BY THE SAE MOTOR VEHICLE SAFETEY SYSTEMS TESTING COMMITTEE

REAFFIRMED B} THE SAECACCIDENT INVESTIGATION AND RECONSTRUCTION PRACTICES COMMITTEE
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APPENDIX A

A.1 Introduction—The Appendix is auxiliary and supplemental to SAE Recommended Practice J224 MARS0,
"Collision Deformation Classification". The Appendix is intended as an aid to facilitate the use of J224 MARS80
and promote uniform interpretation of difficult or commonly misused classifications. The latter objective is
achieved by providing explanation of the concepts inherent in the recommended practice and specific sections
contained therein. Subdivisions of the Appendix are numbered to correspond with sections of the
recommended practice. The Appendix does not include all possible situations which could and do occur in the
field. The recommended practice, therefore, is the final document from which all classification decisions
should be made.

J224 MARSO differs con5|derably from J224a; however the rewsed system does not render J224a
classificati sifications of J224
MARS8O0 can be coIIapsed for comparatlve purposes. Other differences between thé two recommended
practices copsist of improved definitions in J224 MAR80 for more consistent application,

Individuals working with J224 MAR80 may be categorized as either classifiers or Users. Clagsifiers are defined
as individuals who make the original assessment of a CDC (Collision Deformation Classificafion) from firsthand
inspection of the vehicle, and/or photographs, and/or sketches. This categeryincludes individuals who check
or edit origipal assessments. Users are defined as individuals who examihe the assessmnients (in individual
form or as mass data) made by classifiers to evaluate or compare types‘or groups of damag¢. Both categories
of individualp must have a complete understanding of J224 MAR80-t0\apply it correctly.

Damage patterns, where subjective evaluations are likely to oecur, should be recognized by users to permit
appropriate |interpretation in the examination and application of these classifications. Appendix sections
contain caufionary notes to the users at the end of each.settion pertaining to codes for that golumn of the CDC
expression.| Since CDC classifications are a descriptive' composite of the damaged vehiclg, the user is also
cautioned not to separate code or column features>TFhe latter practice very often results in jnadvertent errors.
For examplg, in searching for the "F's" in Columh“3, the user may assume that since the frontal area of the
vehicle is inyolved, all occupant kinematics willbe parallel to the longitudinal axis of the vehicle. However, the
"F" charactdr in Column 3 does not precludé-lateral forces (for example, 9 o'clock) which c3dn cause occupant
kinematics tp become lateral, rather thanJongitudinal.

A task group of the Accident Investigation Practices Subcommittee will process interpretation requests related
to J224 MARS8O or this associated Appendix. Interpretation requests involving specific CDC classifications
should include photographs ©fthe vehicle damage taken at right angles to each other, a|description of the
collision conjfiguration, the problem, and the classification assigned by the individual or group submitting the
request. Address all requests to:

Accident Investigation Practices Subcommittee of the Motor
Vehicle Safety Systems Testing Committee

Interpretation Task Group

Society of Automotive Engineers

400 Commonwealth Drive

Warrendale, PA 15096
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A.2 Purpose and Scope—Ilt is important to note that vehicle damage specified for classification in J224 MARS8O0 is
limited to contact damage as opposed to induced damage. Contact damage is defined as all damage
sustained in the vehicle area physically touching or in contact with the striking/struck, object/vehicle. Induced
damage is all damage sustained beyond the limits of the contact area (that is, all non-contact damage).

Due to recent advances in the field of accident reconstruction, there is increasing pressure to include induced
damage in damage classification systems. With certain impact types, for example, it is necessary to measure
and report contact and induced damage to obtain an accurate reconstruction of accident events.
Reconstructionists would prefer to note these additional measurements in the classification system and

A.3

thereby achieve uniformity between the areas of reconstruction and damage reporting.
reconstruction, however, induced damage is not uniformly reported.

In the area of

Induced damage is not required for

certain impact types and is non-existent in others (that is, frontal |mpact with contact extending across the

entire front),
damage is
damage.

The primary
uniformity o
MARS8O in o
that data cg
studies.

Classificatllrn of Collision Damage—To obtain a more compléte understanding of

classificatio
by a rectang
most appro
contained w
and underca
box is involV

Column 3 in
coder in co
orthogonal

Column 3. F

is, front surf
vertical invo
perpendicul

ecessary for reconstruction, it must be reported separately and mdependentl

reason for not including induced damage in the classification system, howeve
current reporting techniques. The criterion of using contact damage has been
der to maintain continuity with J224a and previous classificationsystems. Itis e
llected in current and future studies have a firm basis of coamparability, over t

system, it may be of assistance to visualize the vehicle as being contained wi
ular box. Impacts are classified according to the’sides or planes of the box o
priately projected. For example, the two.ends of the vehicle (that is, the fn
thin lateral vertical planes of the box, the {wo sides within longitudinal vertical p
rriage within horizontal planes. Column 3 of the classification system specifies
ed. An"F" character in Column 3, therefore, indicates the frontal, lateral-vertica

J224 MARBSO also defines a‘three-dimensional, orthogonal set of axes which
pleting Columns 4, 5, and\7: The damaged area is classified in Columns 4
xes in the projected plane’/of deformation (that is, appropriate surface of bo
or example, in a frontakimpact, the projected plane of deformation is the lateral
ace of box). Columhs 4 and 5 provide additional description, indicating the ex
vement within the frontal plane. The deformation extent is classified in Colum
br to the projected plane of deformation. These relationships are summarized in

TABLE A1—

porting of induced
y of direct contact

r, is not related to
continued in J224
xtremely important
me, with previous

he intent of the
hin or surrounded
hto which they are
ont and rear) are
lanes, and the top
which plane of the
plane.

should guide the
and 5 along two
X) as specified by
vertical plane (that
tent of lateral and
n 7 along an axis
Table A1.

Column

Classifications

CU:UIIIII 3
Projected Plane

Orbia A
Ot u-ugu-la'l-kxer—erthogona'l RXES

Column 4 Column 5

Orthogonal Axes

Column7

"E" or "B"
"L" or "R"
" or "U"

Vertical
Vertical
Lateral

Lateral
Longitudinal
Longitudinal

Lateral-Vertical
Longitudinal-Vertical
Horizontal

Longitudinal
Lateral
Vertical

General Notes: There are several aspects of the Collision Deformation Classification System which are related
to general usage patterns rather than individual codes or columns. These areas are noted below:

a.

Primary and Secondary CDC Designations—In cases of multiple CDC classifications to the same

vehicle, specific classifications receive a designation of primary or secondary on the basis of the
following guidelines (listed in a descending order of priority):
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Energy management considerations—The CDC classification describing that impact which

absorbed the greatest amount of energy or which resulted in the greatest amount of energy
dissipation is designated the primary CDC. All other classifications are designated as secondary.

Greatest change in occupant space—If two or more classifications are approximately equal with

respect to energy management considerations, the classification associated with the greatest
change in occupant space is designated as the primary CDC. All other classifications are
designated as secondary.

clas

sification is based on the final appearance of the damaged area.

Multiple Impacts in the Same Vehicle Area—If two or more significant impacts are located in the same
area of the vehicle, these impacts should be described with a single CDC classification.
In special situations, a second

The

collision can be separated if the flrst damage |s st|II identifiable; for example, a second collision of a

exp
enti
use

The
con

of the inaccuracies which can develop.

A.3.1 Columns 1
define the f
however, is
direction of
classificatio
classificatio
vector addit

A.3.1.1 FORCE VE
explanatig

A scalar
volume, e

A vector q

vectors arg

example,
a nail).

nown bUb L;Id&&lﬂbd[l()ﬂ&—” me ud'mage dee”l [BbUIIIHg TIOH] a SpE(IITIL IHI'[.
inknown CDC classification is assigned. The appropriate expression is)"99-0
ression is intended for use in block form. That is, if a portion of the classificatig
re classification is considered unknown, and "99-0000-0" is used. +Do not, for e
a classification of "12-F000-0".

vehicle must have been investigated or photographed to be' classified. Estim
plete classifications from police reports, third-party descriptions, etc., are not pe

and 2—Direction of Principal Force During Impact—These characters of 3
orce which produced the deformation patterh, classified in the remaining col
related to the direction of force, rather thah.the magnitude of force. A paradox
force is an analytical quantity, usually determined on an analytical basis; how
n, it is always determined on a subjective basis. This is resolved by providing
ns containing 30 deg increments rather than smaller and more precise increment
on is helpful for making Principal Direction of Force (PDOF) determinations.

CTORS—The difference between scalar quantities and vector quantities is f
n of vectors.

juantity has only magnitude and can be added algebraically. Dollars, weigh
c. are scalar guantities. An example of algebraic addition, for example, 3 ft3 + 2

uantity has both magnitude and direction, and must be added by geometric mett
. veloCity* vectors (for example, an airplane flying due north at 200 mph), displag
b person walking 25 ft to the west), force vectors (for example, a 15 Ib force actin

D00-0".

If the im acts are separated, a CDC

he second impact.

P - NP [ R |
act iS Not aerineaq,
The latter
n is unknown, the

kample, attempt to

ations of partial or
rmissible, because

CDC expression
umns. Definition,
arises, in that the
ever, for the CDC
direction of force
s. A knowledge of

Lindamental to an

ts, time, distance,
ft3 = 5 ft3.

ods. Examples of
ement vectors (for
g straight down on

The resultant of two or more vectors is that single vector which would have the effect of all the vectors acting

together.

Resultant vector determinations for Principal Direction of Force (PDOF) in t

practice will generally involve only two vectors.

The equilibrant of a number of vectors is that vector which balances all of the vectors together.

his recommended

It is equal in

maghnitude but opposite in direction to the resultant. This is also referred to as being colinear.

Parallelog

ram Method of Vector Addition. The resultant of two vectors acting at a

ny angle may be

represented by the diagonal of a parallelogram drawn with the two vectors as adjacent sides.
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5 MNITS

Vector Pdlygon Method of Vector Addition. This method of finding the resultant,consis{s of drawing each
vector to $cale beginning at some arbitrary point. Each succeeding vector is drawn with the tail attached to
the arrom end of the previous vector. The line drawn to complete the triangle or pplygon is equal in
magnitud¢ to the resultant. The resultant is represented by the straight-liné directed from the tail end or
starting pgint of the first arrow to the arrow end of the last vector added:

START

A.3.1.2 DETERMINATION.OF PRINCIPAL DIRECTION OF FORCE USING VECTORS—AIthough classifiers| generally do not
calculate firection of force assignments, it is important to understand the basic theory asgociated with these
columns. A brief theoretical discussion Is provided below, followed by a discussion of how direction of force
is determined in the field.

Theory: The force assessments used with CDC classifications are vector quantities. That is, they are the
resultant of all impact forces acting on the vehicle during the contact sequence. As vector quantities, impact
forces have both magnitude (algebraic product of Mass x Acceleration) and direction. With respect to force
analyses, these properties may be represented by scaled linear arrows. The length of the arrow indicates
the magnitude of force and the direction of the arrow indicates the direction of force.
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The length of force arrows for a large truck and a small car traveling at the same speeds would be
considerably different due to the mass (weight) differences. Likewise, two vehicles of equal weight but
different speeds would have different length force arrows proportional to the speeds.

Figure A1 demonstrates simplistic vector analyses for a typical 90 deg intersection impact configuration.
Note that required computations are not shown. Assume that all force arrows are correctly scaled

representations of the amount or magnitude of force produced.

Schematic "a

are assumed for both vehicles).
on Vehicle No. 1 and No. 2 during the impact sequence.

In each case, Fy is the component

" in Figure A1, depicts the impact configuration (zero steer angle and tracking characteristics
Schematic "b", demonstrates parallelogram analysis of the forces exerted

of force which

acts, or is exerted normal (that is, perpendlcular) to the contact surface and FT is the component of force

which acts ta
contact surfag
No. 2, respect
vehicle. Bot
determined o
phenomena a

The quantitieq
of the arrow
clockwise or
direction of th
the appropriaf]

es). The arrows or vectors Frq and FR2 are the resultant forces actlng onA/en
vely. Note that the equilibrant to the resultant on one vehicle is also the resuita

' vehicles respond to these forces. That is, the vehicles follow pest-impa
r influenced by the resultant directions of force (assuming that | snagging
e minimal).

Fr4 and Fro are shown in Schematic "c" as they apply to each vehicle. The a

s determined by acceleration characteristics of both vehicles. It can be rota
ounter-clockwise direction by altering these characteristics for the respective
e forces, Frq and Fro, are coded in CDC classifications for these vehicles (afte
e 30 deg sectors of the clock face).

iction between
icle No. 1 and
nt for the other
ct trajectories

and spinout

hgular position
ed in either a
vehicles. The
I translation to
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Direction of travel

Y

Direction of travel

Note in Sch
and opposi
force must
statements
Third Law.
maintained

Application
involved ve
the basis o

b

the highes

V2 =
Fr =
FN =

Fr; = Resultant Force
for . Vehicle 1

Fry = Resultant Force
for Vehicle 2

Vehicle 1
Vehicle 2

Tangential\Force

Normal Force

FIGURE A1—

ematics "b" and "c", that the resultant forces acting on Vehicle No. 1 and 2 are equal in magnitude
e in direction. In any given impact sequence involving two vehicles, the resultant directions of
be colinear. That is, the resultant directions of force must be 180 deg opposed| Although these
represent extensive simplification of complex events, they are merely a restatement of Newton's
For the purpose_of achieving uniform CDC applications, the concept of colinearity should be

It is diffieult to compute accelerations during vehicle field inspections and/or (f all the accident

hicles_are not available. Resultant directions of forces are, therefore, assigned t¢ each vehicle on

subjective evaluations. The investigator, however, should examine all availablg inputs to assure
passible degree of accuracy for force assignments

Indicators of the direction of force are

available in each area of investigation in the following respects, which have equal importance:

a. Human: Occupants respond to the resultant direction of force acting on the vehicle. Documentation of
occupant trajectories, therefore, allows assessment of the relative direction of force (that is, 180 deg
opposing to the occupant path of travel). Caution is required when determining the effects of post-

impact vehicle rotation.
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Environment: Primary indicators of relative directions of force are pre- and post-impact vehicle
trajectories (including vehicle attitudes on these trajectories). As noted previously, vehicles respond to
resultant direction of force produced by the impact. Documentation of trajectories allows the
investigators to make assessments of the relative components of force associated with each vehicle,
and, therefore, acting on each vehicle.

Vehicle: The primary indicator of the direction of force is the direction of sheet metal crush and vehicle
bending. Estimate the relative angle of the crush pattern with respect to the longitudinal axis of the
vehicle. Caution is required in interpreting crush patterns associated with vehicle rotation following

Page 17 of 25

maximum engagement.

A.3.1.3 SHIFTING OF VEHICLE STRUCTURE—Shifting of a vehicle structure is defined as a change in direction of the
structure as opposed to (or in addition to) crushing of the structure. Classification of shifting permits a more

complete pesctriptiomof 2 damaged—vehicte—amd—is—combinmed—with—the—directiomof T

concisenegs. Classifications previously assigned in accordance with J224a remain’yv
classificatipns may be collapsed to that format. Structural shifting is classified in the follow

End Strucfure Shifting: Vertical or lateral shifting of vehicle and structures which-occurs d
force application is noted in those instances where the amount of shifting is /4 in (100 mn
Figure A2)l Determination of the amount of shifting is made at the end stfuctlre locations.
rememberl|is: the direction of force classification is incremented, depending upon the type
addition of| 20, 40, 60, or 80 to the horizontal direction of force determination. For examp
principal fqrce for a frontal impact at 12 o'clock is classified "12"4f there is less than a 4 in
the forwardl end of the chassis frame rails or equivalent structure in either the vertical or lat
Bumper mpvement may not be an accurate indicator of basie structure movement). If the f
chassis frame rails or equivalent structure is shifted beyond the limit of 4 in, the dir
incrementgd to indicate the direction of shift, but not the:amount. For the example noted
o'clock dirgction of force), vertical shifting is indicated by the classification "32" (that is, add
movement|is upward, or the classification "52" (thatis, add "40") if the basic movement is d
shifting is |ndicated by classification "72" (thatis, add "60") for movement to the right, or
"92" (that is, add "80") for movement to the left.

rincipal force for
blid since current
ng respects:

uring a horizontal
n) or greater (see
The basic rule to
of shifting, by the
e, the direction of
(100 mm) shift of
eral planes (Note:
orward end of the
bction of force is
above (that is, 12
| "20") if the basic
pwnward. Lateral
the classification

4" OR MORE

QD SHFTING, O “8oy

FIGURE A2—

For front or rear impacts, the impact site should also shift the required minimum distance
before the direction of force is incremented.

of 4 in (100 mm)
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It is extremely important to differentiate between the concepts of crush and shifting. For example, in a 3
o'clock impact to the right passenger compartment area, the right doors and right "B" pillar may be crushed
to the left. The direction of force classification "03" is not incremented to code "63", however, unless there is
a relative shifting of the basic end structures to the right, producing a bowing effect in the vehicle that is 4 in
(100 mm) or greater (see Figure A2). This bowing effect can be determined by examining the left side of the
vehicle.

For those cases where shifting occurs in both the vertical and lateral planes, record the direction of shifting
on the basis of the most obvious movement. If shifting in the lateral plane is greater than shifting in the
vertical piane, record lateral shifting. If shifting in these planes is equal, give preference to the vertical piane

(that is, record vertical shifting).

LINT Qhhiftin o

Raocaordina lana nalar lataral chiftima ~f thh o ton ot

Top Strug
circumsta
occur duri
applicatio
direction

classificat

J224 MAR
practical

photograp
shifting is

downward,

It is impor
directly on
roof side
The latter
character
involve co
A.3.1.4 User's N
and desig
boundarig
For instar
o'clock arn
direction ¢
Conseque
when a u
examining

IR~ H oh
LA R LLLLLLN I SV VTMITTY TVITgiuiian Vi idiet ' oriminyg - v i vy Strete—
hce of non-horizontal force applications (00 o'clock). It is fully anticipated.ths
hg instances of horizontal force applications; however, top structure involvément
ns is adequately characterized within the current alphameric system (that is, Col
of probable shift is adequately characterized within the "01-12"|.6'clock
ons (that is, Columns 1-2).

R80 indicates that shifting of the top structure should be classified when visual
puideline, the amount of shifting should be of an order of magnitude that ¢
hs or slides (that is, a shift of 1 in (25 mm) or more)~Ih the latter circumstan
indicated by incrementing the non-horizontal forcefglassification (that is, "00"
60 to the right, and 80 to the left).

fant to distinguish between the concepts of tep-crush and top shifting. If a heavy
the top center area of the vehicle, the areawill crush straight down. This actio
ails shifting inward, the upper A-pillars-shifting rearward, and the upper C-pilla
circumstance, however, would not be reported as shifting of the top structure.
stics associated with a vertical efush pattern. Instances of shifting of the to
mponents of force in the longitudinal or lateral planes of the vehicle.

DTE—The directions of principal force are categorized into twelve sectors, eac
nated with the clockface numbers. A direction of impact force falling upo
s between clock sectors could be interpreted to be in either sector and still be

ce, an impact exactly 15 deg clockwise of straight ahead falls on the divisio
d 1 o'clock sectors. The user should recognize that there are practical lim
f force canhe-assessed and deviations of as much as +5 deg can occur in even

g

J

ser is/searching for impacts within the 1 o'clock sector, some consideration
simitar classifications having a 12 o'clock or 2 o'clock direction of force.

5 reserved for the
t shifting will also
in horizontal force
Umns 3-6) and the
direction of force

ly apparent. As a
Bn be detected in
e, the direction of
by 20 upward, 40

object is dropped
n may result in the
s shifting forward.
These are normal
b structure should

h 30 deg in angle,
n any one of the
bssentially correct.
n between the 12
its with which the
expert judgments.

ntly, in the/example given above, 12 or 1 o'clock would both be valid assessents. Therefore,

hould be given to

A.3.2 Column 3—Deformation Location and Classification Code—As noted in J224 MARSO, this character of a
CDC classification broadly defines which area of the vehicle contains the contact deformation. The character
is determined by using the projected area of initial contact or the surface or the vehicle which was initially

struck or contacted.

It is important to note that the area of initial contact is a projected area. Therefore, if the

area of initial contact does not lie in one of the six indicated planes (that is, "F", "R", "B", "L", "T", or "U"), it must
be projected to the appropriate plane. For example, assume that an automobile underrides the rear of a
stopped truck, and the only resultant damage to the automobile involves contact to the windshield, (12 o'clock
direction of force). Since the windshield does not lie within one of the designated planes, it must be projected
to the appropriate plane; in this case, the frontal plane.
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Relating this discussion to the six-sided box concept may provide additional insight as to the intent of Column
3. Remember that the vehicle may be viewed as being contained within a six-sided rectangular box. In this
context, Column 3 is determined by which plane or side of the box is initially penetrated by the direction of
force. For the example noted above, the 12 o'clock direction of force initially penetrates or crosses the frontal
surface of the box. Therefore, the windshield damage is classified as "F" in Column 3.

Past experience has indicated that there are several impact configurations which are difficult to classify with
respect to Column 3. A series of guidelines for each configuration has been developed to improve the
consistency of classifications as follows:

Angled Horizontal Impacts (that is, 45 deg): Angled impacts (45 deg) initially involving the corner area and then
extending into the front and side or rear and side area are difficult to classify. These impacts should be

classified "F~—B*
priority):

=, OT LAELLE! avuuldallu\, Vvltll aIc |u”uvv;||u uu;du:;ll\.’o (Ilot\,d ;|| (=} d\— Cendlng Order Of

a. If th¢ projected area of initial contact can be determined, use the appropriate,character.

b. If the projected area of initial contact cannot be determined, use the direction of| principal force to
detgrmine the appropriate character. If the direction of force is less than 45 deg from the 12 o'clock or
6 o'¢lock directions, use "F" or "B". If the direction of force is greater than 45 deg, uge "L" or "R".

c. If the direction of force cannot be determined with sufficient @ccuracy, use the |projected area of
gregtest contact to determine the appropriate character. If the length of contact acrogs the front or rear
of the vehicle exceeds the length of contact along the sidesuse "F" or "B", respectively. Use "L" or "R"
if the length of contact along the side is greater.

Rollover Copfigurations: Similar consideration should be given to top versus side deformgtion in a rollover
sequence.1 In the latter circumstance, however, principalzemphasis is given to the projected area of primary

contact (thaf is, area of greatest crush) rather than initiakcontact. Also, damage to the greenhouse area ("P" in
Column 4) ip given priority over other vehicle areastsuch as "F" and "B". Contact damage is classified in
accordance with the following guidelines (listed inworder of descending priority):

Page 19 of 25

a. |If the projected area of primary contact'can be determined, use the appropriate char
b. If the projected area of primary.contact cannot be determined, use the angle of fg

acter.
rce in the vertical

plane (above or below the horizontal clockface) to determine the appropriate character. If the direction

. If the direction of force

is greater than 45

projected area of
he left or right side
deformation area

with a non- nzontal ("00") dlrectlon of force |n Columns 1 and 2. Horlzontal directions of force ("01-12") are
permissible; Lhew : : tarriage. Impacts
which result in snagglng of undercarrlage components (or vehlcle undercarrlage interaction with high
decelerations in the occupant compartment environment), tend to produce significant vertical components of
force, and the "00" classification should be used. As a basic guideline, use the "00" classification whenever the
resultant direction of force is 15 deg or greater from the horizontal plane of the vehicle, for undercarriage
involvements.

1.
2.

In general, one CDC classification is assigned to a rollover sequence, regardless of the number of rolls.
"F" or "B" may also be used to describe the damage in end-over-end rollovers.
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Wheel and Tire Impacts: As noted in J224 MARBS8O, impacts to tires and wheels are excluded from the
undercarriage classification. For these impacts, the characters, "F", "L", "R", or "B" are used in conjunction
with the character "W" in Column 5. The specific deformation location is determined by the projected area of
initial contact (that is, impact to front tread area of right front tire is assigned an "F" character). Extent zone
classifications (Column 7) are assigned in the normal manner (that is, they are referenced to the plane of the
first letter).

As a practical guideline, do not assign a CDC classification to these impacts unless resultant damage is noted
(that is, blowout, rim deformation, etc.). It should also be noted that most CDC classifications assigned to tire

and/or wheel impacts will be secondary to other impacts the vehicle sustains.

A.3.2.1 USeER'sS NOTE—For vehicles with similar damage patterns, there should be no differences in Column 3

WIthOUt one bidbbiﬂbdtiull IL)C;IIB ;II CITuUIl. Aiti IUUB;I allyicu‘ ;Illpdbta dlluI IU“UVCID dlicT SUI
classify with respect to determining which area of the vehicle contains the contaet’d
provided ih this document should result in consistent interpretations.

A.3.3 Column 4
character of

with Column 7, the basic method requires a mathematical interpretation.for, @ number of t

(that is, "L"
defined in J
Since "P" is
vary with '
mathematic
that area.

character sh
front or reai
width of "L",

Contact def
character to
designate th

-Specific Longitudinal or Lateral Locations of Deformation and Classificati
a classification expression defines the longitudinal or lateral area\eontaining th
"C", "R", "Y", and "Z" for front or rear impacts). Other arfeas (that is, "P" in
defined in the latter circumstance, other related areas (that is, "F", "B", "Y", and "|
P" and are not considered to be defined mathematically. All areas, wh
blly or defined by J224 MARS8O0, have finite limits which are intended as the abso
Therefore, if contact damage extends beyond“the indicated boundary of a

ould not be used for the CDC classification:cFor example, "L", "C", and "R" are

of the vehicle. If an impact to the left frontal area of a vehicle involves more
"Y" should then be used, instead of "L

1etimes difficult to
bmage, guidelines

lon Code—This

e deformation. As
he indicated areas
side impacts) are

P24 MARBS8O with respect to specific points on the vehicle forvarious vehicle andl body style types.

7" in side impacts)
ether determined
ute boundaries for
specific area, that
equal thirds on the
than the indicated

character for that

brmation is not required to extend.across the entire area defined by a specific
be considered a valid assignment. For example, in frontal impacts, the "Y"
e left and right two-thirds pf‘the vehicle, respectively. The entire "Y" and "Z" ar

be deformeg
"Y"; and "R’
("R") and c

the left front
top, side, re

measurement techniques are on the order of 1 in (25 mm).
exceeded the width of area "R" by 1 in (25 mm) or less, for example, then both "R" and "Z" would be

considered correct classifications.

describes

A.3.4 Column 5—Specific Vertical or Lateral Location of Deformation and Classification Code—As

I before these characters may be used, as long as the damage is contained wi
and "C" for "Z". Thus,\a narrow front impact in the right frontal area which ove

nter ("C") thirds may be classified "FZEN". The corresponding classification for
| area, overlapping the left and center thirds is, "FYEN". Similar considerations
r, and underearriage impacts.

as do not have to
hin "L" and "C" for
laps both the right
A narrow impact in
should be given to

}nd "Z" characters

tus an "F" or "P" in
U224 MARSO is to
heasurement error

the appearance of the width of damage area more accurately than does "Z".

erances in vehicle
in a frontal impact

The "R" character in this circumstance may be preferred, since it

indicated

by the paragraph title, this character of a classification expression defines either the vertical or lateral area
containing the deformation. In J224a, Column 5 was limited to describing the vertical location only. This
column, therefore, represents the most pronounced change between J224a and J224 MAR80. Examination of
Table 1 reveals why the change was required. In J224a, with Column 5 always indicating the vertical axis,
there was a non-uniform description of contact damage. In four of the possible six impact locations specified
by Column 3 ("F", "B", "P", or "L"), damage was described in a three-dimensional axis system (lateral,
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