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1.0 INTRODUCTION

Previous testing and analysis of impact attenuators has been
based mainly on vehicles weighing 2,250 lbs or greater. Due to
the recent upsurge in sales of mini-compact sedans (1,800 1b
range) this class is becoming a significant portion of the vehi-
cle population. This poses new problems that were not previously
of concern. The small size and weight of the mini-sized cars
with reduced dimensions of the wheel base, track width, and crush
space lowers the mass moments of inertia in comparison to larger
cars. These differences effect the behavior of the car in a
collision, especially since most impact attenuators are designed

for larger vehicles.

In order to better understand the behavior of impact attenuator
collisions a series of 17 full scale crash tests with impact
attenuators were planned under FHWA contract DTFH61-83-C-00140.
Four tests were conducted with a Guard Rail Energy Absorption
Terminal (GREAT) system and 13 tests were conducted with Fitch or
Energite barrel systems. This report provides the results on the
fourth GREAT test, the only GREAT test using a large sedan as the
test vehicle. A similar test was previously performed using a
mini-compact sedan. The test number, following the convention in
the test plan as approved by FHWA is 1625-C-04-85. The objective
of this test was to investigate the dynamics of a large sedan
vehicle impacting a Guard Rail Energy Absorption Terminal
(GREAT) . A summary of the test conditions and results are
provided in Table 1-1.

This report documents the Test Results for FHWA test 1625-C-04-
85. Section 2.0 summarizes the test conditions, including dis-
cussions of the appurtenance, vehicle, and instrumentation. Test
results are reviewed in Section 3.0 according to impact descrip-
tion, vehicle damage, impact attenuator damage/debris pattern and
photography. In Section 4.0 the data analysis is divided into
vehicle, dummy, and GREAT parameters. Safety implications are

reviewed in Section 5.0.



TABLE 1-1

SUMMARY OF TEST CONDITIONS AND RESULTS - TEST 1625-C-04-85

Contract Number: DTFH61-83-C-00140 Date: 23 July 1985

Test Vehicle: 1979 Ford LTD II Weather: Sunny, 80F

GREAT Configuration: Two-foot wide,six-bay,hexfoam cartridges

Back-up Structure: Two 12-foot CMB's, anchored to concrete pad

l. Vehicle Weight:

Test Inertial Gross Static
Planned 4500 + 200 4500 + 300
Actual 4346 4720
2. Number of Occupants Two

3. Occupant Model: Anthropomorphic Dummy, 50th$

male, SN 186 and SN 189

4. Occupant Location: Driver's Seat, Unrestrained
Passenger's Seat, Restrained

5. Impact:

Speed Angle Location
Planned 60 mph 0 Center of Nose
Actual 58.4 mph 0 Center of Nose
6. Rebound Data:
Speed: 7.9 mph
Angle- 6 degrees
Distance: 11.7 feet
7. Total Speed Change: 105.2 ft/sec

(accelerometer data)

8. Vehicle Damage Index, SAE J224a: 12FCEN2

9. NCHRP 230 Test Number: 50



TABLE 1-1 (Cont'd)

SUMMARY OF TEST CONDITIONS AND RESULTS - TEST 1625-C-04-85

10. Vehicle Analysis:

Design Limit
Limit Value
Observed (Absolute) (Absolute)
AV, NCHRP 230: , -27.0 ft/sec 30.0 ft/sec 40.0 ft/sec
Ridedown Accel., NCHRP
230: (10 msec) -42.3 g's 15.0 g's 20.0 g's
Avg Accel. over stopping
distance, TRC 191 -6.1 9'51 8.0 g's 12.0 g's
Stopping distance 18.4 ft
50 msec Average
Acceleration -24.1 g's 8.0 g's
11. Occupant Analysis:
Driver Passenger Design Limit
HIC 293 260 1000
Cs1I 286 174 1000
Max Chest Accel 35.7 30.0 60 g's
Right Femur Load ‘795 280 2250 lbs
Left Femur Load 957 100 2250 1lbhs

“Cannot be used because actual decelerations are not reasonably
2constant. Must use 50 msec average acceleration instead.

Composed of 16.6 feet of GREAT system crush and 2.2 feet of vehicle
crush.




2.0 TEST CONDITIONS

The test was conducted at the ENSCO Aquasco Test Facility under
good weather conditions (sunny, dry, 80° Fy, The test corre-
sponds to Test 50 of NCHRP 230 which specifies a 4500S vehicle
impacting the crash cushion at a speed of 60 mph and at a 0
degree impact angle. Details of the test conditions are given in
the following pages.

2.1 TEST FACILITY

The test facility incorporates a reverse tow vehicle propulsion
system. Vehicle guidance is accomplished through a self-correct-
ing cable system., Both the towing and the gquidance systems are
designed to detach from the test vehicle just prior to impact,
thus eliminating any effect of these systems on the impact.

A concrete pad (see Figure 2-1) was constructed and installed for
the impact attenuator testing under this contract. The pad pro-
vides the following required fixtures:

o End post for guidance system

o Reversing sheaves for propulsion system.

o Tow Cable Pull-Down for release of propulsion
cable

o Overhead camera boom

o 25' by 55' pad for installing crash cushions

of various configurations.

2.2 TEST ARTICLE

The GREAT system consists of crushable Hex-Foam cartridges sur-
rounded by a framework of triple-corrugated-steel guardrail.
(See Figure 2-2) When hit head-on, the energy-absorbing cart-
ridges crush to absorb the energy of the impact, while the steel
quardrail side panels maintain directional control. Generally,

2-1
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only the cartridges and nose cone are expended during a typical
impact. When hit from the side, these panels are restrained by
leg pins and guidance cables to redirect the errant vehicle. A
two foot wide six bay Bi-Directional configuration of the GREAT

was selected to represent a typical highway installation. This
allows vehicle redirection from opposite traffic directions.

The GREAT system was installed, as specified in the Installation
Instructions, with a five inch lateral offset to the right of the
two 12 foot temporary Concrete Median Barriers (CMB). (Figure
2-3). Each CMB was attached to the pad using steel angle bra-
ckets. The brackets are based on the State of Maryland design
shown in Figure 2-4. The fasteners are 3/4" Hilti Expansion
Anchors. A bracket was used at the end of the back CMB to pro-
vide additional fixity, as shown in Figure 2-5.

A plan view of the back-up structure is shown in Figure 2-6.
Figure 2-7 shows the GREAT system prior to the test.

The GREAT system was installed from the Installation Instruc-
tions. However, the anchor bolts provided with the system for
the chain rail were replaced by the Hilti Expansion Anchors. The
expansion bolts provided with the GREAT system provide a threaded
stud above ground level. The use of these bolts would have
required that the studs be cut off each time the test confiqura-
tion was moved on the pad. The Hilti anchors are installed with
the female end of the fastener in the pad flush with the top of

the pad. The substitute anchor was approved by Energy Absorption
Systems, Inc.

The GREAT system for the test was used in three previous 60 mph
tests of mini-compact sedans. It is considered in excellent
condition. Installation of the system was achieved without dif-
ficulty in an eight hour period with a three man crew. A crane
was used to position the two temporary CMB's.
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Epoxy cocted open-coil insert

tapped for N.C. %4 ¢ bolt min.
warking load tension (6,0003%
Shear Strength 13,000%:

25" 3"x ey 6" welded
1o & 6"x8"xMe"or
created all from ons plate.

g
550

¢ 14" hex. head bolt with standard
washer and 1%16"x 3"slotted holes in
connaction plate aiong length of barrier.

15A6'x 3"siotted holes in
connection piate, perpsndicular ”

1o faca of barrier.

5W2'x 54'x 34" Sq. washer with e’ hole ..
for existing deck.See notes on sheet | of 5
for attachment {0 new dacks:

\—l'm Boit, hex. nut

und“standard washer
%16’ ¢ hole in connaction plate.

Maximum 12’ hole diameter.

CONNECTION DETAIL .

Scale:34"=1L0"

APPROVAL

* | 25 Foesadom _ pgay.
ENGR. BRIDGE DEVEL
DATE #//p2

REVISIONS

SHA FHWA

STATE OF MARYLAND
DEPARTMENT OF TRANSPORTATION

STATE HIGHWAY ADMINISTRATION
DIVISION OF BRIDGE DEVELOPMENT

TEMPORARY PRECAST SINGLE
FACE "JERSEY TYPE" CONCRETE BARRIER

FHWA_APPROVAL

DATE:

STANDARD NO.M(5.09)-83-143 SHEET 5 _OF_.5_

Figure 2-4, CMB Fasteners
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§"x5"x 1/72"x1'-4"
STEEL BRACKET

Figure 2-5. CMB End Bracket
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2.3 TEST VEHICLE

The test vehicle was a dark blue 1979 Ford LTD II, (see Figure

2-8) corresponding to the NCHRP 230 classification of 45008S. The
initial weight of the vehicle was 3945 pounds. The vehicle was
prepared for testing by removing the gas tank and battery. The
weight of the vehicle after incorporating the instrumentation and
370 pounds of ballast was 4346 pounds. The weight distributions

of the vehicle with and without occupant are given in Tables 2-1
and 2-2.

TABLE 2-1

Weight Distribution of Test Vehicle
Without Occupants

Left Right Total & of
A1lbs) {1bs) {ibs) Total
Front 1231 1182 2413 55.5
Rear 983 950 1933 44.5
Total . 2214 2132 4346 100.0
TABLE 2-2

Weight Distribution of Test Vehicle
With Occupants

Left Right Total % of

(1bs) (1bs) (1bs) Total
Front 1310 1280 2590 54.9
Rear 1089 1041 2130 45.1
Total ' 2399 2321 4720 100.0
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Figure 2-8. Pre-Test Photographs of Test Vehicle
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The vehicle was equipped with a triaxial accelerometer package
mounted on the lateral centerline of the vehicle at the longi-~

tudinal location of the center of gravity. Roll and yaw rate
gyros were located on the same mounting block as the accelerom-
eters. A high speed movie camera (500 frames per second) was
mounted onboard to observe the movements of the dummies. The

vehicle was also equipped with contact switches mounted on the
front bumper to mark the impact and to trigger strobe flashes for

movie film alignment and analysis. Distance decals were also
installed for post-test film analysis of vehicle speed.

2.4 INSTRUMENTED DUMMIES

Two part 572 instrumented dummies were used in the test for simu-
lating and measuring occupants dynamics. Dummy (serial $#189) was
unrestrained in the driver seat of the vehicle and dummy #186 was
restrained in the passenger seat. The dummy instrumentation
consisted of three -linear accelerometers in the head, three
linear accelerometers in the chest,and two femur load cells.

2.5 DATA ACQUISITION SYSTEM

The major components of the data acquisition system were a Metra-
plex Series 300 FM data multiplexer and a Honeywell 5600C tape
recorder. The Metraplex system was used to condition and multi-
plex dummy and vehicle transducer data into three output chan-
nels. These three channels were transferred to the Honeywell
recorder via an umbilical cable made up of several coaxial
cables. Two other data channels are also recorded on the tape
recorder. A 32 KHz control signal was recorded to externally
trigger the post-test digitizing unit and to automatically syn-
chronize all data channels. A speed trap signal was also
recorded to measure vehicle impact speed. Figure 2-9 shows a
schematic of the Data Acquisition System.

2-12
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The multiplexed data and the 32 KHz control signal were recorded
in direct mode with a bandpass of 300 Hz to 300 RHz. The speed
trap data was recorded in a frequency modulated (FM) mode with a
bandpass of 0 to 20 KHz. Table 2-3 provides a channel table of
all data recorded by the data acquisition system.

In order to process the analog data tape offline a number of
steps occurred. The tape was first demultiplexed. Next, the
demultiplexed data was Played back through SAE Class 1000 filters
and each channel was digitized at 8000 Hz. At this point a digi-
tal data tape was created in accordance with the specifications
defined by NHTSA. The test data was then analyzed by ENSCO
using a DEC 11/70 mini-computer system and several general pur-
pose highway research analysis programs. The results of this
data processing and analysis are documented in Section 4.0.

2.6 PHOTOGRAPHY

Photographic coverage was provided by five high speed (500 frames
per second) cameras and one real time (24 frames per second) lé6mm
camera. The location of these cameras is shown in Figure 2-10.
In addition, 35mm black and white prints and 35 mm color slides
of the test appurtenance and the test vehicle in the pre-crash,
crash and post-crash condition were taken.
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3.0 TEST RESULTS

This section provides test results based on visual observations
during the test, measurements taken during and after the test,
and examination of the movie films of the test.

3.1 IMPACT DESCRIPTION

Review of the high speed movie films and the fifth wheel indi-
cated that the test vehicle impacted at a 0 degree.impact angle
and at a speed of 58.4 mph. Close examination also indicated
that the vehicle impacted at the center of the nose piece. This
is expected based on the accuracy of the vehicle guidance svstem.

The GREAT system is designed to provide controlled penetration of
the vehicle into the GREAT. From the movie film it was observed
to consist of the nose piece cartridge crushing first, followed
by sequential crushing of the six remaining cartridges. The
stopping distance of the vehicle was estimated to be 18.8 feet
including 2.2 feet of vehicle crush. The total dynamic
deflection of the GREAT system was 16.6 feet; however, a dynamic
rebound of 2.5 feet occurred resulting in a total static crush of
14.1 feet. Table 3-1 provides the static crush pattern of the
six bays of GREAT. As stated Previously, it was observed that
the GREAT dynamically crushed another 30 inches. Subtracting
this from the measurements of Table 3-1, the average dynamic
spacing of the six remaining bays can be calculated to be
approximately 5.2 inches. Subtracting this from the initial
spacing of 32.25 inches yields an average dynamic crush of 27.05
inches. The nose cartridge, the space between the nose cartridge
and the nose wrap, and the nose wrap dynamically crushed from an
original length of 38 inches to approximately 2 inches. This
nose crush of approximately 36 inches along with the 27.05 inches
of average dynamic crush per bay accounts for the total dynamic
crush of 16.6 feet. Mr. F. Taminini of Energy Absorption

3-1




approximately 25.5 inches. This corresponds to 80% of the

original 1length. Therefore the system crushed beyond the 80%
level.

During the impact the vehicle remained quite stable in the yaw
and roll modes, however it pitched forward enough for the rear
wheels to leave the ground by 6 inches. After crushing the GREAT
system the vehicle rebounded 11.7 feet and at an angle of 6
degrees clockwise. (See Vehicle Trajectory Path and Time in
Figure 3-1.) This should be considered a minimal hazard to
oncoming traffic. It should be noted that the nose cartridge
remained with the vehicle after the impact.

Inside the vehicle it was observed that upon impact both the
dummies lunged forward and the driver's head shattered the wind-
shield. The final resting place of both dummies was in a normal
sitting position in their respective seats.

TABLE 3-1
STATIC CRUSH PATTERN OF GREAT

Bay* Spacing Of Bay** (Inches)
Number Drivers Side Passenger Side

1 12.75 9.75

2 13.75 ' 12.25

3 7.75 10.25

4 9.75 5.25

5 4.75 11.75

6 (Next to backup) 13.75 10.75

AVERAGE 10.4 10.0

* Bays are numbered from nose to backup structure. The first
bay behind the nose bay (second bay overall) is bay number one.

**Initial Spacing was 32.25", nose cartridge remained with
vehicle and thus no static crush measurement was made.
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Figure 3-2. Post-Test Photographs of Test Vehicle and Attenuator
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3.2 VEHICLE DAMAGE

Damage to the vehicle ocurred in a fairly uniform half-oval shape
to the front end, as shown in Figure 3-2, Using the NHTSA
vehicle damage measurements shown in Figure 3-3, the following

measurements were made:

l. Penetration: cl1 - 1.5" C4 - 28.0"
Distances: c2 - 12.0" cs - 24.0"

c3 -~ 26.0" cée - 0o.0"

2. Length of Damage: L= 50.0"
L/2= 25,0"

3. Distance Between Center of Damage
Area and C. G. Axis: D= 0.0"

Based on the Society of Automotive Engineers recommended practice
J224a, "Collision Deformation Classification”, the vehicle was
rated 12FCEN2.

+(to the righ:
=(tc the left)

i

B | e

+(fore of

c.8.)
=(aft of

Figure 3-3. NHTSA Vehicle Damage Measurements
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3.3 IMPACT ATTENUATOR DAMAGE/DEBRIS PATTERN

The GREAT system performed exactly as designed. The nose piece
and cartridges were crushed and the guard rail side panels
collapsed properly. No structural damage to the system was
observed and the fixity of the CMB's was good. The CMB's shifted
longitudinally 1/8 inch. It is believed that this was mainly due
to slack in the system taken up by the impact. Figure 3-4 shows

the GREAT system and the vehicle, attenuator and pad after the
crash.

The only GREAT debris were fragments of the nose piece in the
area of the GREAT system,

3.4 PHOTOGRAPHY

The composite movie film of the test shows a panning view of the

impact, an overhead view, an onboard view, and wayside coverage

from two sides. The end view (northside) camera malfunctioned

during the test. Furthermore, the pre-test and post-test condi-
tions of the vehicle and GREAT system are shown using the panning

camera. Two copies and the master of this composite film are
provided with this test results report.

In addition, still 35mm color slides of the vehicle and GREAT

System in the pre-crash and post-crash conditions are provided to
FHWA with this report.



Figure 3-4. Post-Test Photographs of GREAT System and
Vehicle, Attenuator and Pad

3-7




4.0 DATA ANALYSIS

Data analysis for this test is divided and reported in the fol-
lowing areas: vehicle analysis, occupant analysis, and GREAT

analysis,

4.1 VEHICLE ANALYSIS

Vehicle analysis consisted of estimating vehicle speed, determin-
ing the peak measurements from vehicle-mounted transducers, and
calculating occupant risk parameters.

4.1.1 VEHICLE SPEED

The impact speed was determined from the average of the movie
films and the fifth wheel. The high-speed movie films were ana-
lyzed through the use of a Photo Optical Data Analyzer owned by
ENSCO. The speed trap data was lost due to a tape recorder prob-
lem. Based upon this analysis, the impact speed of the vehicle
was 58.4 mph (85.7 ft/sec). The rebound speed of 7.9 mph was
determined using the movie films also. Thus, the total change in
the speed of the vehicle during the collision was 66.3 mph (97.2
ft/sec). This was checked by integrating the 100 Hz longitudinal
acceleration measurements over the impact event. Results of this
processing indicated that the total speed change was 71.7 mph
(105.2 ft/sec). This 8.2% deviation from the 66.3 mph estimate
is higher than nofmally would be expected. However, this
deviation was probably caused by the severe impact suffered by
the car when the attenuator bottomed out forcing the engine
rearward as the vehicle pitched up in the rear. Nevertheless,
the data is felt to be accurate. Vehicle speed estimates are
summarized in Table 4-1.

4.1.2 PEAK TRANSDUCER MEASUREMENTS

The data collected from the longitudinal, lateral, and vertical
accelerometers mounted to the vehicle were filtered at SAE class

4-1



TABLE 4-1
TEST VEHICLE SPEED RESULTS

Impact Speed Rebound
(mph) Speed (mph)
Movie Film Average 58.0 7.9
Fifth Wheel 58.8 N/A
Speed Trap NA N/A
Average 58.4 7.9

1l mph = 1.467 ft/sec

60 and 180 per TRC 191 and NCHRP 230 requirements, respectively.
The acceleration traces obtained with the use of the SAE Class 60
(fc = 100 Hz) filtering technique are presented in Figures
4-1 through 4-3. The acceleration traces obtained with the use
of the SAE Class 180 (fc = 300 Hz) filtering technique are pre-
sented in Figures 4-4 through 4-6. The data collected from the
roll and yaw rate gyros were filtered at SAE Class 60 and SAE
Class 6 (fc = 10 Hz). The Class 60 traces are shown in Figures
4-7 and 4-8 and the Class 6 traces are shown in Figures 4-9 and
4-10. Figure 4-11 shows the impact marker. Please note that for
all plots the vehicle/GREAT impact occurs at time 0.00.

Review of Figures 4-1 and 4-4 indicates two distinct areas of
deceleration. The first area (0-150 msec) indicates sequential
crushing of the bays of the GREAT while the second area (300
msec) occurred at the final dynamic crush of the system, In
order to summarize Fiqures 4-1 through 4-6, Table 4-2 presents
the peak vehicle accelerations and times based on the SAE Class
60 and 180 filters.
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TABLE 4-2
VEHICLE TRANSDUCER MEASUREMENTS

SAE Class 60 Data SAE Class 180 Data

Peak Time Peak Time
Description {(g's) (m sec) (g's) (m_sec)
Accel, Longitudinal (g's) =51.2 319 -84.7 321
Accel, Lateral (g's) 17.7 321 25.8 321
Accel, Vertical (g's) -25.8 311 -29.5 313
Roll Rate {(deg/sec) -496 .6 65
Yaw Rate (deg/sec) -255.0 323

4.1.3 OCCUPANT RISK PARAMETERS

Occupant risk is estimated using two parameters specified in
NCHRP 230 and one parameter specified by TRC 191. 1In NCHRP 230,
the Occupant/Compartment Impact Velocity (AV) and Occupant Ride-
down Acceleration are used. The longitudinal acceleration mea-
Surements filtered at 300 Hz were double integrated to determine
a forward displacement for the impact of the occupant within the
vehicle. AV was computed for the two foot displacement given in
NCHRP 230 and the actual head to windshield measurement of 2.08
feet for the driver and 1.88 feet for the passenger. The ride-
down acceleration was computed as the peak 10 msec average accel-
eration subsequent to the AV location.

In TRC 191 the average acceleration over the stopping distance isg
specified for direct-on impacts for smooth decelerating devices.
This parameter was computed in the longitudinal direction using

the formula a = V2/25 where S is the stopping distance of 18.8

feet and V is the initial vehicle velocity of 58.4 mph (85.7
ft/sec). The average acceleration over the stopping distance was
calculated to be -6.1 g's. For devices where the deceleration is
not smooth, the maximum 50 msec data processing technique must be
used (see TRC 191, p.2l). Since the deceleration trace clearly
shows much higher deceleration 1levels toward the end of the
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TABLE 4-3
OCCUPANT RISK PARAMETERS (Longitudinal)

NCHRP 230:
AV at 2! =27.0 ft/sec @ .155 sec
Ridedown Acceleration ~42.3 g's @ .317 sec
AV for Driver at 2.08° =27.3 ft/sec @ .159 sec
Ridedown Acceleration -42.3 g's @ .317 sec
AV for Passenger at 1.88° -26.9 ft/sec @ .151 sec
Ridedown Acceleration -42.3 g's @ .317 sec
TRC 191:
Average Accel. over ' -6.1 g's (Calculation not
Stopping Distance valid. See TRC 191,
p.21)
Maximum 50 msec -24.1 g's
Acceleration

event, the maximum 50 msec level was computed. This wvalue is
-2401 gUSo

Table 4-3 presents the results of occupant risk parameter calcu-
lations. According to the longitudinal flail space recommen-
dations in Table 8 of NCHRP 230, the calculated AV at 2 feet of
-27.0 ft/sec, the AV for the driver at 2.08 feet of -27.3 ft/sec
and the AV for the passenger at 1.88 feet of =-26.9 ft/sec are
below both the design value of 30 ft/sec and limit value of 40
ft/sec. The three ridedown accelerations of -42.3 g's greatly
exceed the design and limit values of 15.0 and 20.0 g's, respec-
tively. According to the safety evaluation guidelines in Table 8
of TRC 191 the computed average acceleration over the stopping
distance of -6.1 g's is below both the absolute preferred limit
of 8.0 g's and the absolute acceptable limit of 12.0 g's. The
Peak 50 msec average acceleration of -24.1 g's is well above the
limit of 12 g's. The 50 msec measurement should be used for TRC
191 evaluation (in lieu of the average acceleration over the
stopping distance) since the device produced such a non-constant
deceleration. '
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Based on the NCHRP 230 and TRC 191 parameters, occupant risk
during test 1625-C-04-85 should be considered high. AV was below
the preferred and acceptable criteria, while the ridedown and the
pPeak 50 msec average accelerations were much higher than both the
preferred and acceptable criteria, double the highest criteria.

4.2 OCCUPANT ANALYSIS

The data obtained from the instrumented dummies was processed to
compute a number of key pParameters. Head Injury Criteria (HIC),

Chest Severity Index (CSI), and Femur Load Evaluation are dis-
cussed in the following paragraphs.

4.2.1 HEAD INJURY CRITERIA (HIC) EVALUATION

The data obtained from the three accelerometers located in the
heads of the occupants during the test were filtered at SAE Class
1000 and combined to yield a resultant acceleration occurring
during the impact event. The HIC was evaluated in accordance
with the procedures outlined in FMVSS 208. The acceleration
traces and resultants obtained with the use of the SAE Class 1000
(fc = 1,650 Hz) filtering techniques are presented in Figures
4-12 through 4-15 for the driver and Figures 4-16 through 4-19
for the passenger. Figure 4-12 indicates three distinct areas of
high deceleration., The first spike (140-150 msec) occurred when
the head impacted the windshield header, The second (175-185
msec) occurred when the head impacted and broke the windshield.
The third (180-200 msec) roughly corresponds to the deceleration
seen by the vehicle longitudinal accelerometer (see Figure 4-1).
This occurred when the vehicle stopped after the complete crush
of the GREAT barrier. The resultant acceleration calculated for
the driver's head and the passenger's head was for all practical
purposes self-contained within the collision event. The HIC
evaluated for the driver was 293 within the time interval of .144
to .148 seconds for a time duration of .004 seconds. The HIC
evaluated for the passenger was 260 within the time interval of

4-16
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«315 to .392 seconds for a time duration of .077 seconds. Given
an acceptable limit of 1000, this HIC number indicates that the
occupants experienced a moderate collision. It should be noted
that the spike in the passenger data traces which occurs at about
25 msec was caused by electrical noise, and thus should not be

considered data.

4.2.2 CHEST SEVERITY INDEX (CSI) EVALUATION

The data obtained from the three accelerometers located in the
chests of the occupants during the test were filtered at SAE
Class 180 and combined to vyield a resultant acceleration
occurring during the impact event. The CSI was evaluated in
accordance with SAE Information Report J885. In addition, the
maximum resultant acceleration whose cumulative duration is not
less than 3 milliseconds was evaluated in accordance with FMVSS
208. The acceleration traces and resultants obtained with the
use of the SAE Class 180 (£, = 300 Hz) filgering techniques are
presented in Figures 4-20 through 4-22 for the driver and Figures
4-23 through 4-26 for the passenger. The driver's chest vertical
acceleration data was lost due to a problem with the data
acquisition system. The driver's chest resultant acceleration,
the CSI and the maximum chest acceleration were calculated using
the longitudinal and lateral accelerations only.

The peak resultant acceleration whose duration greater than .003
seconds was 35.7 g's occurring at .159 seconds for the driver and
30.0 g's occurring at .346 seconds for the passenger after
initial impact. The CSI was calculated to be 286 for the driver
and 174 for the passenger. Given the acceptable limits of 60 g's
for peak acceleration and 1000 for CSI, the driver's chest and
the passenger's chest experienced a moderate accident.

4.2.3 FEMUR LOAD EVALUATION

The data obtained from the load cell located in the femur of each
leg of the occupants was filtered at SAE Class 600. The maximum
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load which occurred in each femur was then determined and com-
pared to the acceptable limit of 2,250 lbs as specified in FMvVSS
208. The load traces obtained with the use of the SAE Class 600
(fc = 1000 Hz) filtering technique are preserited in Figures 4-27
and 4-28 for the driver and Figures 4-29 and 4-30 for the pas-
senger. The maximum femur loads of the driver were 795 pounds
for the right leg and 957 pounds for the left leg. The maximum
femur loads of the passenger were 280 pounds for the right leg
and 100 pounds for the left leg. The measured femur loads are
below the acceptable limit of 2,250 pounds.

4.3 GREAT ANALYSIS

The force-deflection characteristic and the total energy absorbed
by the GREAT impact attenuator are estimated in this section,
The law of physics can be applied for this test by modeling the
vehicle/GREAT impact attenuator as shown in Figure 4-31. The
vehicle is a moving mass (m.) with a crush stiffness of Kor the
dummy is a moving mass (mp) with the vehicle interior crush
stiffness of Ky, and the stationary GREAT system has a crush
stiffness of Kg-

The kinetic energy delivered by the vehicle equals 1/2 ch2 where
m, 1is the vehicle mass (w/g) and V is the impact velocity.
Therefore, the kinetic energy of the vehicle (KEy;) equals:

4346 lbs
32.2 ft/sec

(85.7 ft/sec)2 = 495.6 kip-ft

N

2

The kinetic energy delivered by the two dummies inside the
vehicle equals 1/2 mDv2 where my is the total dummy mass and V is
the impact velocity. The kinetic energy of the dummy (KED)
equals

% x —314 1Dbs 5 % (85.7 ft/sec)? = 42.7 kip-ft
32.2 ft/sec
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Figure 4-31. Schematic of Vehicle/GREAT Interaction

The total kinetic energy delivered by the vehicle and the dummy
is 538.3 kip-ft (495.6 + 42.7). It is felt that at least 50% of
driver energy is absorbed in the vehicle when the dummy shatters
the windshield, crushes the steering column, and bounces in the
occupant compartment. The total KE of the vehicle and the por-

tion of the driver and passenger is: 495.6 + (42.7) (.75) = 527.6
kip-ft,

This kinetic energy of the vehicle and dummy will be absorbed by
the crush of GREAT system and partially by the crush of the
vehicle. To estimate the force vs deflection and total energy

absorbed by the GREAT, two approximations are used. These are
discussed below.

l. The first approximation uses the ratio of the vehicle crush
to the GREAT crush. The energy aborbed by the GREAT system and
the vehicle can be estimated using the longitudinal accelerometer
mounted at the vehicle center of gravity (c.g.). The force (F)
of the' vehicle was calculated by the formula of F=ma where m is
the vehicle plus dummy mass and a is the longitudinal accelera-

tion. Double integration of the longitudinal acceleration

4-38



measurements produced displacements corresponding to specific
acceleration levels. As shown in Figure 4-32 a force vs dis-
Placement curve was generated over the stopping distance of the
vehicle c.g., representing vehicle and GREAT crush together.
Integration of Figure 4-32 produced the total energy of the
system equal to 531 kip-ft as shown in Figure 4-33,

Visual observation of the overhead movie film indicated that the
frontal crush of the vehicle was 2.2 feet. Thus, the crush of
the GREAT equals 18.8 - 2.2 = 16.6 feet. A first order estimate
of the energy of the GREAT is the total energy of the system
times the ratio of GREAT Crush/Vehicle c.g. Stopping Distance, as
shown below.

16.6

T.8—.8 = 465.9 klp"ft

GREAT = 527.6 kip=-ft x
ENERGY ABSORBED
The energy absorbed by the vehicle is 527.6 - 465.9 = 61.7 kip-
ft.

To estimate the force vs displacement of the GREAT the displace-
ment axis of Figure 4-32 was scaled down in a linear fashion by
the ratio of 16.6/18.8 or 88.3%. Figure 4-34 shows the force vs
displacement curve of the GREAT using this simple approxima-
tion. It is felt that Figure 4-34 is only an approximation
because it assumes that vehicle crush occurs in a linear fashion
over the entire crush region of the GREAT.

A second approximation method is discussed in the following pages
which produces a different technique for GREAT analysis.

2. The second approximation method assumes that vehicle crush is
completed at the maximum force level experienced by the vehicle
C.g. accelerometer. Using Figure 4-32, the maximum force level
of 243 kips occurs at 18.8 feet of C.g. displacement (full
crush). Knowing that the vehicle front crushed 2.2 feet from
movie films, the energy of the GREAT and vehicle can be

4-39




O RTY IS

Z€-v sanbta

BEN FzmzmuaJ¢Mma

g h Qe ol il et g e g@ " h

o | UM T T e YL WA
.\7\;?!-..,.71)&..»- R ?..f. \l, 9\. 1) *...a .\(.z.. _- (W3 ", \.

i}

por st o e aa

. gat RLELEREE
NOTLHGIT300H HOd J3ATY3d RO 11031430 30404 d
HdW a9 @ Y3440 IH3490 B ONILOHIWY HHIIS 30HHT 40 SOTHUNAG 3HL 4
ST hIEDTTIMON 153D ChI99-0-£ 6~ TOHALD  Y3FUNN 1OHYINGD "ONY

434714
RELT I
dndg 0l

005N3

ee aal-

aa-
b

227231

232

>,

o

227208

22 3h

3

i

In o
3.

SRR

fwy

e




"€€-p SanbTd

o o (141 szzug 145140
D 2E g tes O he aa ted e g1 Q21 v, 17, I V' h e
-~ a
.I....‘.ss @
s
»
/)
\\\x
2 mﬁ
i
+ &0
- e3)
\\\ -
»-xl.\\ %'m
> -
—> &
-~ ol
o \\ &
1 < H...w..w
x\\ £
3]
;N &
s [ —————— ®
e
s e & w
&
&
(]
-3
— i g1
[on]
o
STh § ‘BIYS 440100 Y3114 @
QE:EcE JHIUIOU S 104 4083INI Y TANNUHG
Holl @3 & 431983 QH3U0 O ONTIOUIMT HEO3S 30dHT B 30 SOTMUENAI 3HL A01S 0l
SAHOSAY IMON 18394 ‘OM1 'OOSH3

GhT@R-0-E6~TOHALS  YIGHON LOHYINGE

4-41




yE-¥ @anbta

(437 LWNAWIDET4S 1] ‘
00°Z¢ 00°82 00°¥%2 99°LT A AN 09°0T 90°L €9°¢ vus

N R P

\’\?I.w )rxl.L..ayI..,.J. s — rf —\\’r -..-,. -.r. x......\.....\r.‘__ _-...\. ....» 7 .. "y

B~
2227
42

PRI ISH A TP Y P

,, et ‘BIYS A40400 43714 W
HOTHE37300 UOdd J3AT430 WO TL037430 J0e0d i VIHNRHD
HdW 48 & HATHYHY 103406 B ONIIOUGWT HEd35 30441 4§ J0 SOIMUNAQ 3HLD 0nds 0ol
SEWIETHIMON 1531 OhTea-0-88-TIHALD  ¥IGKNIN 1IUYINDQ TONT C0gEN3




estimated at the 18.8 foot displacement. The total energy
absorbed at this point is 527.6 kip-ft.

The energy absorbed by the vehicle is 527.6 kip-ft x 2.2 ft/18.8
ft = 61.7 kips. Therefore, the energy absorbed by the GREAT
System over the entire event is the total energy absorbed (527.6
kip-ft) minus the energy absorbed by the vehicle. This value
equals 527.6 - 61.7 = 465.9 kip-ft.

Under this approximation method the deflection of the §ehicle was
2.2 feet and the deflection of the GREAT was 16.6 feet at the
maximum force of 243 kips. From Figure 4-32 it can be seen that
the maximum force location is equivalent to the end of the dis-
placement and therefore the end of the crush. Usually, a force
vs. deflection plot is produced identical to Figure 4-32, with
the displacement axis scaled about the maximum crush location.
This is done using two different linear scales for the displace-~

ment.

However, when the maximum force occurs at the end of the dis-
placement curve, only one linear scale can be used. 1In summary,

methods 1 and 2 yield identical results for approximating the
energies absorbed during the impact. This is due to the fact

that the maximum force location is also the end of displacement.

4.4 NHTSA DATA TAPE

A digital magnetic tape containing the data from test 1625-C-04-
85 is included with this report. The tape is formatted as speci-
fied in NHTSA document entitled "Dynamic Crash Test Information
Reference Guide, Version II." Test specification and measurement
data are provided on the tape in the following areas:

General Test Information
Vehicle Information
Barrier Information
Occupant Information

O 0 0 0 ©

Instrumentation Information
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5.0 SAFETY IMPLICATIONS

The objective of this test was to investigate the impact behavior
and post-impact stability of a large sedan (45008) during a high
speed (60 MPH) frontal impact with a 6 bay GREAT impact attenu-
ator., The test results indicate a controlled arresting of the
vehicle in 18.8 feet and rebounding of the vehicle at a speed of
7.9 mph. Little yawing and rolling but significant pitching of
the vehicle were observed. The final resting position of the
front of the vehicle was 16.3 feet in front of the CMB back up
structure, The impact should be considered severe due to the
very nature of stopping the vehicle from an initial speed of 60
mph in 18.8 feet.

Safety performance of the GREAT is evaluated according to the
following three appraisal factors: structural adequacy, occupant
risk, and vehicle trajectory. Occupant risk is divided into
dummy assessment and vehicle simulated assessment. Criteria
outlined in TRC 191, FMVSS 208, and NCHRP 230 will be used for
the three appraisal factors, as appropriate. In TRC 191, a pre-
ferred limit and a permissable limit are specified while in NCHRP
230 a design value and a limit value are specified. For consis-
tency of terms in this section, a design value and a limit value
will be discussed for the lower and upper limits, respectively.

Table 5-1 outlines the safety evaluation parameters for test
1625-C-04-85, From a structural adequacy standpoint the GREAT
performed very well. The GREAT remained intact; it provided
predictable controlled penetration; and it provided minimal
debris.

Occupant risk was appraised with mixed ‘results. Using the
instrumented dummy parameters the test was completely acceptable
with all parameters below limits. Thus, the test article passed
the criteria of FMVSS 208, however, using the vehicle data to
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simulate occupant risk the test article failed the criteria of
NCHRP 230 because the ridedown accelerations were twice the limit
value. (It should be noted that the AV's were below the limit
values specified in that document.) Again using the vehicle data
to simulate occupant risk, the article also fails TRC 191 due to
the 50 msec average acceleration calculation. This was found to
equal -24.1 g's which is more than double the limit value of 12
g's. The 50 msec average acceleration calculation was used in
lieu of the average acceleration over the stopping distance due
to the resulting nonuniform deceleration trace. Taking all
appraisals into account, occupant risk is unacceptable.

Vehicle trajectory was rated acceptable, given the test
" conditions. The vehicle was controllable in the post crash
state, and intrusion into the traffic lane was minimal. This
statement should be qualified with the fact that the vehicle
transmission was in neutral during the test thus allowing free
travel of the vehicle. If the transmission was in gear the
vehicle rebound may have been less.

5-3
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