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0.000 sec 0.081 sec 0.149 sec
43.28 m >
A
%\am m
8 Test NUmbBEr ..«vuomvemvsamams MWT-1
L L ST SSPNE ST S . 7/8/99
® Appurtenance ................ W-beam to Thrie Beam
Transition Element
® Total Length ................. 26.67m ® Vehicle Angle
® Steel W-Beam to Thrie Beam Transition TOPAGE c:uvvacicissasamismacs wmssimaters vt 25.7 degrees
Thickness ................ 2.66 mm BRI v wwswansons saemisssasss e 4.29 degrees
Top Mounting Height . ...... 803 mm ® Vehicle SDagging . ....covv soimanons oo Minor wheel contact with
® Steel Posts post nos. 6 and 7
PostNos. 1-5 ............ W152x22.3 by 2,135-mm long ® Vehicle Pocketing ................... None
PostNos. 6-8 ............ W152x13.4 by 1,980-mm long ® Vehicle Stability . .............c.en... Satisfactory
PostNos.9-14 ........... W152x13.4 by 1,830-mm long ® Occupant Ridedown Deceleration (10 msec avg.)
® Wood Spacer Blocks Longitudinal .................... 10.67<20G’s
POsENOG:] cnvnamnanamin 203 mm x 203 mm by 380-mm long Lateral (not required) ............. 9.80
PostNos.2-5 ............ 203 mm x 203 mm by 480-mm long ® Occupant Impact Velocity
PostNO. 6 .cvcvaarinvmasmin 152 mm x 203 mm by 554-mm long Longitudingl . e vsousis swansmis 6.21 <12 m/s
POSENDG. T s.cvovmmimnmanissnn 152 mm x 203 mm by 483-mm long Lateral (not required) ............. 7.00
PostNo.8-14 ............ 152 mm x 203 mm by 360-mm long ® VehicleDamage ..................... Moderate
@ SOILTVPE o oiovomcnmmbosmmamns Grading B- AASHTO M 147-65 (1990) 1N D L e 11-LFQ-4
® VehicleModel ............... 1993 Ford Festiva SABR . o e mner p e s 11-LFEW3
O vy s s 814 kg ® Vehicle Stopping Distance ............ 43.28 m downstream
Test Inertial , .. vvvvsvainins 821 kg 8.81 m traffic-side face
GrossStatic............... 896 kg ® BarrierDamage .................000 Minimal
® Vehicle Speed ® Maximum Deflections
1) 175 1 SR s 99.5 km/hr Petianeit Set ... ..coviemvasanes 108 mm
T e e M i 18.22 km/hr DYRERIC o s o e T TEn T 220 mm

Figure 21. Summary of Test Results and Sequential Photographs, Test MWT-1
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Figure 22. Additional Sequential Photographs, Test MWT-1

44












Figure 26. Impact Location, Test MWT-1
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Figure 27. Final Vehicle Position, Test MWT-1
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Figure 28. W-beam to Thrie Beam Transition Damage, Test MWT-1
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Test MWT-1

7 and 8 Damage,

Figure 30. Post Nos
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Figure 33. Vehicle Damage, Test MWT-1
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Figure 34. Vehicle Damage, Test MWT-1
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Figure 35. Occupant Compartment Deformations, Test MWT-1
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8 CRASH TEST NO. 2

8.1 Test MWT-2

The 2,022-kg pickup truck impacted the guardrail system upstream from the W-beam to thrie
beam transition element at a speed of 98.3 km/hr and an angle of 25.3 degrees. A summary of the
test results and the sequential photographs are shown in Figure 36. Additional sequential
photographs are shown in Figures 37 and 38. Documentary photographs of the crash test are shown
in Figures 39 through 41.
8.2 Test Description

Initial impact occurred between post nos. 9 and 10 or 330-mm upstream from the center of
post no. 9, as shown in Figure 42. At 0.040 sec after impact, the lefi-front corner of the vehicle was
at the midspan between post nos. 8 and 9. At this same time, post no. 9 was observed to be pushed
backward and away from its original position. At0.056 sec, post no. 8 began to twist CCW, and the
left-front side of the bumper and lower fender crushed inward. At this same time, the left-front
corner of the engine hood and upper edge of the fender became separated. At 0.080 sec, the left-
front corner of the vehicle was at post no. 8, and the left-front tire had turned sideways. At this same
time, post no. 7 had not moved, although significant twist about its longitudinal axis was observed
in the rail between post nos. 7 and 8. At 0.094 sec, post no. 7 began to deflect backward and twist
about its vertical axis. At 0.102 sec, the deformed left-front tire snagged on the bottom of post no.
8 which had deflected, causing the tire to turn sharply to the left. However, the tire was not captured
under the rail. At 0.113 sec, post no. 6 began to deflect away from its original position. At0.117
sec, the rail upstream of post no. 6 kinked across the full depth. At 0.124 sec, significant vehicle

pocketing in the rail upstream of post no. 7 was observed. At this same time, post no. 7 was
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deflected backward and downstream in response to the vehicle pocketing. At0.129 sec, the left-front
corner of the vehicle extended over post no. 7, and the middle front of the vehicle was ready to
impact post no. 6. At this same time, there was very little, if any, redirection of the vehicle, and the
top of the left-side door separated from the top of the cab. At 0.135 sec, post no. 6 twisted and
deflected backward. At this same time, the wooden blockout at post no. 8 splintered due to the
contact between the tire and suspension and the bottom of the blockout. At 0.151 sec, the vehicle
was on post no.6. At this same time, extensive damage to the vehicle’s front bumper and left side
was observed and occurred as the vehicle contacted the guardrail upstream from post no. 6. Slightly
after this time, the vehicle redirected appreciably. At 0.165 sec, the top of the rail tore slightly
upstream of post no. 6 with the deformed left-front corner of the vehicle positioned at this point. At
0.185 sec, the truck traveled over the deformed post no. 5. After this time, the vehicle rolled CCW
away from the rail. At 0.189 sec, post no. 7 was pushed toward the ground. At this same time, the
right-front tire became airborne as the front of the vehicle began to rise into the air. At 0.248 sec,
the left-front wheel began to ride up on the system as the wooden blockout at post no. 5 rotated. At
0.251 sec, the front of the vehicle extended over post no. 4. At 0.261 sec, the front bumper lost
contact with the system. At 0.316 sec, the left-front tire was on top of the system with the vehicle
rolling CCW away from the rail. At 0.340 sec, the left-front tire was above the system after climbing
and vaulting away from the system at post no. 5. At 0.346 sec, the front of the vehicle extended over
post no. 3. At 0.448 sec, the front of the vehicle extended over post no. 2 as the vehicle encountered
significant CCW roll. At this point, the left-rear tire and the rear end of the vehicle had not touched
the rail. At 0.480 sec, the front end of the vehicle was airborne as well as the left-rear tire being

higher than the top of the rail. At 0.524 sec, the vehicle was pivoting about the right-rear tire, which
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was the only tire in contact with the ground. At 0.661 sec, the left-rear tire impacted the rail near
post no. 5. At 0.854 sec, the left-front corner was at its highest point in the air, and the vehicle was
positioned well away from the rail. At this same time, the right corner of the rear bumper was in
contact with the ground. At 1.266 sec, the vehicle’s right side landed on the ground. At 1.29 sec, the
vehicle reached its maximum pitch angle of 61 degrees. The vehicle’s post-impact trajectory is
shown in Figures 36 and 43. The vehicle came to rest 11.07 m downstream from impact and 3.05
m away from the traffic-side face of the rail, as shown in Figures 36 and 43.
8.3 Barrier Damage

Damage to the barrier was moderate, as shown in Figures 44 through 50. Barrier damage
consisted mostly of deformed guardrail including W-beam, W-beam to thrie beam transition, and
thrie beam, contact marks on a guardrail, deformed guardrail posts, and damaged spacer blocks. The
W-beam damage consisted of moderate deformation and flattening of the lower portion of the
impacted section between post nos. 8 and 9. The W-beam to thrie beam transition damage consisted
of moderate deformation and flattening of the impacted section of transition between post nos. 6 and
8. The thrie beam damage consisted of moderate deformation and flattening of the impacted section
of rail between post nos. 4 and 6. The W-beam to thrie beam transition element ripped at the
guardrail splice located on the upstream side of post no. 6, as shown in Figure 45. Contact marks
were found on the guardrail between post nos. 4 and 10.

During the impact event, damage and deformations were observed at several post locations
and consisted of permanent post deformations, contact marks, and damaged wooden blockouts. Post
nos. 10 through 14 were twisted and the bolts pulled through the bolt holes in the guardrail causing

slot damage. Post no. 9 was not contacted but twisted and rotated backward. Post no. 8 was
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contacted on the front edge and nearly flattened. Post no. 7 was not contacted, but was rotated and
deformed to the ground. Post no. 6 was not contacted, but was twisted and flattened. Post nos. 2
through 5 were not contacted, but moved slightly with soil failure. The wood blockout at post no.
5 split down the blockout’s length at the traffic-side quarter-point. No significant post or guardrail
damage occurred downstream of post no. 1.

The permanent set of the guardrail and posts is shown in Figures 47 through 49. The cable
anchorage system encountered slight permanent deformation due to the tensile loads transmitted
through the guardrail, as shown in Figure 50. The maximum lateral dynamic rail and post
deflections were 806 mm at the centerline of post nos. 4 through 6 and 806 mm at post no. 6,
respectively, as determined from the high-speed film analysis.

8.4 Vehicle Damage

Exterior and interior vehicle damage was extensive and occurred at several body locations,
as shown in Figures 51 through 53. Most of the vehicle damage occurred to the left-front corner of
the vehicle. Severe deformation and damaged occurred to the left-front frame and bracket, the left-
front wheel and suspension, and the front bumper. All of the major left-front wheel linkages,
including the tie rod, the ball joint, and the sway bar, disengaged. The engine and transmission
mounts also disengaged. Deformation occurred to the drive shaft. The left-front steel rim
encountered major damage. The floorboard’s center hump buckled toward the occupant
compartment’s rear wall. The firewall of the occupant compartment crushed inward under the brake
pedal. All the window glass remained undamaged.

8.5 Occupant Risk Values

The longitudinal and lateral occupant impact velocities were determined to be 8.17 m/sec and
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4.97 m/sec, respectively. The maximum 0.010-sec average occupant ridedown decelerations in the
longitudinal and lateral directions were 13.49 g's and 9.05 g's, respectively. It is noted that the
occupant impact velocities (OIV) and occupant ridedown decelerations (ORD) were within the
suggested limits provided in NCHRP Report No. 350. The results of the occupant risk, as
determined from the accelerometer data, are summarized in Figure 36. Results are shown
graphically in Appendix D. The results from the rate transducer are shown graphically in Appendix
E.
8.6 Discussion

The analysis of the test results for test MWT-2 showed that the barrier contained but did not
adequately redirect the vehicle since the vehicle did not remain upright after collision with the W-
beam to thrie beam transition element. Detached elements, fragments, or other debris from the test
article did not penetrate or show potential for penetrating the occupant compartment, or present
undue hazard to other traffic. Major deformations to the occupant compartment were evident. After
collision, the vehicle’s trajectory intruded into adjacent traffic lanes. Therefore, test MWT-2
conducted on the W-beam to thrie beam transition element was determined to be unacceptable

according to the NCHRP Report No. 350 criteria.
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0.080 sec

0.185 sec

® Test Number .. ..o e MWT-2

O DB . ivas 7/15/99

® Appurtenance ................ W-beam to Thrie Beam

o Transition Element
“ @ TotalLength ................. 26.67m

® Steel W-Beam to Thrie Beam Transition
THICKDESE: . ..coccviiosiwmsinias 2.66 mm
Top Mounting Height . ... ... 803 mm

® Steel Posts
PostNos. 1-5 csovicuseas W152x22.3 by 2,135-mm long
PostNos.6-8 ............ W152x13.4 by 1,980-mm long
PostNos.9-14 ........... W152x13.4 by 1,830-mm long

® Wood Spacer Blocks
POBENOL Y. o o oo mmmos sasmams 203 mm x 203 mm by 380-mm long
PostN0s.2-5 ............ 203 mm x 203 mm by 480-mm long
PostNO.6 .....ovvvvennn. 152 mm x 203 mm by 554-mm long
PORENOUT oo ocnmnsirnmeasinme 152 mm x 203 mm by 483-mm long
PostNo.8-14 ............ 152 mm x 203 mm by 360-mm long

O Soll TYPR wivanvvivnsiiavuini Grading B - AASHTO M 147-65 (1990)

® Vehicle Model ............... 1993 GMC 2500 %-ton pickup
CUrb: ivoamnssnmesig 2,030 kg
Test Inertial . . .oovuvaiivias 2,022 kg
Gross Static . .............. 2,022 kg

0.346 sec
® Vehicle Speed
e o R T o 98.3 km/hr
EXitl s usansnmssiversaeianivi i NA
® Vehicle Angle
IOPACE <o o vessmmmannmmwosa s 25.3 degrees
EXit oo NA
® Vehicle Snagging . ................... Snagging on post no. 8
® Vehicle Pocketing ................... Moderate
® Vehicle Stability ..................... Vehicle rollover
® Occupant Ridedown Deceleration (10 msec avg.)
Longitudingl .- ..o iiariican 1349<20G’s
Lateral (not required) ............. 9.05
® Occupant Impact Velocity
Longitudinal . ...cucvmcusainvenns 8.17<12m/s
Lateral (not required) ............. 4.97
® VehicleDamage ..................... Extensive
1 3 T m— NA
SAEY s iaihnsnsadnes aaeRRsas NA
® Vehicle Stopping Distance ............ 11.07 m downstream
3.05 m traffic-side face
® Barrier Damage ..................... Moderate
® Maximum Deflections
Permanent Set’ ...covvenvuniiains NA
DVBBINEC. .+ o visin s sovmons omiscainis s o as 806 mm

Figure 36. Summary of Test Results and Sequential Photographs, Test MWT-2
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0.094 sec 0.374 sec

0.113 sec 0.524 sec

0.189 sec 0.854 sec
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Figure 37. Additional Sequential Photographs, Test MWT-2
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0.102 sec

0.340 sec

Figure 38. Additional Sequential Photographs, Test MWT-2
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Figure 39. Documentary Photographs, Test MWT-2
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Figure 40. Documentary Photographs, Test MWT-2
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Figure 43. Final Vehicle Position, Test MWT-2
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Figure 44. W-beam to Thrie Beam Transition Damage, Test MWT-2
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Damage, Tésl MWT-2
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Figure 46. W-beam to Thrie Beam Transition Damage, Test MWT-2






Figure 48. Post No. 6 and 7 Damage, Test MWT-2
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Figure 50. Permanent Set Deflections, Test MWT-2
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Figure 51. Vehicle Damage, Test MWT-2
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Figure 53. Under-Carriage Vehicle Damage, Test MWT-2
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9 SUMMARY AND CONCLUSIONS

A W-beam to thrie beam transition element was constructed in conjuntion with a strong-post
W-beam guardrail and an approach guardrail transition and full-scale vehicle crash tested. The W-
beam to thrie beam transition element was constructed adjacent to an approved approach guardrail
transition which was attached to Missouri’s thrie beam and channel bridge railing. Two full-scale
vehicle crash tests were performed according to the TL-3 safety performance criteria presented in
NCHRP Report No. 350. A summary of the safety performance evaluation for both tests is provided
in Table 3. The first crash test, test no. MWT-1, was performed with a small car impacting the
transition element and was determined to be acceptable according to the safety performance criteria
presented in NCHRP Report No. 350. Following the successful crash test with the small car, the
system was repaired and made ready for the final crash test.

A second test, test no. MWT-2, was performed on the W-beam to thrie beam transition
element with a %-ton pickup truck. During vehicle redirection, the pickup truck rolled onto its side,
and the test was determined to be unacceptable according to the safety performance criteria presented
in NCHRP Report No. 350. Following an analysis and review of the pickup truck test results, two
conditions were observed that were believed to contribute to the poor impact performance. First,
considerable torsional collapse was found to occur to post nos. 6 through 8 which were the
W152x13.4 steel posts supporting the W-beam to thrie beam transition element. This torsional
collapse resulted in reduced lateral support for the guardrail as well as increased penetration into the
barrier system. Second, significant vehicle pocketing ocurred due to the increased penetration as
well as the rapid change in barrier stiffness, resulting in the vehicle climbing the rail and rolling onto

its side.



Inrecent years, the general design methodology of approach guardrail transitions has changed
in order to meet the NCHRP Report No. 350 impact safety standards. This change in methodology,
based on several crash test programs, has resulted in approach guardrail transitions having increased
lateral stiffness. As a result, it may be necessary to provide a more gradual change in stiffness
between the W-beam to thrie beam transition element and the existing thrie beam approach guardrail

transitions.
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Table 3. Summary of Safety Performance Evaluation Results - W-beam to Thrie Beam Transition Section

Evaluation . ol Test Test
Factors Evaluation Criteria MWT-1 | MWT-2
Structural Test article should contain and redirect the vehicle; the vehicle should not penetrate,
" underride, or override the installation although controlled lateral deflection of the test S U
Adequacy Sy a
article is acceptable.
Detached elements, fragments or other debris from the test article should not penetrate or
show potential for penetrating the occupant compartment, or present an undue hazard to S S
other traffic, pedestrians, or personnel in a work zone. Deformations of, or intrusions into,
the occupant compartment that could cause serious injuries should not be permitted.
Occupant ’[“he:h\:*e:hlc:lnzi shou_ld remain upﬂglht during and after collision although moderate roll, S U
Risk pitching and yawing are acceptable.
Longitudinal and lateral occupant impact velocities should fall below the preferred value S g!
of 9 m/s, or at least below the maximum allowable value of 12 m/s.
Longitudinal and lateral occupant ridedown accelerations should fall below the preferred S g!
value of 15 g’s, or at least below the maximum allowable value of 20 g’s.
After collision it is preferable that the vehicle's trajectory not intrude into adjacent traffic M M
lanes.
Vehicle The occupant impact velocity in the longitudinal direction should not exceed 12 m/sec and g! S
Trajectory the occupant ridedown acceleration in the longitudinal direction should not exceed 20 G's.
The exit angle from the test article preferably should be less than 60 percent of test impact S S

angle, measured at time of vehicle loss of contact with test devise.

S- Satisfactory
M- Marginal
U- Unsatisfactory

! Results of evaluation reported here even though it is not required by NCHRP Report No. 350 (4)




10 RECOMMENDATIONS

The W-beam to thrie beam transition element, as described in this report, was not
successfully crash tested according to the criteria found in NCHRP Report No. 350. The results of
the second crash test with a pickup truck indicate that this design is not a suitable design for use on
Federal-aid highways since the vehicle experienced rollover.

Although the W-beam to thrie beam transition element did not perform in an acceptable
manner, there still exists the potential for the transition element to meet the TL-3 safety standards.
It is likely that simple modifications will greatly improve the system’s performance. Examples of
these design modifications include the following and/or combinations thereof: (1) incorporating a
stiffened W-beam guardrail section upstream of the W-beam to thrie beam transition section; (2)
increasing the length of thrie beam between the W-beam to thrie beam transition section and the
bridge railing; and (3) incorporating a more gradual change in lateral barrier stiffness near the W-
beam to thrie beam transition section. However, any design modifications made to the W-beam to
thrie beam transition element or the adjacent barrier system can only be verified through the use of

full-scale vehicle crash testing.
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APPENDIX A
Typical BARRIER VII Input File

Note that the example BARRIER VII input data file included in Appendix A corresponds with the
critical impact point for tests MWT-1 and MWT-2.
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CIP Determination for W-Beam,

Thrie-Beam Transition

90 7 4 1 114 26 4 0
0.0001 0.0001 0.090 500 1.0
10 10 10 10 10 0 0
1 0.0 0.0
2 0.0 0.0
3 8.375 0.0
10 75. 0.0
34 375. 0.0
58 600. 0.0
90 900.0 0.0
3 10 6 1
10 34 23 1
34 58 23 1
58 90 31 1
1 50 0.30
75 74 73 72 71 70 69 68 67 66
65 64 63 62 61 60 59 58 57 56
55 54 53 52 51 50 49 48 47 46
45 44 43 42 41 40 39 38 37 36
35 34 33 32 31 30 29 28 27 26
100 12
1i2:33 1.99 9.375 30000. 6.77
2 2.33 1.99 12.5 30000. 6.77
3 2.3905 2.0600 9.375 30000.0 7.166
4 2.5716 2.2001 9.375 30000.0 7.657
5 2.7526 2.3402 9.375 30000.0 8.148
6 2.9337 2.4803 9.375 30000.0 8.639
7 3.1148 2.6204 9.375 30000.0 9.130
8 3.2958 2.7605 9.375 30000.0 9.621
9 3.4768 2.9006 9.375 30000.0 10.112
10 3.6580 3.0407 9.375 30000.0 10.603
11 152 6.20 9.375 30000.0 21.62
12 29.6 3.89 9.375 30000.0 13.25
200 1
1 0.334 59.0 30000. 0.90 50.0
300 8
1 21.65 3. 3.56 4.55 5l1.
BCT End Post
10000. 10000. 10000. 10000.
2 21.65 0. 5.0 3515 51.
BCT Second Post
11.0 14.7 10000. 10000.
3 21.65 0.0 4,00 4.00 54.0
W6x9 by 6' Long
6.0 15.0 16.0 16.0
4 21.65 0.0 4.00 4.00 58.5
W6x9 by 6.5' Long
6.0 15.0 16.0 16.0
5 21.65 0.0 8.0 8.0 105.0
Wéx1l5 by 7' Long
15.0 30.0 16.0 16.0
6 21.65 26.00 8.0 8.0 105.0
Wé6x1l5 by 7' Long with channel at 26 in.
15.0 30.0 16.0 16.0
7 21.65 33.00 8.0 8.0 105.0
Wéex1l5 by 7' Long with channel at 33 in.
15.0 30.0 16.0 16.0

89

99.5

99.5
103.00
110.00
117.0
124.0
131.0
138.0
145.00
152.0
310.0
5.0

0.05

10000.

10000.

92.88

92.88

256.5

256.5

256.5

68.5

68.5
76.07
81.12
86.17
91.21
96.26
101.31
106.35
108.88
219.0
436.54

10000.

10000.

270.62

270.62

539.52

539.52

539.52

0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05

0.05

0.05

0.05

0.10

0.05

0.05

0.05
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21.65 33.00 1000.0 1000.0 250.0 10000.0
Strong Post Anchor with channel at 33 in.
200.0 200.0 2.0 2.0
1
50. 2.0 3.0 6.6 100. 0.10 5.0
1 3 2 101 0. 0. Qs
3 4 6 1 101 0. 0. 0.
8 ) 1 401
9 10 1. A0k
10 1 32 1 102 0. 0. 0
34 35 56 1 101
58 59 1 103
59 60 1 104
60 61 1 .105
61 62 1 106
62 63 1. 10%
63 64 1 108
64 65 1 109
65 66 1 110
66 67 88 o Ui V3 [
82 83 96 1 112
2 8 6 201 0. 0.
1 2 301 0. 0. 0 0.
10 302
16 103 6 303
42 106 8 303
62 108 4 304
70 131 4 305
82 306
86 307
g0 308
. 17000. 13 1 0 3
0.025 0.150 4.5 10.
3510 24. 11.0 0 0 0 0
35.0 -24. 11.0 0 0 0 0
-83. 30. 1 40. 1 0 0 0
-40. 30. 1 40. 1 0 0 0
0.0 30. 1 20k 1 0] 0 0
20.0 30. 1 20. 1 0 0 0
40. 30. L 29 1 0 0 0
61. 35, 1 20. 1 0 0 0
61. 15 1 15. 1 0] 0 0
61. 0.0 1L 15, 1 0 0 0
61. =15, L Ihs 1 0 0 0
61. =30. L .20. 1 0 0 0
-83. =30 120 0 0 0 0
35 24. 0. 400.
35. -24. 0. 400.
-52 24, 0. 300.
=52, -24. 0. 300.
0.0 0.0
61, 30.
35, 24.
570. 0.0 20.0 62.14 0.0 0.0

90

10000.0 0.05



CIP Determination for W-Beam,

90 7 4 1 114 26 B 0
0.0001 0.0001 0.175 500 1.0
10 10 10 10 10 0 0
1 0.0 0.0
20.0 0.0
3 9.375 0.0
10 “I5; 0.0
34 375. 0.0
58 600. 0.0
90 900.0 0.0
] 10 6 i |
10 34 23 1
34 58 23 1
58 90 31 1
1 50 0.30
75 74 73 72 ji 5 70 69 68 67 66
65 64 63 62 61 60 59 58 57 56
55 54 53 52 51 50 49 48 47 46
45 44 43 42 41 40 39 38 37 36
35 34 33 32 31 30 29 28 27 26
100 12
3 Z2.33 1.99 9.375 30000. 6.77
2 233 1.99 12:5 30000. 6.77
<] 2.3905 2.0600 9.375 30000.0 7.166
4 2.5716 2.2001 9.375 30000.0 7.657
5 2.7526 2.3402 9.375 30000.0 B.148
6 2.9337 2.4803 9.375 30000.0 8.639
7 3.1148 2.6204 9375 30000.0 9.130
B 3.2958 2.7605 9.375 30000.0 9.621
9 3.4768 2.9006 9.375 30000.0 10.112
10 3.6580 3.0407 9,375 30000.0 10.603
it T 52 6.20 9.375 30000.0 21.62
12 29.6 3.89 9.375 30000.0 13.25
200 1
1 0.334 59.0 30000. 0.90 50.0
300 8
1 21.65 3 356 4.55 51.
BCT End Post
10000. 10000. 10000. 10000.
2 21.65 0. 5.0 3.75 51.
BCT Second Post
11.0 14.7 10000. 10000.
3 21.65 0.0 4.00 4.00 54.0
Wéex9 by 6' Long
6.0 15.0 16.0 16.0
4 21.65 0.0 4.00 4.00 58.5
Wéex9 by 6.5' Long
6.0 15.0 16.0 16.0
5 21.65 0.0 8.0 8.0 105.0
W6x1l5 by 7' Long
15.0 30.0 16.0 16.0
6 21.65 26.00 8.0 8.0 105.0
Wéex1l5 by 7' Long with channel at 26 in.
15.0 30.0 16.0 16.0
7 21.65 33.00 8.0 8.0 105.0
W6x15 by 7' Long with channel at 33 in.
15.0 30.0 16.0 16.0
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99.5

99.5
103.00
110.00
117.0
124.0
131.0
138.0
145.00
152.0
310.0
5.0

0.05

10000.

10000.

92.88

92.88

256.5

256.5

256.5

Thrie-Beam Transition - 2000P Vehicle

68.5

68.5
76.07
81.12
86.17
91.21
96.26
101.31
106.35
108.88
219.0
436.54

10000.

10000.

270.62

270.62

539.52

539.52

539.52

0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05

0.05

0.05

0.05

0.10

0.05



1000.0

0
0]

0

0
0

.

250.0 10000.0

100.

10000.0 0.05

0.10 5.0
0.
0.

8 21.65 33.00 1000.0
Strong Post Anchor with channel at 33 in.
200.0 200.0 2.0 220
400 1
1 50. 2.0 30 6.6
1 1 = 2 101 0.
2 3 4 6 1 101 0.
T 8 9 1 401
8 9 10 1 101
9 10 11 32 1 102 0.
33 34 35 56 1 101
57 58 59 1 103
58 59 60 1 104
59 60 61 1 105
60 61 62 1 106
61 62 63 1 107
62 63 64 1 108
63 64 65 1 109
64 65 66 1 110
65 66 67 88 1. R
89 82 83 96 1 112
97 2 8 6 201 0.
98 1 2 301 0.
99 10 302
100 16 103 6 303
104 42 106 8 303
107 62 108 4 304
109 70 111 4 305
112 82 306
113 86 307
114 90 308
4400.0 40000.0 20 6 4 0
1 0.055 Q.12 6.00
2 0.057 0.15 7.00
3 0.062 0.18 10.00
4 0.110 (=35 12.00
5 0.35 0.45 6.00
6 1.45 1.50 15.00
1 100.75 15,875 1 1.2.0
2 100515 27.875 1 12.0
3 100.75 39.875 2 12.0
4 88.75 39.875 2 12.0
5 76.75 39.875 2 12.0
6 64.75 39.875 2 12.0
7 5275 39.875 2 12.0
8 40.75 39.875 2 12.0
9 28.75 39.875 2 12.0
10 16.75 39.875 2 12.0
11 =13.25 39.875 3 12.0
12 -33.25 39.875 3 12.0
13 -53.25 39.875 3 12.0
14 -73.25 39.875 3 12.0
15 -93.25 39.875 3 12.0
16 -113.25 39.875 4 1:2..0
17 -113.25 -39.875 4 12.0
18 100.75 -39.875 1 12.0
19 69.25 37. 75 5 L0
20 -62.75 37.75 6 1.0
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APPENDIX B
Accelerometer Data Analysis, Test MWT-1
Figure B-1. Graph of Longitudinal Deceleration, Test MWT-1
Figure B-2. Graph of Longitudinal Occupant Impact Velocity, Test MWT-1
Figure B-3. Graph of Longitudinal Occupant Displacement, Test MWT-1
Figure B-4. Graph of Lateral Deceleration, Test MWT-1
Figure B-5. Graph of Lateral Occupant Impact Velocity, Test MWT-1

Figure B-6. Graph of Lateral Occupant Displacement, Test MWT-1
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. W8: Longitudinal Occupant Impact Velocity - Filtered Data - Test MWT-1 (EDR-4)
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Figure B-2. Graph of Longitudinal Occupant Impact Velocity, Test MWT-1
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! W9: Longitudinal Occupant Displacement - Filtered Data - Test MWT-1 (EDR-4)

97

Figure B-3. Graph of Longitudinal Occupant Displacement, Test MWT-1






| W8: Lateral Occupant Impact Velocity - Filtered Data - Test MWT-1 (EDR-4)
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Figure B-5. Graph of Lateral Occupant Impact Velocity, Test
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'{, WS9: Lateral Occupant Displacement - Filtered Data - Test MWT-1 (EDR-4)
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Figure B-6. Graph of Lateral Occupant Displacement, Test MWT-I



APPENDIX C
Rate Transducer Data Analysis, Test MWT-1

Figure C-1. Graph of Roll, Pitch, and Yaw Angular Displacements, Test MWT-1
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APPENDIX D
Accelerometer Data Analysis, Test MWT-2
Figure D-1. Graph of Longitudinal Decelerations, Test MWT-2
Figure D-2. Graph of Longitudinal Occupant Impact Velocity, Test MWT-2
Figure D-3. Graph of Longitudinal Occupant Displacement, Test MWT-2
Figure D-4. Graph of Lateral Deceleration, Test MWT-2
Figure D-5. Graph of Lateral Occupant Impact Velocity, Test MWT-2

Figure D-6. Graph of Lateral Occupant Displacement, Test MWT-2
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\ W17: Longitudinal Deceleration - 10-Msec Avg. - Filtered Data - Test MWT-2 (EDR-4)
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Figure D-1. Graph of Longitudinal Deceleration, Test



‘ W8: Longitudinal Occupant Impact Velocity - Filtered Data - Test MWT-2 (EDR-4)
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Figure D-2. Graph of Longitudinal Occupant Impact Velocity, Test MWT-2
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! W9: Longitudinal Occupant Displacement - Filtered Data - Test MWT-2 (EDR-4)
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Figure D-3. Graph of Longitudinal Occupant Displacement, Test MWT-2
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‘ W8: Lateral Occupant Impact Velocity - Filtered Data - Test MWT-2 (EDR-4)
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Figure D-5. Graph of Lateral Occupant Impact Velocity, Test MWT-2







APPENDIX E
Rate Transducer Data Analysis, Test MWT-2

Figure E-1. Graph of Roll, Pitch, and Yaw Angular Displacements, Test MWT-2
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W18: TEST MWT-2 UNCOUPLED ANGULAR DISPLACEMENTS
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Figure E-1. Graph of Roll, Pitch, and Yaw Angular Displacements, Test MWT-2
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