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1 INTRODUCTION

1.1 Background and Problem Statement

Prior full-scale crash testing and accident data analyses have both shown that low-tension,
cable barrier systems are one of the safest roadside barriers in existence. Crash tests of cable barriers
installed on slopes have shown that large automobiles can be contained and redirected by only one
of the three cables used in current low-tension designs. Further, accident data has shown that cable
barriers have the lowest injury rate of any roadside barrier system. However, existing designs
incorporate a relatively small spacing between the cables which may allow some vehicles to
underride the barrier and can limit the slopes upon which the barrier can be installed. Further, the
most widely used designs incorporate wide post spacings which allow large lateral deflections.
1.2 Objective

The overall objective of the research was to significantly improve the design of standard low-
tension, cable barrier systems by eliminating operational restrictions and maintenance problems as
well as to improve its impact performance. More specifically, the objectives included: (1) a
determination of the post spacing required to reduce lateral deflection; (2) a determination of the
cable configuration necessary to eliminate or minimize vehicle penetrations under or over the
barrier; and (3) an investigation of the post to cable attachments required to simplify and expedite
repair of the barrier system. To eliminate vehicle penetrations under or over the barrier, this research
examined the use of a four-cable barrier system instead of the typical three-cable barrier system. The
cable barrier system was evaluated according to the Test Level 3 (TL-3) safety performance criteria
set forth in the National Cooperative Highway Research Program (NCHRP) Report No. 350,

Recommended Procedures for the Safety Performance Evaluation of Highway Features (1).



1.3 Scope

Following the development and construction of the first cable barrier system, three full-scale
crash tests were conducted. The first and second test utilized a small car, weighing approximately
820 kg (1,808 Ibs), impacting at a speed and angle of 100.0 km/h (62.1 mph) and 20.0 degrees,
respectively. The third test was performed using a %-ton pickup truck, weighing approximately
2,000 kg (4,409 Ibs), impacting at a speed and angle of 100.0 km/h (62.1 mph) and 25 degrees,
respectively. Finally, the test results were analyzed, evaluated, and documented. Conclusions and

recommendations were then made that pertain to the safety performance of the cable barrier systems.



2 TEST REQUIREMENTS AND EVALUATION CRITERIA
2.1 Test Requirements
Longitudinal barriers, such as cable median barriers, must satisfy the requirements provided
in NCHRP Report No. 350 to be accepted for use on National Highway System (NHS) construction
projects or as a replacement for existing systems not meeting current safety standards. According
to TL-3 of NCHRP Report No. 350, a cable barrier system must be subjected to two full-scale
vehicle crash tests. The two required crash tests are noted below.
1. Test Designation 3-10, consisting of an 820-kg (1,808-1b) small car
impacting the cable median barrier at a nominal speed and angle of 100.0
km/h (62.1 mph) and 20 degrees, respectively.
2. Test Designation 3-11, consisting of a 2,000-kg (4,409-Ib) pickup truck
impacting the cable median barrier at a nominal speed and angle of 100.0
km/h (62.1 mph) and 25 degrees, respectively.
The test conditions for TL-3 longitudinal barriers are summarized in Table 1.
2.2 Evaluation Criteria
Evaluation criteria for full-scale vehicle crash testing are based on three appraisal areas: (1)
structural adequacy; (2) occupant risk; and (3) vehicle trajectory after collision. Criteria for
structural adequacy are intended to evaluate the ability of the cable barrier to contain, redirect, or
allow controlled vehicle penetration in a predictable manner. Occupant risk evaluates the degree of
hazard to occupants in the impacting vehicle. Vehicle trajectory after collision is a measure of the
potential for the post-impact trajectory of the vehicle to cause subsequent multi-vehicle accidents.
This criterion also indicates the potential safety hazard for the occupants of other vehicles or the

occupants of the impacting vehicle when subjected to secondary collisions with other fixed objects.

These three evaluation criteria are defined in Table 2. The full-scale vehicle crash tests were



conducted and reported in accordance with the procedures provided in NCHRP Report No. 350.

Table 1. NCHRP Report No. 350 Test Level 3 Crash Test Conditions

Impact Conditions
Test Test Test Speed Evaluation
Article Designation | Vehicle P Angle Criteria®
(km/h) (mph) (degrees)
Longitudinal 3-10 820C 100 62.1 20 AD,FHI,K,M
Barriers 3-11 2000P | 100 62.1 25 AD,F.KLM

! Evaluation criteria explained in Table 2.



Table 2. NCHRP Report No. 350 Evaluation Criteria for Crash Tests

Structural
Adequacy

A.

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 article is acceptable.

Acceptable test article performance may be by redirection, controlled
penetration, or controlled stopping of the vehicle.

Occupant
Risk

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 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.

The vehicle should remain upright during and after collision although
moderate roll, pitching, and yawing are acceptable.

Longitudinal and lateral occupant impact velocities should fall below the
preferred value of 9 m/s (29.53 ft/s), or at least below the maximum
allowable value of 12 m/s (39.37 ft/s).

Longitudinal and lateral occupant ridedown accelerations should fall below
the preferred value of 15 g’s, or at least below the maximum allowable
value of 20 g’s.

Vehicle
Trajectory

After collision it is preferable that the vehicle's trajectory not intrude into
adjacent traffic lanes.

The occupant impact velocity in the longitudinal direction should not
exceed 12 m/s (39.37 ft/s), and 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 angle measured at time of vehicle loss of contact
with test device.

Vehicle trajectory behind the test article is acceptable.




3 TEST CONDITIONS
3.1 Test Facility

The testing facility is located at the Lincoln Air-Park on the northwest (NW) side of the
Lincoln Municipal Airport and is approximately 8.0 km (5 mi.) NW of the University of Nebraska-
Lincoln.

3.2 Vehicle Tow and Guidance System

A reverse cable tow system with a 1:2 mechanical advantage was used to propel the test
vehicle. The distance traveled and the speed of the tow vehicle were one-half that of the test vehicle.
The test vehicle was released from the tow cable before impact with the barrier system. A digital
speedometer was located on the tow vehicle to increase the accuracy of the test vehicle impact
speed.

A vehicle guidance system developed by Hinch (2) was used to steer the test vehicle. A
guide-flag, attached to the front-right wheel and the guide cable, was sheared off before impact with
the barrier system. The 9.5-mm (0.375-in.) diameter guide cable was tensioned to approximately
15.6 kN (3,500 Ibs), and supported laterally and vertically every 30.48 m (100 ft) by hinged
stanchions. The hinged stanchions stood upright while holding up the guide cable, but as the vehicle
was towed down the line, the guide-flag struck and knocked each stanchion to the ground. For tests
CMB-1, CMB-2, and CMB-3, the vehicle guidance systems were 241 m (790 ft), 242 m (795 ft),
and 323 m (1,060 ft) long, respectively.

3.3 Test Vehicles
For test CMB-1, a 1997 Geo Metro small car was used as the test vehicle. The test inertial

and gross static weights were 818 kg (1,803 Ibs) and 893 kg (1,969 Ibs), respectively. The test



vehicle is shown in Figure 1, and vehicle dimensions are shown in Figure 2.

For test CMB-2, a 1996 Geo Metro was used as the test vehicle. The test inertial and gross
static weights were 814 kg (1,794 Ibs) and 899 kg (1,960 Ibs), respectively. The test vehicle is
shown in Figure 3, and vehicle dimensions are shown in Figure 4.

For test CMB-3, a 1999 GMC 3/4-ton pickup truck was used as the test vehicle. The test
inertial and gross static weights were 2,023 kg (4,459 Ibs). The test vehicle is shown in Figure 5, and
vehicle dimensions are shown in Figure 6.

The vertical and longitudinal components of the center of gravity were determined using the
measured axle weights. The location of the final centers of gravity are shown in Figures 7 through
0.

Square black and white-checkered targets were placed on the vehicle to aid in the analysis
of the high-speed film and E/cam and Photron videos, as shown in Figures 7 through 9. Round,
checkered targets were placed on the center of gravity on the driver’s side door, on the passenger’s
side door, and on the roof of the vehicle. The remaining targets were located for reference so that
they could be viewed from the high-speed cameras for film analysis.

The front wheels of the test vehicle were aligned for camber, caster, and toe-in values of zero
so that the vehicle would track properly along the guide cable. Two 5B flash bulbs were mounted
on both the hood and roof of the vehicle to pinpoint the time of impact with the barrier on the high-
speed film and video. The flash bulb was fired by a pressure tape switch mounted on the front face
of the bumper. A remote-controlled brake system was installed in the test vehicle so the vehicle

could be brought safely to a stop after the test.
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Figure 2. Vehicle Dimensions, Test CMB-1



Figure 3. Test Vehicle, Test CMB-2
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Date: _11/10/2004 Test Number: CMB-2 Model: 820C Metro
Make: GEO Vehicle 1.D.#: 2C1MR2283T6727009

Tire Size: P15580 R13 Year: 1996 Odometer: 177769
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Figure 4. Vehicle Dimensions, Test CMB-2
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Date: _03/14/2005 Test Number: CMB-—3 Mcdel: 2000P
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Figure 6. Vehicle Dimensions, Test CMB-3
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Figure 8. Vehicle Target Locations, Test CMB-2
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TEST #: CMB-—3
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Figure 9. Vehicle Target Locations, Test CMB-3
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3.4 Data Acquisition Systems

3.4.1 Accelerometers

One triaxial piezoresistive accelerometer system with a range of £200 g’s was used to
measure the acceleration in the longitudinal, lateral, and vertical directions at a sample rate of 10,000
Hz. The environmental shock and vibration sensor/recorder system, Model EDR-4M6, was
developed by Instrumented Sensor Technology (IST) of Okemos, Michigan and includes three
differential channels as well as three single-ended channels. The EDR-4 was configured with 6 MB
of RAM memory and a 1,500 Hz lowpass filter. Computer software, “DynaMax 1 (DM-1)" and
“DADISP”, was used to analyze and plot the accelerometer data.

Another triaxial piezoresistive accelerometer system with a range of 200 g’s was also used
to measure the acceleration in the longitudinal, lateral, and vertical directions at a sample rate of
3,200 Hz. The environmental shock and vibration sensor/recorder system, Model EDR-3, was
developed by Instrumental Sensor Technology (IST) of Okemos, Michigan. The EDR-3 was
configured with 256 kB of RAM memory and a 1,120 Hz lowpass filter. Computer software,
“DynaMax 1 (DM-1)” and “DADIiSP”, was used to analyze and plot the accelerometer data.

3.4.2 Rate Transducers

An Analog Systems 3-axis rate transducer with a range of 1,200 degrees/sec in each of the
three directions (pitch, roll, and yaw) was used to measure the rates of motion of the test vehicle.
The rate transducer was mounted inside the body of the EDR-4M6 and recorded data at 10,000 Hz
to a second data acquisition board inside the EDR-4M6 housing. The raw data measurements were
then downloaded, converted to the appropriate Euler angles for analysis, and plotted. Computer

software, “DynaMax 1” and “DADISP,” was used to analyze and plot the rate transducer data.
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3.4.3 High-Speed Photography

For test CMB-1, three high-speed 16-mm Red Lake Locam cameras, with operating speed
of approximately 500 frames/sec, were used to film the crash test. Four high-speed Red Lake E/cam
video cameras, and one high-speed Photron video camera, all with operating speeds of 500
frames/sec, were also used to film the crash test. Five Canon digital video cameras, with a standard
operating speed of 29.97 frames/sec, were also used to film the crash test. Camera details and a
schematic of all thirteen camera locations for test no. CMB-1 is shown in Figure 10.

For test CMB-2, three high-speed Red Lake E/cam video cameras, one high-speed AOS
VITcam video camera, and two high-speed Photron video cameras, all with operating speeds of 500
frames/sec were used to film the crash test. Five Canon digital video cameras, with a standard
operating speed of 29.97 frames/sec, were also used to film the crash test. Camera details and a
schematic of all eleven camera locations for test no. CMB-2 is shown in Figure 11.

For test CMB-3, two high-speed Photron video cameras, one high-speed AOS VITcam video
camera, and three high-speed Red Lake E/cam video cameras, all with operating speeds of 500
frames/sec, were used to film the crash test. Seven Canon digital video cameras, with a standard
operating speed of 29.97 frames/sec, were also used to film the crash test. Camera details and a
schematic of all thirteen camera locations for test no. CMB-3 is shown in Figure 12.

The Locam films, Photron and AOS videos, and E/cam videos were analyzed using the
Vanguard Motion Analyzer, ImageExpress MotionPlus software, and Redlake Motion Scope
software, respectively. Actual camera speed and camera divergence factors were considered in the

analysis of the high-speed film.
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3.4.4 Pressure Tape Switches

For tests CMB-1, CMB-2, and CMB-3, five pressure-activated tape switches, spaced at 2-m
(6.56-ft) intervals, were used to determine the speed of the vehicle before impact. Each tape switch
fired a strobe light which sent an electronic timing signal to the data acquisition system as the left-
front tire of the test vehicle passed over it. Test vehicle speed was determined from electronic timing
mark data recorded using the Test Point software. Strobe lights and high-speed film analysis are
used only as a backup in the event that vehicle speed cannot be determined from the electronic data.

3.4.5 Load Cells

Six load cells were installed along the four-cable guardrail system for test CMB-1. Four load
cells were positioned in line on each cable on the upstream end. Load cells were attached in line on
the middle two cables on the downstream end. The load cell positions is shown in Figure 13.

The load cells were Transducer Techniques TLL-50K load cells with a load range up to
222.4 kN (50,000 Ibs). During the test, output voltage signals from the load cells were sent to a
Keithly Metrabyte DAS-1802HC data acquisition board, acquired with Test Point, and stored
permanently on the computer. The sample rate of the load cells was 10,000 samples per second

(10,000 Hz).
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Figure 13. Load Cell Configuration, Test CMB-1
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4 CABLE MEDIAN BARRIER - DESIGN NO. 1

The total length of the installation was 148 m (486 ft). The test installation consisted of four
major structural components: (1) wire rope; (2) posts; (3) spring compensating cable end assemblies;
and (4) anchor assemblies. Design details are shown in Figures 14 through 29. The corresponding
English-unit drawings are shown in Appendix A. Photographs of the test installation are shown in
Figures 30 through 32.

Four separate lines of 19-mm (0.75-in.) diameter, 3x7 wire rope defined the rail elements.
The cable rails were supported by 80 guardrail posts with an uppermost mounting height of 864 mm
(34 in.) and with an 178-mm (7-in.) incremental spacing, as shown in Figures 14 and 28. The four
cables were pre-tensioned to 2.69 N (0.9 kips). Line post nos. 2 through 79 were spaced 1,829 mm
(72 in.) apart, while post nos. 1 and 80 were spaced 2,438 mm (96 in.) away from post nos. 2 and
79, respectively. A spring compensating cable assembly was placed within the 3,048-mm (120-in.)
span between post nos. 2 and 3 and post nos. 78 and 79, as shown in Figure 15.

A 2,438-mm (96-in.) long, W152x36.8 (W6x25) steel post was used for each cable anchor
base for post nos. 1 and 80. Using the auger and backfill method, these anchor posts were embedded
to a depth of 2,438 mm (96 in.) in compacted, course soil that met the criteria for Grading B of
AASHTO M147-65 (1990) as found in NCHRP Report No. 350 (1). The cable anchor assembly and
parts are shown in Figures 16 through 20 and Figure 31. A 13-mm (0.5-in.) thick by 610-mm (24-
in.) square soil plate was welded to the flange of the cable anchor base post by a series of 10-mm
(3/8-in.) fillet welds. A 13-mm x 368-mm x 229-mm (0.5-in. x 14.5-in. x 9-in.) anchor base plate
was welded to the top of the steel post to complete the cable anchor post. Another 13-mm x 368-mm

X 229-mm (0.5-in. x 14.5-in. x 9-in.) steel plate formed the cable anchor bracket, as shown in
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Figures 18, 19, and 31. Two 5mm x 32-mm x 32-mm x 495-mm (0.1875-in. x 1.25-in. x 1.25-in. x
19.5-in.) tubes were used to create the cable release lever that was welded to the cable anchor
bracket. The cable anchor bracket was bolted to the cable anchor post using 19-mm (0.75-in.)
diameter, 64-mm (2.5-in.) long, Grade 5 hex head bolts to complete the cable anchor assembly.

An 1,829-mm (72-in.) long, W152x13.4 (W6x9) steel post and an 863-mm (34 in.) long,
S76x8.5 (S3x5.7) steel post were used for the cable support post in post nos. 2 and 79. Using the
auger and backfill method, the base posts were embedded to a depth of 1,762 mm (69.375 in.) in
compacted, coarse soil that met the criteria for Grading B of AASHTO M147-65 (1990) as found
in NCHRP Report No. 350 (1). The breakaway cable support post is shown in Figures 21 through
27 and Figure 32. A 13-mm x 153-mm x 127-mm (0.5-in. x 6-in. X 5-in.) ASTM A36 steel base slip
plate was welded onto a W152x13.4 (W6x9) steel post to comprise the cable support post base. A
13-mm x 686-mm x 51-mm (0.5-in. X 27-in. x 2-in.) slotted, ASTM A36 steel plate was welded onto
an 863-mm (34-in.) long, S76x8.5 (S3x5.7) steel post, and a 9.5-mm x 102-mm x 127-mm (0.375-in.
X 4-in. x 5-in.) steel slip plate was welded onto the base of the steel post to form the upper cable
support breakaway post, as shown in Figures 24 and 32. Two 6-mm x 178-mm x 432-mm (0.25-in.
X 7-in. X 17-in.) bearing plates were welded onto two 1,016-mm (40-in.) long steel bearing plate
braces to form the bearing strut. The bearing strut was bolted onto the cable support base using a 13-
mm (0.5-in.) diameter, 203-mm (8-in.) long, ASTM A307 hex head bolt and fastened with a nut. The
cable support post base was then bolted to the upper cable support breakaway post using four 13-mm
(0.5-in.) diameter, 64-mm (2.5-in.) long, ASTM A307 hex head bolts and fastened with nuts, as
shown in Figure 21.

A 1,981-mm (78-in.) long, M203x9.7 (M8x6.5) rolled steel section was used for line post

25



nos. 3 through 78, as was recommended by previous bogie testing (3). Using the auger and backfill
method, the section incorporated an 1,067-mm (42-in.) embedment depth in compacted, coarse soil
that met the criteria for Grading B of AASHTO M147-65 (1990) as found in NCHRP Report No.
350 (1). The line post is shown in Figures 28 through 30. Four holes were drilled in the left flange
of each side of the posts, beginning 64 mm (2.5 in.) from the top of the post with an 178-mm (7-in.)
incremental spacing, as shown in Figure 29. Four 16-mm (0.625-in.) diameter, 54-mm (2.125-in.)
long, Grade 5 cable hook bolts were placed in the holes such that each flange held two bolts. The
top and bottom bolts were attached to one flange, and the lower-middle and upper-middle bolts were
attached to the opposite flange. The cable hook bolts were attached to each post with a Grade 2, 16-
mm (0.625-in.) diameter nut. The placement of the cable hook bolts on the line posts alternated
between the top and bottom holes and the middle two holes to create a weave pattern, as shown in

Figures 14 and 30.
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Figure 30. Low-Tension Cable Median Barrier, Design No. 1
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Figure 31. Cable Anchor, Design No. 1
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Figure 32. Cable Support Post, Design No. 1
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5 CRASH TEST NO. 1 (DESIGN NO. 1)

5.1 Test No. CMB-1

The 893-kg (1,969-Ib) small car impacted the cable median barrier (Design No. 1) at a speed
of 97.6 km/h (60.6 mph) and at an angle of 19.7 degrees. A summary of the test results and
sequential photographs are shown in Figure 33. The summary of the test results and sequential
photographs in English units are shown in Appendix B. Additional sequential photographs are
shown in Figures 34 and 35. Documentary photographs are shown in Figures 36 through 40.
5.2 Test Description

Initial vehicle impact was to occur between post nos. 40 and 41, or 846 mm (33.3 in.)
upstream from post no. 41, as shown in Figure 41. At impact, the left-front corner of the bumper
protruded between the cables with the top cable above the hood of the vehicle. At 0.016 sec after
initial impact, post no. 41 deflected due to contact with front bumper. At 0.030 sec, the left-front tire
was located on top of post no. 41, and post no. 40 was bending toward the ground. At 0.062 sec, post
no. 40 deflected downstream and buckled as it rotated counter-clockwise. At 0.068 sec, the vehicle
impacted post no. 42, while the upper-middle cable was deforming the sheet metal above the left-
front wheel well. At 0.156 sec, the vehicle contacted post no. 43, and the left-rear tire lost contact
with the ground. At this same time, the driver’s-side window was shattered by the contact with the
top cable. At 0.212 sec, the vehicle contacted post no. 44. At 0.306 sec, the vehicle had redirected
parallel to the barrier with a speed of 78.6 km/h (48.9 mph). At 0.320 sec, the left side of the vehicle
was airborne as the car contacted post no. 45. The vehicle impacted post no. 46 at 0.414 sec. At
0.561 sec, the right-rear tire was the only tire touching ground. At 1.110 sec, the car became

airborne. At 1.200 sec, the vehicle exited the system at approximately 5 degrees with a velocity of
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53.6 km/h (33.3 mph). At 1.674 sec, the car had rolled such that its entire right side was in contact
with the ground. At 1.936 sec, the car had rolled completely over and was sliding on its roof. At
2.180 sec, the left-front corner of the car was the only vehicle component still in contact with the
ground. At 2.312 sec, the vehicle was completely airborne, and it continued to roll. The final
position of the vehicle was determined to be 34.5 m (113.2 ft) downstream from impact and 4.3 m
(14.1 ft) laterally from the barrier, as shown in Figure 42.

5.3 Barrier Damage

Damage to the barrier was moderate, as shown in Figures 43 through 45. Barrier damage
consisted of bent and twisted guardrail posts and detached cables. The length of vehicle contact
along the cable median barrier system was approximately 12.8 m ( 42 ft), which spanned from post
no. 41 through post no. 48.

Soil gaps less than 3 mm (0.125 in.) wide developed at posts nos. 36 through 39. No other
damage was visible to these posts. Post no. 40 had soil gaps of 16 mm (0.625 in.) on the front, 3 mm
(0.125in.) on the back, and 3 mm (0.125 in.) downstream. Post no. 42 had a 51-mm (2-in.) soil gap
on the backside of the system. A 38-mm (1.5-in.) soil gap was created on both the front and back
sides of post no. 44. A 13-mm (0.5-in.). A soil gap was formed on the upstream side of post no. 45
due to post bending below the ground surface. Post no. 46 had soil gaps of 64 mm (2.5 in.) on the
backside and 19 mm (0.75 in.) on the front side. A soil gap of 3 mm (0.125 in.) was created on the
front side of post no. 47. Post nos. 49 and 50 had soil gaps due to the post bending beneath the
ground surface. Post no. 50 had a 3-mm (0.125-in.) soil gap behind the post. A 25 mm (1-in.) soil
gap was formed on the upstream side of post no. 51, while a 3-mm (0.125-in.) gap was found on the

backside. A 13-mm (0.5-in.) soil gap was formed on the upstream side of post no. 52.
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The top cable was disengaged from the U-bolt and remained on the front face of post no. 40.
All four cables were disengaged from their respective U-bolts for post nos. 41 through 43. Cable no.
4 was the only cable still attached to post no. 44. Cable no. 3 was the only cable still attached to post
no 45. For post no. 46, cable no. 4 was the only cable still attached. Cable nos. 3 and 4 remained
attached to post nos. 47 and 48. Cable no. 4 remained attached to post nos. 49 and 50. Cable no. 1
was the only cable not attached to post no. 51.

Posts no. 41 bent about the weak axis, and localized buckling occurred on the post’s front
flange. Post no. 41 was twisted 45 degrees counter-clockwise. Post no. 42 was bent toward the
ground and was twisted counter-clockwise approximately 5 to 10 degrees. Post no. 43 also bent
about its weak axis with minor counter-clockwise twisting. Post no. 44 bent to the ground and
underwent significant lateral torsional buckling, beginning at the U-bolt location for cable no. 4.
Post no. 44 was twisted counter-clockwise approximately 20 degrees. Post no. 45 was bent about
its weak axis with minor twisting. Post no. 46 was bent to the ground, with local buckling of the
back-downstream flange at ground level. Post no. 47 was bent slightly below ground level, causing
it to appear like it had twisted clockwise. Post no. 48 was bent at the ground about its weak axis and
was twisted counter-clockwise less than 5 degrees. Post nos. 49 and 50 were both bent to the ground
about their weak axes. Post no. 51 was bent at ground level to approximately 45 degrees and twisted
15 degrees. Post no. 52 was bent approximately 80 degrees from the ground and twisted
approximately 5 degrees. Post no. 53 remained vertical but was slightly twisted.

The permanent set of the posts is shown in Figures 43 through 45. The anchor ends
encountered slight permanent set deformations, as shown in Figure 46. The maximum lateral

permanent set post deflections were not calculated for this test. The maximum lateral dynamic post
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deflection was 545 mm (21.5 in.) at post no. 44, and the working width was determined to be 1,125
mm (44.3 in.), as determined from the high-speed film analysis.
5.4 Vehicle Damage

Exterior vehicle damage was extensive, as shown in Figures 47 through 49. Occupant
compartment deformations occurred, especially to the roof and windshield due to vehicle rollover.

The front-right fender crushed inward. A large gouge extended from the wheel well to the
left-side door. Cable contact marks were found along the entire left side of the vehicle. The front
bumper cover disengaged from the vehicle. The right-front wheel and tire disengaged from the
vehicle. The right-rear tire was deflated. The vehicle’s hood sustained severe damage and
deformation. The front of the roof crushed inward due to vehicle rollover. The windshield crushed
inward and was shattered. The right-side and left-side door window glass shattered and was
removed.
5.5 Occupant Risk Values

The longitudinal and lateral occupant impact velocities were determined to be -5.07 m/s
(-16.62 ft/s) and 3.91 m/s (12.82 ft/s), respectively. The maximum 0.010-sec average occupant
ridedown decelerations in the longitudinal and lateral directions were -8.11 g’s and 6.32 g’s,
respectively. It is noted that the occupant impact velocities (OIVs) and occupant ridedown
decelerations (ORDs) were within the suggested limits provided in NCHRP Report No. 350. The
THIV and PHD values were determined to be 6.08 m/s (19.94 ft/s) and 9.84 g’s, respectively. The
results of the occupant risk, as determined from the accelerometer data, are summarized in Figure
32. Results are shown graphically in Appendix C. The results from the rate transducer are shown

graphically in Appendix C.
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5.6 Load Cell Results

The forces imparted to the upstream end anchor, combined with the corresponding anchor
displacements, were used to evaluate the effectiveness of the new driven steel post anchor. As
previously discussed, load cells were installed parallel to each cable and at both ends of the barrier
system to monitor the loads transferred to the anchor through the cables.

Four load cells were placed on the upstream system end, one on each cable, and two load
cells were set on the downstream system end, one on the lower- and upper-middle cables. The total
upstream cable load imparted to the upstream cable anchor was determined by summing the
observed tension in all four cables on the upstream end and is shown graphically in Figure 50. The
maximum force acting on the upstream anchor was determined to be 28.78 kN (6.47 Kips).
Individual cable loads on the upstream and downstream system ends are depicted graphically in
Figures 51 and 52, respectively. The results of the load cell data are summarized in Table 3.

5.7 Discussion

The analysis of the test results for test no. CMB-1 showed that the low-tension, cable median
barrier (Design No. 1) adequately contained the 820C vehicle, but it did not safely redirect the
vehicle since the vehicle rolled over after collision with the barrier. There were no detached
elements nor fragments which showed potential for penetrating the occupant compartment nor
presented undue hazard to other traffic. Deformations of, or intrusions into, the occupant
compartment that could have caused serious injury did occur with the deformation of the vehicle’s
windshield and roof. After collision, the vehicle’s trajectory appeared to intrude slightly into
adjacent traffic lanes. Therefore, test no. CMB-1 (Design No. 1) was determined to be unacceptable
according to the TL-3 safety performance criteria for test designation no. 3-10 found in NCHRP

Report No. 350.
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Figure 34. Additional Sequential Photographs, Test CMB-1
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Figure 35. Additional Sequential Photographs, Test CMB-1
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Figure 36. Documentary Photographs, Test CMB-1
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Figure 37. Documentary Photographs, Test CMB-1
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Figure 38. Documentary Photographs, Test CMB-1
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Figure 39. Documentary Photographs, Test CMB-1
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Figure 40. Documentary Photographs, Test CMB-1
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Figure 41. Impact Location, Test CMB-1
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Figure 42. Vehicle Final Position and Trajectory Marks, Test CMB-1
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Figure 43. System Damage, Test CMB-1
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Post No. 43

Figure 44. Post Nos. 41 through 46 Damage, Test CMB-1
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Figure 45. Post Nos. 47 through 51 Damage, Test CMB-1
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Figure 46. Downstream End Anchorage Damage, Test CMB-1
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Figure 47. Vehicle Damage, Test CMB-1
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Figure 48. Vehicle Damage, Test CMB-1
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Figure 49. Vehicle Damage, Test CMB-1
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Table 3. Load Cell Results, Test CMB-1

Maximum Cable Load Time
Location Loading Cable
KN Kips sec
Top 7.21 1.62 0.2689
Upper-Middle 7.25 1.63 0.3308
Upstream Cable Anchor
Lower-Middle 9.58 2.15 0.1654
Bottom 5.53 1.24 0.2679
Total Upstream Cable Load Maximum 28.78 6.47 0.2108
Downstream Cable Upper-Middle 14.35 3.23 0.3202
Anchor Lower-Middle 9.06 2.04 0.1588
Total Downstream Load Maximum
(Only Upper- and Lower-Middle Cables) 19.45 4.38 0.2567
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6 CABLE MEDIAN BARRIER DESIGN MODIFICATIONS - DESIGN NO. 2

As stated previously, the small car test was unsuccessful when the vehicle exited the barrier
system while entangled in the cables, causing the vehicle to climb a post, and then roll over.
Following the unsatisfactory results observed for test no. CMB-1, researchers deemed it necessary
to incorporate design modifications that would improve barrier performance.

For the initial barrier design (Design No. 1) [test no. CMB-1], each post consisted of 1,981
mm (78 in.) long, M203x9.7 (M8x6.5) steel sections spaced 1.83 m (6 ft) on centers. Four cables,
supported by each post using standard cable hook bolts, alternated on the front and back sides. The
top and bottom cables were placed on one flange, while the two middle cables were attached to the
opposite flange.

In order to improve barrier performance, several design modifications were implemented into
the low-tension, cable guardrail system. First, the post spacing was increased from 1.83 m (6 ft) to
2.44 m (8 ft). Following this modification, the cable guardrail system was altered from an 80 post,
148-m (486-ft) long barrier system to a 61 post, 147.5-m (484-ft) long test installation, which is
shown in Figure 53. Second, the M203x9.7 (M8x6.5) posts were replaced with 1,676 mm (66 in.)
long, S76x8.5 (S3x5.7) sections. Each post incorporated awelded 6-mmx 203-mm x 610-mm (0.25-
in. x 8-in. x 24-in.) soil plate. All cables were attached to the posts using welded 13-mm x 86-mm
X 76-mm (0.5-in. x 3.375-in. x 3-in.) rigid cable brackets, as shown in Figures 54 and 55. The new
hooks were designed to develop the moment capacity of the line posts. Third, the embedment depth
of the post was changed from 1,067 mm (42 in.) to 787 mm (31 in.). Last, the cable mounting
heights were altered from Design No. 1 due to the interaction of the vehicle with the cables. The
bottom and top cable mounting heights were increased to 343 mm (13.5 in.) and decreased to 838

mm (33 in.) respectively, incorporating an incremental spacing of 165 mm (6.5 in.) between the
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middle two cables. Once again, four cables were supported by each post but without weaving the
cables between the posts. The top and lower-middle cables were placed on one flange, while the
bottom and upper-middle cables were attached to the opposite flange. Photographs of the test
installation are shown in Figures 56 and 57. Complete system drawings in metric and English units

are shown in Appendix D.
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Figure 56. Low-Tension Cable Median Barrier, Design No. 2
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Figure 57. Line Posts and Rigid Cable Hooks, Design No. 2
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7 CRASH TEST NO. 2 (DESIGN NO. 2)

7.1 Test No. CMB-2

The 889-kg (1,960-Ib) small car impacted the cable median barrier (Design No. 2) at a speed
of 101.1 km/h (62.8 mph) and at an angle of 19.7 degrees. A summary of the test results and
sequential photographs are shown in Figure 58. The summary of the test results and sequential
photographs in English units are shown in Appendix B. Additional sequential photographs are
shown in Figures 59 through 61. Documentary photographs are shown in Figures 62 through 64.
7.2 Test Description

Initial vehicle impact was to occur between post nos. 30 and 31, or 1,219 mm (4 ft) upstream
from the centerline of post no. 31, as shown in Figure 65. At 0.036 sec, post no. 32 was impacted
and deflected backward. At 0.082 sec, the left-front corner of the vehicle was crushed inward. At
0.116 sec, the vehicle impacted post no. 33. At 0.178 sec, the top and upper-middle cables rode
across the windshield and the bottom and lower-middle cables redirected the vehicle. At 0.258 sec,
the vehicle rolled slightly to the passenger’s side. At 0.456 sec, the vehicle was redirected parallel
to the barrier system with a speed of 58.6 km/h (36.4 mph). At 0.532 sec, the vehicle impacted post
no. 34. At 0.660 sec, a large separation was observed between the car and the engine hood. At 0.746
sec, vehicle snag was observed near post no. 37, thus causing the car to rapidly rotate toward the
driver’s side. At 0.820 sec, the back end of the car became airborne and was yawing counter-
clockwise away from the barrier. At 1.004 sec, the car continued to rotate toward the system as the
rear wheels dropped to the ground. At 1.356 sec, the car began to roll toward the driver’s side as the
counter-clockwise yawing motion of the vehicle caused the right-rear tire to slide across the ground.

At 1.688 sec, the vehicle came to rest and was nearly perpendicular to the barrier system, with the
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front side of the car resting on post no. 37. The final position of the vehicle was determined to be
15.4 m (50.5 ft) downstream from impact and 0.0 m (0.0 ft) laterally from the barrier, as shown in
Figure 66.

7.3 Barrier Damage

Damage to the barrier was moderate, as shown in Figures 67 through 69. Barrier damage
consisted of bent and twisted guardrail posts and detached cables. The length of vehicle contact
along the cable median barrier system was approximately 19.5 m (64 ft), which spanned from post
no. 30 through post no. 38.

Post no. 29 had a small crack in its front flange on the downstream edge and a 13 mm (0.5-
in.) soil gap on the traffic-side face. Post no. 30 had soil gaps on each face, including gaps of 13 mm
(0.51in.) on the back side, 64 mm (2.5 in) on the traffic side, 127 mm (5 in.) on the downstream side,
and 102 mm (4 in.) on the upstream side. Post nos. 31 through 35 sustained significant damage to
the soil surrounding the posts. Post no. 36 was pulled out of the ground, and soil was strewn
downstream. Post no. 36 created a soil gap of 229 mm (9 in.) front to back and 787 mm (31 in.)
upstream to downstream. Post no. 38 had only a 3-mm (0.125-in.) soil gap on its front side.

The top cable was disengaged from post nos. 4 through 52. The upper-middle cable was
disengaged from post nos. 24 through 30. All cables were disengaged from post no. 31 and post no.
36. All cables, except the bottom cable, were disengaged from post nos. 32 through 35 and 37. The
upper-middle cable was disengaged from post nos. 38 through 44 and post nos. 46 through 50. All
of the cables remained attached to post nos. 53 through 61.

Post nos. 27 through 30 had only minor scratches between the top and lower-middle cable

hooks. Post no. 31 was bent to the ground and twisted clockwise. The top cable hook was dislodged,
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and scratches were sustained to the lower-middle cable hook due to contact with the vehicle. Contact
marks were found on the bottom cable hook from the cable rubbing against it. Post nos. 32 through
35 were bent to the ground without twisting. Scratches were observed on post nos. 32 and 35
between the top and lower-middle cable hook as well as at the bottom cable hook. Post no. 36 was
bent at the ground level, twisted clockwise, and was pulled out of the ground. Severe local bending
occurred to the upstream front flange of post no. 36 at the top cable hook. Post no. 37 was bent at
the ground level with slight twisting. Following the test, the post remained attached to the vehicle.
Post no. 38 had minor scratches on the traffic-side face between the top and lower-middle cable
hooks. Post no. 39 had very minor scratches between the top and lower-middle cable hooks.

The permanent set of the posts is shown in Figures 67 through 69. The anchor ends
encountered slight permanent set deformations, as shown in Figure 70. The maximum lateral
permanent set post deflection was 394 mm (15.5 in.) at post nos. 33 and 34. The maximum lateral
dynamic post deflection was 842 mm (33.1 in.) at post no. 33, and the working width was
determined to be 1,919 mm (75.6 in.), as determined from the high-speed film analysis.

7.4 Vehicle Damage

Vehicle damage was moderate, as shown in Figures 71 through 73. Minimal damage was
observed in the interior occupant compartment of the vehicle. Complete occupant compartment
deformations and the corresponding locations are provided in Appendix E.

Damage was concentrated to the front and left sides of the vehicle. The front bumper, grill,
and headlights were disengaged. The radiator was severely damaged, and the left-side support was
no longer attached. The engine hood buckled. The engine hood, left rear bumper, and roof

encountered scratches from cable contact. The left-front quarter panel deformed backward into the
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engine compartment and windshield trim. The windshield wipers were fractured and disengaged
from the vehicle. The left-side mirror was disengaged. The right-front tire was deflated. The left side
of the windshield was moderately cracked.
7.5 Occupant Risk Values

The longitudinal and lateral occupant impact velocities were determined to be -6.12 m/s
(-20.08 ft/s) and 1.92 m/s (6.31 ft/s), respectively. The maximum 0.010-sec average occupant
ridedown decelerations in the longitudinal and lateral directions were -8.78 g’s and 5.30 g’s,
respectively. It is noted that the occupant impact velocities (OIVs) and occupant ridedown
decelerations (ORDs) were within the suggested limits provided in NCHRP Report No. 350. The
THIV and PHD values were determined to be 3.18 m/s (10.43 ft/s) and 8.98 g’s, respectively. The
results of the occupant risk, as determined from the accelerometer data, are summarized in 58.
Results are shown graphically in Appendix E. The results from the rate transducer are shown
graphically in Appendix F.
7.6 Discussion

The analysis of the test results for test no. CMB-2 showed that the low-tension, cable median
barrier (Design No. 2) adequately contained and redirected the 820C vehicle with controlled lateral
displacements of the barrier system. There were no detached elements nor fragments which showed
potential for penetrating the occupant compartment nor presented undue hazard to other traffic.
Deformations of, or intrusions into, the occupant compartment that could have caused serious injury
did not occur. The test vehicle did not penetrate nor ride over the barrier system and remained
upright during and after the collision. Vehicle roll, pitch, and yaw angular displacements were noted
and were deemed acceptable, because they did not adversely influence occupant risk safety criteria

nor lead to vehicle rollover. After collision, the vehicle’s trajectory revealed minimum intrusion into
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adjacent traffic lanes. Therefore, test no. CMB-2 (Design No. 2) was determined to be acceptable
according to the TL-3 safety performance criteria for test designation no. 3-10 found in NCHRP
Report No. 350.

As noted in the barrier damage discussion, the top and upper-middle cables were released
from a significant number of posts beyond the impact region within the barrier system. From a
review of the high-speed videos, it was apparent that the cables were released upward and out of the
brackets through the propagation of the stress wave traveling through the cables. This premature
cable release from the posts was a cause for concern for two reasons. First, the early cable release
could potentially result in reduced energy dissipation by the barrier system due to the inability for
the cables to fully engage the posts. Second, premature cable release of the upper cables off of the
posts could contribute to reduced vehicle containment as well as an increased propensity for the
vehicle penetration or override of the barrier system. As a result, the research team investigated
methods to prevent premature cable release away from the posts which occurred from the

propagation of stress waves in the cables.
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Figure 58. Summary of Test Results and Sequential Photographs, Test CMB-2
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Figure 59. Additional Sequential Photographs, Test CMB-2
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Figure 60. Additional Sequential Photographs, Test CMB-2
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Figure 61. Additional Sequential Photographs, Test CMB-2

87



0.000 sec N 0.267 sec

0.067 sec - 0.400 sec

0.167 sec 7 n 0.567 sec

Figure 62. Documentary Photographs, Test CMB-2
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Figure 63. Documentary Photographs, Test CMB-2
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Figure 64. Documentary Photographs, Test CMB-2
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Figure 65. Impact Location, Test CMB-2
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Figure 66. Vehicle Final Position and Trajectory Marks, Test CMB-2
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Figure 67. System Damage, Test CMB-2
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Figure 68. Post Nos. 30 through 33 Damage, Test CMB-2
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Figure 69. Post Nos. 34 through 37 Damage, Test CMB-2
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Figure 70. End Anchorage Damage, Test CMB-2
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Figure 71. Vehicle Damage, Test CMB-2
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Figure 72. Vehicle Damage, Test CMB-2
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Figure 73. Occupant Compartment Damage, Test CMB-2
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8 CABLE MEDIAN BARRIER - DESIGN NO. 3

The barrier system constructed for test no. CMB-3 was nearly identical to the system used
in test no. CMB-2. The 147.5-m (484-ft) long, test installation consisted of two cable anchors, two
cable support posts, and 57 line posts. Three changes were instituted from the previous test: (1) the
length of line posts was increased; (2) the shape of the cable brackets changed; and (3) retainer bolts
were added to the posts above the cable brackets in order to prevent premature cable release away
from the posts. The barrier system constructed for test no. CMB-3 is shown in Figures 74 through
78. Photographs of the test installation are shown in Figures 79 and 80. A complete set of system
drawings along with the corresponding English-unit drawings, are shown in Appendix G.

Line post nos. 26 through 45 utilized a longer post length in order to farther separate the top
bolt away from the top of the post, as shown in Figure 75. The longer line posts were 1,702 mm (67
in.) long. The longer line posts used an embedment depth of 787 mm (31 in.), as used for test no.
CMB-2. Line post nos. 3 through 25 and 46 through 59 were the same length as the line posts used
in test no. CMB-2.

Holes were drilled in line post nos. 3 through 59 in order to accommodate the placement of
cable retainer bolts. Two holes were drilled on the right flange of the line posts on each side. The
holes corresponded with the placement of the cable brackets, such that the top and lower-middle
hole were drilled in one flange and the bottom and upper-middle hole were drilled on the other
flange. The holes were spaced 165 mm (6.5 in.) apart vertically, beginning 32 mm (1.25 in.) down
from the top of the post in post nos. 26 through 45 and 13 mm (0.5 in.) down from the top of the post
in post nos. 3 through 25 and 46 through 59. The arrangement of the holes on the posts are shown

in Figures 76 and 78. A 6.5-mm (0.25-in.) diameter, 25-mm (1-in.) long, Grade 2 retainer bolt was
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placed in each hole and secured with a nut, as shown in Figures 75 and 77.

Modified cable brackets were used on the line posts in the impacting region, post nos. 26
through 45. Each bracket was constructed using an ASTM A36 steel plate measuring 102-mm x 73-
mm X 13-mm (4-in. x 2.875-in. x 0.5-in.), as shown in Figures 76 and 79. The cable brackets were
welded to the longer posts beginning 286 mm (11.25 in.) above the ground with an incremental
spacing of 165 mm (6.5 in.). The cable mounting heights did not change from Design No. 2, as
shown in Figures 75 and 77. The cable bracket dimensions and position on line post nos. 3 through
25 and 46 through 59 were not altered from test no. CMB-2, and the cables did not alternate between
posts. The barrier system used identical end anchorage as used in test no. CMB-2, as well as the

same cable support posts.
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Figure 79. Line Post Nos. 26 through 45 Cable Brackets, Design No. 3
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Figure 80. Line Post Nos. 3 through 25 and 46 through 59 Cable Brackets, Design No. 3
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9 CRASH TEST NO. 3 (DESIGN NO. 3)

9.1 Test No. CMB-3

The 2,023-kg (4,459-1b) pickup truck impacted the cable median barrier (Design No. 3) at a
speed of 97.8 km/h (60.8 mph) and at an angle of 25.4 degrees. A summary of the test results and
sequential photographs are shown in Figure 81. The summary of the test results and sequential
photographs in English units are shown in Appendix B. Additional sequential photographs are shown
in Figures 82 through 85. Documentary photographs are shown in Figures 86 and 87.
9.2 Test Description

Initial vehicle impact was to occur between post nos. 30 and 31, or 1,219 mm (4 ft) upstream
from the centerline of post no. 31, as shown in Figure 88. At 0.010 sec, the left-front bumper
impacted post no. 31. At 0.022 sec, the lower-middle and bottom cables were in contact with the left-
front tire, and post no. 32 rotated clockwise. At 0.042 sec, the vehicle impacted post no. 32, which
caused it to bend downstream. At 0.050 sec, top and upper-middle cables were released from post
no. 32, and the left-front tire rolled on top of the lower-middle and bottom cables. At 0.064 sec, the
front bumper crushed farther into the engine compartment. At 0.084 sec, the left-front tire was
completely airborne. At 0.118 sec, post no. 32 was impacted by the pickup truck. At this time, the
rear end of the truck pitched upward slightly, but the tires remained on the ground. Subsequently, the
vehicle traveled behind post nos. 33 through 37. At 0.154 sec, post no. 34 deflected backward, and
the pickup truck pitched and rolled toward the vehicle’s right-front corner. At 0.162 sec, the top and
upper-middle cables detached from post no. 34. The left-front door was positioned behind the original
barrier face. At 0.208 sec, the right-front wheel passed over the lower-middle and bottom cables, thus

causing a jerking motion on post nos. 34 and 35. At this same time, the top two cables continued to
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damage the left-front side of the vehicle. At 0.274 sec, the rear end of the pickup truck yawed
clockwise (CW) toward the barrier system, and the right-rear tire lifted off of the ground. At 0.472
sec, the truck became parallel with the system with a velocity of 78.8 km/h (49.0 mph). At 0.510 sec,
the vehicle rolled slightly clockwise, and the left-rear tire lifted off of the ground. At 0.784 sec, the
pickup truck impacted post no. 38. At 0.792 sec, the truck began to roll slightly to the passenger’s
side (clockwise). At 0.922 sec, the right-rear wheel lifted off of the ground, and the pickup truck
experienced roll to the driver’s side (counter-clockwise) while redirecting away from the barrier
system. At 1.03 sec, the left-front tire lifted off of the ground as the truck continued to roll counter-
clockwise. At 1.128 sec, the left-front corner impacted post no. 40, and the left-front tire remained
airborne as the truck rolled to the passenger’s side (clockwise). In addition, the truck bed twisted
counter-clockwise with respect to the cab. At 1.426 sec, both left tires were off of the ground. At
1.360 sec, the truck exited the system with a velocity of 67.6 km/h (42.0 mph). At 1.506 sec, the left-
rear tire was the only tire airborne. At 1.570 sec, the left-rear tire returned to the ground. At 1.696
sec, the truck rolled clockwise. At 1.840 sec, the vehicle stopped its clockwise roll and moved toward
its normal horizontal position. The final position of the pickup truck was determined to be 57.5 m
(188.6 ft) downstream from impact and 8.7 m (28.7 ft) laterally from the barrier, as shown in Figure
89.
9.3 Barrier Damage

Damage to the barrier was moderate, as shown in Figures 90 through 92. Barrier damage
consisted of deformed guardrail posts, disengaged cables, and deformed retaining bolts. The length
of the vehicle contact along the cable median barrier was approximately 24.0 m (78.7 ft), which

spanned from the middle of post nos. 30 and 31 through post no. 40.
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A 25-mm (1-in.) soil gap was formed on the front face of post no. 27. At post no. 29, soil
damage on the back side occurred with dimensions 229 mm (9 in.) by 279 mm (11 in.). At post no.
30, a soil damage area on the back side was created with dimensions 305 mm (12 in.) by 342 mm
(13.5in.). Post nos. 31 through 41 experienced significant damage to the soil surrounding the post
bases.

All cables, except for the lower-middle cable, were disengaged from post no. 31. Only the
lower-middle and bottom cables remained attached to post nos. 32, 34 through 36, and 40. The lower-
middle cable was the only cable still attached to post nos. 33 and 39. The upper-middle cable was the
only cable still attached to post no. 37. All four cables were disengaged from post no. 38. Post nos.
41through 61 had all four cables still attached.

Post nos. 27 through 29 rotated backward 11 degrees about their bases. Post no. 30 rotated
backward 16 degrees at its base. The downstream corner of the back side flange was buckled for post
nos. 31 through 33. Post no. 31 was pulled upward 25 mm (1 in.), bent back 25 degrees, and bent
downstream 60 degrees from a vertical line perpendicular to the ground surface. Post no. 32 was bent
back 25 degrees, and upstream 50 degrees from a vertical line perpendicular to the ground surface.
Post no. 33 was bent back 15 degrees and downstream 47 degrees. Post no. 34 was rotated back 15
degrees and downstream 47 degrees from a vertical line perpendicular to the ground surface. Post no.
35 was bent back 15 degrees. Post no. 36 was rotated back 5 degrees and bent downstream 50 degrees
from a vertical line perpendicular to the ground surface, and twisted 3 degrees at its top. Post no. 37
was twisted back 3 degrees, bent forward 3 degrees at 76 mm (3 in.) above the base, and bent
downstream 65 degrees at (5-in.) above the base. Post no. 38 bent downstream 80 degrees and twisted

clockwise 4 degrees. Post no. 39 bent downstream 75 degrees and was buckled at the base on the
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downstream corner of the back side flange. Post no. 40 bent forward 70 degrees, and buckled at the
downstream corner of the back side flange. Post 41 was bent forward and downstream slightly from
a vertical line perpendicular to the ground surface.

The top and upper-middle bolts were bent upward at post nos. 30 and 31. The bottom bolt was
bent on post no. 31. For post nos. 31 and 36 through 38, the lower-middle bolt was sheared off. The
top bolt was sheared off of post nos. 32 through 38 and post no. 40. For post no. 32, the lower-middle
bolt was bent. The bottom bolt was sheared off of post nos. 33 and 37. Both of the middle bolts were
bent on post no. 33. The upper-middle bolt was sheared from post nos. 35, 37, and 40. The upper-
middle bolt was bent upward on post no. 36. At post no. 37, the lower-middle cable bracket was
sheared off. At post no. 38, noticeable cable scraping was found on the inside of the upper-middle
cable bracket. For post no. 39, all four bolts were bent. At post no. 40, the lower-middle bolt was
bent, and there was a tear in the post flange located at the bottom bolt.

The permanent set of the posts is shown in Figures 90 through 92. The anchor ends
encountered slight permanent set deformations, as shown in Figures 93 and 94. The maximum lateral
permanent set post deflection was not calculated for this system. The maximum lateral dynamic post
deflection was 665 mm (26.2 in.) at post no. 30, and the working width was determined to be 2,878
mm (113.3 in.), as determined from the high-speed film analysis.

9.4 Vehicle Damage

Exterior vehicle damage was moderate, as shown in Figures 95 and 96. Minimal damage was
observed in the interior occupant compartment of the vehicle. Complete occupant compartment
deformations and the corresponding locations are provided in Appendix E.

Damage was concentrated to the left-front corner of the vehicle. The left side of the front
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bumper was dented near the left-front quarter panel. The left side of the grill was fractured. Contact
marks were found on the entire left and right sides of the vehicle as well as on all four tires. The left-
front and right-front quarter panels were dented, buckled, and deformed inward toward the engine
compartment. The right-side door encountered a large dent in the bottom quarter of the door. The
truck bed was buckled inward behind both the left-rear and right-rear wheels. Both front headlight
assemblies fractured, and the left-side headlight disengaged from the vehicle. The roof and rear of
the vehicle and all window glass remained undamaged.
9.5 Occupant Risk Values

The longitudinal and lateral occupant impact velocities were determined to be -3.32 m/s
(-10.89 ft/s) and 3.12 m/sec (10.25 ft/sec), respectively. The maximum 0.010-sec average occupant
ridedown decelerations in the longitudinal and lateral directions were -3.93 g’s and 6.26 g’s,
respectively. It is noted that the occupant impact velocities (OIVs) and occupant ridedown
decelerations (ORDs) were within the suggested limits provided in NCHRP Report No. 350. The
THIV and PHD values were determined to be 4.26 m/s (13.98 ft/s) and 6.27 g’s, respectively. The
results of the occupant risk, as determined from the accelerometer data, are summarized in Figure 81.
Results are shown graphically in Appendix E. The results from the rate transducer are shown
graphically in Appendix H.
9.6 Discussion

The analysis of the test results for test CMB-3 showed that the low-tension, cable median
barrier (Design No. 3) adequately contained and redirected the 2000P vehicle with controlled lateral
displacements of the barrier system. There were no detached elements nor fragments which showed

potential for penetrating the occupant compartment nor presented undue hazard to other traffic.
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Deformations of, or intrusion into, the occupant compartment that could have caused serious injury
did not occur. The test vehicle did not penetrate nor ride over the barrier system and remained upright
during and after the collision. Vehicle roll, pitch, and yaw angular displacements were noted and
were deemed acceptable, because they did not adversely influence occupant risk safety criteria nor
cause rollover. After collision, the vehicle’s trajectory did not intrude into adjacent traffic lanes.
Therefore, test no. CMB-3 (Design No. 3) was determined to be acceptable according to the TL-3

safety performance criteria for test designation no. 3-11 found in NCHRP Report No. 350.
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Figure 82. Additional Sequential Photographs, Test CMB-3
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Figure 84. Additional Sequential Photographs, Test CMB-3
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Figure 85. Additional Sequential Photographs, Test CMB-3
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Figure 86. Documentary Photographs, Test CMB-3
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Figure 87. Documentary Photographs, Test CMB-3
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Figure 88. Vehicle Impact Location, Test CMB-3
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Figure 89. Vehicle Final Position and Trajectory Marks, Test CMB-3
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Figure 93. Upstream Anchorage Damage, Test CMB-3




Figure 94. Downstream Anchorage Damage, Test CMB-3
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10 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

The main research objective was to develop, test, and evaluate a low-tension cable median
barrier system that would improve the field performance of the barrier system over that observed
for existing low-tension cable median barrier designs. To accomplish the project objectives, a four-
cable barrier design was selected in order to allow for a greater vertical cable spacing, thus resulting
in an increased propensity for capturing vehicles and preventing cross-median crashes. Researchers
also evaluated several designs with a reduced post spacing as well as improvements in the cable-to-
post attachment in an effort to increase energy absorption of the barrier system and further reduce
dynamic barrier deflections. A summary of the key design details for each cable median barrier
system and the results of the associated full-scale crash tests are provided below.

Three low-tension, cable median barrier systems were subjected to full-scale vehicle crash
testing. Three full-scale crash tests were performed on the three different cable systems installed on
level terrain. The system tested in the first full-scale crash test, test no. CMB-1, was an 80-post,
148.1-m (486-ft) long, low-tension, cable median barrier with anchored ends (Design No. 1). The
system used a shortened post spacing of 1.83 m (6 ft) with cable hooks attached to the flanges of the
M203x9.7 (M8x6.5) steel line posts. The cables alternated between posts, creating a weaving
pattern. Test no. CMB-1 consisted of an 893-kg (1,969-1b) small car impacting the cable median
barrier (Design No. 1) at a speed of 97.6 km/h (60.6 mph) and at an angle of 19.7 degrees. The
impact point for this test was 1,219 mm (48 in.) upstream from the centerline of post no. 41. During
the test, the vehicle was launched into the air and underwent a significant positive roll. The vehicle
experienced rollover, causing considerable crushing of the occupant compartment. Subsequently,

the results for test no. CMB-1 were found to fail the TL-3 safety performance criteria for test
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designation no. 3-10 found in NCHRP Report No. 350 as the vehicle did not remain upright.

The system tested in test no. CMB-2 was a 61-post, 147.5-m (484-ft) long, low-tension, cable
median barrier with anchored ends (Design No. 2). The system incorporated the same end anchorage
as Design No. 1. Design No. 2 utilized a widened line post spacing with a soil plate welded to each
S76x8.5 (S3x5.7) steel line post. The cables were mounted on the posts using welded cable brackets.
The cables were not woven between posts. Test no. CMB-2 consisted of an 889-kg (1,960-1b) small
car impacting the cable median barrier (Design No. 2) at a speed of 101.1 km/h (62.8 mph) and at
an angle of 19.7 degrees. The impact point for this test was 1,219 mm (48 in.) upstream from the
centerline of post no. 31. The results for test no. CMB-2 were found to pass the TL-3 safety
performance criteria for test designation no. 3-10 found in NCHRP Report No. 350 as the small car
was brought to a controlled stop. However, the upper two cables were observed to release
prematurely from a significant number of posts, thus warranting the addition of a retainer bolt in the
next design.

The system tested in test no. CMB-3 was similar to the previous test in that it was a 61-post,
147.5-m (484-ft) long, low-tension, cable median barrier (Design No. 3). The system utilized the
same end anchorage as used in the previous two cable median barrier designs. The line posts
consisted of S76x8.5 (S3x5.7) steel sections with soil plates welded to the bases. The line posts were
of two different lengths. Line post nos. 26 through 45 were 1,702 mm (67 in.) long, while line post
nos. 3 through 25 and 46 through 59 were 1,676 mm (66 in.) long. Line post nos. 26 through 45 used
modified welded cable brackets to attach the cables to the posts, while line posts 3 through 25 and
46 through 59 used the same cable brackets used in Design No. 2. On each of the 57 line posts, 6.5-

mm (0.25-in.) diameter retainer bolts were attached at the opening of each cable bracket to secure
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the cables. The cables did not alternate between posts and had a uniform mounting height between
the line posts. Test no. CMB-3 consisted of a 2,023-kg (4,459-1b) pickup truck impacting the cable
median barrier (Design No. 3) at a speed of 97.8 km/h (60.8 mph) and at an angle of 25.4 degrees.
The impact point for this test was 1,219 mm (48 in.) upstream from the centerline of post no. 31. The
results for test no. CMB-3 were found to pass the TL-3 safety performance criteria for test
designation no. 3-11 found in NCHRP Report No. 350 as the pickup truck was brought to a
controlled stop.

As discussed previously, one small car test was successfully performed on Design No. 2,
while one pickup truck test achieved satisfactory results on Design No. 3. It should be noted that
Design Nos. 2 and 3 were nearly identical to one another, except for the addition of cable retainer
bolts utilized in Design No. 3. Based upon the results of test nos. CMB-2 and CMB-3, it is believed
that the new, four-cable, low-tension, median barrier system with retainer bolts (Design No. 3)
should also perform in an acceptable manner when impacted with an 820-kg (1,808-1b) small car
at the TL-3 conditions of NCHRP Report No. 350. However, it is recommended that the new cable
median barrier with retainer bolts (Design No. 3) be further evaluated using the TL-3 small car crash
test if the barrier system is desired for use.

As noted previously, the cable barrier systems were evaluated when installed on level terrain.
Therefore, it is recommended that any future research and development of these median barrier
systems should also consider their intended use and placement in medians with sloped versus level

terrains.
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Table 4. Summary of Safety Performance Evaluation Results

Test Test Test
Evaluation Evaluation Criteria CMB-1 CMB-2 | CMB-3
Factors (Design | (Design | (Design
No. 1) No. 2) No. 3)
Structural Test article should contain and redirect the vehicle; the vehicle should not penetrate,
underride, or override the installation although controlled lateral deflections of the U S S
Adequacy L
test 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 other traffic, pedestrians, or personnel in a work zone. S S S
Deformations of, or intrusions into, the occupant compartment that could cause
serious injuries should not be permitted.
Occupant T_hev_ehicle shoulo_l remain upright during and after collision although moderate roll, U S s
Risk pitching, and yawing are acceptable.
Longitudinal and lateral occupant impact velocities should fall below the preferred
value of 9 m/s (29.53 ft/s) , or at least below the maximum allowable value of 12 S S NA
m/s (39.37 ft/s).
Longitudinal and lateral occupant ridedown accelerations should fall below the s S NA
preferred 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 S S s
traffic lanes.
Vehicle The occupant impact velocity in the longitudinal direction should not exceed 12
. m/sec (39.37 ft/sec), and the occupant ridedown acceleration in the longitudinal NA NA S
Trajectory S )
direction should not exceed 20 g’s.
The exit angle from the test article preferably should be less than 60 percent of test s s s

impact angle measured at time of vehicle loss of contact with test device.

S - Satisfactory
U - Unsatisfactory

NA - Not Available
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APPENDIX A
English-Unit System Details, Design No. 1

Figure A-1. System Layout (English), Design No. 1

Figure A-2. System End (English), Design No. 1

Figure A-3. Anchor Bracket Post (English), Design No. 1

Figure A-4. Anchor Bracket Base Parts (English), Design No. 1
Figure A-5. Cable Anchor Bracket (English), Design No. 1

Figure A-6. Cable Anchor Bracket Parts (English), Design No. 1
Figure A-7. Cable Release Lever (English), Design No. 1

Figure A-8. Cable Support Post Anchor (English), Design No. 1
Figure A-9. Cable Support Base (English), Design No. 1

Figure A-10. Base Slip Plate (English), Design No. 1

Figure A-11. Cable Support Post (English), Design No. 1

Figure A-12. Cable Bracket (English), Design No. 1

Figure A-13. Cable Bracket Slip Plate (English), Design No. 1
Figure A-14. Bearing Strut (English), Design No. 1

Figure A-15. Cable Guardrail Post Assembly (English), Design No. 1
Figure A-16. Cable Guardrail Post Components (English), Design No. 1
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Figure A-9. Cable Support Base (English), Design No. 1
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Figure A-10. Base Slip Plate (English), Design No. 1
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Figure A-11. Cable Support Post (English), Design No. 1
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Figure A-12. Cable Bracket (English), Design No. 1
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Figure A-13. Cable Bracket Slip Plate (English), Design No. 1
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Figure A-14. Bearing Strut (English), Design No. 1
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Figure A-15. Cable Guardrail Post Assembly (English), Design No. 1
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Part Number Part Mame Part Quantity
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gl MExBE.5 Post 76
a2 Cable Hook Bolt with Mut 304

23—1

__i"

Cable Guardrail Post

Sl
R&-,ﬂ;-a—[ﬁ"
Cable Hook Bolt

Mate: The Cable Hook Bolt holes are placed on
the laft flange af the post
Cable Hook Bolt positioning iz alternated

on avery post so thot the coble will weove
around the posts,

Cable Median Barrier -
160f 16
T
BIL 1" 200E

Cable Guardrail Post Componenis

Midwest Hoadside JLLACIS
¥ - B s rawerg Wame B R
Eafel} K “ﬂllh’ CMB=1 BS.dwg Mooe

Figure A-16. Cable Guardrail Post Components (English), Design No. 1
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APPENDIX B
Test Summary Sheets in English Units
Figure B-1. Summary of Test Results and Sequential Photographs (English), Test CMB-1

Figure B-2. Summary of Test Results and Sequential Photographs (English), Test CMB-2
Figure B-3. Summary of Test Results and Sequential Photographs (English), Test CMB-3
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GST

0.000 sec

0.110 sec
2 4 B & 10 12 14 16 1E|-EIJ122+162E|.!ﬂj,32.'.H-.SEEﬂ--m12H4E|-'IB.':DEEMEH-S-BEDE?H'_EEEB?D?E?-#?E?B‘J‘EIED

0.226 sec

0.334 sec

0.450 sec

TestAgency ...,
TestNumber ...................
Date .......... ...
NCHRP 350 Test Designation
Appurtenance . ...
Total Length
Key Elements - Wire Rope
Diameter ..................
Size ...
Top Cable Mounting Height ..
Incremental Spacing .........

CMB-1

7/02/03

3-10

Low-Tension, Four-Cable Median Barrier
486 ft

7x19
34in.
7in.

® Key Elements - Steel End Anchor Posts

Post No. 1 and 80
PostNo.2and79 ...........

® Key Elements - Steel Line Posts
Post Nos. 3 - 78
Spacing . ...
® TypeofSoil ....................
® Test Vehicle
Type/Designation ...........
Make and Model ............
Curb ...
TestInertial ................
GrossStatic . ...............
® Impact Conditions
Speed
Angle
Impact Location ............

W6x25 by 96 in. long
S3x5.7 by 33 in. long slip post with
W6x9 by 72 in. long base post

M8x6.5 by 78 in. long
72in.
Grading B - AASHTO M 147-65 (1990)

820C

1997 Geo Metro
1,640 Ibs

1,803 Ibs

1,969 Ibs

60.6 mph
19.7 degrees
33.3 in. upstream from post 41

| der, o
w}.’-ﬁfrf‘f# A

128" 10" ————

Exit Conditions

Speed ... 33.3mph o
Angle ... 5 degrees i
Exit Box Criterion ....... Pass |
Post-Impact Trajectory 7"
Vehicle Stability . ..... ... Unsatisfactory i
Stopping Distance ....... 128.9 ft downstream ; 12-»
8.5 ft traffic-side face
Occupant Impact Velocity T
Longitudinal ............ -16.6 ft/s < 39.4 ft/s GROUND
Lateral ................ 12.8 ft/s < 39.4 ft/s =1 LINE
Occupant Ridedown Deceleration
Longitudinal ............ -8.119°’s<204g’s
Lateral ................ 6.329’s<204g’s
THIV (not required) ......... 19.9 ft/s
PHD (not required) .......... 9.84¢9’s
Test Article Damage . ........ Moderate
Test Article Deflections MBx6.5
Post Permanent Set .. ..... NA
Post Dynamic ........... 21.5in.
Working Width ......... 443 in. 38"
Vehicle Damage ............ Extensive
VDS* ..o 11-FC-6
CDC® ...ttt 11-LYA-7
Maximum Deformation ... NA

Figure B-1. Summary of Test Results and Sequential Photographs (English), Test CMB-1
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0.000 sec 0.103 sec

0.241 sec

“F
12 4 & B 10 12 14 18 18 20 22|24 35 28 —“:—'-

149.7

TeStAgency ..., MwRSF
TestNumber ................... CMB-2
Date ... 11/10/04
NCHRP 350 Test Designation .. ... 3-10
Appurtenance . .................. Low-Tension, Four-Cable Median Barrier
Total Length ................... 484 ft
Key Elements - Wire Rope

Diameter .................. 0.75in

Size ... 7x19

Top Cable Mounting Height .. 33in.

Incremental Spacing . ........ 6.5in.

Key Elements - Steel End Anchor Posts
Post No. 1 and 61 W6x25 by 96 in. long
Post No. 2 and 60 S3x5.7 by 36 in. long slip post with
W6x9 by 72 in. long base post

Key Elements - Steel Line Posts

Post Nos. 3 - 59 S3x5.7 by 66 in. long

Spacing . ... 96 in.
TypeofSoil .................... Grading B - AASHTO M 147-65 (1990)
Test Vehicle

Type/Designation ........... 820C

Make and Model .. .......... 1996 Geo Metro

Curb ..................... 1,735 Ibs

TestlInertial ................ 1,792 Ibs

Gross Static................ 1,960 Ibs

0.414 sec

0.601 sec

54 56

58 B0 B1

wee T

A6 38 40 42 44 46 48 SO 52

e®|mpact Conditions

Speed

Angle

Impact Location
Exit Conditions

62.8 mph
19.7 degrees
48 in. upstream from post 31

Speed ... N/A
Angle ... N/A
Exit Box Criterion ....... N/A

Post-Impact Trajectory
Vehicle Stability
Stopping Distance

Satisfactory
50.5 ft downstream
0.0 ft traffic-side face

Occupant Impact Velocity

61"

|

I
65"
+H©

63"

Longitudinal ............ -20.1 ft/s < 39.4 ft/s
Lateral ................ 6.3 ft/s <39.4 ft/s
Occupant Ridedown Deceleration
Longitudinal ............ -8.789°’s<20¢’s
Lateral ................ 5.309’s<204@’s
THIV (not required) ......... 10.4 ft/s
PHD (not required) .......... 8.980’s
Test Article Damage ......... Moderate
Test Article Deflections
Post Permanent Set .. ... .. 15.5in.
Post Dynamic ........... 33.1in.
Working Width ......... 75.6 in.
Vehicle Damage ............ Moderate
VDS*. .o 11-FC-5
CDC® ... 11-FEDW-3
Maximum Deformation ... N/A

Figure B-2. Summary of Test Results and Sequential Photographs (English), Test CMB-2
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LST

s & B D2,

0.000 sec

TeStAgency ..., MwRSF
TestNumber ................... CMB-3
Date ... 3/14/05
NCHRP 350 Test Designation ..... 3-11
Appurtenance . .................. Low-Tension, Four-Cable Median Barrier
Total Length ................... 484 ft
Key Elements - Wire Rope
Diameter .................. 0.75in
Size ... 7x19
Top Cable Mounting Height .. 33in.
Incremental Spacing . ........ 6.5in.

Key Elements - Steel End Anchor Posts
Post No. 1 and 61 W6x25 by 96 in. long
Post No. 2 and 60 S3x5.7 by 36 in. long slip post with
W6x9 by 72 in. long base post

Key Elements - Steel Line Posts
Post Nos. 3-25,46-59 .. ......
Post Nos. 26-45

S3x5.7 by 66 in. long
S3x5.7 by 67 in. long

Spacing ... 96 in.
TypeofSoil .................... Grading B - AASHTO M 147-65 (1990)
Test Vehicle
Type/Designation ........... 2000P
Make and Model ............ 1998 GMC Pickup
Curb ... 4,385 lbs
Test Inertial ................ 4,460 Ibs
GrossStatic................ 4,460 lbs
Impact Conditions
Speed ... 60.8 mph
Angle ...l 25.4 degrees

Impact Location 48 in. upstream centerline post no. 31

0.276 sec
4 =

0.470 sec

Exit Conditions

Speed ... 42.0 mph
Angle (estimated) . ....... 7 degrees
Exit Box Criterion ... .... Pass

Post-Impact Trajectory
Vehicle Stability
Stopping Distance

Occupant Impact Velocity
Longitudinal ............
Lateral (not required) ... ..

Occupant Ridedown Deceleration
Longitudinal ............
Lateral (not required) . . . ..

THIV (not required)

PHD (not required) ..........

Test Article Damage . ........

Test Article Deflections
Post Permanent Set
Post Dynamic ...........
Working Width

Vehicle Damage
VvDS*
cDC?
Maximum Deformation . . .

Satisfactory
188.6 ft downstream
28.7 ft traffic-side face

-10.9 ft/s <39.4 ft/s
10.2 ft/s < 39.4 ft/s

-3.939°’s<20¢9’s
6.26 g’s<2049’s
14.0 ft/s

6.279’s
Moderate

113.3in.

Moderate

11-LFQ-3
11-LFMN-3

0.875 in. at center of
dashboard

Figure B-3. Summary of Test Results and Sequential Photographs (English), Test CMB-3

0.742 sec

Impact Side
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33"
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20"
134"
31"
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APPENDIX C
Accelerometer and Rate Transducer Data Analysis, Test CMB-1

Figure C-1. Graph of Longitudinal Deceleration, Test CMB-1

Figure C-2. Graph of Longitudinal Occupant Impact Velocity, Test CMB-1
Figure C-3. Graph of Longitudinal Occupant Displacement, Test CMB-1
Figure C-4. Graph of Lateral Deceleration, Test CMB-1

Figure C-5. Graph of Lateral Occupant Impact Velocity, Test CMB-1
Figure C-6. Graph of Lateral Occupant Displacement, Test CMB-1

Figure C-7. Graph of Yaw Angular Displacements, Test CMB-1
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WE: Longitudinal Occupant Impact Velocity - CFC 180 Filtered Data - Test CMB-1 (EDR-3)
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Figure C-2. Graph of Longitudinal Occupant Impact Velocity, Test CMB-1
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‘W9: Longitudinal Occupant Displacement - CFC 180 Filtered Data - Test CMB-1 (EDR-3)

100

-100

-200

-300

-400

-500

-600

00 01 02 03 04 05 08 07 08 09 10 11

Car

Figure C-3. Graph of Longitudinal Occupant Displacement, Test CMB-1
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W8: Lateral Occupant Impact Velocity - CFC 180 Filtered Data - Test CMB-1 (EDR-3)
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Figure C-5. Graph of Lateral Occupant Impact Velocity, Test CMB-1
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W9: Lateral Occupant Displacement - CFC 180 Filtered Data - Test CMB-1 (EDR-3)
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Figure C-6. Graph of Lateral Occupant Displacement, Test CMB-1
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Figure C-7. Graph of Yaw Angular Displacements, Test CMB-1



APPENDIX D
System Details, Design No. 2

Figure D-1. System Layout (Metric), Design No. 2

Figure D-2. System End (Metric), Design No. 2

Figure D-3. Anchor Bracket Base (Metric), Design No. 2

Figure D-4. Anchor Bracket Base Parts (Metric), Design No. 2
Figure D-5. Cable Anchor Bracket (Metric), Design No. 2

Figure D-6. Cable Anchor Bracket Parts (Metric), Design No. 2
Figure D-7. Cable Release Lever (Metric), Design No. 2

Figure D-8. Cable Support Post Assembly (Metric), Design No. 2
Figure D-9. Cable Support Base (Metric), Design No. 2

Figure D-10. Cable Support Post (Metric), Design No. 2

Figure D-11. Bearing Strut (Metric), Design No. 2

Figure D-12. Cable Guardrail Post Assembly (Metric), Design No. 2
Figure D-13. Cable Guardrail Post Components (Metric), Design No. 2
Figure D-14. System Layout (English), Design No. 2

Figure D-15. System End (English), Design No. 2

Figure D-16. Anchor Bracket Base (English), Design No. 2

Figure D-17. Anchor Bracket Base Parts (English), Design No. 2
Figure D-18. Cable Anchor Bracket (English), Design No. 2

Figure D-19. Cable Anchor Bracket Parts (English), Design No. 2
Figure D-20. Cable Release Lever (English), Design No. 2

Figure D-21. Cable Support Post Assembly (English), Design No. 2
Figure D-22. Cable Support Base (English), Design No. 2

Figure D-23. Cable Support Post (English), Design No. 2

Figure D-24. Bearing Strut (English), Design No. 2

Figure D-25. Cable Guardrail Post Assembly (English), Design No. 2
Figure D-26. Cable Guardrail Post Components (English), Design No. 2
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Figure D-1. System Layout (Metric), Design No. 2
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Figure D-2. System End (Metric), Design No. 2
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MATERIAL

ntqﬁ DESCRIPTION
B 2 |Anchor Brocket Bose

19mm Dia. red, S1mm
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Figure D-3. Anchor Bracket Base (Metric), Design No. 2
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[TEM[QTY] __ DESCRIPTION MATERIAL
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Figure D-4. Anchor Bracket Base Parts (Metric), Design No. 2
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Figure D-5. Cable Anchor Bracket (Metric), Design No. 2
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Figure D-6. Cable Anchor Bracket Parts (Metric), Design No. 2
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Figure D-7. Cable Release Lever (Metric), Design No. 2
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Figure D-8. Cable Support Post Assembly (Metric), Design No. 2
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Figure D-9. Cable Support Base (Metric), Design No. 2




TEM[QTY|  DESCRIPTION MATERIAL
0D | 2 [Coble Support Post
dl | Z |Upper Support Post =76xB.5 Steel Zection
m d2 2 |Coble Brocket A3E 15mm Plote
d3 | 2 |Slip Plate A3E 10mm Plote
& 51 1T T
A ] mm ] rnrn
_4__ 1
F0mm i
1 I
I
\) 165mm I
Brmm @.\ j !
(1A Straight cut to I
be bent down 838
\ and retain the 165mm o :
\-5?515_5 cable (typ.) §73mm i
I
165mm I
I
J— I
108mmm :
- L4 [
Cable Support Post Cable Brocket 576xB.5 Post
{Part D) (Part d2) (Part d1)

127mm
13"’"""1 1 Grnm =1 '— \
18mm

T omm —t
19mm + + S5mm T0mm
1 ~— 24mim
102mm  32mm 51mm s
| . 3 l a2 \/
25mm 19emm | #13mm | #22mm
i ]
Slip Plate Detail d2
for S76x8.5 Post Scals: Imm=dmm
(Part d3)
Seaie: 1marmdeom S76x8.5 Post
(Part d1)
o Cahle Median Barrier e
] CMB-2 10af 13
e Cable Support Post w1208
Midwest Roadside GEPICIS
Safety Facility j:ﬁ.‘fpﬁ‘j_m ok |:::.‘w1-::u

Figure D-10. Cable Support Post (Metric), Design No. 2
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Bearing Strut

235mm 1?ETmm
158mm l.
]

TEMQTY| __ DESCRIPTION MATERIAL
C 2 |Bearing Strut AZE Steel Flote
cl | 2 |Bearing Plate 436 Steel Plate
c2 | 2 |Bearing Plate Brace 436 Steel Plate
c3d | 2 |Bearing Plate Brace AFE Steel Plate

—— a32mm——|

Bearing Plate

t5irnrr1

(Part C) Smm ¥25mr®1 33mm (Part ¢1)
3Bx38x5mm L 18 14mm 14mm
mm 16mm
_,\ _/“'_ _— 2
I o ] fl_l: I [ ] _—Fl-
487mm T | |_,_ 487 mm—
I 1018mm I 1018mm
Bearing Plate Braoce Bearing Plote Brace
(Part c2) (Part 3}
Cable Median Barrier .
CMB-2 11 of 13
= Bearing Strut Js71172008
Hy:
Midwest Roadside GERICIS
Satety Facilty [y o oo

Figure D-11. Bearing Strut (Metric), Design No. 2
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Figure D-12. Bracket Locations and Cable Heights (Metric), Design No. 2
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iimg‘n' DESCRIPTION MATERIAL
gl | 57 [Line Post S76x8.5 Steel Section
g2 | 228 [Coble Brocket AIE 13mm Plate
g | 57 [Scil Plate EIE Brmm Flate
h1| 4 [cable — 1475 m FTEamm 3=/ Wire rope
|—5‘3mrn |—?Emm
L L1 I—?Emm——'
| | ||
T H ] 13mm—] LT T | |
—-| 5imm |[=—
Y R2Z5mm TYP.
13mm—-1—t—— + n
BEmm 1 ';/J 1
dﬂmm } S54mm ]
| A J |
232mm
29mm Cable Bracket
— 44mm [— I::F"l::rt gzj
TEmm Scole; Tmmedmm
1676mm
—E&mm
—| 203mm |—-— ——
§10mm
576xB.5 Post
(Part g1) Soil Plate, PLSO1
(Part g3)
Cuble Medinn Barrier -
CMB-2 130f13
Calble Modian Barricr Line Post Paris | 12008
Ty
Midwest Roadside GEMCIS
Safety Facility :I;.;E;f:?u.dwg Mo KAPICH

Figure D-13. Line Post Parts (Metric), Design No. 2
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Figure D-14. System Layout (English), Design No. 2
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(e) For Post 1, use Grode 5 balts.
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Figure D-15. System End (English), Design No. 2




ITEMIQTY] DESCRIPTION

MATERIAL

B 2 |Anchor Bracket Bose

Interrupt weld

near hole
closest to web

#1" rod, 27 lang
Weld in ploce from
beneath, 37 min.
fillet oll—argund,

P
i ¥|rew”
™
~E2
\\_ i'
Whx25
b
W
W
~E)
Anchor Brocket Bose
(Part B)
> Cable Median Barrier i
ﬂ ﬁ CMB-2 30813
y T
— Anchar Brackes Base i
Ity
Midwest Roadside GEPICIS
Safety Facility |0 ;TE.NS -y =

Figure D-16. Anchor Bracket Base (English), Design No. 2
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ITEMIQTY] DESCRIPTION | MATERIAL
b1 2 |Cable Anchor Post WEx25 Steel Section
bZ | 2 |Soil Flate 247524 "%0.5" Plate
P S B3 | 2 |Anchor Base Plate 14.5"%8"x0.5" Flate
: bd | B |Connecting Rod 20.75" by 2" Long ro
[]
[
]
[}
]
[]
[
]
[}
[}
[}
[
95" [
I 24"
[]
]
[
[]
[}
[]
[}
i L [ I
i Lk . 24" | —-“-—%‘
[]
]
: Soil Plate
— (Part b2)
W152x36.8 Post
(Part b1)
14&" End View
I [wbw* 2"
f————~&"(or locse
T AT de e, L
9 ._L_‘ ' ¢ Sld'ﬂ "Illlw
Lo e N
D-_ {1
R STE #3" Rod
© R (Part b4)
- Seale: 1 =4
Anchor Base Plate - Cable Median Barrier -
CMB-2 of 1
Foi |y =
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Safety Facility é:rr;;ﬂr?:inlcz.mg s KAPICH

Figure D-17. Anchor Bracket Base Parts (English), Design No. 2
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ITEM|QTY| DESCRIFTION

MATERIAL

A 2 |Cable Anchor Brocket

Cable Anchor Bracket
(Part A)

(1) The lever retgining cab
used was o, Tx19

le

galvanized aircraft cable,

32" long with 37 long
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Figure D-18. Cable Anchor Bracket (English), Design No. 2
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[TEM[QTY] _ DESCRIPTION MATERIAL
al 2 |Anchor Plate AJE 27 Plate
aZ | 2 |Coble Plate ASE Plate
ad | 2 |Relegse Lever Plate A3E 4 Plate
ad | 4 |Ext. Coble Plt Gusset [A36 4" Plate
as | & Fn’t. Cable Plt Gusset [436 4" Plate
af | 2 |Relecse Lever Pit Gusset [A36 4" Plate

o
N
A
AL
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I

\/ ij

1i'j_

. i ¥

(typ)
Cable Plate
(Part a2)
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Release Lever Plaote

(Part a3)
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(Part a4)
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(Part a5)
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Figure D-19. Cable Anchor Bracket Parts (English), Design No. 2




981

Cable Release Lever
(complete details, weld all

interfaces as required ")
(Part F)

>

—

Connecting Tube
(Part £2)

[TEMIGTY] __ DESCRIPTION MATERIAL
F 2 |Cable Release Lever
f1 | 4 |Kicker Lever 436 Tdxlawgk” Tube
f2 | 2 |Connecting Tube AJE lawliwk” Tube
i3 | 4 |Kicker Plote Gusset AJE 2" Plote
f4 2 |Kicker Plate AZE 4" Plate
iy
12" 2" /]
Kicker Plate
Gusset
(Part 3)
19 1n
132’
34"
. Kicker Plote
. Fart f4
Kicker Lever ( )
(Part 1)
Cable Median Barrier ey
CMB-2 Toll3
i Dol
g Cable Release Lever R/L1Z008
He
Midwest Roadside GEFACIS
Safety Facility |-/ee's g Nose KAPICH

Figure D-20. Cable Release Lever (English), Design No. 2




2" leng w/ nut and
3 waoshers,1 wosher
between plates.

(torque to 40§ ft—Ib)

M
& L3 ; " ASTM AZD7 grade bolt,

o [*
Noaaad

81" ASTM A307 grode bolt,

8" leng w/ nut &
s 2 washers
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Bose and Bearing Strut
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Figure D-21. Cable Support Post Assembly (English), Design No. 2
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ITEM[QTY] ___DESCRIPTION MATERIAL
E 2 |Cable Support Bosze
el Z |Support Bose Post WExS Steel Section
g2 | 2 |Base Slip Plote AJE 4 Plate
i 2"® 3" 44
\ 2'e 3"}

<+ i+
18

vl

::ﬁ%g:: 72" — — f TH“_T_\ Q
) N R3"
11‘2 IH"
P
Slip Plate
for WEx9 Base
FPart e2
WEx9 Cable WeEx3 (5“;,; 1'=4':|I
Support Base Post (Part el)
(Part E) Cable Median Barrer pril
, Cable Support Base {12008
Midwest Roadside : f.nbf'm
Safety Faciity [Goree ™ Jowe  Jcarace

Figure D-22. Cable Support Base (English), Design No. 2



ITEM/QTY] __ DESCRIPTION MATERIAL

0 2 |Coble Support Post

N dl | 2 |Upper Support Post SIx5.7 Steel Section
d2 | 2 |Cable Bracket 436 47 Plate
d3 | 2 |Slip Plate A36 B Plate

p—— p— 2“ I T
i- See Detall 42 _-1 r-_ 1
3 I
N I
r @_\& _/r@ i 1
¥ . _+ ]
| Straight cut to 1
be bent down " 33" I
& and retain tha '5'3 264" |
\\-5-3:5-.? cable (typ.) _1_ i
1
" I
E Ay I
2&'-*_ ‘in '
L I
f f [N L1
S3x5.7 Post
Cable Support Post Cable Bracket
{F'uEt ) (Part d2) (Part d1)
51
IR
: 1
W_% 3 T —’L‘E
4" 11' 7" ‘_‘7‘
Tr—+ X
=T
Slip Plate D&tailpd?
for S3x5.7 Post Sode: 17=4
(Part d3)
Scain; 1"mt” S3x5.7 Post
(Part d1)
o Cahle Median Barrier e
] CMB-2 10of 13
Cable Support Past |#12008
Midwest Roadside :'_I":Er.-crs
Safety Facility |t o v —l |schenc

Figure D-23. Cable Support Post (English), Design No. 2
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06T

Bearing Plate Brace 436 Steel Plate

TEMQTY] __DESCRIPTION MATERIAL
C 2 |Bearing Strut AZE Steel Flote
cl | 2 |Bearing Plate 436 Steel Plaote
ce | 2
cid | 2

Bearing Plate Brace AFE Steel Plate

|r 17"

=l
3

Bearing Strut
(Part C)

Bearing Plate
(Part 1)

4 e ng- EE" 195.
N e P L
i — 4

L 40 40"
Bearing Plate Braoce Bearing Plote Brace
(Part c2) (Part e3)
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Hy:
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Figure D-24. Bearing Strut (English), Design No. 2
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Figure D-25. Bracket Locations and Cable Heights (English), Design No. 2
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S53x5.7 Post
(Part g1)

iimQT_Y DESCRIPTION MATERIAL
gl | 57 [Line Post SIx5.7 Steel Section
g2 | 228 [Cable Brocket 435 4" Plote
g3 | 57 |Scil Plate A3E 3 Plate
h1 4 [Coble — 48B4 ft ﬁi* Jxd Wire rope
g —
ol

—2—
i Ch s |

Ll [ ]

o |
S— Cable Bracket
3 (Part g2)

A )

+

_%-

—¥ ¥

Soil Plate, PLSO1
(Part g3)

Shia

Coble Median Barrier
CMB-2 130613
Cable Median Barricr Line Post Paris [ L0200
ET,
Midwest Hoadside GERICIS
. » Fariliiv Prasrrg Nams Scala Rov:
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Figure D-26. Line Post Parts (English), Design No. 2
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APPENDIX E
Occupant Compartment Deformation Data
Figure E-1. Occupant Compartment Deformation Index (OCDI), Test CMB-2
Figure E-2. Occupant Compartment Deformation Data - Set 1, Test CMB-3

Figure E-3. Occupant Compartment Deformation Data - Set 2, Test CMB-3
Figure E-4. Occupant Compartment Deformation Index (OCDI), Test CMB-3
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Occupant Compartment Deformation Index {OCDI)

Test No. CMB-2
Vehicle Type: &20c

0OCDI = XXABCDEFGHI

X = bocation of eccupant compartment defermation

A = distance between the dashboard and a reference point at the rear of the occupant compartment, such as the top of the rear seat or the rear of the cab on a pickup
B = distance between the roof and the floor panel

C = distanca between a refarence point at the rear of the occupant compartment and the mator panel
D = distanca betwean the lower dashboard and the floor panel

E =interior width

F = distence belween the lower edge of nght window and the upper edge of left window

G = distance between the lower ¢dge of left window and the upper edge of right window

H= distance belwesn boltom front cormear and top rear corner of the passenger side window

|= distance between bottom front comer and top rear comer of the driver side window

Severity Indices

0 - ifthe reduction is less than 3%

1 - ifthe reduction is greater than 3% and less than or equal to 10 %

2 =if the reduction 15 greater than 10% and less than or equal to 20 %

3 -ifthe reduction 15 greater than 20% and less than or equal to 320 %
4 - ifthe reduction is greater than 30% and less than or equal to 40 %

Bl B4 B7
Be BS B8

B3 B6 BS

-
-
— 1 la123
,—g =, [ 1DL2,3
: _{({f, E H 2,3
N

whers,

1 =Passenger Side

2 =Middle

3 =Drver Side

Location:

M rement | Pre-Test(in.) |Post-Test(in.)] Change (in.}| % Differsnce| Severity Index |Nola: sevrity index for sach variable (A-l)
Al 51.50 51.50 0.00 000 1] is used for determination of final OCDI value
A2 82,25 §2.50 0.25 030 1]
Al 1.00 81.25 0.25 031 1]
B1 38.25 38.25 0.00 0.00 0
B2 3875 3B.75 0.00 0.00 0
B3 3875 3875 0.00 0o o
B4 39.38 37.00 238 G.03 1 Max roof deformation
c1 56.25 55.75 -0.50 -0.89 0
c2 40.00 40.00 0.00 0.00 1]
(=] 26 25 525 0.0 0o 1]
=] 625 650 02 154 1]
D2 G.00 5.00 0.0 U] 1]
23 350 3.75 0.2 185 0
E1 49 .25 4025 0.00 0.0 o
E3 49.50 48.50 0.00 000 1]
F 47.50 47.50 0.00 0.00 0
G 47.00 47.00 0.00 0.00 1]
H 39.00 38.25 0.25 064 0

| 39.00 389.00 0.00 000 1]

XXABCDEFGHI
Final OCDI: LF 010000000

Figure E-1. Occupant Compartment Deformation Index (OCDI), Test CMB-2
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VEHICLE PRE/POST CRUSH INFO

Set-1
TEST: CMB-3 Note: If impact is on driver side need to
VEHICLE: 1999 GMC C2500 enter negative number for Y
POINT X ¥ Z X' Y' Z' DEL X DEL Y DEL Z
1 56.5 -27.5 -5.25 56.5 -27.25 -5.25 0 0.25 0
2 56.5 -22.75 -5.5 56.75 -22.75 -5.5 0.25 0 0
3 56.625 -19.25 -5.5 56.5 -19.25 -5.5 -0.125 0 0
4 56.5 -12.75 -5.5 56.75 -12.75 -5.5 0.25 0 0
5 54.25 -6.25 -3.25 54.256 -6.25 -3.26 0 0 0
6 52.75 -0.372 -1 52.75 0.5 -1 0 0.872 0
7 49.75 -26.75 -9.25 50 -27.25 -9.26 0.25 -0.5 0
8 49 -21.75 -9.5 49.5 -22.25 -9.5 0.5 -0.5 0
9 49 -17.5 -9.5 49.5 -18 -9.5 0.5 -0.5 0
10 48.5 -12.25 -9.25 49 -12.25 -9.25 0.5 0 0
11 47.375 -6.625 -6 47.25 -6.5 -5.756 -0.125 0.125 0.25
12 47 1.375 -3 47 1.25 -3 0 -0.125 0
13 43.125 -27.75 -9.75 43.25 -27.75 -9.756 0.125 0 0
14 42,75 -22.125 -9.75 43 =22 -9.76 0.25 0.125 0
15 42.5 -16.75 -10 42.75 -16.5 -10 0.25 0.25 0
16 42.5 -11.375 -10 42.75 -11.25 -10 0.25 0.125 0
17 42 -6.5 -6 42 -6 -6 0 0.5 0
18 41.75 1.75 -3.75 41.75 1.75 -3.75 0 0 0
19 37.5 -27.875 -10 37.5 -27.75 -10 0 0.125 0
20 37.125 -22 -10 37 -21.75 10 -0.125 0.25 20
21 36.5 -16.25 -10.25 37 -16.25 -10.25 0.5 0 0
22 36.75 -10.5 -10.25 37 -10.75 -10 0.25 -0.25 0.25
23 37.125 -6 -6.25 37 -6 -6 -0.125 0 0.25
24 36.75 2 -4.5 37 2 -4.5 0.25 0 0
25 32 -21.75 -10 32 -21.25 -10 0 0.5 0
26 31.75 -9.75 -10.25 31.75 -10 -10 0 -0.25 0.25
27 23.125 -20.75 -10.25 23 =21 -10.25 -0.125 -0.25 0
28 23 -9.125 -10.5 23.25 -8.5 -10.25 0.25 -0.375 0.25
29
30
\ 1 92 3 DASHBOARD /
= '
6
) 12 \ﬂ ~
18
24
DEIEIR—\ /— DOooR
—,
& Y
z

Figure E-2. Occupant Compartment Deformation Data - Set 1, Test CMB-3
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VEHICLE PRE/POST CRUSH INFO

Set-2
TEST: CME-3 Note: If impact is on driver side need to
VEHICLE: 1883 GMC C2500 enter negative number for Y
POINT X Y Z X b J Z DEL X DELY DEL Z

i 50 -37.25 -3.85 50 37| -35 0 0.25 0
2 50 -32.5 -4 50 -32.5| -3.75 0 0 0.25
3 50.125 -29 -4 50 -29] 3.5 -0.125 0 0.5
4 50 -225 -4.5 50 -225] -45 0 0 0
5 47.75 =16 =2.75 47.5 =15.75] -2.75 -0.25 0.25 0
6 46.25 -10.125 -0.75 46.25 -9.75| -0.75 0 0.375 0
7 43.25 -36.5 -7.5 43.25 -36.75) -7.5 0 -0.25 0
8 42.5 -31.5 ~1.75 42.75 -31.25 -8 0.25 0.25 -0.25
9 425 -27.25 -8 42.5 -27.25| -85 0 0 -0.5
10 42 =22 -8 42 -21.75| -8.25 0 0.25 -0.26
11 40.875 | -16.375 -5 41 -16.25 -5 0.125 0.125 0
12 40.5 -8.375 -3 40.25 -8 -3 -0.25 0.375 4]
13 36.625 -37.5 -7.75 36.5 37 -8 -0.125 0.5 -0.25
14 36.25 -31.875 -8 36.25 -31.75| -8.25 0 0.125 -0.25
15 36 -26.5 -8.75 36 -25.75| -8.75 0 0.75 0
16 36 -21.125 -8.75 36 -205| -8.75 0 0625 0
b 35.5 -16.25 -5.25 35 -16] -5.25 -0.5 0.25 0
18 35.25 -8 -3.5 35 7.5 -3.58 -0.25 0.5 0
19 El -37.625 +8 31 -37.25 -8 0 0.375 0
20 30.625 -31.75 -8.25 30.75 -31.25| -8.25 0.125 0.5 0
21 30 -26 -8.75 30.5 -26 -9 0.5 0 -0.25
22 30.25 -20.25 -9 30.5 -20.25 -9 0.25 0 0
23 30.625 -15.75 -5.5 30.5 -1575] -55 -0.125 0 0
24 30.25 -7.75 -4.25 30 -7.5] -4.25 -0.25 0.25 0
25 255 =315 -8.25 255 -31.25| -85 0 0.25 -0.25
26 25.25 -18.5 -9 25.26 -18.5 -9 0 0 0
27 16.625 -30.5 -8.25 17 -305| -85 0.375 0 -0.25
28 16.5 -18.875 -9 16.75 -19 -9 0.25 -0.125 4]
29
30

DDDR\ fDEIEIFE

N -

Figure E-3. Occupant Compartment Deformation Data - Set 2, Test CMB-3
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Occupant Compartment Deformation Index {OCDI)

Test No. CMB-3
Vehicle Type: 2000p

QCDI = XXABCDEFGHI

XX =location of occupant compartment deformation

A =distance between the dashboard and a reference point at the rear of the occupant compartment, such as the top of the rear seat or the rear of the cab on a pickup
B = distance between the roof and the floor panel

C = distance between a reference point at the rear of the occupant compartment and the moltor panel
D = distance between the lower dashboard and the floor panel

E = interior width

F = distance between the lower edge of right window and the upper edge of left window

G = distance between the lower edge of left window and the upper edge of right window

H= distance between boltom front comer and top rear comer of the passenger side window

|= distance between bottom front comer and top rear corner of the driver side window

Severity Indices

0 - if the reduction is less than 3%

1 - if the reduction is greater than 3% and less than or equal to 10 %

2 - If the reduction is greater than 10% and less than or equalto 20 %

3 - If the reduction is greater than 20% and less than or equal to 30 %
4 - Ifthe reduction Is greater than 30% and less than or equalto 40 %

= e \
g( ™ | 7

where.

1 =Passenger Slde

2 = Middle

3 = Driver Side

Location:

Measurement| Pre-Test (in.] |Post-Test (in.)| Change [in.)| % Diffe ity Index Note: i sevrity index for each variable (A-l)
Al 41.50 41.25 -0.25 -0.60 0 is used for determination of final OCDI value
A2 41.75 41.75 0.00 0.00 0
Ad 40.75 41.00 0.25 0.61 0
Bl 46.00 46.00 0.00 0.00 1
B2 43.25 43.25 0.00 0.00 1
B3 47.25 47.00 -0.25 -0.53 0
C1 56.75 56.75 0.00 0.00 0
c2 92.25 52.25 0.00 0.00 0
C3 597.25 57.25 0.00 0.00 1
=} 15.75 16.00 0.25 1.59 0
D2 15.50 15.50 0.00 0.00 1
o3 17.00 17.25 0.25 147 0
E1 62.50 E2.50 0.00 0.00 0
E3 63.75 63.50 -0.25 -0.39 0
F 58.00 58.00 0.00 0.00 1
G 56.00 58.00 0.00 0.00 0
H 4225 42.25 0.00 0.00 1
| 41.75 41.75 0.00 0.00 0

IXABCDEFGHI
Final OCDI: LF oOODODOODODODOD

Figure E-4. Occupant Compartment Deformation Index (OCDI), Test CMB-3
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Figure F-1.
Figure F-2.
Figure F-3.
Figure F-4.
Figure F-5.
Figure F-6.
Figure F-7.

APPENDIX F
Accelerometer and Rate Transfer Data Analysis, Test CMB-2

Graph of Longitudinal Deceleration, Test CMB-2

Graph of Longitudinal Occupant Impact Velocity, Test CMB-2
Graph of Longitudinal Occupant Displacement, Test CMB-2

Graph of Lateral Deceleration, Test CMB-2

Graph of Lateral Occupant Impact Velocity, Test CMB-2

Graph of Lateral Occupant Displacement, Test CMB-2

Graph of Roll, Pitch, and Yaw Angular Displacements, Test CMB-2
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WA17: Longitudinal Deceleration - 10-Msec Avg. - CFC 180 Filtered Data - Test CMB-2 (EDR-3)

u i WMWWMWMM
L mil
I L
il |
* ’*1

Figure F-1. Graph of Longitudinal Deceleration, Test CMB-2
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We: Longitudinal Occupant Impact Velocity - CFC 180 Filtered Data - Test CMB-2 (EDR-3)
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Figure F-2. Graph of Longitudinal Occupant Impact Velocity, Test CMB-2
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W9: Longitudinal Occupant Displacement - CFC 180 Filtered Data - Test CMB-2 (EDR-3}
200

2200 \
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Sec

Figure F-3. Graph of Longitudinal Occupant Displacement, Test CMB-2
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W12: Lateral Deceleration - 10-Msec Avg. - CFC 180 Filtered Data - Test CMB-2 (EDR-3)
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0.0 01 0.2 03 04 05 06 07 [E:] 08 1.0 14

Figure F-4. Graph of Lateral Deceleration, Test CMB-2
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W8: Lateral Occupant Impact Velocity - CFC 180 Filtered Data - Test CMB-2 (EDR-3)
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Figure F-5. Graph of Lateral Occupant Impact Velocity, Test CMB-2
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W9: Lateral Occupant Displacement - CFC 180 Filtered Data - Test CMB-2 (EDR-3)
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Figure F-6. Graph of Lateral Occupant Displacement, Test CMB-2
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Uncoupled Angular Displacements
CMB-2

40

35

T\

] / \

20 /

S

15

10 0 T
Roll
5

Angular Displacements (deg)

/ I R i N

0
-5
0 041 0.2 0.3 04 0.5 0.6 0.7 0.8
Time (sec)
——Euler Yaw y (deg) ——Euler Pitch 8 (deg) ——Euler Roll ¢ {deg)

Figure F-7. Graph of Roll, Pitch, and Yaw Angular Displacements, Test CMB-2



APPENDIX G
System Details, Design No. 3

Figure G-1. System Layout (Metric), Design No. 3

Figure G-2. System End (Metric), Design No. 3

Figure G-3. Anchor Bracket Base (Metric), Design No. 3

Figure G-4. Anchor Bracket Base Parts (Metric), Design No. 3

Figure G-5. Cable Anchor Bracket (Metric), Design No. 3

Figure G-6. Cable Anchor Bracket Parts (Metric), Design No. 3

Figure G-7. Cable Release Lever (Metric), Design No. 3

Figure G-8. Cable Support Post Assembly (Metric), Design No. 3

Figure G-9. Cable Support Base (Metric), Design No. 3

Figure G-10. Cable Support Post (Metric), Design No. 3

Figure G-11. Bearing Strut (Metric), Design No. 3

Figure G-12. Line Post Nos. 26 through 45 (Metric), Design No. 3

Figure G-13. Line Post Nos. 26 through 45 Parts (Metric), Design No. 3

Figure G-14. Line Post Nos. 3 through 25 and 46 through 59 (Metric), Design No. 3
Figure G-15. Line Post Nos. 3 through 25 and 46 through 59 Parts (Metric), Design No. 3
Figure G-16. System Layout (English), Design No. 3

Figure G-17. System End (English), Design No. 3

Figure G-18. Anchor Bracket Base (English), Design No. 3

Figure G-19. Anchor Bracket Base Parts (English), Design No. 3

Figure G-20. Cable Anchor Bracket (English), Design No. 3

Figure G-21. Cable Anchor Bracket Parts (English), Design No. 3

Figure G-22. Cable Release Lever (English), Design No. 3

Figure G-23. Cable Support Post Assembly (English), Design No. 3

Figure G-24. Cable Support Base (English), Design No. 3

Figure G-25. Cable Support Post (English), Design No. 3

Figure G-26. Bearing Strut (English), Design No. 3

Figure G-27. Line Post Nos. 26 through 45 (English), Design No. 3

Figure G-28. Line Post Nos. 26 through 45 Parts (English), Design No. 3

Figure G-29. Line Post Nos. 3 through 25 and 46 through 59 (English), Design No. 3
Figure G-30. Line Post Nos.3 through 25 and 46 through 59 Parts (English), Design No. 3
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1475 24mem {
ri'**lm':‘lm 1218mm
H- 2438mm __q_ 2438mm(TYP)
- T e
12|+ & & 10 12 14 16 1& =20 zzl 24 26 32 34 36 38 40 42 44 46 48 S50 52 54 56 58 60 61
Sl Birprem 2%

12 4 8 @8 10 12 14 16 8 20 22 24 26 2B 30 32 M I5 M 40 4Z 44 46 48 5D 52 54 B SHB BO B

Coble Line Coble
Anahor Faals Anchar
Paost Paat
Cable Median Barrier =
ChMB-3 1of13
25 degree with 2000P [T
Layous |a02008
Iy
Midwest Roadside GEFCIS
J 5 an | Fus LDharwizg Menc: Soale Hev
sﬂrﬂ} Fﬁ-i'll'll'_'r CMI-1 RS .dwg Nome |EARDICT

Figure G-1. System Layout (Metric), Design No. 3
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Coble Releose Lever
{Part F)

Instoll @4 Brem
Keepar Hod

S04 T

~

T ——
19mm 327 Wire Rope

\\.m-.chnr Brackal Bass

(Part E)

T

able Suppor! Poxt Base
(Part E) il
Coble Median Barrl
Lirs Pots

NOTES: (1) ANl cables run over ihe foot  (Part 1)
of the Coble Felsass Lever,
the two middle cables run
through the Lewer wprights.
(2) Posts 1 and 2 one &=t in on
BL5Tmm augered hole filed with
&50 strong soi.

(o) For Post 1, use Grade 5 bolts,

(b) For Post 2, use ASTM A307 balls

(e} Uss Grode 2 nuts and washers

(d) AZE sleal componanls (plala, angles, eke.)

Shaaes

Cable Medizn Barrier
CMB-3 2ofl5
[ETS
B/N2008
System End —
Midwest Roadside GEPICIS
- " H H ™. Deremg Marms: =T L
Safety Facility CH.BE.'IIFIS.dwg — -

Figure G-2. System End (Metric), Design No. 3




QTY] __ DESCRIPTION MATERIAL
B 2 |Anchor Brocket Bose [X¥X
e @ L ]
&

Top 19mm Dia. rod, 51mm
long Weld in ploce from
beneath, Brmm min. fillet
all-around.

—I—EIEhI@é o
153mm -1 I— Ben
l Tim
Irtaerupt walkd
raar hole
clogsal o web
\ B,
1ome | S187140mm
2 B
)
2
=\Ln~._
\_ 1 Crmimy
W152x36.8
B
Wi
k)
]
~ED
9_ Cable Median Barrier -
y CMB-3 Fofl5
3 I'uie
i Anchor Brackes Base B P00
Tty
Midwest Roadside GEPICIS
v HH rrwng Mame Sk Ky
Safety Facility CME-3 RS dwg Moee KATYICH

Figure G-3. Anchor Bracket Base (Metric), Design
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243Bmm

W152x36.8 Post

ITEMIGTY DESCRIPTION MATERIAL
b1 | 2 |Anchor Base Post W152x36.8 Steel Post
bZ | 2 |Soil Flate 610x610x13mm Flate
BA | 2 |Anchor Base Plate E28x229x13mm Plate
b4 | 8 l19mm Dia. Red 219 x 51mm long rod
B10mm
! B10mm ! -Lf
13mm
Soll Plate
(Pari bE}

(Part b1)
! 368mm
E E
EEE T
= Fl
- E1mm
fF———~#22mm(or loose
| ‘ y fit w/ #19mm rod)
9Emm * @
29mm
Omm =
LT T N —25mm #19mm Rod
E E E E E Part b4
@ b s —
— N M
Ancher Base Plate —

Cable Median Barrier
y CMB-3 4015

3 I'uie

et Anchor Bracket Basc Parts okl
Ity

Midwest Roadside GEPICIS

v HH rrwng Mame Sk Ky
Safety Facility CME-3 RS dwg Moee KATMICH

Figure G-4. Anchor Bracket Base Parts (Metric), Design No. 3
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ITEM[QTY DESCRIFTION MATERIAL
A 2 |Coble Anchor Braocket [WXX
JE8mm
178Brmm
—{ B8mm [— — B8%mm [—
En"lm—|— ——|-— Bmm
‘ olo |0 ® ‘
3 Pr@ ,/'@ Cable Anchor Bracket
[l ’ (Part &)
M Mote: The lever retaining coble used
was #10mm, 7x19 galvanized
u u \'@ aircraft coble, 813mm long with
— BGmm 1 B JBmm long loops and 25mm
lang clip.
[ i |
—‘ =1 Jrnim
10mm
10
(tyP g 10mm
I E1Ernm
I —— @)
T
SR I8 T mm 156mm—=1 \j0mm 25 @ 86mm c—g
10mm .
- Cable Median Barrier -
CMB-3 5ol 15
[T
Cable Anchor Bracket
T
Midwesi Roadside GERCIS
A 5 HH ™" ewemg Mz Sasle Far
Safety Facility |- o s Nome [kapncH

Figure G-5. Cable Anchor Bracket (Metric), Design No. 3
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[TEMQTY] __ DESCRIPTION MATERIAL
al 2 |Anchor Plate A3E 13mm Plate
SGE8mm
I_Em%gmm a? | 2 |Cable Plate AJE 10mm Flote
|r = 7Emm a3 | 2 |Release Lever Plate AIE 13mm Plate
] ad 4 |Ext. Cable PIt Gusset |A36 13mm Flate
TEmm ad | & |nt. Cable Plt Gusset [A3E 13mm Plate
af | 2 |Relecse Lever Pit Gusset A6 13mm Plate
F0rmm
I s @ @ @ 229rmim
B @ @
20
28mm— I ! ! ! ! \\-IIZEmm {same hole—center loyout
BImm FEmm for Anchor Brocket Bose) {
FEmm— — FBmm 57
uIE mm 2L'.Irnm
Anchor Bracket Plate — 20 {
(Part al) 6
51m Brnm
ﬁm?ﬂmmg —r— n,l 20mm
( —8 o 135 J: Interior Cable Plate Gusset
ot BV T (Part a5)
_',[ -—ﬁEmm 43mm
= =1 3Bmm rgﬁ'l'l"ll'ﬂ
25mmj- : TEmm
N S1mm
\ f Exterior Cable Plate Gusset .l‘ I =
= 38mm @Emm (Fur} {:4) = oo
825 t
mm (typ) 119.__'1 1 S
Cable Plate S S
(Part a2)
Release Lever Flate Gusset
L‘I Z16mm |—-— B (Part aB)
mm — Shas
44-n1m:1_ Egﬁmmi Cnblehéﬁ}';ndﬁm'ier bor1s
TS
Release Lever Plate Cable Anchor Bracket Parts B/11/2008
My
(Part a3) Midwest Roadside GERCTS
Safety Facility |0t oo Nowe KAP/ICH

Figure G-6. Cable Anchor Bracket Parts (Metric), Design No. 3



190mm

~=— Brrirm

€Te

Cable Release Lever
(complete details, weld all
interfaces as required 6mm)
(Part F)

ITEM[QTY] _ DESCRIPTION MATERIAL |
F 2 |Cable Release Lever
f1 4 |Kicker Lewver AJE 32x32xBmm Tube
f2 | 2 |Connecting Tube AJE 3Zx32x5mm Tube
3 4 |Kicker Plate Guaset AJ3E T3mm Flate
f4 | 2 |Kicker Plate ASE T3mm Flate

J2mm —‘I
32mm4‘ =— ]—

495mm

|

.

Kicker Lever
(Part 1)

= 34 3mm —=

|v1 Z27mm

e

[ Connecting Tube
(Part £2)

51mm£—|——51mm

/]

Kicker Plate
Gussat

- (Part £3)

B9mm

Kicker Plate
(Part f4)

Midwest Roadside

Cable Median Barrier -
CMB-3
i [T
Cable Release Lever B/L1Z008

Todls

H
GEFCIS

| + T ilids Pirsrariogg hia
Safety Facility | == RS dwg

Mome KAPICH

Figure G-7. Cable Release Lever (Metric), Design No. 3




BIEmm

| ®

/5?518_5

4

13mm

Bi8mm | A
G14mm

13mm ASTM A30Y grode baolt,
B4mm long w/ nut and

J washers, 1 between plates.
(torgue to 54.9 N—m)

G2rmm

el

\\—'I'l'152x13.-1-

—~®

Coaoasad

@13mm ASTM A30Y grade balt,
203mm long w/ nut &

Base and Bearing Strut

Assembly with Cable Support Post

2 waoshers
&
1829mm
Cable Median Barder e
CMB-3 Buofl5
Cable Suppaort Post Assembly BLL/Z008
— Hy
Midwest Roadside GEPICIS
¥ il Tamiliir Trpsing Wars caks Ty
Safety Facility r:usra RS dwg Moee KARICH

Figure G-8. Cable Support Post Assembly (Metric), Design No. 3
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51@ Egmrﬂﬂfﬂmm
51® 89mm: 3mm

(Part E)

Brmm E ; rEEmm
— — Ia‘_‘
| \\_
: 219mm
@F# e AT
|
|
|
::ﬁv:: 1829mm —41(—
|
|
i
W152x13.4 Cable W152x13.4
Support Base Post (Part e1)

ITEM[QTY] __ DESCRIPTION MATERIAL
E 2 |Cable Support Bose K
el Z |Support Bose Post 'W152x13.4 Steel Post
e2 | 2 |Bose Slip Plate AJE Timm Flate
127mm——
189mm
37mm
— .|
: 18
32min
149mm _FE-‘ A9rmm
By }
+ +
t —_ q
49rnm RSmm
l 43mim
1
Slip Plate
for W152x13.4 Base
(Part e2)
8 Cahle Median Barrier -
CMB-3 Sof 15
[T
|&n1z008
_ Cable Support Base —
Midwest Roadside GEPCIS
Safety Facility |SOei A

Figure G-9. Cable Support Base (Metric), Design No. 3




lidlid]

Breirm ﬁ’—g

TEM[QTY] __ DESCRIPTION MATERIAL

0 ? |Caoble Support Post W,

di ? |Support Bose Post W152x13.4 Steel Fost
d2 | Z |Cable Bracket A36 13mm Plate

di | 2 |Slip Plate A3E 10mm Plate

—-'—'-—lﬁlmm

70mm
1E65mm

—
I
|
1
|
I €—9— D
| Bmm @\3) y :
y ¥ Straight cut to :
i be bent down
i 3) and retain the 165mm 838mm :
\‘-S?ﬁxa_ﬁ coble {typ.) E73mm -
' 165mm :
1
i [
Ejmmq’_ 10Bmm i :
f A 0 il
Cable Support Post Cable Bracket 576x8.5 Post
(Part D) (Part d2) (Part d1)
127mm amm mm_\
19mm
13mm—4 19mm 'f/
19"#”‘_‘:)7[ E‘_”!-r TOmm
32
102mm mm 51mm \N?
| I l -
- — §
®13mm
@F2mm
25rr-.mJ L1‘.E|n‘u'n Detail d2
Seover  Imme=dmm
Slip Plate
for 576x8.5 Post
I:Puﬂ dS} o Cahle Median Barrier e
CMB-3 10 af 15
Cable Support Past |e112008
Midwest Roadside GEPACIS
Safety Facility E:a—‘;;;m ) o

Figure G-10. Cable Support Post (Metric), Design No. 3
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LT¢C

235mm

T
17Bmm
[158mm I-r 1

ITEM[QTY DESCRIPTION MATERIAL
C 2 |Bearing Strut 436 Steel Plate
cl 2 |Bearing Plate 436 Steel Plate
c2 | 2 |Bearing Plate Brace 436 Steel Plate
cd | 2 |Bearing Plate Brace AFE Steel Plate

I— 432mm ——l

t Bmm

Beoring Strut :“'""‘ Bearing Plote
{Flm.t C]I mIm ) B 1 33mim 'fF'ﬂFt ¢1:|
JBx3Bx5mm L 216 T4mm
S L5 SR _~—®16mm }
L el ] :I—L I [ i |
ABTmm | |-*—4-8?rnm—-—
[ 101 Emim . 1016mm
T4mm
Bearing Plate Broce Bearing Plate Brace
(Part ¢2) (Part 3)
Cahle Median Barrier e
; CMB-3 1afid
Bearing Strot {211 2008
— Hy:
Midwest Roadside GERICIS
sfw vall i hrawiag NEm Soulc: o=
Safety Facility i § B g =l |ichpacn

Figure G-11. Bearing Strut (Metric), Design No. 3




Brmim 14mm
e Impoct_Side
w
5N -
[
i ) 814mm
L
. E38mm 781rmm
673 ™
m 3 616mm
S08mm 451 mm
J43mm
57 5:5_5—\ 286mm
i
TBmm
== == [~
i i
i |
! ; Bmm
| :
: :
Soil Plate : /'rr@
FLSO1 _\
: i 610mm 787mm
! :
| 5
i :
1 |
| i
| :
 p— T ——
102mm
Cable Median Barrier
#5 Smme2Smm -
Gr 2 batt Line Posts
(Part G)
Coble Median Barrier it
CMB-3 126f15
Posts 26-45 =
. Cable Median Barrier Line Post Parts  |© L V2008
Detail wi Cable Bracket Locations & Ty
Midwest Roadside Ie Heights GERICTS
. » Farthitv Dy Mars cala: B
Elafﬁ‘l]r Faci I“} CME-3 RS dwg Mone EAFRCH

Figure G-12. Line Post Nos. 26 through 45 (Metric), Design No. 3
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_i i mﬂ DESCRIPTION MATERIAL
gl | 15 |Line Post S76x8.5 Steel Section
g | 60 |Coble Brocket AL Tamm Flate
I Tomm g3 | 15 |5l Plate E3G bmm Floke
3 mm k1 4 ICoble= 147.5m FTamm ax/ Wire rope
59mm—-1 I——J_

— T { 13mm— [ ] 1]

165mm |-"5'Ir'r|m--|
165mm \(
102mim +‘<

165mm |

| 1
14mm I ‘,.-f*"-ﬂ
= 41mm

*—?SmmJ

Cable Bracket
1702mm (pﬂﬂ QE)
Scale:  Trmm=+4mm

@1 1mm|{T‘f‘P.}x

13

— &mm

—-1 203mm |-— —

610
:
576xB.5 Post
(Part g1) Soil Plate, PLSO1
(F"u rt g 3)
Coble Median Barrier it
CMB-3 136f15
Posts 26-45 o
Cable Median Barrier Line Post Parts  [© L V2008
Hy
Midwest Roadside GERICIS
E:afety Faci I“F l;'.'?;ﬂ?ﬂ ;j“.dwg |;;e ::\P-'ICE!

Figure G-13. Line Post Nos. 26 through 45 Parts (Metric), Design No. 3
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—W Impoct Side gq—
i l S{@
DN e et
(This
M
re g
] ) 889mm
) S - Ta87mm
&7 Imm S) 632mm
S08mm 487mm
34.3mm
02
57 axa.a—\ o
A FEmm
| === [
/ b
Soil Plate /'@
PLSOT N\ /
E10mm 7B7mm
i E 102mm
| Cable Median Barrier f
34mm—]| L se3smmezsmm | ine Posts
4 (Part 1)
I Coble Medion Barrier -
MB- 14 0f 15
Posts 3-25 & 46-59 e
Cable Median Barrier Line Post Parts  [© L V2008
[ wi Cable Brocket Locetions & iy
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Figure G-14. Line Post Nos. 3 through 25 and 46 through 59 (Metric), Design No. 3
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?E-r'nr'n—l

ITEM[QTY] DESCRIPTION |  MATERIAL

il | 42 |Line Post S76x8.5 Steel Section
iz | 168 |Cable Brocket At 1Smm Flate

i3 | 42 |Sail Plate EIE Bmm Flote

h1 | 4 |Coble— 147.5m F1amm 3x7 Wire rope

T
59mm —‘fj‘;rusmm

1 B9rmirm

1B5Smm

21 1mm(TYP.)
165mm

1 Jrmirre—=

1 4

_'__
L

167 6mm

(Part i1)

576xB.5 Post

ummﬁEDﬂ::

|- 51rrrm =] R25mm TYP.
P vg\/

Bﬁrnm-l_
48mm + 24mm
#32Zmm
29mm
== 44mm [~
TJamm

Cable Brocket

——1 203mm f-— -1

(Part i2)

Scole: Imm=dmm

610mm

—~ Brmm

Soil Plate, PL301

(Part i3)
Cuble M'I:d]lm Hurrier -
MB- 150015
Posts 3-25 & 46-59 T
Cable Median Barrier Line Posi Paris BILLIZ008
Fy
Midwest Roadside GEFICTS
. » Farilityv Drvwwg harme Scala By
Safety Facility CMB-3 RS dwg |Nm¢ KAFICH

Figure G-15. Line Post Nos. 3 through 25 and 46 through 59 Parts (Metric), Design No. 3
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Figure G-16. System Layout (English), Design No. 3
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\\.m-.chnr Brackel Bass

(Part E)

=1 i 1207
Coble Support P chie Cips
oble End Fittings (Part D) i
Coble Releces Lever
(Pan ) N / mw
Instal ef" Bross - raanrhdie
Keepar Raod _\IH _;_— g Cable _/
- : (Part €)™ " 3x7 Wire Rope
J-0f" nut w/
#3/4° Grode 5 302" 0.0 washers
hex heod bolts i
2.5% long,
wy nuts & (Perd )
2 woshers

able Suppor! Poxt Base
(Part E) il
Coble Median Barrl
Lirs Posts

NOTES: (1) ANl cables run over ihe foot  (Part 1)
of the Coble Felsass Lever,
the two middle cobles run
through 1he Lewer wprighls.

(2) Posts 1 and 2 one &=t in on

. ubh Grade 5 belta,

(b) For Post 2, use ASTM A307 balls

(e} Wsa Grode I nute and washers

(d) AZE wlesl componends (plale, argles, ete)

Cable Medizn Barrier o
CMB-3 2ol l5
[ETS
B/N2008
System End —
Midwest Roadside GEPICIS
- " H H ™. Deremg Marms: =T L
Safety Facility CH.BE.'IIFIS.dwg — -

Figure G-17. System End (English), Design No. 3



ITEMIQTY] DESCRIPTION MATERIAL

B 2 |Anchor Bracket Bose [X¥X

rod, 2% long
in ploce from
banacth, 47 frin

|
8

Interrapt walkd

j—zhﬁqél = N
\rﬁ'

near hle
closast o web

)

B
Wi
W
~ED
Anchor Brocket Bose
(Part B)
E_’ Cable Median Barrier =
CMB-3 30l 15
3 T
— Anchar Brackes Base i
Iy
Midwest Roadside GEPICIS
Safety Facility [T i =

Figure G-18. Anchor Bracket Base (English), Design No. 3
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ITEMIQTY DESCRIPTION MATERIAL
bl 2 |Anchor Baose Fost WEx25 Steel Post
_ bZ | 2 |Soil Plote 24"wZ24™d” Flote
ii b3 | 2 |Anchor Base Plate ?"xﬁ":}" Plate
i b4 | 8 |§ Dia. Rod x 2° long rod
Il
]
I
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Figure G-19. Anchor Bracket Base Parts (English), Design No. 3
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ITEM|QTY| DESCRIFTION MATERIAL
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Figure G-20. Cable Anchor Bracket (English), Design No. 3
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Figure G-21. Cable Anchor Bracket Parts (English), Design No. 3
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F 2 |Cable Release Lever
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Figure G-22. Cable Release Lever (English), Design No. 3
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24" lang w/ nut and
3 washers,1 waosher
between plates.
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Figure G-23. Cable Support Post Assembly (English), Design No. 3
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Figure G-24. Cable Support Base (English), Design No. 3
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0 2 |Coble Support Post B
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Figure G-25. Cable Support Post (English), Design No. 3

231



4 X4

Bearing Plate Brace AIE Steel Plate
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Figure G-26. Bearing Strut (English), Design No. 3
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Figure G-27. Line Post Nos. 26-45 (English), Design No. 3
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Figure G-28. Line Post Nos. 26-45 Parts (English), Design No. 3
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Figure G-29. Line Post Nos. 3 through 25 and 46 through 59 (English), Design No. 3
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Figure G-30. Line Post Nos. 3 through 25 and 46 through 59 Parts (English), Design No. 3

236




APPENDIX H
Accelerometer and Rate Transfer Data Analysis, Test CMB-3

Figure H-1. Graph of Longitudinal Deceleration, Test CMB-3

Figure H-2. Graph of Longitudinal Occupant Impact Velocity, Test CMB-3
Figure H-3. Graph of Longitudinal Occupant Displacement, Test CMB-3
Figure H-4. Graph of Lateral Deceleration, Test CMB-3

Figure H-5. Graph of Lateral Occupant Impact Velocity, Test CMB-3
Figure H-6. Graph of Lateral Occupant Displacement, Test CMB-3

Figure H-7. Graph of Yaw Angular Displacements, Test CMB-3
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Figure H-1. Graph of Longitudinal Deceleration, Test CMB-3
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W8: Longitudinal Occupant Impact Velocity - CFC 180 Filtered Data - Test CMB-3 (EDR-3)

/g;/“

'

-30

WS A TANy Ty

0.0 0.1 02 03 04 05 06 0.7 08
Sec

0g 10 11

Figure H-2. Graph of Longitudinal Occupant Impact Velocity, Test CMB-3
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W9: Longitudinal Occupant Displacement - CFC 180 Filtered Data - Test CMB-3 (EDR-3)
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Figure H-3. Graph of Longitudinal Occupant Displacement, Test CMB-3
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Figure H-5. Graph of Lateral Occupant Impact Velocity, Test CMB-3
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W9: Lateral Occupant Displacement - CFC 180 Filtered Data - Test CMB-3 (EDR-3)
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Figure H-6. Graph of Lateral Occupant Displacement, Test CMB-3
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Figure H-7. Graph of Yaw Angular Displacements, Test CMB-3
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