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DISCLAIMER STATEMENT

This material is based upon work supported by the Federal Highway Administration, U.S.
Department of Transportation and the Midwest Pooled Fund Program under TPF-5(193)
Supplement #138. The contents of this report reflect the views and opinions of the authors who
are responsible for the facts and the accuracy of the data presented herein. The contents do not
necessarily reflect the official views or policies of the University of Nebraska-Lincoln, state
departments of transportation participating in the Midwest Pooled Fund Program nor the Federal
Highway Administration, U.S. Department of Transportation. This report does not constitute a
standard, specification, or regulation. Trade or manufacturers’ names, which may appear in this
report, are cited only because they are considered essential to the objectives of the report. The
United States (U.S.) government and the State of Nebraska do not endorse products or
manufacturers.

UNCERTAINTY OF MEASUREMENT STATEMENT

The Midwest Roadside Safety Facility (MwWRSF) has determined the uncertainty of
measurements for several parameters involved in standard full-scale crash testing and non-standard
testing of roadside safety features. Information regarding the uncertainty of measurements for
critical parameters is available upon request by the sponsor and the Federal Highway
Administration.

INDEPENDENT APPROVING AUTHORITY

The Independent Approving Authority (IAA) for the data contained herein was Dr. Cody
Stolle, Research Assistant Professor.
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1 INTRODUCTION

1.1 Background

In 2012, the Midwest Roadside Safety Facility (MwRSF) conducted an expansive research
and development effort that led to a prototype, non-proprietary, four-cable, high-tension median
barrier system [1-2]. The cable barrier system consisted of three unique hardware pieces: (1) a
steel post fabricated from a bent plate, referred to as the Midwest Weak Post (MWP); (2) a steel
cable-to-post attachment bracket used to fasten the lower three cables to the post; and (3) a V-
notch and a brass rod cable attachment located on the top of the post. Previous full-scale crash
tests on the cable median barrier demonstrated a propensity for the free edges of the MWP to
penetrate the occupant compartment during vehicle override of the posts [1-2]. Research efforts
were made to mitigate floor pan tearing and compartment penetration by using a two-part cap,
which was fastened to the top of the MWP with a single %2-in. (13-mm) diameter retainer bolt in
order to shield the free edges of the MWP during post-to-vehicle contact [3]. However, in the most
recent full-scale crash test of the high-tension cable median barrier, test no. MWP-9, the top cables
snagged on the cap retainer bolt and nut, inducing an increased downward and lateral force on the
A-pillar [4]. This interlock between the top cables and the A-pillar resulted in excessive A-pillar
crush. Consequently, test no. MWP-9 was determined to have failed the safety performance criteria
of the Manual for Assessing Safety Hardware, Second Edition (MASH 2016) test designation no.
3-10 [5].

Following the full-scale crash tests of the MWP series, MWRSF reviewed the design of the
high-tension cable median barrier and identified several areas of concern. First, the MWP had
exposed free edges which had torn the vehicle floor pan in multiple full-scale crash tests. It was
also noted that weakening of the MWP in the lateral direction could potentially reduce concerns
for excessive A-pillar crush, and weakening the post strength in the longitudinal direction could
reduce small car stability concerns. Further, it was observed that only a single cable was active in
capturing vehicles in several of the full-scale crash tests of the system. Thus, it was inferred that
increasing the number of cables and decreasing the vertical cable spacing could potentially result
in improved vehicle containment.

To improve upon the previous cable barrier design, three possible design changes were
identified: (1) using a closed-section post to mitigate vehicle occupant compartment penetration;
(2) fastening brackets with rounded sleeve nuts to reduce the likelihood of cable snagging; and (3)
increasing the number of cables to five or six cables to better capture the vehicle. A survey related
to various high-tension cable barrier design options, including four-cable, five-cable, and six-cable
systems, was sent to the Midwest Pooled Fund members to gauge their interest in the addition of
more cables to the system. The majority of the states preferred a four-cable system over the five-
and six-cable systems. Thus, per the states’ preference, the number of cables in the system was left
unchanged. Instead, the implementation of closed-section posts and rounded sleeve nuts was
investigated.

A series of dynamic component tests were conducted on various closed-section posts to
identify the sections that exhibited performance similar to or better than that of the MWP [6]. The
results of the bogie testing series indicated that a 3-in. X 2-in. X %-in. (76-mm x 51-mm x 3-mm)
Hollow Structural Section (HSS) with two %-in. (19-mm) diameter holes at the ground line would
provide the desired strong- and weak-axis bending strengths. Additionally, this section was found
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to be less prone to floor pan tearing, required less material than the MWP, and consisted of more
readily available components than the MWP. Thus, the HSS3x2x'% (75x51x31) post was
recommended for further evaluation and was implemented in the full-scale crash tests described
herein.

Additionally, rounded sleeve nuts were investigated to ensure that their use as replacements
for traditional nuts would not affect the bracket-to-post connection strength. In a series of quasi-
static tensile tests, the sleeve nut implemented in this cable barrier design developed the full
strength of the inserted bolt and thus was recognized as an acceptable alternative to the fastener
used in earlier designs [7].

By incorporating these changes into the previous cable barrier design, researchers at
MwRSF revised the previous design of the non-proprietary, four-cable, high-tension median
barrier system to incorporate closed-section posts and cable-to-post brackets fastened with round
sleeve nuts. The post, which is referred to as the Midwest Tube Post (MTP), has an HSS3x2x"%
(76x51x3) profile with two %-in. (19-mm) diameter holes in the upstream and downstream walls
at the ground line, to reduce weak-axis (longitudinal) bending strength. This reduction in weak-
axis bending strength was anticipated to reduce the potential for floor pan tearing by reducing the
elastic restoring force of the post and, in turn, the intensity with which an overridden post presses
upward on the undercarriage of the vehicle.

1.2 Objective

The objective of this project report was to evaluate the safety performance of the modified
high-tension cable median barrier with a weakened closed-section posts and cable-to-post brackets
fastened with round sleeve nuts. The system was evaluated according to the Test Level 3 (TL-3)
criteria of MASH 2016 [5].

1.3 Scope

The research objective was achieved through the completion of several tasks. Two full-
scale crash tests were conducted on the modified cable median barrier according to MASH 2016
test designation nos. 3-11 and 3-17. Next, the full-scale vehicle crash test results were analyzed,
evaluated, and documented. Conclusions and recommendations were then made pertaining to the
safety performance of the modified cable median barrier.
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2 TEST REQUIREMENTS AND EVALUATION CRITERIA

2.1 Test Requirements

Longitudinal barriers, such as cable median barriers, must satisfy impact safety standards
in order to be declared eligible for federal reimbursement by the Federal Highway Administration
(FHWA) for use on the National Highway System (NHS). For new hardware, these safety
standards consist of the guidelines and procedures published in MASH 2016. According to TL-3
of MASH 2016, a cable barrier system for use anywhere in a 6H:1V V-ditch must be subjected to
eight full-scale vehicle crash tests, as shown in Table 1.

Cable systems with variable post spacing must be conducted with both the narrowest and
widest post spacing to bracket the working widths of the barrier system, thereby increasing the
required number of crash tests from eight to nine. Only two of the prescribed full-scale crash tests,
test designation nos. 3-11 and 3-17, were conducted and reported herein. Although the impact
speed and angle are consistent for all nine tests, the critical location of the barrier system within
the median ditch is dependent upon the specific crash test and the slope of the ditch.

Many cable barriers have variable post spacing, which allows roadside designers to select
the optimal configuration for a specific installation. When evaluating these variable post spacing
systems, the critical post spacing should be utilized during crash testing. MASH 2016 has
identified the critical post spacing, either the narrowest or the widest spacing, for each individual
test within the testing matrix.

MASH 2016 test designation no. 3-11 must be conducted twice — once with the narrowest
post spacing of 8 ft and once with the widest post spacing of 16 ft. The test conducted and reported
herein featured the narrowest post spacing of 8 ft. In accordance with MASH 2016 requirements,
the critical impact point for the 2270P vehicle was determined to be located 12 in. (305 mm)
upstream from a post. In crash tests involving flexible cable barriers, this impact location aims to
remove a post at impact, creating critical conditions for vehicle containment, vehicle stability, A-
pillar integrity, and working width.

MASH 2016 test designation no. 3-17 was tested with the widest post spacing of 16 ft. In
accordance with MASH 2016 requirements, the critical impact point for the 1500A vehicle was
determined to be located 96 in. (2,438 mm) upstream from a post, which is also the mid-span
between posts. In crash tests involving flexible cable barriers, this impact location aims to evaluate
the potential for underride or penetration between cables, creating critical conditions for vehicle
containment, vehicle stability, A-pillar integrity, and working width.

When non-symmetrical cable barriers are tested, it is important to test the orientation that
produces the greatest risk of failure. To accomplish this, the orientation of the cables was selected
such that primary capture cable would be located on the non-impact side of the post. The primary
capture cable for the 2270P vehicle was determined to be the third cable from the bottom. Selecting
this orientation allowed for the greatest risk of failure due to the post pushing the backside cables
down and preventing vehicle capture. This would then allow the vehicle to overrun the barrier.
The primary capture cable for the 1500A vehicle was determined to be the second cable from the
bottom. Selecting this orientation allowed for the greatest risk of failure due to delaying vehicle
interlock with the barrier and increasing the potential for the vehicle to penetrate the system.

3
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Table 1. MASH 2016 TL-3 Test Matrix for Single Cable Median Barrier Placement Anywhere
Within a 6H:1V V-Ditch

Vehicle | Impact Conditions System Configuration

Test Test | Weight | Speed Anale Post Evaluation

No. | Vehicle Ib mph deg Barrier Location! Spacin Criteria®
(k) | (kmm) | 9 P
2,420 62 .

3-10 1100C (1.100) (100) 25 Level Terrain Narrow | A,D,F,H,I
5,000 62 .

3-11 2270P (2.270) (100) 25 Level Terrain Both | AD,FH,I
5000 62 9 ft (2.7 m) from

3-13 2270P ’ 25 Front Slope Break | Narrow | A,D,F,H,I
(2,270) | (100) Poi

oint

2 420 6 9 ft (2.7 m) from

3-14 1100C ’ 25 Front Slope Break | Narrow | A,D,F,H,I
(1,100) | (200) Point

i 2,420 62 4 ft (1.2 m) from .

3-15 1100C (1.100) | (100) 25 Ditch Bottom Wide | AD,FH,I
5420 62 1 ft (0.3 m) from

3-16 1100C ' 25 Back Slope Break | Narrow | A,D,F,H,I
(1,100) | (200) Poi

oint

3,300 62 N .

3-17 1500A (1.500) (100) 25 Variable Wide | AD,FH,I
5,000 62 At Back Slope .

3-18 2270P 2.270) | (100) 25 Break Point Wide | AD,FH,I

! Test nos. 3-13 through 3-18 shall be conducted within a 30-ft (9.1-m) wide, 6H:1V V-ditch.

2 Evaluation criteria explained in Table 2.

3 Testing laboratory to determine critical barrier position from 0 to 4 ft on front slope of ditch in order to maximize propensity
for front end of 1500A vehicle to penetrate between vertically adjacent cables. Critical factors may include vertical cable
spacing, position of cables relative to front bumper, location and type of cable release mechanisms, trajectory of vehicle’s front
bumper, etc.

2.2 Evaluation Criteria

Evaluation criteria for full-scale vehicle crash testing are based on three factors: (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 median barrier to contain and
redirect impacting vehicles. In addition, controlled lateral deflection of the test article is
acceptable. Occupant risk evaluates the degree of hazard to occupants in the impacting vehicle.
Post-impact vehicle trajectory is a measure of the potential of the vehicle to result in a secondary
collision with other vehicles and/or fixed objects, thereby increasing the risk of injury to the
occupants of the impacting vehicle and/or other vehicles. These evaluation criteria are summarized
in Table 2 and defined in greater detail in MASH 2016. The full-scale vehicle crash tests
documented herein were conducted and reported in accordance with the procedures provided in
MASH 2016.
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In addition to the standard occupant risk measures, the Post-Impact Head Deceleration
(PHD), the Theoretical Head Impact Velocity (THIV), and the Acceleration Severity Index (ASI)
were determined and reported. Additional discussion on PHD, THIV and ASI is provided in
MASH 2016.

Table 2. MASH 2016 Evaluation Criteria for Longitudinal Barrier

A Test article should contain and redirect the vehicle or bring the vehicle to a

Structural controlled stop; the vehicle should not penetrate, underride, or override the

Adequacy installation although controlled lateral deflection of the test article is
acceptable.

D. 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 should
not exceed limits set forth in Section 5.2.2 and Appendix E of MASH 2016.

F. The vehicle should remain upright during and after collision. The maximum
roll and pitch angles are not to exceed 75 degrees.

H. Occupant Impact Velocity (OIV) (see Appendix A, Section A5.2.2 of
MASH 2016 for calculation procedure) should satisfy the following limits:

Occupant Impact Velocity Limits

Occupant Risk
Component Preferred Maximum
30 ft/s 40 ft/s
(9.1 mls) (12.2 m/s)

l. The Occupant Ridedown Acceleration (ORA) (see Appendix A, Section
A5.2.2 of MASH 2016 for calculation procedure) should satisfy the
following limits:

Longitudinal and Lateral

Occupant Ridedown Acceleration Limits

Component Preferred Maximum

Longitudinal and Lateral 15.0¢g’s 20.49 g’s

2.3 Soil Strength Requirements

In accordance with Chapter 3 and Appendix B of MASH 2016, foundation soil strength
must be verified before any full-scale crash testing can occur. During the installation of a soil-
dependent system, W6x16 (W152x23.8) posts are installed near the impact region utilizing the
same installation procedures as the system itself. Prior to full-scale testing, a dynamic impact test
must be conducted to verify a minimum dynamic soil resistance of 7.5 kips (33.4 kN) at post
deflections between 5 and 20 in. (127 and 508 mm) measured at a height of 25 in. (635 mm) above
the ground line. If dynamic testing near the system is not desired, MASH 2016 permits a static test
to be conducted instead and compared against the results of a previously established baseline test.
In this situation, the soil must provide a resistance of at least 90 percent of the static baseline test
at deflections of 5, 10, and 15 in. (127, 254, and 381 mm). Further details can be found in Appendix
B of MASH 2016.

5
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3 TEST CONDITIONS

3.1 Test Facility

The Outdoor Test Site is located at the Lincoln Air Park on the northwest side of the
Lincoln Municipal Airport and is approximately 5 miles (8.0 km) northwest 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 on the tow vehicle increased the accuracy of the test vehicle impact speed.

A vehicle guidance system developed by Hinch [8] was used to steer the test vehicle. A
guide flag, attached to the right-front wheel and the guide cable, was sheared off before impact
with the barrier system. The %s-in. (9.5-mm) diameter guide cable was tensioned to approximately
3,500 Ib (15.6 kN) and supported both laterally and vertically every 100 ft (30.5 m) 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.

3.3 Test Vehicle

For test no. MTP-1, a 2012 Dodge Ram 1500 quad cab pickup truck was used as the test
vehicle. The curb, test inertial, and gross static vehicle weights were 5,063 1b (2,297 kg), 4,986 Ib
(2,262 kg), and 5,148 Ib (2,335 kg), respectively. The test vehicle is shown in Figures 1 and 2.
Vehicle dimensions are shown in Figure 3. MASH recommends that passenger vehicles used for
crash testing be no more than six years old on the day the test is conducted, though at the time of
this project, it was also permissible to measure the six model years from the project award date.
All dimensions and properties of the vehicle met the requirements as provided in MASH 2016
Sections 4.2.1 and A4.2.1 and Table 4-1. Thus, a test vehicle older than six years from the date of
the test was utilized as allowed by FHWA and AASHTO in the MASH implementation guidance
dated May of 2018 [9].

For test no. MTP-2, a 2013 Hyundai Sonata sedan was used as the test vehicle. The curb,
test inertial, and gross static vehicle weights were 3,206 Ib (1,454 kg), 3,301 Ib (1,497 kg), and
3,471 1b (1,574 kg), respectively. The test vehicle is shown in Figures 4 and 5. Vehicle dimensions
are shown in Figure 6.
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Figure 1. Test Vehicle, Test No. MTP-1



Figure 2. Test Vehicle’s Interior Floorboards and Undercarriage, Test No. MTP-1
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Date: 4/11/2019 Test Name: MTP-1 VIN No: 1C6RD6GP3CS253410
Year: 2012 Make: Dodge Model: Ram 1500
Tire Size: P265/70R17 Tire Inflation Pressure: 40 psi Odometer: 252174
Vehicle Geometry - in. (mm)
Target Ranges listed below
— I,
. A: 775/8 (1972) B: 74 (1880)
782 (1950+50)
N T C: 229 (5817) D: 39 (991)
237+13 (6020+325) 39+3 (1000£75)
E: 148 (3761) F: 42 (1067)
L 148+12 (3760+300)
L _1
G: 28 7/16 (722) H: 64 5/16 (1634)
min: 28 (710) 6314 (1575£100)
Test Inertial CG
I 121/4 (311) J: 26 (660)
i K: 193/8 (492) L: 305/8 (778)
=
M: 673/4 (1721) N:_673/4 (1721)
1 67+1.5 (1700£38) 67+1.5 (1700£38)
L O 4418 (1121) P: 458 (117
‘ 43+4 (1100£75)
H Q: 303/4 (781) R: 185/8 (473)
~—D E
[¢] S: 121/8 (308) T: 791/4 (2013)
U (impact width): 36 1/3 (922)
Mass Distribution - Ib (kg)
Wheel Center
Gross Static LF_ 1506 (683) RF_ 1412 (640) Height (Front): 15 (381)
Wheel Center
LR 1116 (506) RR_ 1114 (505) Height (Rear): 15 1/4 (387)
Wheel Well
Clearance (Front): 4 1/2 (114)
Weights Wheel Well
Ib (kg) Curb Test Inertial Gross Static Clearance (Rear): 7 (178)
Bottom Frame
W-front 2884 (1308) 2821 (1280) 2918 (1324) Height (Front): 11 7/8 (302)
Bottom Frame
W-rear 2179 (988) 2165 (982) 2230 (1012) Height (Rear): 12 7/8 (327)
W-total 5063 (2297) 4986 (2262) 5148 (2335) Engine Type: Gasoline
5000+110 (2270+50) 5165+110 (2343£50)
Engine Size: 4.7L V8
GVWR Ratings - Ib Surrogate Occupant Data Transmission Type: Automatic
Front 3700 Type: Hybrid 1l Drive Type: RWD
Rear 3900 Mass: 162 Ib Cab Style: Quad Cab
Total 6700 Seat Position: Left/Driver Bed Length: 76"
Note any damage prior to test: None

Figure 3. Vehicle Dimensions, Test No. MTP-1
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Figure 4. Test Vehicle, Test No. MTP-2
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Figure 5. Test Vehicle’s Interior Floorboards and Undercarriage, Test No. MTP-2
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Date: 7/15/2019 Test Name: MTP-2 VIN No: 5NPEB4ACXDH545633
Year: 2013 Make: Hyundai Model: Sonata
Tire Size: 205/65 R16 Tire Inflation Pressure: 33 psi Odometer: 213496

Vehicle Geometry - in. {(mm)
Target Ranges listed below

A: 7112 (1816) B: 575/8 (1464)

C: 1893/4 (4820) D: 37 (940)

E: 1101/8 (2797) F: 4112 (1054)

G: 22 1/16_ (560) H: 46 7/16 (1180)

I: 153/4 (400) J: 201/4 (514)

K: 16 (406) L: 23 (584)

M: 63 (1600) N: 63 (1600)

O: 281/2 (724) P:_41.2 (114)

Q: 253/4 (654) R: 171/4  (438)

S: 1012 (267) T: 70314 (1797)

U (impact width): 63 3/4  (1619)

Top of radiator core

Mass Distribution - Ib (kg)

Gross Static LF 1028 (466) RF 970 (440) support: 29 1/2 (749)
Wheel Center
LR 738 (335) RR__ 735 (333) Height (Front): 12 1/4 (311)

Wheel| Center
Height (Rear): 12 5/8 (321)

Weights Wheel Well
Ib (kg) Curb Test Inertial Gross Static Clearance (Front): 27 5/8 (702)
Wheel Well
W-front 1967 (892) 1909 (866) 1998 (906) Clearance (Rear): 27 1/4 (692)
Bottom Frame
W-rear 1239 (562) 1392 (631) 1473 (668) Height (Front):  § 1/2 (140)
Bottom Frame
W-total 3206 (1454) 3301 (1497) 3471 (1574) Height (Rear): 7 1/4 (184)
3300£220 (15002100) 34652220 (1572100) -
Engine Type: Gasoline
GVWR Ratings - Ib Surrogate Occupant Data Engine Size: 2.4L Gdi
Front 2425 Type: Hybrid Il Transmission Type: Automatic
Rear 2116 Mass: 161 1b Drive Type: FWD
Total 4299 Seat Position: Left/Driver
Note any damage prior to test: Dent front left quarter panel along top of wheel well.

Figure 6. Vehicle Dimensions, Test No. MTP-2
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The longitudinal component of the center of gravity (c.g.) was determined using the
measured axle weights. The Suspension Method [10] was used to determine the vertical
component of the c.g. for the 2270P vehicle. This method is based on the principle that the c.g. of
any freely suspended body is in the vertical plane through the point of suspension. The vehicle
was suspended successively in three positions, and the respective planes containing the c.g. were
established. The intersection of these planes pinpointed the final c.g. location for the test inertial
condition. The vertical component of the c.g. for the 1500A vehicle was determined utilizing a
procedure published by the Society of Automotive Engineers (SAE) [11]. The final c.g. locations
are shown in Figures 7 and 8. Ballast information and data used to calculate the c.g. locations are
shown in Appendix A.

Square, black-and-white checkered targets were placed on the vehicles, as shown in
Figures 7 and 8, to serve as a reference in the high-speed digital video and aid in the video analysis.
Round, checkered targets were placed at the c.g. on the left-side door, the right-side door, and the
roof of the vehicles.

The front wheels of the test vehicles were aligned to vehicle standards except the toe-in
value was adjusted to zero such that the vehicles would track properly along the guide cable. For
both tests nos. MTP-1 and MTP-2, a 5B flash bulb was mounted under the vehicle’s left-side
windshield wiper and was fired by a pressure tape switch mounted at the impact corner of the
bumper. The flash bulb was fired upon initial impact with the test article to create a visual indicator
of the precise time of impact on the high-speed digital videos. A radio-controlled brake system
was installed in the test vehicles so the vehicles could be brought safely to a stop after the tests.

13
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Date: 4/22/2019 Test Name: MTP-1 VIN: 1C6RD6GP3CS253410
Year: 2012 Make: Dodge Model: Ram 1500
A B C
— = | (el i | "
T
" | E |
G "u "u " u
\ E |‘—D_.|
— - = = 7
— ("/’/7 X = = ]

[ I
| F |

Test Inertial CG

M - @)
J @E —%r L

TARGET GEOMETRY-- in. (mm)
A 79 1/4 (2013)  E: 66 5/8 (1692) J: 381516  (989)

B: 23 5/8 (600) F: 66 3/4 (1695) K: 28 7/16 (722)

c: 76 3/4 (1949) @G: 31 1/4 (794) L: 41 172 (1054)

D: 41 516  (1049) H: 64 3/8 (1635) m: 63 1/3 (1609)

I: 75 7116  (1916)

Figure 7. Target Geometry, Test No. MTP-1
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Date: 7/15/2019 Test Name: MTP-2 VIN: S5NPEB4ACXDH545633
Year: 2013 Make: Hyundai Model: Sonata
B C D E [~—F—

Al |
=

Test Inertial CG

| 27—

[ X ——

TARGET GEOMETRY-- in. (mm)
A: 26 (660) F: 39 34 (1010) K: 46 1/8 (1172)

Windshield Target

B: 54 3/4 (1391) G: 46 7116  (1180) L. 54 3/4 (1391)

Front round CG target

c: 12 12 (318) H: 22 (559) M: 31 1/2 (800)

D: 33 (838) I: 63 3/8 (1610) N: 54 1/2 (1384)
Rear Round target

E: 10 1/4 (260) J: 31 718 (810)

Figure 8. Target Geometry, Test No. MTP-2
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3.4 Simulated Occupant

For test nos. MTP-1 and MTP-2, a Hybrid 11 50""-Percentile, Adult Male Dummy, equipped
with clothing and footwear, was placed in the left-front seat of the test vehicles with the seat belt
fastened. The simulated occupant had a final weight of 162 Ib (73 kg) and 161 Ib (73 kg) for test
nos. MTP-1 and MTP-2, respectively. As recommended by MASH 2016, the simulated occupant
was not included in calculating the c.g. location.

3.5 Data Acquisition Systems

3.5.1 Accelerometers

Two environmental shock and vibration sensor/recorder systems were used to measure the
accelerations in the longitudinal, lateral, and vertical directions. Both accelerometer systems were
mounted near the c.g. of the test vehicles. The SLICE-2 unit was designated as the primary system
for test no. MTP-1, and the SLICE-1 unit was designated as the primary system for test no. MTP-
2. The electronic accelerometer data obtained in dynamic testing was filtered using the SAE Class
60 and the SAE Class 180 Butterworth filter conforming to the SAE J211/1 specifications [12].

The SLICE-1 and SLICE-2 units were modular data acquisition systems manufactured by
Diversified Technical Systems, Inc. (DTS) of Seal Beach, California. The acceleration sensors
were mounted inside the bodies of custom-built, SLICE 6DX event data recorders and recorded
data at 10,000 Hz to the onboard microprocessor. Each SLICE 6DX was configured with 7 GB of
non-volatile flash memory, a range of £500 g’s, a sample rate of 10,000 Hz, and a 1,650 Hz (CFC
1000) anti-aliasing filter. The “SLICEWare” computer software programs and a customized
Microsoft Excel worksheet were used to analyze and plot the accelerometer data.

3.5.2 Rate Transducers

Two identical angular rate sensor systems mounted inside the bodies of the SLICE-1 and
SLICE-2 event data recorders were used to measure the rates of rotation of the test vehicles. Each
SLICE MICRO Triax ARS had a range of 1,500 degrees/sec in each of the three directions (roll,
pitch, and yaw) and recorded data at 10,000 Hz to the onboard microprocessors. The raw data
measurements were then downloaded, converted to the proper Euler angles for analysis, and
plotted. The “SLICEWare” computer software program and a customized Microsoft Excel
worksheet were used to analyze and plot the angular rate sensor data.

3.5.3 Retroreflective Optic Speed Trap

A retroreflective optic speed trap was used to determine the speed of the test vehicles before
impact. Five retroreflective targets, spaced at approximately 18-in. (457-mm) intervals, were
applied to the side of the vehicles. When the emitted beam of light was reflected by the targets and
returned to the Emitter/Receiver, a signal was sent to the data acquisition computer, recording at
10,000 Hz, and to the external LED box, activating the LED flashes. The speed was then calculated
using the spacing between the retroreflective targets and the time between the signals. The LED
lights and high-speed digital video analysis are only used as a backup in the event that vehicle
speeds cannot be determined from the electronic data.
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3.5.4 Load Cells

Four load cells were installed upstream from impact for test nos. MTP-1 and MTP-2. The
load cells were Transducer Techniques model no. TLL-50K with a load range up to 50 kips
(222 kN). During testing, output voltage signals were sent from the load cells to a National
Instruments PCI-6071E data acquisition board, acquired with LabView software, and stored on a
personal computer at a sample rate of 10,000 Hz. The positioning and set up of the load cells are
shown in Figures 9 and 10.

e e e e

Figure 9. Location and Setup of Load Cells, Test No. MTP-1
17
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Figure 10. Location and Setup of Load Cells, Test No. MTP-2
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3.5.5 Digital Photography

Six AOS high-speed digital video cameras, eleven GoPro digital video cameras, and four
Panasonic video cameras were used to film test no. MTP-1. Six AOS high-speed digital video
cameras, eight GoPro digital video cameras, and four Panasonic video cameras were used to film
test no. MTP-2. Camera details, camera operating speeds, lens information, and a schematic of the
camera locations relative to the systems for test nos. MTP-1 and MTP-2 are shown in Figures 11
and 12, respectively.

The high-speed videos were analyzed using TEMA Motion and Redlake MotionScope
software programs. Actual camera speed and camera divergence factors were considered in the
analysis of the high-speed videos. A digital still camera was also used to document pre- and post-
test conditions for the tests.
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250.7’ 361.1"
29.6' 105.8" | AOS#6
13|5' “T_MO’ k PANpS Onboard
. - nboar
—mie0.5 GP#8
AOS#1 \ , ’ 6P

PAN#2
& #_4,_@ -
13.4’ GP#18 GP#19

11.9° ; 5.0°
AOSH7 s L 150 1 L ToHy Aot
PAN# 1N 3 5 7 9 11 93 15 17 19 21f23 25 |27 F 35 37 39?41“3 45 47 49 51 53 55 57 59 61 63 65 67 69 |71 73 758 ™ paNj4
[ ] 13.6"— 42 4’ GP#17
Overhead
GP#16 Height: 63'
AOS#8
A05z9 iGP 21
GP#10
GP#11  — 4.5
241.4 352.9
No. Type O??{:;;Zg/sse%w Lens Lens Setting
AQS-1 AQOS Vitcam CTM 500 Sigma 28-70 28
AQOS-5 AOS X-PRI 500 100mm fixed -
AQOS-6 AOS X-PRI 500 Fujinon 25mm fixed -
AQOS-7 AOS X-PRI 500 Fujinon 50mm fixed -
AQS-8 AOS S-VIT 1531 500 Kowa 16mm fixed -
AOS-9 AOS TRI-VIT 2236 500 Kowa 12mm fixed -
GP-8 GoPro Hero 4 120
GP-9 GoPro Hero 4 120
GP-10 GoPro Hero 4 120
GP-11 GoPro Hero 4 240
GP-15 GoPro Hero 4 240
GP-16 GoPro Hero 4 240
GP-17 GoPro Hero 4 120
GP-18 GoPro Hero 6 240
GP-19 GoPro Hero 6 240
GP-20 GoPro Hero 6 240
GP-21 GoPro Hero 6 240
PAN-1 Panasonic HC-V770 120
PAN-2 Panasonic HC-V770 120
PAN-3 Panasonic HC-V770 120
PAN-4 Panasonic HC-V770 120
Figure 11. Camera Locations, Speeds, and Lens Settings, Test No. MTP-1
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126.0° 367.7
360.0°
27.0° PAN #3
AOS #1 T 6:1 DITCH
o A0S #7 PAN #2 | 57.6 8.7
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iT 6 74%87°9 10 11%12 Y13 14 15 16 17 18 19 20T21 22 23 24 25 26 27 28 29 30 31 32 33 34 35}36 37 38 39
1.8° 9.0’ 391" AOS #5
GP #19 . | overrEap R PAN #4
-9 HEIGHT: 59.8 | B
AOS #9 $ o 420 GP #8
AOS #8 GP #9
GP #10 19.4
GP #11
235.2
No. Type O??::;:Zglsse%ed Lens Lens Setting
AOS-1 AOS Vitcam CTM 500 Fujinon 25mm fixed -
AQOS-5 AOS X-PRI 500 100mm fixed -
AQOS-6 AOS X-PRI 500 Sigma 28-70 #1 28
AQS-7 AQOS X-PRI 500 Sigma 28-70 28
AQOS-8 AOS S-VIT 1531 500 Kowa 8mm fixed -
AOS-9 AOS TRI-VIT 2236 500 Kowa 12mm fixed -
GP-8 GoPro Hero 4 120
GP-9 GoPro Hero 4 120
GP-10 GoPro Hero 4 120
GP-11 GoPro Hero 4 240
GP-18 GoPro Hero 6 240
GP-19 GoPro Hero 6 240
GP-20 GoPro Hero 6 240
GP-21 GoPro Hero 6 240
PAN-1 Panasonic HC-V770 120
PAN-2 Panasonic HC-V770 120
PAN-3 Panasonic HC-V770 120
PAN-4 Panasonic HC-V770 120
Figure 12. Camera Locations, Speeds, and Lens Settings, Test No. MTP-2
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4 DESIGN DETAILS TEST NO. MTP-1

The test installation consisted of a 603-ft 8-in. (184.0-m) long, four-cable median barrier
system, as shown in Figures 13 through 38. Photographs of the test installation are shown in
Figures 39 through 42. Material specifications, mill certifications, and certificates of conformity
for the system materials are shown in Appendix B.

The cable barrier system consisted of several distinct components: (1) high-tension cables
or wire ropes; (2) cable splices; (3) steel support posts; (4) cable-to-post attachment brackets; (5)
breakaway end terminals; and (6) reinforced concrete foundations. Four %-in. (19-mm) diameter,
Class A galvanized 3x7 IWRC IPS (pre-stretched) wire ropes were used for the longitudinal cables.
The cables were placed at heights of 15% in. (394 mm), 23 in. (584 mm), 30%z in. (775 mm), and
38 in. (965 mm) above the ground line. The cables were numbered 1 through 4, starting with the
bottom cable and proceeding upward to the top cable. These cables were tensioned up to a nominal
force of 2,500 Ib (11.1 kN). The cables were supported by 78-in. (1,981-mm) long, HSS3x2x%%
(75x51x31) steel posts with two %-in. (19-mm) holes in the upstream and downstream walls at the
ground line, as shown in Figure 18. The posts were placed on level terrain and installed with a soil
embedment depth of 38 % in. (984 mm) in a compacted, coarse, crushed limestone material that
met American Association of State Highway and Transportation Officials (AASHTO) standard
soil designation M147 Grade B, alternatively classified as well-graded gravel by the Unified Soil
Classification System. The posts were spaced 8 ft (2.4 m) on center, except post nos. 68 and 69
which were spaced at 12 ft (3.7 m) on center. Each cable-to-post attachment bracket was fastened
to its respective post by a bolt and sleeve nut. The free end of each bracket was inserted into a
notch cut into the MTP, as shown in Figure 18.
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hole backfilled and tamped in well compacted soil, Syst L " DRAWN . BY:
(4) Test cable tensions of 2500 + 200 b [11.1 + 0.890 kN]. Midwest Roadside| > °m ~¥° BRI,
(5) Bottom cable ottached to line posts on non—impact side. Safety Facilit DNG. NAME. SCALE: 1:750 |REV. BY:
» 1
(6) Span between posts 68 and 69 is 144" [3658]. Yy Y MIP—1_RS UNITS: in.[mm]| KAL/AJCH

Figure 13. System Layout, Test No. MTP-1
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Top Cable (Cable 4)
Upper Middle Cable {Cable 3)

Lower Middle Cable (Cable 2)
Bottom Cable (Cable 1)

PLAN VIEW

‘%—ch\e Assembly (Sheet 22) Load Cells
|
]
Post A ','/ // — J/j: il I
No. 1 ri -l H
B |
: A
Post \=
it Post Post
i No. 3 No. 4 No. 5
mm Post No. 6 Post No. 7 Post No. B
i Post Second Post Concrete
mﬁ No. 2
b Anchor Assembly
it
UL
Ll
Frrmn ELEVATION VIEW
TERT End Post Concrete
Anchor Assembly - ShEET
Non—Proprietary Cable 2 of 26
Median Barrier TATES
Test No. MTP—1 B0
DRAWN BY:
. . Cable Terminal Detail MBD /MK,
Midwest Roadside S
Sofety FQCl”ty DWE. NAME. scaLE: 1:78  |REV. BY:
MTP=1_RS UNITS: in.[mem]|KAL/JCH

Figure 14. Cable Terminal Detail, Test No. MTP-1
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g —
-
fe
Cable Release
Lever Assembly
— =0 All cables run over the foot
of the cable release lever.
The middle two cables run
~ through the lever uprights.
Cable Assembly N T {,ff/
= o
Cable Anchor X X P Vg
Bracket Assembly T RN TN
L P
d7 il =
N 4 LA /{\ -
L2 4 eb
- 3 Note: Brass keeper rod (Part d7) to be placed after all cables
- > -7 h7 are installed and tensioned. Slide rod through the 1/4”
@ | 7771’: - b (’ \\\ [6] holes in the Anchor Bracket, leaving a minimum of
M | N N 1" [25] on each side of the Anchor Bracket. Bend brass
11 r 3 End Post Concrete keeper rod down on each side of Anchor Bracket to
L )y h3 Anchor Assembly secure.
[ T 1 | . SEET:
Non—Proprietary Cable 3 of 26
~ Median Barrier TATES
\ Test No. MTP—1 B0
! DRAWN BY:
. . Cable Anchor Details MBD,/MKE,
Midwest Roadside S
Hh DWE. NAME. [SCALE: 5:16  [REV. BY:
DETAIL A Safety Facility 70", R

Figure 15. Cable Anchor Details, Test No. MTP-1
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Anchor Assembly

Upper Second
Post Assembly

Upper Second
¥ Post Assembly

(D

Lower Second
Post Assembly

Concrete
h2
fAssemb\y

Note: (1) Part h2 to be torqued te 25 ft—Ib [33.9 N-m].

Lower Second | [ |‘] '[‘| ] ‘
Post Assembly : : : ‘ : I |
H P! i "
T : p—— 1 13/167[46
Second Post Concrete L] 15/167[24] /l reet

i i

I I

| I
SN i
L it
I 1
1
i
1
1
1
i
T
S

DETAIL B

Second Post

Anchor

Ll [t
DETAIL B
(EXPLODED)
B [SHEET:
Non—Proprietary Cable 4 of 28
Median Barrier DATE:
Test No. MTP—1 s/nfaors
2nd Post Attach t Detail o
. . n (0353 achmen eldl
Midwest Roadside SBRN
Sofet FOC”lt DWG. NAME. SCALE: 2:5 REV. BY:
y -y MTP=1_RS UNITS: in.[mm]|KAL/JCH

Figure 16. Second Post Attachment Detail, Test No. MTP-1
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967 [2438
'— ('I['YP)]

l——E

wpkssembly
I
|

S
N
N

{ \
! Ground \ ,d

Line

36 37 38 39

40

r

DETAIL C
SCALE 1:6

Notes: (1) The splice locations may be moved as Iong{ as two adjacent cable splices
are not located on top of one another in the same post span and are
not too far from impact location.

Midwest Roadside
Safety Facility

A SHEET:
Non—Proprietary Cable 5 of 26
Median Barrier OATE:
Test No. MTP—1 e

DRAWN BY:
Cable Splice Location and \ED/MKB/
Detail JEK/DW

DWG. NAME. SCALE: 1:60 REV. BY:

MTP—1_RS UNITS: in[rmm] |KAL/JCH

Figure 17. Cable Splice Location and Detail, Test No. MTP-1
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7 1/2°[191]
u R -y
[ 5—-‘*?
| | 7 1/2"[191]
L 1 E ¥ -
ﬁ =
39 1/47[997] e 38"[965] 7 1/27[191]
b R 2
1] i‘—ﬁ

15 1/2"[393]

Ground ,/

Line
38 3/4"[984] 38 3/4"[e84]
DETAIL D SECTION E-E
ELEVATION VIEW PROFILE VIEW

Note: (1) Brass cable clip (Part a3) should be inserted into designated hole and
slot in the post top.

T I Ir 1 Frontside

Cable Assembly

@3/47[19]
/

1
1
1
|1

DETAIL F
SCALE 1:2
T
1 |
o
a2
:
i |
! 1
It "
N b————- =
1 |
1 |
1 |
1 |
: )
DETAIL G
SCALE 1:2
lﬁn:
Non—Proprietary Cable 6 of 26
Median Barrier o
Test No. MTP—1 o120t
, ) Cable Post Detail o
Midwest Roadside| =~ °% "9° BN
SGfety FGCIllty DWG. NAME. SCALE:.1::14 REV. BY:
MTP—1_R5 UNITS: In.[mm][KAL/JCH

Figure 18. Cable Post Details, Test No. MTP-1
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2 [51]ﬁ 21/4°x3/4"6x19] ) RZ’{T’?;P“)]
Slot (Backside) 3/?/[30[]1 8] 3/8 ]
1/8"[3]4. 3"[76] V28] | i i
o1/ e[ — _[ H 5/8"[16] Hi-
PLAN VIEW | \e(j—d 1 I8 s/8714m)
3/4"[19 | 3
N ) | i
> (4 ) | 4 3/4°19]
- ~ 6 5/8"[168] !
10 1/2"[267] ! )
0 |
3 7/8"[98] s S v 6]
3 5/8"[92] DETAIL H DETAIL |
0 7 1/2"[191]
3 7/8"[98]
* woar T ¢ 2"[51
39 1/47[997] 3 5/8"[92] D[_L\ 9/16”[14] 7/8"[22]
7 1/2°[181] A =i 1 - T r -
> 3 7/8°[98] D[\K i i
ol |/ 787119811 ; | 11/16"[27]
LA 3/16"[4] .
[ "|_ 5/16"[8]
9/16"[14] L1 3 7/4s8]
@3/4"[)1 9] 1"[25]
(TYP ! @5/8"[16] 1 #3/8"[10]
__z/Z__ — 7/L__ _Z/Z L_ ff-/
38 3/4"[984] P Wy
—p - —n7 - - DETAIL J DETAIL K
P
(FRONTSIDE) (BACKSIDE)
—-— | L L [SHEET:
Non—Proprietary Cable 7 of 26
ELEVATION VIEW PROFILE VIEW BACKSIDE VIEW Medi Barri
SCALE 1:10 edaian arrier DATE:
Part a1 Test No. MTP—1 6/11/2019
Post Nos. 3-74 e
Midwest Roadside| - "o °~ P
Note: (1) Hidden lines not shown on full post views. Sofety FQCI'Ity DWG. NAME. SCALE: 12 |RDV. BT
MTP=1_RS UNITS: in.[mem]|KAL/JCH

Figure 19. Post Nos. 3 through 74, Test No. MTP-1
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ISOMETRIC VIEW

- 3/4"[19] =
7/16'"[11] L J
5/8"[16] 1/2"[13]

I —— -

]
R3/16"[5] i i
PLAN VIEW ‘1 3/47[19] ’——1—7/“5 [11]
[ — 19/32’@
"""""" R7/16"[11]
90 _
L 3,/8"[9]
450
3 1/4783] R3/16"[5]
/EES $3/8"110] 27/32"[<]% = \
1/2°[13] | L 1/8713]
1 1/8"[29] - 1 17829
' 5/8"[18] i
15/32"[12] PROFILE VIEW
15/16"[24]
ELEVATION VIEW
Part a2
Midwest Roadside
Safety Facility

Non—Proprietary Cable

SHEET:

8 of 26
Median Barrier BATE:
6/11/2019
Test No. MTP—1 s
DRAWN BY:
Tabbed Bracket \BD/MKB/
JEK/DIW
DWG. NAME. SCALE: 1:1 REV. BY:
MTP—=1_R5 UNITS: in.[mm]|KAL/JCH

Figure 20. Tabbed Bracket, Test No. MTP-1
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@3/8"[10]\

—1 11/32"[34] —]

15/32'“[1 2]
15/16"[24]

1 1/16"[27] ]

le—1 9/32"[33] —

- N

—1 5/16"[34] —+

)
- ©
o ~
o (14
19}
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o)
= o
=
Q o
(] ]
| |

©
<
MY
o
wy
<
s
7
Y/
|

|

1/2°[13] 3/4°[19]
1

S

7/18"[11]

\
*5/8"[16]L | 3 15/32"[88]
1 1/8"[29]4‘
5"[128]
FLAT PATTERN
Part a2

FLAT PATTERN
PROFILE VIEW

Midwest Roadside
Safety Facility

SHEET:

Non—Proprietary Cable 9 of 28
Median Barrier BATE:
6/11/2019
Test No. MTP—1 s
DRAWN BY:
Tabbed Brocket Flat Pattern MBD/MKE/
JEK/DJW
DWG. NAME. SCALE: 1:1 REV. BY:
MTP—1_RS UNITS: 7n.[mm]|KAL/JCH

Figure 21. Tabbed Bracket Flat Pattern, Test No. MTP-1
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2 3/4"[70] $24"[610]
//7 :ﬁ k:- Xy
4 "'Jﬂ fil Yl
" L ]
1.1/2 [38] %T T
CIR A
o= i
2 3/4"[70] — 10 5/8°[270] ﬁ?ﬁ-—f—‘fl n
= ,aé 0
. 11/2"[38 %&*— i
78] 6 3/4"[172] - éYPg 1 ,,}{ ]
clR 3y e A b
Ll — HHHHHHM)
f IHERH SRR i:g {Ef
] i ] Tl T LY
=t 6 Spaces Y *
Ul LU @ 4'[203] " )
| = 24"[610] : 4
in {lv 41
I 2
e
\ [ Bt {%\
120"[3048] £t ;ﬁf
[ L= 3.
| 11
e 2L 15 spoces SR A 4 L
@ 671152] s ket
= 90"[2286] SIS i&'
T A T AT n < =
i > o
} i
Il 1 Iyl Iyl I Il
TR i R ISOMETRIC VIEW
21/2%[64] ¥
CLR ELEVATION VIEW PROFILE VIEW
Note: (1) The two outer bent anchor studs may need
em | qry. Dascription Material Specification S;;i?ft{gcft?;n Hardware th; niieg::rxseinwurd so they do not stick out of
_ 2 End Peost Concrete Anchor _ _ _ ’
Assembly K SHEET:
o1 | 1 |247 [610] Dja, Concrete |Min. fc = 4,000 psi _ _ Non—Proprietary Cable | o 25
A';Ch[;":_; HZO [‘;’0481;0'”(—‘ [27.6 MPa] Medion Barrier o
» ge Egn N ASTM AB15 Gr. B0 or|Epoxy—Coated (ASTM — 8/11/2019
b2 | 22 ¢l 1;2131‘3&&?& ath ASTM A706 Gr. 60 | @ AT75 or A934) - Test No. MTP—1
' DRAWN BY:
B! 5] Bar, 1147 ASTM AB15 Gr. 60 or|Epoxy—Coated (ASTM . . End Post Concrete Anchor
03 | 8 | hebPlong e 650%™ | PR e b A -~ | Midwest Roadside| Assembly N i
b4 | 8 |3/2—10 UNC [M20x2.5] ASTM A449 ASTM_AIS3 or BBSS | roy1s, | SQTely Facility 70 e irs. e |iasc
J—Hook Anchor Class 25 eor F2329 - o

Figure 22. End Post Concrete Anchor Assembly, Test No. MTP-1
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PROFILE VIEW

L 2"[51]

ELEVATION VIEW

‘F\Ieg] QTY. Description Material Specification Treatment Specification H%’Sﬁgre
— | 2 |Second Post Concrete Anchor Assembly - -
MR Ilgng[josl Dia. 2nd Post Concrete Anchor, 46" [1,168] Min. fc = 4,000 psi [27.6 MPa] _ _
c2 | 1 ég;p[SOB} Dia. 2nd Post Anchor Aggregate, 2" [51] Standard Strong Soil _ _
e3 | 1 fsng[ghm Hoop Bar with 97 [229] Dia., 37" [940] Unbent|asry A615 Gr. 60 or ASTM A706 Gr. 60| Epoxy—Coated (ASTM A775 or A934) -
o4 | 4 [#3 [10] Bar, 43" [1,092] Long ASTM AB15 Gr. B0 or ASTM A705 Gr. 60| Epoxy—Coated (ASTM A775 or A934) -
o5 | 1 ﬁ;ﬁs’xﬂ/ﬂr [102x76x6] Foundation Tube, 487 [1,219] ASTM A500 Gr. B ASTM A123 _
h4 [ 1 |3/4"=10 UNC [M20x2.5], 5 1/2” [140] Long Hex Bolt ASTM A307 Gr. A ASTM A153 or B695 Class 55 or F2329| FBX2Ca
h8 1 |3/4"—10 UNC [M20x2.5] Hex Nut ASTM AS563A or equivalent ASTM A153 or B695 Class 55 or F2329| FNX20a
h11]| 2 |3/4” [19] Dia. Plain USS Washer ASTM FB44 ASTM A123 or A153 or F2329 FWC20a
@ 12"[305] Upper Second
Post Assembly
1 1/2"[38]
CLR
1 1/27[38
r CLR/ (T[YP)] Lower Second
m Post Assembly
T
1 1 |
| SN 619
| Il L1
:i@@:— P j} Efﬁi\ ETLD L
10 Spaces
_L | 46"11188 ./ @ 4 1/47T108 ISOMETRIC VIEW
447 sy € (9 o4 et WITH POST INSERTED

Note: (1) Brass cable retainers (Part f6) should be inserted
into designated holes, and the ends of the retainers
should be bent to retain retainers in the holes.

Non—Proprietary Cable
Median Barrier

Midwest Roadside

SHEET:
11 of 28

DATE:

Test No. MTP—1 B
ORAWN BY:

Second Post Concrete Anchor  |ygpkes
Assembly JEK/DW
DWG. NAME. SCALE: 1:15 REY. BY:

Safety Facility

MTP—1_RS

UNITS: in.[mm] |KAL/JCH

Figure 23. Second Post Concrete Anchor Assembly, Test No. MTP-1
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187[457]

APPROX. LAP —37[76]
/\ 1 1/4"[6] =|= 47[102]
PLAN VIEW
1 1/2"[38]
3/4"—10 UNC {MIN
M20X2.5 — -
$20"[508] i L 1N
1/2"[13) |
_U_
—pt- 1147[2896] 43"[1092] 18 1/47[464]
e @5 1/4"[133]
7/8"[22
Part b2 — gt 487[1219] | @ {HRB ]
9"[229 {J
il )
< SR A L . .
s 7 l—9 3/8"[238] —|
<& 29 9/16"[751] Part b4
8 1/47[210] -1t
<
Part ¢3 _ B
Part b3 Part c4
ELEVATION VIEW
Part ¢5
Note: (1) Part b4 total unbent length is 25 §/16" [649].
Bill of Bars
[SHEET:
Bar | QTY. | Size |Total Unbent Length| Material Specification Treatment Specification Non—Proprietcry Cable 12 of 26
" ASTM A615 Gr. 60 or| Epoxy—Coated {ASTM A775 i i -
b2 | 44 | #4 84" [2,134] S ABLS Gr. 60 or | Epoxy—Cod A9§4) Median Barrier .
. ASTM _AB15 Gr. 60 or| Epoxy—Coated {ASTM A775 Test No. MTP—1
b3 | 16 | #11 1147 [2,896] ASTM A706 Gr. 60 | © 0 or A9§4) S|
» ASTM AG15 Gr. 60 Epoxy—Coated (ASTM A775 . . Reinforcement Details
©3 |22 | #3 37" [940] ASTM A706 Gr. B0 | 0 or A934) M‘lsdv]geft EOCI.(H?Ide i
. — O e QCI | DWG. NAME. ISCALE: 1:8 REV. Br:
c4 8 #3 43 [7,092] AiEMTMAg]7%6GEr‘6%OOF Epoxy C%C:_te,sg Q)STM A77S y y MTP=1_RS UNITS: in.[mem]|KAL/ucH

Figure 24. Reinforcement Details, Test No. MTP-1
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— 14 3/87[365] —+
— 10 7/8"[276] —

-7 3/8"[187]
3 7/8"[98] —f [‘

3/87[10] 4|+F
C|0O O P
L J 378" 0] (TP)
Ol O

el S ;E____“_
3 1/8"[79]J—‘ S) _];__ 3/8"[10]
~| 8 1/4"[210] |-

PLAN VIEW

/8 3 ey

(TvP) 3/8" [all”
Ay W e
WM T M
r 1 H
oM & w7
Tt EEaT T =TT
G
ELEVATION VIEW PROFILE VIEW
ltermn .4 Material Treatment Hardware
No. |@TY: Description Specification | Specification Guide
- 2 |Cable Anchor Bracket Assembly - ASTM A123 FPAD2Z
15 1/4"%9"x1/2" [387x229%x13 See
a L Cuble/Anchor /Bcse[ Plate ] ASTM A36 Assembly -
15 1/4"x5"x3/8” [387x127x10 See . SHEET:
d2 1 Ancho/r qucke/t Plu[te ] ASTM A3B Assembly - Non—Proprietary Cable 13 of 26
6"xd 1/2"x1/2" [152x114x13 See i 1 2
d3 2 Exterior/Cublé F’Izgte Gusset 1 ASTM A36 Assembly - Median Barrier E;T;'/zmg
g2 | 1 |[9%57x1/2” [229x127x13] Release ASTM A3E See _ Test No. MTP-1
Lever Plate Assembly SRANN BY:
3 5/16"x3 3/16°x1/2" [84x81x13] See _ . . Cable Anchor Bracket Assembly |wepsip/
a5 3 |intefior Cable’ Plate ‘Gusset ASTM A36 Assembly Mlderfe?t ISOG_??Ide SR
3 1/2°%x2 3/8x1/2° [BIx61x13 See afe acili oo e pons ta R o
dé 2 Re\eése Guséet / [ ] ASTM A36 Assembly - y y MTP—1_RS UNTS: in.[mm]|KAL/JCH

Figure 25. Cable Anchor Bracket Assembly, Test No. MTP-1
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. 15 1/4°[387]
MII\IIWII\II\IIIIII\II |_L 3/8[1011 . ,
_*,I I:I I I \:I 1

PLAN VIEW . — :
T 1727113 PLAN VIEW

% 15 1/4"[387] 41

ngf”
1 1/2"[38] 27 [51]
P
$17125] (TYP[) (VP / (
— (TYP)
e @ @ @ 6,}4 1 3/8"[35] )
5°[127]
2 3/4"[70] 1 T T T T
1 1/2"138] [ | | I
QDD | O Tvme R | | [u——"
o T 7T 1T 1T 1T T 1 | f o o = o =R
| S ¥ 2 5 R
5 285FSEE5 & - ¢ - & 202
5 - 8od 8 mon - ® o LI
o0 s0] H H S S H H ES ~ M~ N M~ —
e e I © o ~ o
N om TN N — & ©
wo©e @ e 2o o ELEVATION VIEW

Part d2
ELEVATION VIEW
Part d1

1"[25]
Hs"ps];l— ——f1 3/8°[35] feet=1/2"[13]

5 /by @mG | 4 1/2°[114]
J’[sa] Non—Proprietary Cable ?f:zs
} Median Barrier BATE:
- Test No. MTP—1 R

6 [152]% e

ELEVATION VIEW PROFILE VIEW Midwest Roadside| &Smponents ookt o
SCALE 1:3 Scn‘ety FCICI.”ty DWG. NAME. SCALE: 1:5 REV. BY:
Part d3 MTP—1_RS UNITS: in.[mm]|KAL/JCH

Figure 26. Cable Anchor Bracket Components, Test No. MTP-1
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3 1/2"(89]
1 1/4"[32] 3/4"[19]

1/2"[13]
—t

1"[25]

4

{ |
1/2"[13] | i i: !
I |
PLAN VIEW
7/8"[22]
2 5/87[67] 3 3/8"186]
ELEVATION VIEW
Part d6
PLAN VIEW
’*2 5/16”[59]«‘
3 3/16"[81]
Lis 5/16"[84]4
ELEVATION VIEW
Part d5

- 2 3/8"[60] — 1/27113]
1 3/16"[30]
1 1/2"[38] L
3°[76] . \ 41
|
|
>~ @1 1/8"[29]
ELEVATION VIEW PROFILE VIEW
Part h13
9"[229] ~ - 1/2"13]
- 4 1/27[114] r——
3"[76]
5"[127] o
@1 1/2"[38]
ELEVATION VIEW PROFILE VIEW
SCALE 1:4
Part d4
TSHEET:
Non—Proprietary Cable 15 of 26
Median Barrier DATE:
Test No. MTP—1 ez
. ) Cable Anchor Brocket vy
Midwest Roadside Componants o1 N
Safety Focility ™ 1, o

Figure 27. Cable Anchor Bracket Components, Test No. MTP-1
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Notes: (1) The kicker lever should be flush with the top of the kicker plate.

kicker lever.
(3) The bottom of the cable release lever should rest upon part d6.

3/16° [5]

L 6 1/4”[159] $‘—-L 3 3/8°[86]

(2) The 3 1/4" [83] leg of the kicker plate gusset should line up with the

1/27 137

|

PROFILE VIEW

PLAN VIEW
I Y i)
—TThTTTTT 7
__7//
1727 [13] [ [
3" [75]—‘
]
ELEVATION VIEW
ltem - Materia| Treatment | Hardware
No. | QT Description Specification | Specification | Guide
- 2 |Cable Release Lever Assembly - ASTM A123 -
13 1/27%3 1/2™1/27
el 1 [343x/89x13] /Kicker/ Plgte ASTM A36 See Assembly -

w2 | 2 |3 /471 3/471/27 [B3x42x13]

Kicker Gusset ASTM A36 See Assembly

1 1/47x1_1/4"x3/167 [32x32x5],
e3 | 2 M 1h18 B2e2] lastv as00 Gr. B|see Assembly

1, 1/47°x1 1/47°x3 /16" [32x32x5],
e4 1 5" [127] Lo/ng Sq/uure [fube | ASTM AS00 Gr. B|See Assembly

Midwest Roadside

Non—Proprietary Cable

SHEET:

Safety Facility

16 of 28
Median Barrier OATE:
Test No. MTP—1 Bz
DRAWN BY:
Cable Release Lever Assembly |yapwke/
JEK/DIW
DWG. NAME. SCALE: 1:5 REV. BY:
MTP—1_RS UNITS: in[rmm] |KAL/JCH

Figure 28. Cable Release Lever Assembly, Test No. MTP-1
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i 13 1/27[343]

3 1/2”(89]

ELEVATION VIEW
Part el

—t1 1/47[32]
8
3/16"[5] 1 1/4"[32]
%
PLAN VIEW
Ll
782

ELEVATION VIEW
Part e3

1/27[13] H

3 1/4"

1 3/47(
PROFILE VIEW

f— 5"1127] ——

ELEVATION VIEW
Part e4

3

1/2 [1

11/16"[94

S]H

ELEVATION VIEW PROFILE VIEW

Part e2

11/4"[32) p—

e
3/16°(5] 1

1/4"[32]

PROFILE VIEW

Midwest Roadside
Safety Facility

Non—Proprietary Cable

Median Barrier

SHEET:
17 of 28

DATE:

5/11/2019
Test No. MTP—1
DRAWN BY:
Cable Release Lever MED/MKB/
Components JEK/DUW
DWG. MAME. [SCALE: 1:3 REV. BY:
MTP—1_R5 UNITS: in.[mm] [KAL/JCH

Figure 29. Cable Release Lever Components, Test No. MTP-1
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PLAN VIEW

@

[ 1T
”» TN »
1 5/16"[33] ——f il | 1/2°[13] |
1/4"6]
19 3/8"[492]
(i
il
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Figure 30. Lower Second Post Assembly, Test No. MTP-1
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Figure 31. Upper Second Post Assembly, Test No. MTP-1
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Figure 32. Cable Hanger Assembly, Post Nos. 2 and 75, Test No. MTP-1
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Figure 33. Brass Cable Clip Details, Test No. MTP-1
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Cable Assembly

ItNeOr-n QTY. Description Material Specification Treatment Specification H%'Sivégre
- 4 |Cable Assembly — — —
g1 | 3 Ee/:gth[ggo]s Dia. 2x7 IWRC IPS Wire Rope — ASTM A741 Type 1 Class A Coating RCMO'
g2 & |Bennett Cable End Fitter — 7/8” [22] Dia. ASTM A220 Gr. 50005 ASTM A153 or B695 RCEO3
93 | 8 |cable Wedge ASTM A47 Gr. 32510 or AS36 Gr. 85-45- _ FMMO
g4 7 Eé(? -9 UNC [M22x2.5], 11" [279] Long Threaded | AcTi4 addg Type 1 or ASTM A193 Gr. B7 ASTM A153 oerB:E’SZQgS Class 55 or RCEO3
g5 2 TBspﬂn;JékFehort 7/8"—9 UNC [M22x2.5] Threaded As Supplied As Supplied _
g6 2 |Threaded Load Cell Coupler - - —
g7 1 |50,000-1b [222.4—KkN] Load Cell - - -
hg | 4 |7/8"=9 UNGC [M22x2.5] Heavy Hex Nut ASTM ASB3C or equivalent ASTM A153 or BEGS Class 59 or | pyxaop
h10 | 6 |7/8"-9 UNC [M22x2.5] Heavy Square Nut ASTM ABE3DH or equivalent ASTM A153 or BESS Class 55 or -
hi3 | 2 glétze 3/8"x1/2" [76x60x13] Rectangular Washer ASTM A36 ASTM A123 _
. [SHEET:
Non—Proprietary Cable 22 of 26
Median Barrier TATES
Test No. MTP—1 B0
DRAWN BY:
. . Cable Assembly
Midwest Roadside S
Sofety FQCl”ty DWC. NAME. [SCALE: 1:13 [REV. BY:
MTP=1_RS UNITS: in.[mm]|KAL/JCH

Figure 34. Cable Assembly, Test No. MTP-1
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Figure 35. Load Cell Assembly Component Details, Test No. MTP-1
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Figure 36. Hardware, Test No. MTP-1
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IteorTw Qry. Description Material Specification Treatment Specification H(]Grgivggre
a1 | 72 [HSS, Sxaxi/e [ 78 11.981] Long Steel ASTM AS00 Gr. C ASTM A123 -
a2 [216]5"x15/16"x12—Gauge [128)(24-)(2 7] Tabbed Bracket Hot—Rolled ASTM A1011 HSLA Gr. 50 ASTM A123 -
a3 | 72 Eo/ngs UL\b]enDla Brass Cable Clip, 4 9/18" [116] ASTM B16-00 _
b1 2 |24” [610] Dia. Concrete Anchor, 120" [3,048] Long Min. f'c = 4,000 psi [27.6 MPa] - -
b2 | 44 #2 ngj Ui%%%théngt‘ﬁh 217 [533] Dia., 84" ASTM AB15 Gr. 60 or ASTM A706 Gr. 60 |Epoxy—Coated (ASTM A775 or A934) -
b3 | 16 |#11 [35] Bar, 114" [2,896] Long ASTM AB15 Gr. 60 or ASIM A706 Gr. 60 |Epoxy—Coated (ASTM A775 or A934) -
b4 | 16 [3/4"=10 UNC [M20x2.5] J—Hook Anchor ASTM A449 ASTM ATS3 or BESS Class 55 or | rry1eq
1 2 [112,"1510590%’0‘ 2nd Post Concrete Ancher, 467 Min. f'c = 4.000 psi [27.6 MPa] — —
o2 2 ég;p[BOS] Dia. 2nd Post Anchor Aggregate, 27 [51] Standard Strong Soil _ _
e3 |22 ﬁgbglg]@'ﬁ;p Bar with 9" [229] Die., 37" [940] ASTM AB15 Gr. 60 or ASTM A706 Gr. 60 |Epoxy—Coated (ASTM A775 or Ag34)| -
c4 | 8 |#3 [10] Bar, 43" [1,092] Long ASTM AB15 Gr. 60 or ASTM A706 Gr. 60 |Epoxy—Coated (ASTM A775 or AG34) -
5 2 f-1x231§ﬂ/4ong[102)<76><6] Foundation Tube, 48" ASTM ASOC Gr. B ASTM A123 _
a1 2 Il’l5 1/4"%9"x1 /2" [387x229x13] Cable Anchor Base ASTM A36 See Assembly _
42 2 15 1/4"x5“x3/8" [387x127x10] Anchor Bracket ASTM A36 See Assembly _
43 4 8:);45-;61/2 x1/27 [152x114x13] Exterior Cable Plate ASTM A36 See Assernbly _
d4 2 |97x5"x1/2" [229x127x13] Release Lever Plate ASTM A36 See Assembly -
45 5 glu?ég:)égefz/m"xw/f [84x81x13] Interior Cable ASTM A36 See Assembly _
d6 4 |3 1/2"x2 3/8x1/2" [89x61x13] Relecse Gusset ASTM A36 See Assembly -
47 2 Eo/r;lgs UL\?;-:LnDIG Brass Keeper Rod, 16 1/47 [413] ASTM B16-00 _ _
el 2 |13 1/2"%x3 1/2"x1/2" [343x89x13] Kicker Plate ASTM A36 See Assembly -
a2 4 |3 1/4"™%1 3/4"x1/2"7 [B3x44x13] Kicker Gusset ASTM A36 See Assembly -
e3 | 4 éqlgé""{ub;/”'"xz’/'sn [32x32x5], 17" [432] Long ASTM AS00 Gr. B See Assembly -
e4 | 2 éqjc{r“;"‘u 1/4°x3/16" [32x32x5], 57 [127] Long ASTM AS00 Gr. B See Assembly -
o5 2 144 BQHS\G 7x1G Aircraft Retaining Cable, 36" ASTM A1023 Hot—Dipped Galvanized _
Non—Proprietary Cable z:Ez:gs
Median Barrier TRTE:
Test No. MTP—1 B0
[DRAWN BY: |
Midwest Roadside| = o Mo il
Safety Facility [ve e ST
MTP=1_RS UNITS: i [rm]{KaL/ucH

Figure 37. Bill of Materials, Test No. MTP-1
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IteorTw Qry. Description Material Specification Treatment Specification HoGrgi\régre
f1 2 [S3x5.7 [S75x8.5], 19” [483] Long Post ASTM A36 See Assembly -
2 4 |4 15/16"x4"x3/8” [125x102x10] Base Plate ASTM A36 See Assembly -
3 2 [S3x5.7 [S75x8.5], 28 1/8” [714] Long Post ASTM A36 See Assembly -
4 2 (18 3/4"x2"x1/2” [476x51x13] Cable Hanger ASTM A36 See Assembly -
5 2 |4 15/16"x4"x28—Guage [125x102x0.4] Keeper Plate ASTM A36 - -
f6 | & |3/16° [5] Dia, 5 1/8 [130] Long Unbent Brass Rod ASTM B76-00 - =
g1 | 12 |34 L18] Dia. 3x7 IWRC IPS Wire Rope — Lengths as ASTM A741 Type 1 Class A Coating RCMO1
q2 24 |Bennett Cable End Fitter — 7/8" [22] Dia. ASTM A220 Gr. 50005 ASTM A153 or B695 RCEQ3
43 | 24 |Cable Wedge ASTM A7 Gr. 32510 or A536 Gr. 65 _ VMO
g4 |28 |7/8"-¢ UNC [M22x2.5], 11”7 [279] Long Threaded Rod| ASTM A449 Type 1_or ASTM A195 Gr. |asTp A153 or B695 Class 55 or F2329| RCEO3
95 8 %?r—nnntﬁ}ct:kihort 7/8"—9 UNC [M22x2.5] Threaded As Supplied As Supplied _
o[} 8 |Threaded Load Cell Coupler - - -
q7 4 |50,000—Ib [222.4—kN] Load Cell — — —
ht |216[2/ 16,18 UNC [MBx1.25], 2 1/27 [64] Long Heavy SAE J429 Gr. 5 ASTM A153 or BB95 Class 55 or F2329| FBX08b
h2 8 |1/2"—13 UNC [M14x2], 2" [51] Long Hex Bolt ASTM A307 Gr. A ASTM A153 or B695 Class 55 or F2329| FBX14a
ha | 2 [MBTGL1 UNC [MT8x2) 9 /27 [241] Leng Heavy ASTM A443 or equivalent ASTM A153 or B695 Class 55 or F2329| FBX16b
h4 2 |3/4"—10 UNC [M20x2.5], 5 1/2” [140] Long Hex Bolt ASTM A307 Gr. A ASTM A153 or B695 Class 55 or F2329| FBX20a
h5 |216(5/16"—18 UNC [M8x1.25] Sleeve Nut ASTM A311 Gr. 1144 Class B ASTM A123 or A153 -
h6 8 |1/2"-13 UNC [M14x2] Hex Nut ASTM ABB3A or equivalent ASTM A153 or B695 Class 55 or F2329| FBX14a
h7 2 |5/8"—11 UNC [16x2] Heavy Hex Nut ASTM AB63C or equivalent ASTM A153 or B695 Class 55 or F2329| FNX16b
h8 18 |3/4"—10 UNC [M20x2.5] Hex Nut ASTM ABB3A or equivalent ASTM A153 or BB95 Class 55 or F2329| FNX20a
hg 16 |7/8"—9 UNC [M22x2.5] Heavy Hex Nut ASTM AB63C or equivalent ASTM A153 or B695 Class 55 or F2329| FNX22b
h10 | 24 |7/8"—9 UNC [M22x2.5] Heavy Square Nut ASTM A563DH or equivalent ASTM A153 or B695 Class 55 or F2329 -
h11 20 |3/4" [19] Dia. Plain USS Washer ASTM F844 ASTM A123 or A153 or F2329 FWC20a
h12 | 24 [1/2” [13] Dia. Plain SAE Washer ASTM F844 ASTM A123 or A153 or F2329 -
h13 8 |3"x2 3/8"x1/2" [76x60x13] Rectangular Washer Plate ASTM A36 ASTM A123 —
. [SHEET:
Non—Proprietary Cable 26 of 26
Median Barrier TRTE:
Test No. MTP—1 B0
DRAWN BY:
. . Bill of Materials
Midwest Roadside Al
Sofety FQCl”ty DWG. NAME. [SCALE: Nene  [REV. BY:
MTP=1_R5 UNITS: in.[rarn] |KAL/JCH

Figure 38. Bill of Materials, Test No. MTP-1
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Figure 39. System Installation, Test No. MTP-1
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Figure 40. System Installation, Test No. MTP-1
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Figure 41. System Installation — Upstream Anchorage, Test No. MTP-1
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Figure 42. System Installation — Downstream Anchorage, Test No. MTP-1
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5 FULL-SCALE CRASH TEST NO. MTP-1
5.1 Static Soil Test

Before full-scale crash test no. MTP-1 was conducted, the strength of the foundation soil
was evaluated with a static test, as described in MASH 2016. The static test results, as shown in
Appendix C, demonstrated a soil resistance above the baseline test limits. Thus, the soil provided
adequate strength, and full-scale crash testing could be conducted on the barrier system.

5.2 Weather Conditions
Test no. MTP-1 was conducted on April 22, 2019 at approximately 3:00 p.m. The weather

conditions as reported by the National Oceanic and Atmospheric Administration (station
14939/KLNK) are shown in Table 3.

Table 3. Weather Conditions, Test No. MTP-1

Temperature 57°F (13.9°C)

Humidity 69%

Wind Speed 18 mph (29.0 km/h)

Wind Direction 340° from True North
Sky Conditions Cloudy

Visibility 10 Statute Miles (16.1 km)
Pavement Surface Dry

Previous 3-Day Precipitation 0.16 in. (4 mm)

Previous 7-Day Precipitation 0.16 in. (4 mm)

5.3 Test Description

Initial vehicle impact was to occur 12 in. (305 mm) upstream from post no. 32, as shown
in Figure 43, which was selected in accordance with MASH test designation no. 3-11 requirements.
The 4,986-1b (2,262-kg) quad cab pickup truck impacted the cable barrier system at a speed of
61.3 mph (98.7 km/h) and at an angle of 25.0 degrees, for an impact severity of 111.4 kip-ft
(151.0 kJ). The actual point of impact was 8 in. (203 mm) upstream from post no. 32. The vehicle
came to rest 210 ft (64.0 m) downstream from the impact point after brakes were applied. In its
final position, the vehicle was roughly parallel to and still in contact with the system.

A detailed description of the sequential impact events is contained in Tables 4 through 6.
Sequential photographs are shown in Figures 44 through 45. Documentary photographs of the
crash test are shown in Figures 46 through 48. The vehicle trajectory and final position are shown
in Figure 49.

53



December 1, 2022
MwRSF Report No. TRP-03-431-22

Figure 43. Impact Location, Test No. MTP-1
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Table 4. Sequential Description of Impact Events, Test No. MTP-1

Time

(sec) Event
0.000 Vehicle's front bumper contacted cable no. 2 between post nos. 31 and 32 and
' deformed.
0.004 | Vehicle's front bumper contacted post no. 32 and post no. 32 rotated downstream.
0.010 | Vehicle's left headlight contacted cable no. 4, post no. 32, and deformed.
0.020 Vehicl_e's left fender contacted cable no._4, post no. 32 and deformed, vehicle's left-
' front tire contacted cable no. 2, and vehicle's front bumper contacted cable no. 1.
0.024 Vehicle's left-front tire contac_ted post no. 32 and cable no. 1. Post no. 32 bent
' downstream and cable no. 4 disengaged from post no. 32.
0.030 Post no. 32 twisted counterclqckwise, post no. 33 deflected backward, and vehicle's
' front bumper cover became disengaged.
0.032 | Post no. 31 deflected backward and post no. 32 fractured.
0.038 | Cable nos. 1, 2, and 3 disengaged from post no. 32.
0.050 | Post no. 34 deflected backward. Vehicle's front bumper contacted cable no. 3.
0.062 Cab:lge no. 2 disengaged from post no. 33 and vehicle's left-front tire contacted cable
no. 3.
0.072 | Left-front tire overrode post no. 32.
0.078 | Cable no. 4 disengaged from post no. 33.
0.084 Cable no. 3 disengaged from post no. 33, cable no. 2 disengaged from post no. 34,
' vehicle's front bumper contacted post no. 33, and post no. 33 bent downstream.
0.092 | Cable no. 3 disengaged from post no. 31. Post no. 33 fractured.
0.100 | Post no. 34 bent backward and post no. 35 deflected backward.
Cable no. 4 disengaged from post no. 34 and cable no. 1 contacted vehicle's
0.110 | undercarriage. Cable no. 3 disengaged from post no. 30 and front bumper overrode
post no. 33.
0.120 | Post no. 32 contacted vehicle's undercarriage and vehicle yawed away from system.
0.124 | Cable no. 3 disengaged from post no. 34 and 29.
0.128 | Post no. 31 bent backward and post no. 36 deflected backward.
0.140 Cable no. 2 disengaged from post no. 35 and vehicle rolled away from system.
' Vehicle's left fender contacted cable no. 2.
0.144 | Cable no. 4 disengaged from post no. 35.
0.154 Post no. 36 bent t_)ackward and v_ehicle's left fender_contacted cable no. 3. Post no.
' 33 contacted vehicle's undercarriage. Cable no. 3 disengaged from post no. 35.
0.168 Cable no. 2 disengaged from post no. 31, and post no. 36, cable no. 4 disengaged
' from post no. 36, and the vehicle pitched upward. Post no. 37 deflected backward.
Cable no. 2 disengaged from post no. 37 and vehicle's front bumper contacted post
0.176
no. 34. Post no. 34 bent downstream.
0.184 | Post no. 36 fractured and the vehicle's right-front tire contacted cable no. 1.
Post no. 37 bent backward and post no. 34 fractured. Cable no. 2 disengaged from
0.190 | post no. 38. Post no. 30 deflected backward and cable no. 4 disengaged from post
no. 31.
0.198 Post no. 38 deflected backward and cable no. 3 disengaged from post no. 36.

Vehicle's left-front door deformed.
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Table 5. Sequential Description of Impact Events, Test No. MTP-1, Cont.

Time

(sec) Event
0.200 ggble no. 4 disengaged from post no. 37 and cable no. 2 disengaged from post no.
0.218 Post no. 32 deflected upstream, post no. 39 deflected backward, and post no. 37
fractured.
0.224 Cable no. 3 disengaged from post no. 37. Cable no. 2 disengaged from post no. 40.
' Cable no. 4 disengaged from post no. 38.
0.234 | Cable no. 2 disengaged from post no. 41. Post no. 38 bent backward.
0.240 | Vehicle’s right-front tire overrode post no. 34.
0.248 | Cable no. 3 disengaged from post no. 38.
0.252 Post_no. 40 deflected backward and cable no. 4 disengaged from post no. 30.
' Vehicle's left-front door contacted cable no. 2.
0.258 | Cable no. 4 disengaged from post no. 39 and contacted vehicle's left-front door.
0.260 | Post no. 39 bent backward.
0.266 | Post no. 29 deflected backward.
0.272 | Post no. 40 bent backward. Cable no. 2 disengaged from post no. 30.
0.280 | Cable no. 3 disengaged from post no. 39.
0.284 | Post no. 41 deflected backward and vehicle's front bumper contacted post no. 35.
0.286 | Post no. 39 fractured.
0.288 | Post no. 35 bent downstream.
0.290 | Vehicle's left-front tire became airborne.
0.292 | Post no. 35 fractured.
0.296 | Cable no. 4 disengaged from post no. 40.
0.300 | Post no. 41 bent backward. Vehicle's left-front door contacted cable no. 3.
0.306 | Post no. 40 fractured.
0.308 | Cable no. 3 disengaged from post no. 40.
0.316 | Cable no. 4 disengaged from post no. 41.
0.326 | Vehicle's left-rear door contacted cable nos. 2 and 3.
Cable no. 3 disengaged from post no. 41 and vehicle's left quarter panel contacted
0.334 | cable no. 2. Vehicle's left quarter panel deformed and cable no. 4 contacted
vehicle's left-rear door.
0.344 Post no. 30 bent backward. Vehicle's left quarter panel contacted cable no. 3. Cable
' no. 4 contacted vehicle's left quarter panel.
0.364 | Vehicle's rear bumper contacted cable no. 3.
0.370 | Vehicle's left taillight contacted cable no. 4 and deformed.
0.380 | Vehicle pitched downward.
0.394 | Vehicle overrode cable no. 1.
0.410 | Vehicle's left taillight cracked. Cable no. 4 disengaged from post no. 29.
0.434 | Post no. 29 bent backward. Cable no. 2 disengaged from post no. 29.
0.460 | Vehicle's left-front tire regained contact with ground.
0.476 | Vehicle was parallel to the system at a speed of 51.2 mph (82.4 km/h)
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Table 6. Sequential Description of Impact Events, Test No. MTP-1, Cont.

Time

(sec) Event

0.520 | Vehicle rolled away from system.

0.540 | Vehicle's left fender snagged on cable no. 4 splice.
0.560 | Vehicle yawed toward system.

0.588 | Vehicle's left-front door snagged on cable no. 4 splice.
0.650 | Vehicle pitched upward.

0.708 | Vehicle's left-front tire became airborne.

0.764 | Vehicle's left headlight became disengaged.

0.820 | Vehicle rolled toward system.

0.844 | Vehicle's left-front door snagged on cable no. 2 splice.
0.850 | Vehicle's left-front door flexed away from frame.
0.950 | Vehicle yawed away from system.

0.972 | Vehicle's left-rear door deformed.

1.048 | Vehicle's left-front tire regained contact with ground.
1.092 | Vehicle's right quarter panel contacted post no. 40 and deformed.
1.116 | Vehicle rolled away from system.

1.192 | Vehicle's right fender deformed.

1.256 | Vehicle's right headlight contacted a post and shattered.
1.278 | Vehicle's left-front tire became airborne.

1.426 | Vehicle rolled toward system.

1.558 | Vehicle's left-front tire regained contact with ground.
1.686 | Vehicle rolled away from system.

1.696 | Vehicle yawed toward system.

1.976 | Vehicle rolled toward system.

2.230 | Vehicle yawed away from system.

2.266 | Vehicle rolled away from system.

2.520 | Vehicle rolled toward system.

5.008 | Vehicle came to rest without brakes applied.
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1.400 sec

- |

1.300 sec 2.950 sec

Figure 44. Sequential Photographs, Test No. MTP-1
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0.000 sec

-

0.100 sec

0.500 sec 1.000 sec

Figure 45. Sequential Photographs, Test No. MTP-1
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Figure 46. Documentary Photographs, Test No. MTP-1
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Figure 47. Documentary Photographs, Test No. MTP-1
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Figure 48. Documentary Photographs, Test No. MTP-1

62



December 1, 2022
MwRSF Report No. TRP-03-431-22

Figure 49. Vehicle Final Position and Trajectory Marks, Test No. MTP-1
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5.4 Barrier Damage

Damage to the barrier was moderate, as shown in Figures 50 through 73. Barrier damage
consisted of fractured posts, deformed posts and brackets, and detached cables. The length of
vehicle contact along the barrier was approximately 210 ft (64.0 m), spanning from post nos. 32
to 59. Damage was sustained from post nos. 18 through 65, with the most severe damage localized
to the area between post nos. 32 and 58.

Damage consisted primarily of bracket and brass rod deformation, cable release, soil gap
formation, and minor post rotation between post nos. 18 and 25. Significant ground line post
bending began at post no. 26, which bent backward. Combined backward bending and non-impact
side wall buckling behavior occurred at post nos. 27 and 29 through 31. Partial section fracture
occurred at post no. 28, with the upstream, downstream, and impact side walls of the post
separating entirely from the post base along a plane through the two ground line holes. The non-
impact side wall of post no. 28 remained intact. Post no. 32 twisted significantly but a small section
of material remained between the two ground line holes on the downstream side wall. Post nos. 33
through 37 and 39 bent backward and downstream and experienced partial section fracture. Post
no. 38 did not fracture, but bent backward and downstream. Complete section fracture through the
ground line holes occurred at post no. 40. Post nos. 41 through 45 and 48 through 58 sustained a
combination of partial section fracture and downstream bending. Post nos. 46 and 47 fractured
completely. Only minor damage including bracket deformation, minor soil gap formation, and
brass rod damage occurred between post no. 59 and 76. A summary of disengaged cables, bracket
damage, and brass rod damage is shown in Table 7.
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Table 7. Bracket Damage and Disengaged Cables, Test No. MTP-1

Post No. Cablel | Cable2 | Cable3 | Cable4
1-17 0 0 0 0
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59-62
63
64
65
66-76 0 0
0 = No Damage/Disengagement 4 = Fractured at Neck
1= Deformed in Place 5 = Fractured through Bolt Hole
2 = Released Entirely 6 = Brass Rod Fractured

3 = Fractured at Tab 7 = Brass Rod Bent in Place
*Note numbers 1 through 7 also means cable disengaged

65

N == R R R R IR R R R == == R N R I === = == =1 (== =1 (=) =] =]
S I R G I L G R L R L G R G R === == =] =]

= N e f= N N T N N N e I R I R G R R GGG
ol|lo|lo|N|o|jlo|o|ojo|o|o|o|o|jo|o|o|o|o|o|o|o|jo|o|o|o|o|o|N|lo|jo|o|o|o|o|jo|o|o|o|o|N|o|N|o|o|lo|o




December 1, 2022
MwRSF Report No. TRP-03-431-22

Figure 50. Overall System Damage, Test No. MTP-1
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Figure 51. Post Nos. 23 (Left) and 24 (Right) Damage, Test No. MTP-1
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Figure 52. Post Nos. 25 (Left) and 26 (Right) Damage, Test No. MTP-1
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Figure 53. Post Nos. 27 (Left) and 28 (Right) Damage, Test No. MTP-1
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Figure 54. Post Nos. 29 (Left) and 30 (Right) Damage, Test No. MTP-1
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Figure 55. Post Nos. 31 (Left) and 32 (Right) Damage, Test No. MTP-1
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, Test No. MTP

Figure 56. Post Nos. 33 (Left) and 34 (Right) Damage
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Figure 57. Post Nos. 35 (Left) and 36 (Right) Damage, Test No. MTP-1
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Figure 58. Post Nos. 37 (Left) and 38 (Right) Damage, Test No. MTP-1
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Figure 59. Post Nos. 39 (Left) and 40 (Right) Damage, Test No. MTP-1
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Figure 60. Post Nos. 41 (Left) and 42 (Right) Damage, Test No. MTP-1
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Figure 61. Post Nos. 43 (Left) and 44 (Right) Damage, Test No. MTP-1
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Figure 62. Post Nos. 45 (Left) and 46 (Right) Damage, Test No. MTP-1

22-TEY-€0-dYL 'ON Hoday 4SHMIN

220z ‘T J8quisdeq



6.

Figure 63. Post Nos. 47 (Left) and 48 (Right) Damage, Test No. MTP-1
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Figure 64. Post Nos. 49 (Left) and 50 (Right) Damage, Test No. MTP-1
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Figure 65. Post Nos. 51 (Left) and 52 (Right) Damage, Test No. MTP-1
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Figure 66. Post Nos. 53 (Left) and 54 (Right) Damage, Test No. MTP-1
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Figure 67. Post Nos. 55 (Left) and 56 (Right) Damage, Test No. MTP-1
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Figure 68. Post Nos. 57 (Left) and 58 (Right) Damage, Test No. MTP-1
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Figure 69. Post Nos. 57 and 58 with Vehicle, Test No. MTP-1
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Figure 70. Post Nos. 59 (Left) and 60 (Right) Damage, Test No. MTP-1
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Figure 71. Post Nos. 61 (Left) and 62 (Right) Damage, Test No. MTP-1
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Figure 72. Post Nos. 63 (Left) and 64 (Right) Damage, Test No. MTP-1
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Figure 73. Post Nos. 65 (Left) and 66 (Right) Damage, Test No. MTP-1
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Figure 74. Post-Test Downstream Anchorage, Test No. MTP-1
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Figure 75. Post-Test Upstream Anchorage, Test No. MTP-1
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The maximum lateral permanent set of the posts in the system was 28.1 in. (714 mm),
which occurred at post no. 39, as measured via GPS in the field. The maximum lateral dynamic
barrier deflection was 101.8 in. (2,586 mm), as determined from high-speed digital video analysis.
The working width of the system was found to be 102.1 in. (2,593 mm), which was also determined
from high-speed digital video analysis. The working width and dynamic deflection were
determined to be the point reached by the test vehicle’s left-rear bumper between post nos. 35 and
36 and the cable in contact with the bumper at that same location, respectively. A schematic of the
permanent set deflection, dynamic deflection, and working width is shown in Figure 76.

WORKING WIDTH
—— (VEHICLE OVERHANG) ——

TRAFFIC SIDE 102.1°

DYNAMIC DEFLECTION

101.8”
PERMANENT SET |
sl | DYNAMIC
INITIAL POSITION ~_{ |~ MOVEMENT
|

GROUND |45
LINE

\FINAI_ POSITION

Figure 76. Permanent Set, Dynamic Deflection, and Working Width, Test No. MTP-1

5.5 Vehicle Damage

The damage to the vehicle was minor, as shown in Figures 77 through 80. The maximum
occupant compartment intrusions are listed in Table 8 along with the intrusion limits established
in MASH 2016 for various areas of the occupant compartment. Complete occupant compartment
and vehicle deformations as well as the corresponding locations are provided in Appendix D.
MASH 2016 defines intrusion or deformation as the occupant compartment being deformed and
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reduced in size with no observed penetration. There were no penetrations into the occupant
compartment, and none of the established MASH 2016 deformation limits were violated. Outward
deformations, which are denoted as negative numbers in Appendix D, are not considered crush
toward the occupant, and are not evaluated by MASH 2016 criteria.

Majority of the vehicle damage was concentrated on the left-front corner, where primary
impact occurred. Significant damage was sustained in this region. The cable bearing force on the
left fender produced deep gouging, resulted in pronounced striations, and caused the fender to
crease along the contact line. The left-front door was deformed, experiencing creasing and
striations similar to those on the left fender. The front edge of the door was crushed, primarily near
the bottom corner where the deformation exposed the a portion of the interior cab. Additionally,
the left-front headlight disengaged from the vehicle, and the front bumper cover detached almost
completely, remaining fastened to the vehicle only at the rightmost connection.

Deformation and contact marks continued along the left side of the vehicle, decreasing in
severity with distance from the impact point. The left-rear door and left quarter panel experienced
only minor deformation and contact marks along the cable bearing paths. The right side of the
vehicle encountered only small gouges caused by the top edge of post no. 35 as the vehicle passed
the post on the non-impact side during redirection.

The vehicle undercarriage sustained only minor damage. Scrapes were found on the left
steering knuckle, the lower-left control arm, and both transmission cross members. Additionally,
the frame horn on the left side was bent slightly to the right. No other undercarriage damage
occurred; specifically the floor pan remained undamaged.
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Figure 77. Vehicle Damage, Test No. MTP-1

94



December 1, 2022
MwRSF Report No. TRP-03-431-22

Vehicle Damage, Test No. MTP-1

igure 78.
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Figure 79. Occupant Compartment Damage, Test No. MTP-1
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Figure 80. Vehicle Undercarriage Damage
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Table 8. Maximum Occupant Compartment Intrusion by Location, Test No. MTP-1

Maximum Intrusion MASH 2016 Allowable
LOCATION . Intrusion
in. (mm) .
in. (mm)
Wheel Well & Toe Pan 0.0 (0) <9 (229)
Floor Pan & Transmission Tunnel 0.0 (0)* <12 (305)
A-Pillar 0.5 (13) <5(127)
A-Pillar (Lateral) 0.5 (13) <3 (76)
B-Pillar 0.3(8) <5(127)
B-Pillar (Lateral) 0.5 (13) <3 (76)
Side Front Panel (in Front of A-Pillar) 0.8 (20) <12 (305)
Side Door (Above Seat) 0.6 (15) <9 (229)
Side Door (Below Seat) 0.7 (18) <12 (305)
Roof 0.0 (0) <4(102)
Windshield 0.0 (0) <3(706)
No shattering resulting from
Side Window Intact contact with structural
member of test article
Dash 0.6 (15) N/A

N/A — No MASH 2016 criteria exist for this location.
*Negative value reported as 0.0. See Appendix D for further information.

5.6 Occupant Risk

The calculated occupant impact velocities (OIVs) and maximum 0.010-sec average
occupant ridedown accelerations (ORASs) in both the longitudinal and lateral directions, as
determined from accelerometer data, are shown in Table 9. The OIVs and ORAs were within
suggested limits, as provided in MASH 2016. The calculated THIV, PHD, and ASI values are also
shown in Table 9. The recorded data from the accelerometers and the rate transducers are shown

graphically in Appendix E.
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Table 9. Summary of OlV, ORA, THIV, PHD, and ASI Values, Test No. MTP-1

o Transducer MASH 2016
Evaluation Criteria ..
SLICE-2 Limits
. SLICE-1
(Primary)
oIV Longitudinal | -10.13 (-3.09) | -10.27 (-3.13) +40 (12.2)
fifs (mfs) Lateral 8.65(2.64) | 8.40 (2.56) +40 (12.2)
ORA Longitudinal -8.48 -8.12 +20.49
&% Lateral 351 3.93 +20.49
. Roll 11.2 8.1 +75
Maximum
~Angular Pitch 23 2.4 £75
Displacement
degrees
g Yaw 26.9 27.2 not required
THIV .
ft/s (m/s) 13.09 (3.99) 12.61 (3.84) not required
P;SD 8.49 8.13 not required
ASI 0.29 0.33 not required
5.7 Load Cells

The pertinent data from the load cells was extracted from the bulk signal and analyzed
using the transducer’s calibration factor. The recorded data and analyzed results are detailed in
Appendix F. The exact moment of impact could not be determined from the transducer data, as
impact may have occurred a few milliseconds prior to a measurable signal increase in the data.
Thus, the extracted data curves should not be taken as precise time after impact, but rather a general
timeline between events within the data curve itself. Maximum cable tension loads recorded by
each load cell and the times after impact at which they occurred are shown in Table 10, and all
recorded cable loads are plotted in Figure 81.
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Cable Location Sensor Location MaX|mu_m Cable Load Time
Kips (KN) sec
Combined Cable Load Upstream of Impact 41.4 (184.2) 0.525
Upstream of Impact
Cable No. 4 between Post Nos. 6 and 7 13.7 (60.9) 0.602
Upstream of Impact
Cable No. 3 between Post Nos. 7 and 8 13.0 (58.0) 0.468
Upstream of Impact
Cable No. 2 between Post Nos. 6 and 7 16.8 (74.8) 0.857
Upstream of Impact
Cable No. 1 between Post Nos. 7 and 8 7.0 (31.1) 0.055
MTP-1 Cable Tension Loads
45
40
s Cable 4 - Top Cable
e Cable 3 - Upper Middle Cable
89 = Cable 2 - Lower Middle Cable
Cable 1 - Bottom Cable
30 e Total Cable Load
2 25 1
§ 20 4
15
10
%——
5 l .‘
‘ “« »~ Aot s s 28
L | T g S ——
0 1 2 3 4 5 6
Time (sec)

Figure 81. Cable Tension Loads, Test No. MTP-1
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5.8 Discussion

The analysis of the test results for test no. MTP-1 showed that the system adequately
contained and redirected the 2270P vehicle with controlled lateral displacements of the barrier. A
summary of the test results and sequential photographs are shown in Figure 82. Detached elements,
fragments, or other debris from the test article did not penetrate or show potential for penetrating
the occupant compartment, or present an undue hazard to other traffic, pedestrians, or work-zone
personnel. 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 and
remained upright during and after the collision. Vehicle roll, pitch, and yaw angular displacements,
as shown in Appendix E, were deemed acceptable because they did not adversely influence
occupant risk nor cause rollover. After impact, the vehicle did not exit the system, but was instead
brought to a halt while still in contact with the system. Therefore, test no. MTP-1 was determined
to be successful according to the MASH 2016 safety performance criteria for test designation no.
3-11.
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0 TESENUMDBET......cveeeeeeeeeees e e MTP-1 =
. DAte ..o .4/22/2019
. MASH 2016 Test DeSIgNation NO........ccouririeirieeieririnirieee st seseenes 3-11
. Test Article. ... ..Four-Cable Median Barrier
o Total LeNgth ...ccciciiiiiiiiicci 603 ft — 8 in. (184.0 m) 38 3/4°[384]
. Key Component - Cable
SHZE ot s Ys-in. (19-mm) dia. 3x7 IWRC IPS
Cable Heights .......cccovivrcciiccce 15%, 23, 30%, 38 in. (394, 584, 775, 965 mm)
¢ Keysiz?;cr))r? nent - MTP HSS 3x2x% (76x51x3) . Maximum Test Article Deflections
''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' - PErMANENt SEL .......ccvvererirerereeirree e sseneeneeeennes 28.1 0L (714 MIM)
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Test Inertial ..... ..4,986 Ib (2,262 kg) (MASH 2016 limit 5000 + 110 Ib) Evaluation Criteria oL ICE-L SLICE-2 Limits
GrOSS STALIC ...cvvvviiis s 5,148 Ib (2,335 kg) (Primary)
*  Impact Conditions Longitudinal | -1027 (-3.13) | -10.13 (-3.09 40 (12.2
L B 61.3 mph (98.7 km/h) (MASH 2016 limit 62 + 2.5 mph) oIV ongttudina 27 (8.13) 13(809) | +40(122)
ANGIE oo 25.0 deg. (MASH 2016 limit 25 + 1.5 deg.) ft/s (m/s) Lateral 8.40 (2.56) 8.65 (2.64) +40 (12.2)
Impact LOCAtIoN .........ccceveivrrecciir