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1 INTRODUCTION
1.1 Background

In recent years, the Midwest States Pooled Fund has been developing a non-proprietary,
high-tension cable median barrier in conjunction with the Midwest Roadside Safety Facility
(MwRSF) [1]. This cable barrier system was intended for use anywhere within a 6H:1V median
V-ditch and consisted of four cables supported by Midwest Weak Posts (MWPs) spaced at
intervals ranging between 8 ft and 16 ft (2.4 m and 4.9 m). A bolted, tabbed bracket was utilized
to attach the lower three cables to alternating sides of the MWPs, while a brass keeper rod was
utilized to contain the top cable within a V-notch cut into the top of the posts.

Previously, this cable barrier system was subjected to three full-scale crash tests in
accordance with the Manual for Assessing Safety Hardware (MASH) [2]. Test no. MWP-1, in
accordance with MASH test designation no. 3-17, was conducted with a 1500A vehicle
impacting the system placed on the slope break point of a 6H:1V median V-ditch. During the
test, the sedan was successfully captured and redirected by cable no. 2, having overridden cable
no. 1 and underriden cable nos. 3 and 4 [1].

For test no. MWP-2, the barrier was placed on level terrain, and the system cables were
mirrored so that cable no. 2 was on the impact side of the posts and cable nos. 1 and 3 were on
the non-impact side. A 16-ft (4.9-m) post spacing was utilized to evaluate the system’s maximum
deflection and working width. During the test, the front tires of the 2270P pickup overrode cable
nos. 1 and 3. However, cable nos. 2 and 4 successfully captured and contained the vehicle.

For test no. MWP-3, the post spacing was changed to 8 ft (2.4 m) to evaluate system
deflections and working width with the tighter post spacing. During the test, the 2270P pickup
was initially captured by cable nos. 2 and 3 after overriding cable no. 1 and underriding cable no.

4. However, the capture cables were eventually pushed downward and overridden by the left-
1
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front tire of the pickup. After containment of the vehicle was lost, the cables wrapped around the
left-rear tire and yawed the pickup rapidly toward the barrier. The pickup ultimately rolled over
as the right-side tires dug into the ground.

Following a review of test no. MWP-3, several factors may have contributed to the loss
of vehicle capture. First, it was proposed that capture of the vehicle with additional cables were
required for vehicle redirection. In order to evaluate the cable median barrier in a worst-case
impact scenario, the researchers tested the barrier system in test nos. MWP-2 and MWP-3 with
the primary capture cable for the 2270P vehicle, cable no. 3, or the third cable above the ground,
on the non-impact side of the system, which limited its effectiveness in assisting in vehicle
capture and redirection. This effect was shown in test no. MWP-2 when cable no. 3 was
immediately knocked down as the vehicle bumper impacted the first post downstream from
impact prior to cable engagement, which prevented the cable from interlocking with the vehicle.

In test no. MWP-3, the vehicle impacted the system slightly downstream from the target
impact point, which allowed the vehicle to interlock with cable no. 3 prior to it being pushed
down by a post. However, cable no. 3 eventually disengaged away from the vehicle, and vehicle
capture was compromised. Thus, it was believed that cable no. 4, the top cable in the system,
needs to contribute to interlock with the vehicle. In test no. MWP-2, cable no. 4 interlocked with
the vehicle and aided in capture and redirection, but cable no. 4 overrode the vehicle in test no.
MWP-3. Thus, it was believed that the height of cable no. 4 needed to be reduced to ensure
vehicle interlock for level terrain test no. 3-11. Previous research at MwWRSF regarding vehicle
trajectories for 4:1 and 6:1 slopes [3] indicated that the top cable could be lowered to 38 in. (965
mm) and still be effective in capturing the 2270P vehicle at its maximum height above the slope
in test designation no. 3-11. Thus, the top cable height was reduced from 40 in. (1016 mm) to 38

in. (965 mm) in order to improve vehicle capture.
2
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Similarly, the cable spacing was reduced from 8% in. (222 mm) to 7% in. (191 mm) in
order to improve vehicle capture and interlock. More closely-spaced cables tend to improve the
potential for multiple cables to interlock with the critical capture area of the vehicle and reduce
the potential for penetration between the cables. A reduction of the cable spacing raised the
height of the bottom cable to 15% in. (394 mm). While the bottom cable height increased 2 in.
(51 mm) over its original 13% in. (343 mm) height, a review of simulated vehicle trajectories in
6:1 V-ditches indicated that the height of the bottom cable would still be sufficient for vehicle
capture and preventing barrier underride.

Finally, the post spacing for the system was increased from 8 ft (2.4 m) to 10 ft (3.0 m).
From a review of results from test no. MWP-3, it was believed that the reduced post spacing may
have negatively affected cable motions after being interlocked with the vehicle, thus potentially
contributing to the cables being pulled down and the loss of vehicle capture. Thus, it was decided
to widen the post spacing slightly to 10 ft (3.0 m) in order to improve vehicle capture while
continuing to manage barrier deflections.

After these modifications were made to improve system performance, full-scale crash
testing was needed to evaluate the crashworthiness of the system. Therefore, the redesigned non-
proprietary, four-cable, median barrier system required further testing according to the MASH
Test Level 3 (TL-3) criteria [2].

1.2 Research Objectives

The primary objective of this project was to develop a high-tension, four-cable, median
barrier that satisfies MASH TL-3 criteria when placed anywhere within a 6H:1V median V-
ditch. Specific to this report, the cable system needed to be evaluated according to MASH test

designation nos. 3-11 and 3-10.
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1.3 Research Scope

The non-proprietary, four-cable, median barrier was subjected to three full-scale crash
tests that are documented herein. The first test was a MASH test designation no. 3-11 test
conducted with a 5,000-1b (2,268-kg) pickup truck impacting at a speed of 62 mph (100 km/h)
and an angle of 25 degrees. The test was performed with a 10-ft (3.0-m) post spacing to establish
the barrier’s working width in a reduced post spacing configuration, as compared to the 16-ft
(4.9-m) post spacing previously evaluated in test no. MWP-2. The second and third tests were
MASH test designation no. 3-10 tests conducted with 2,425-lb (1,100-kg) passenger cars
impacting at a speed of 62 mph (100 km/h) and an angle of 25 degrees. The tests were performed
with 8-ft (2.4-m) post spacing. Minor alterations were made to posts in the impact region
between the two small car tests to try to reduce the propensity for occupant compartment
penetration. The results from all three tests were analyzed, evaluated, and documented.
Conclusions and recommendations were then made pertaining to the safety performance of the

cable barrier system.
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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 [2].
According to the proposed MASH testing matrix for cable barriers placed anywhere within
median V-ditches, the barrier system must be subjected to eight full-scale vehicle crash tests.
However, for systems with variable post spacings, test designation no. 3-11 must be conducted
with both the narrowest and widest post spacings to establish the working width bounds of the
barrier system, increasing the required number of crash tests from eight to nine. 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. The
MASH TL-3 testing matrix for a cable median barrier system designed for placement anywhere
within a 6H:1V or flatter V-ditch is shown in Table 1. Note, MASH specifies that barrier systems
designed for 6H:1V V-ditches are to be tested within a 30-ft (9.1-m) wide, 6H:1V V-ditch.

Many cable barrier systems have variable post spacings, which allow 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. The proposed
MASH update has identified the critical post spacing, either the narrowest or the widest spacing,
for each individual test within the testing matrix. Proposed MASH test designation no. 3-11 must
be conducted with both the narrowest and the widest post spacings to establish the working

width bounds of the barrier system.
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In accordance with MASH requirements, the critical impact point for the 2270P vehicle
was 12 in. (305 mm) upstream of a post to maximize the risk that cables remain engaged with the
post are pushed downward below the vehicle.. The critical impact point for the 1100C vehicle
was determined to be located at the midspan between posts. This impact location was determined
to maximize the potential for vehicle penetration by allowing the vehicle to penetrate between
cables.

When non-symmetrical cable barriers are tested, it is important to test the orientation that
produces the greatest risk of failure. To accomplish this critical evaluation, 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
above the ground. Selecting this orientation allowed for the greatest risk of failure due to the post
pushing the backside cables down and preventing vehicle capture. This behavior would then
potentially allow the vehicle to override the barrier. The primary capture cable for the 1100C
vehicle was determined to be the second cable above the ground. Selecting this orientation
allowed for the greatest risk of failure delaying vehicle interlock with the barrier and increasing

the potential for the vehicle to penetrate through the system.
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Table 1. MASH TL-3 Test Matrix for Barrier Placement Anywhere Within a 6V:1H V-Ditch

Vehicle | Impact Conditions | System Configuration

Test Test Weight, Speed Evaluation

No. Vehicle Ib mph ' | Angle, System Post Criteria’
(kg) (km/h) deg Location Spacing
2,425 62 :

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

3-11 2270P (2.270) (100) 25 Level Terrain Both A,D,F.H,I
5,000 62 9 ft Down

3-13 2270P (2.270) (100) 25 Front Slope Narrow | A,D,FH,l
2,425 62 9 ft Down

3-14 1100C (1.100) (100) 25 Front Slope Narrow | A,D,FH,l
2,425 62 4 ft Up :

3-15 1100C (1.100) (100) 25 Back Slope Wide AD,FH,I
2,425 62 1 ft Down

3-16 1100C (1.100) (100) 25 Back Slope Narrow | A,D,FH,I
3,300 62 3 :

3-17 1500A (1.500) (100) 25 See Note Wide AD,FH,I
5,000 62 At Back Slope :

3-18 2270P (2,270) (100) 25 Break Point Wide AD,F,H,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.

® Testing laboratory to determine critical barrier position on front slope of ditch to maximize
propensity for front end of 1500A vehicle to penetrate between vertically adjacent cables.

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 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
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summarized in Table 2 and defined in greater detail in MASH. The full-scale vehicle crash tests
were conducted and reported in accordance with the procedures provided in MASH.

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 on the test summary sheet. Additional discussion on PHD, THIV

and ASI is provided in MASH.

Table 2. MASH Evaluation Criteria for Longitudinal Barrier

A Test article should contain and redirect the vehicle or bring the
Structural vehicle to a controlled stop; the vehicle should not penetrate,
Adequacy underride, or override the 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 5.3 and Appendix E of MASH.

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 (O1V) (see Appendix A, Section A5.3 of
MASH for calculation procedure) should satisfy the following

Occupant limits:
Risk Occupant Impact Velocity Limits
Component Preferred Maximum
30 ft/s 40 ft/s

Longitudinal and Lateral

(9.1 m/s) (12.2 m/s)

l. The Occupant Ridedown Acceleration (ORA) (see Appendix A,
Section A5.3 of MASH for calculation procedure) should satisfy the
following limits:

Occupant Ridedown Acceleration Limits

Component Preferred Maximum
Longitudinal and Lateral 15.0¢g’s 20.49 g’s
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2.3 Soil Strength Requirements

In accordance with Chapter 3 and Appendix B of MASH, foundation soil strength must
be verified before any full-scale crash testing can occur. During the installation of a soil
dependent system, additional W6x16 in. (W152x23.8 mm) posts are to be 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 Kkips (33.4 kN) at post deflections between 5 and 20 in. (127 and 508 mm) measured at a
height of 25 in. (635 mm). If dynamic testing near the system is not desired, MASH 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% 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.
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3 TEST CONDITIONS
3.1 Test Facility

The testing facility 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 city campus of the
University of Nebraska-Lincoln.

3.2 Vehicle Tow and Guide 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 away 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 [4] was used to steer the test vehicle. A
guide flag, attached to the left-front wheel and the guide cable, was sheared off before impact
with the barrier system. The 3s-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 Vehicles

For test no. MWP-4, a 2008 Dodge Ram was used as the test vehicle. This vehicle meets
the requirements for a MASH 2270P pickup truck. The curb, test inertial and gross static vehicle
weights were 5,140 Ib (2,331 kg), 4,967 Ib (2,253 kg), and 5,131 Ib (2,327 kg), respectively. The

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

10
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For test no. MWP-6, a 2009 Kia Rio was used as the test vehicle. This vehicle meets the
requirements for a MASH 1100C passenger car. The curb, test inertial and gross static vehicle
weights were 2,295 Ib (1,041 kg), 2,405 Ib (1,091), and 2,572 Ib (1,167 Kg), respectively. The
test vehicle is shown in Figure 3, and the vehicle dimensions are shown in Figure 4.

For test no. MWP-7, a 2009 Kia Rio was used as the test vehicle. This vehicle meets the
requirements for a MASH 1100C passenger car. The curb, test inertial and gross static vehicle
weights were 2,384 Ib (1,081 kg), 2,392 Ib (1,085), and 2,557 Ib (1,160 Kkg), respectively. The
test vehicle is shown in Figure 5, and the vehicle dimensions are shown in Figure 6.

The longitudinal component of the center of gravity (c.g.) was determined using the
measured axle weights. The vertical component of the c.g. for the 1100C vehicles was
determined utilizing a procedure published by SAE [5]. The Suspension Method [6] 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 locations of the c.g. for test nos. MWP-4, MWP-6,
and MWP-7 are shown in Figures 2, 4, and 6, respectively. Data used to calculate the location of
the c.g. and ballast information are shown in Appendix B.

Square, black-and white-checkered targets were placed on the vehicles for reference to be
viewed from the high-speed digital video cameras and aid in video analysis, as shown in Figures
7 through 9. Round, checkered targets were placed on the center of gravity 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

values were adjusted to zero so that the vehicles would track properly along the guide cable. A
11
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5B flash bulb was mounted on the left side of the vehicles’ dash 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
videos. A remote-controlled brake system was installed in the test vehicles so that the vehicles

could be brought safely to a stop after the vehicle exited the system.

12
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Date: 10/20/2014 Test Number: MWP-4 Model: Ram 1500 QC
Make: Dodge Vehicle L.D.#: 1D7HA18N18S590981
Tire Size: 265/70 R17 Year: 2008 Odometer: 108323
Tire Inflation Pressure: 35 psi.
*(All Measurements Refer to Impacting Side)
I —J — _I_ Vehicle Geometry -- in. (mm)
n "
t  Wheel wheel o a 78 (1981) b 7412 (1892)
Track Track
c 22738 (5775) d 49 (1245)
— N 3] — e 14012  (3569) f 37758  (962)
Test Inertial CM. g_ 28 711) h_603/5 (1539)
TIRE DIA i 101/4 (260) j 26 (660)
—"WHEEL XA k 2112 (546) 1 301/4 (768)
—~|—r
T m 6712 (1715) n 673/4 (1721)
b
p o 5012 (1283) p 312 (89)
T O E
i l; i i J q 313/4 (806) r 1812 (470)
f s 151/4 (387) t 77 (1956)
h
‘Wheel Center Height Front 14 1/2 (368)
d e f —
Wheel Center Height Rear 14 7/8 (378)
; ; wreor wFrong ;
c ‘Wheel Well Clearance (F) 5 (127)
Mass Distribution Ib (kg) Wheel Well Clearance (R) 8172 (216)
Gross Static LF 1514  (687) RF 1407  (638) Frame Height (F) 17 3/4 (451)
LR 1079 (489) RR 1131  (513) Frame Height (R) 26 1/4 (667)
Engine Type 8cyl. Gas
Weights
1b (kg) Curb Test Inertial Gross Static Engine Size 4.7L
'W-front 2909  (1320) 2821 (1280) 2921 (1325) Transmition Type:
‘W-rear 2231  (1012) 2146 (973) 2210 (1002) 'Ianual
'W-total 5140  (2331) 4967 (2253) 5131 (2327) FWD 4WD
GVWR Ratings Dummy Data
Front 3700 Type: Hybrid II
Rear 3900 Mass: 164 1b
Total 6700 Seat Position: Front Driver Seat
Note any damage prior to test: None

Figure 2. Vehicle Dimensions, Test No. MWP-4
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I E
Figure 3. Test Vehicle, Test No. MWP-6
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Date: 1/16/2015 Test Number: MWP-6 Model: Rio
Make: Kia Vehicle L.D.#: knade223096452429
Tire Size: 186/65R14 Year: 2009 Odometer: 47322
Tire Inflation Pressure: 32 psi
*(All Measurements Refer to Impacting Side)
Vehicle Geometry - in. (mm)
a_ 611/4 (1556) b 5734  (1467)
4 n |t ¢ 167 (4242) d_36 914)
vehicle
e 9812 (2502) f 3212 (826)
g 22 (559) h_ 39 (989)
- i 16 (406) j 22 (559)
k_ 15 (381) 1 231/4 (591)
m_ 57122 (1461) n_5612 (1435
o 321/4 (819) p_2 (51)
—‘_b q_231/4 (591) r_151/4 (387)
)t !
K : ? s 113/4 (298) t 63 (1600)
f Wheel Center Height Front 10 3/4 (273)
Wheel Center Height Rear 11 279)
| Wheel Well Clearance (F) 253/4 (654)
Mass Distribution b (kg) Wheel Well Clearance (R) 243/4  (629)
Gross Static LF 794 (360) RF 744 (337) Frame Height (F)  81/2 (216)
LR 528 (239 RR 506 (230) Frame Height (R) 15172 394
Engine Type Gasoline
Weights
Ib (kg) Curb Test Inertial Gross Static Engine Size 1.6 4 Cyl
W-front 1469 (666) 1454  (660) 1538 (698) Transmition Type:
W-rear 826 (375) 951 (431) 1034 (469) Autom@
'W-total 2295 (1041) 2405 (1091) 2572 (1167) RWD 4WD
GVWR Ratings Dummy Data
Front 1918 Type: Hybrid 1
Rear 1874 Mass: 167 lbs
Total 3638 Seat Position: Driver
Note any damage prior to test: Multiple Hail dents on multiple body panels, passenger side door trim missing.

Figure 4. Vehicle Dimensions, Test No. MWP-6

16



May 17, 2016
TRP-03-327-16




May 17, 2016
MwRSF Report No. TRP-03-327-16

Date: 2/24/2015 Test Number: MWP-7 Model: Rio
Make: Kia Vehicle I.D.#: knade223596549481
Tire Size: 185/65/R14 Year: 2009 Odometer: 107161
Tire Inflation Pressure: 32 psi

*(All Measurements Refer to Impacting Side)

Vehicle Geometry -- in. (mm)

) I
T a 62 (1575) b 573/4 (1467)
Q. n [t ¢ 1663/4  (4235) d 35172 (902)

vehicle

l e 981/8 (2492) f 331/8 (841)
) ¢ 231/9 (587) h 3712 952)
i 15 (381) j 21 (533)
k 15 (381) 1 23112 (597)
m 57 (1448) n 57 (1448)
o 2734 (705) p_ 4 (102)
q 231/4 (591) r 151/4 (387)
s 111/4 (286) t 6112 (1562)

‘Wheel Center Height Front 10 3/4 (273)

Wheel Center Height Rear 11 279)
| Wheel Well Clearance (F) 25 635)
Mass Distribution 1b (ke) Wheel Well Clearance (R)_243/4__ (629)
Gross Static LF 794 (360) RF 772 (350) Frame Height (F) 6 (1s2)
LR 512 (232) RR 479  (217) Frame Height (R) 15 3/4 (400)
Engine Type Gasoline
Weights e
Ib (kg) Curb Test Inertial Gross Static Engine Size 4 Cyl 1.6L
W-front 1514 (687) 1478  (670) 1566 (710) Transmition Type:
‘W-rear 870 (395) 914 (415) 991  (450) Automsﬁz Manual :
W-total 2384  (1081) 2392 (1085) 2557  (1160) RWD 4WD
GVWR Ratings Dummy Data
Front 1918 Ibs Type: Hybrid 1
Rear 1875 Ibs Mass: 165 Ibs.
Total 3638 Ibs Seat Position: Driver
Note any damage prior to test: 3 inch dent on leading edge of hood

Figure 6. Vehicle Dimensions, Test No. MWP-7

18
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=

TEST #: MWP-4
TARGET GEOMETRY-- in. (mm)

A 701/4 (1784) E 701/4 (1784) 1 3858 (981)
B 101172 (2578) F  303/4 (781) J 28 (711)
C 44 (1118) G 6012 (1537) K 4212 (1080)
D 701/4 (1784) H 84112 (2146) L 6258 (1591)

Figure 7. Target Geometry, Test No. MWP-4
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vehicle

TEST #: MWP-6
TARGET GEOMETRY-- in. (mm)
A 331/4 (845) E 39 (991) 1 22 (559)
B 20 (508) F 381/4 972) J 2834 (730)
C 511/ (1302) G 39 (991) K 29172 (749)
D 73/4 (197) H 9812 (2502) L 4712 (1207)
M 541/4 (1378)

Figure 8. Target Geometry, Test No. MWP-6
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T

vehicle
B C D E
M
J
TEST #: MWP-7
TARGET GEOMETRY-- in. (mm)

A 2378 (606) E 397/8 (1013) I 231/8 (587)

B 193/4 (502) F 371/8 (943) J 2878 (733)

C 50 (1270) G 37112 (953) K 287/8 (733)

D 73/4 (197) H 981/8 (2492) L 487/8 (1241)

M 53112 (1359)

Figure 9. Target Geometry, Test No. MWP-7
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3.4 Simulated Occupant

A Hybrid 11 50™-Percentile, Adult Male Dummy, equipped with clothing and footwear,
was placed in the left-front seat of all three test vehicles with the seat belt was fastened. The
dummy, which had a final weight of 170 Ib (77 kg), was model no. 572, serial no. 451, and was
manufactured by Android Systems of Carson, California. As recommended by MASH, the
dummy 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 accelerometers were
mounted near the center of gravity of each test vehicle. The electronic accelerometer data
obtained during dynamic testing was filtered using the SAE Class 60 and the SAE Class 180
Butterworth filters conforming to the SAE J211/1 specifications [7].

The two accelerometer systems, 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 the 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 angle rate sensor systems were utilized to measure the rates of rotation of the

vehicles during testing. Both were SLICE MICRO Triax ARS units, with a range of 1,500
22
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degrees/sec in each of the three directions (roll, pitch, and yaw). The angular rate sensors were
mounted inside the bodies of the two custom built SLICE 6DX event data recorders and recorded
data at 10,000 Hz to the onboard microprocessor. 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

The retroreflective optical speed trap was used to determine the speed of the vehicle
before impact. Five retroreflective targets, spaced at approximately 18-in. (457-mm) intervals,
were applied to the sides 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,
which recorded at 10,000 Hz, as well as activated the External LED box. The speed was then
calculated using the spacing between the retroreflective targets and the time interval between the
signals. 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.

3.5.4 Load Cells and String Potentiometers

Load cells were spliced into each cable upstream from impact. The cables in each test
were numbered 1 through 4 starting at the bottom cable. For test no. MWP-4 the load cells on
cable nos. 2 and 4 were located between post nos. 5 and 6, and the load cells on cable nos. 1 and
3 were located between post nos. 6 and 7. For test nos. MWP-6 and MWP-7, the load cells on
cable nos. 2 and 4 were located between post nos. 6 and 7, and the load cells on cable nos. 1 and
3 were located between post nos. 7 and 8. All four load cells were Transducer Techniques model
no. TLL-50K with a load range up to 50 kips (222 kN). A string potentiometer was also attached

to the upstream anchor foundation, labeled as post no. 1, for all three tests. The string
23
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potentiometer was a Unimeasure model no. PA-50-70124 with a displacement range up to 50 in.
(127 cm). During testing, output voltage signals were sent from the five transducers 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 transducers

are shown in Figure 10.

y

tiometer Test Nos. MWP-4 through MWP-6

Strin Poten
Figure 10. Location of Load Cells and String Potentiometer
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3.5.5 Digital Photography

Two AOS VITcam high-speed digital video cameras, three AOS X-PRI high-speed
digital video cameras, one AOS S- VIT 1531 high-speed digital video camera, three JVC digital
video cameras, four GoPro Hero 3+ digital video cameras and two GoPro Hero 3 digital video
cameras were utilized to film test no. MWP-4. Camera details, camera operating speeds, lens
information, and a schematic of the camera locations relative to the system are shown in Figure
11.

One AOS VITcam high-speed digital video camera, one AOS S-VIT 1531 high-speed
digital video camera, one AOS TRI-VIT 2236 high speed digital camera, two AOS X-PRI high-
speed digital video cameras, three JVC digital video cameras, four GoPro Hero 3+ digital video
cameras, and two GoPro Hero 3 digital video cameras were utilized to film test no. MWP-6.
Camera details, camera operating speeds, lens information, and a schematic of the camera
locations relative to the system are shown in Figure 12.

Two AOS Vitcam high-speed digital video cameras, one AOS S-VIT 1531 high-speed
digital video camera, two AOS X-PRI high-speed digital video cameras, one AOS TRI-VIT
2236 high speed digital video camera, three JVC digital video cameras, four GoPro Hero 3+
digital video cameras, one GoPro Hero 4 digital video camera, and two GoPro Hero 3 digital
video cameras were utilized to film test no. MWP-7. Camera details, camera operating speeds,
lens information, and a schematic of the camera locations relative to the system are shown in
Figure 13.

In each of the three tests, one of the GoPro cameras was mounted inside the test vehicle,
and therefore does not appear on the camera placement schematic.

The high-speed videos were analyzed using ImageExpress MotionPlus and RedLake

MotionScope software programs. Actual camera speed and camera divergence factors were
25
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considered in the analysis of the high-speed videos. A Nikon D50 digital still camera was also

used, to document pre- and post-test conditions for all tests.

26
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Height: 64'—11" [19.8 m]
206'—6" [62.9 m} 358'—4" [109.2 m]}
236'—6" [72.1 m] 361'—=10" [110.3 m]
C%n;?ra Type O??::;gglsep;ed Lens Lens Setting
N AOS-1 AOS Vitcam 500 Cosmicar 12.5mm fixed 12.5mm
AQOS-2 AOS Vitcam 500 Sigma 28-70 28mm
AOS-5 AOS X-PRI 500 TV Zoom 17-102 102mm
AOS-6 AOS X-PRI 500 Fujinon 50mm fixed 50mm
AOS-7 AOS X-PRI 500 Nikon 28mm fixed 28mm
AOS-8 AOS S-VIT 1531 500 Nikon 28mm fixed 28mm
GP-1 GoPro Hero 3 120
GP-2 GoPro Hero 3 120
GP-3 GoPro Hero 3+ 120
GP-4 GoPro Hero 3+ 120
GP-5 GoPro Hero 3+ 120
GP-6 GoPro Hero 3+ 120
JVC-2 JVC — GZ-MG27u (Everio) 29.97
JVC-3 JVC — GZ-MG27u (Everio) 29.97
JVC-4 JVC - GZ-MG27u (Everio) 29.97

Figure 11. Camera Locations, Speeds, and Lens Settings, Test No. MWP-4
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l A0S #6
GP #3 ]

|

59'-9* [18.2 m]

8'-6" [26 m

6 [1.8m
‘j 33 35 37 39

GP #4

A0S #5

f

1

35 7 9 111315 17 19 2123252729
11°-3" [34m

139'-9" [42.6 m}—

}9
GP #6
HEIGHT: 65'8" [20.0 m]

41 43 45 47 49 51 53 55 57 59 61 63 65 67 69171 73 7576

WVC 4

Ca;\|rrzfra Type O??::;gglfep;ed Lens Lens Setting
3 AOS-1 AOS Vitcam 500 Sigma 24-70 35mm
AOS-5 AOS X-PRI 500 TV Zoom 17-102 102mm
AOS-6 AOS X-PRI 500 Nikon 28mm fixed 28mm
AOS-8 AOS S-VIT 1531 500 Sigma 24-135 85mm
AOS-9 AOS TRI-VIT 2236 500 Cosmicar 12.5mm fixed 12.5mm
GP-1 GoPro Hero 3 120
GP-2 GoPro Hero 3 120
GP-3 GoPro Hero 3+ 120
GP-4 GoPro Hero 3+ 120
GP-5 GoPro Hero 3+ 120
GP-6 GoPro Hero 3+ 120
JVC-2 JVC - GZ-MG27u (Everio) 29.97
JVC-3 JVC — GZ-MG27u (Everio) 29.97
JVC-4 JVC — GZ-MG27u (Everio) 29.97

Figure 12. Camera Locations, Speeds, and Lens Settings, Test No. MWP-6
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236'-6" [72.1 m} 358'-6" [109.3 m}

(=——154"=10" [47.2 m] 352'-4" [107.4 m}

77" [23.5 m] |——143'-10" [43.8 m
ACS #8
A0S #6 NC #4

GP #4 w
=10 [2.7 m] 22'-6" [6.9 m] LA 65'-7" [20.0 m] '~4" [2.5 m]
A0S #3 A0S #1 J LG pincs '32 ] GP #2
! Al ) . I_" WC #3 '~2" [1.9 m] [ #

M| AOS #5
f 1 357 9 11.1‘3 1517 19 2123 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63165?67 69 71 73 757: o #
(R
o
5§agﬂ 66" [1.67 m]
Cz?\lrr;(?ra Type O[:():cerr:rt]:r;glssep::e)ed Lens Lens Setting
AOS-1 AOS Vitcam 500 Sigma 28-70 50mm
S AOS-3 AOS Vitcam 500 Fujinon 50mm fixed 50mm
AOS-5 AOS X-PRI 500 Vivitar 135mm fixed 135mm
AOS-6 AOS X-PRI 500 Nikon Nikkor 20 mm fixed 20mm
AOS-8 AOS S-VIT 1531 500 Sigma 28-70 28mm
AOS-9 AOS TRI-VIT 2236 500 Kowa 12.5mm 12.5mm
GP-1 GoPro Hero 3 120
GP-2 GoPro Hero 3 120
GP-3 GoPro Hero 3+ 120
GP-4 GoPro Hero 3+ 120
GP-5 GoPro Hero 3+ 120
GP-6 GoPro Hero 3+ 120
GP-7 GoPro Hero 4 240
JVC-2 JVC — GZ-MG27u (Everio) 29.97
JVC-3 JVC — GZ-MG27u (Everio) 29.97
JVC-4 JVC - GZ-MG27u (Everio) 29.97

Figure 13. Camera Locations, Speeds, and Lens Settings, Test No. MWP-7
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4 DESIGN DETAILS TEST NO. MWP-4

The non-proprietary, 4-cable median barrier system evaluated in test no. MWP-4 is
shown in Figures 14 through 37. The test installation was constructed with a total length of 604 ft
(184.1 m) on level terrain. The cable barrier system was comprised 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. Photographs of the test installation are shown in Figures 38 through 41. Material
specifications, mill certifications, and certificates of conformity for the system materials are
shown in Appendix A.

Four %-in. (19-mm) diameter, Class A galvanized 3x7 (pre-stretched) wire ropes were
utilized for the longitudinal cables. The barrier utilized a consistent 7%2-in. (190.5-mm) cable
spacing as the cables were placed at heights of 15% in. (393.7 mm), 23 in. (584.2 mm), 30% in.
(774.7 mm), and 38 in. (965.2 mm) above the ground surface. The cables were numbered 1
through 4, starting with the bottom cable and proceeding upward to the top cable.

Cable nos. 1 and 3 were attached to the non-impact side of each post, while cable no. 2
was attached to the impact side of each post, as shown in Figure 28. Cable no. 4 resided within
the V-notch cut into the top of each post. MASH requires that cable barrier systems be tested
with cable tensions set to the recommended tension at 100 degrees Fahrenheit. A cable
tensioning chart was developed as a function of ambient air temperature for use when installing
the barrier system, as shown in Table 3. Thus, the cables were tensioned to a pre-load of 2,500 Ib
(11.1 kN).

Each of the four wire ropes contained a splice in the impact region, between post nos. 29

and 33, as shown in Figure 15. Additionally, a load cell was spliced into each wire rope upstream
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from impact, between post nos. 5 and 7, as shown in Figure 18. Details for the load cells,

threaded rods, turnbuckles, end fittings, and rod couplers are provided in Figure 19.

Table 3. Pre-Stretched Cable Tension Chart

Ambient Air Cable

Temperature Tension
(Degrees Fahrenheit) (Ib)

110 2,240

100 2,500

90 2,760

80 3,021

70 3,281

60 3,541

50 3,801

40 4,062

30 4,322

20 4,582

10 4,842

0 5,102

-10 5,363

-20 5,623

-30 5,883

-40 6,143

The cables were supported by 58 line posts and anchored at the upstream and

downstream ends with selected hardware from a prototype breakaway cable end terminal system.

Post nos. 3 through 60 were Midwest Weak Posts (MWPs) measuring 83 in. (2,208 mm) in

length. The MWPs were fabricated from bent 7-gauge (4.6-mm) sheet steel to a 3-in. x 1%-in.

(76-mm x 44-mm) cross section, as shown in Figures 28 through 31. The post spacing between

adjacent MWPs was 10 ft (3.05 m).

A prototype breakaway cable end terminal system was utilized at each end of the cable

barrier system, as shown in Figures 16, 17 and 20 through 23. Post nos. 1 and 62 consisted of 4-

cable anchor bracket assemblies that were anchored to reinforced concrete foundations at hoth

ends of the system. Post nos. 2 and 61 were slip-base support posts with attached hanger
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hardware, as shown in Figures 24 through 27. The spacing between the cable anchor brackets
and the adjacent slip-base support posts was 8 ft (2.4 m).

Cable nos. 1 through 3 were attached to the MWPs using bolted, tabbed brackets. These
brackets were fabricated from 12 gauge (2.7 mm) steel and bolted to the post utilizing a */3-in.
(8-mm) diameter, 1-in. (25-mm) long bolt. Cable no. 4 was secured within the V-notch on top of
each post with a 3/i-in. (5-mm) diameter brass keeper rod. Details for the cable-to-post

attachment brackets and brass keeper rods can be found in Figures 28 through 34.
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| 604’—0”
[184099]

10'—0" (TYP) Post Spacing 8'-0"
[3048] [2438]
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12” Upstream of Post No. 25
[305]

PLAN VIEW

1413 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 6162

Cable Terminal Detail — Sheet 4
ELEVATION VIEW

Notes: (1) Test shall be performed according to test designation no. 3—11 of MASH

criteria. [oriEER:
B 8 . 10f 24
(2) At @ minimum, critical post nos. 20—38 are placed in 18" [457] diameter g'd\tNeSt 4—Cable Barrier
hole backfilled and tamped in well compacted soil. ystem DATE:
6/23/2015
(3) Test cable tensions of 2500 + 200 Ib [11.1 + 0.890 kN].
. . DRAWN BY:
(4) Bottom cable on non—impact side. Mid t Roadsid System Layout o8,/ dEK
(5) Span between posts 59 and 60 is 96" [2438]. Idwes oaasiae e T SRR o CraT
Safety Facility
MWP—4_R1 UNTS: in.[mm]

Figure 14. Test Installation Layout, Test No. MWP-4
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DETAIL B
Cable Splice Location Detail

w
- Bennet Cable End Bennet Short N
Fitter Threaded Turnbuckle 27/8 FPZ] Hex Nut
K Part o4 K Part el Y art d5
| 1 | | — | —————
— J m—

@3/4” [19] 3x7 Cl A Galvanized @7/8" [22] x11" [279] Threaded Rod

Higgw Strength Pre—Stretched

Cable Guiderail

Cable Splice Detail
SCAEE 1:6

Midwest 4—Cable Barrier
System

Notes: (1) The splice locations may be moved as long as two adjacent cable splices
are not located on top of one another.

Cable Splice Location and

Midwest Roadside| Detail
SOfety Focil‘lty DWG. NAME. [SCALE: 1:80

MWP—4_R1 UNITS: in.[mm]

Figure 15. Cable Splice Location and Detail, Test No. MWP-4
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Top Cable (Cable 1)
Upper Middle Cable (Cable 2)
Lower Middle Cable (Cable 3)
Bottom Cable (Cable 4)
PLAN VIEW
» An 10°=p” ) ” ’ »
8-0 4'—6 11°-0
2438 [3048] ~[1373] [3353]
[ ] (vP) D
& e~ (T
- T
i i i
I | I
= | |\
2 | 1
{ ” »
raad 1?5;{]2 | 3?;7‘5/]2 _ End Fitter and Turnbuckle
st 23" 38” Load Cell
EME [584] — [965] —
I
l} {
T Post 2 Detail — Sheet 11
it
chbIe Anchor Detail — Sheet 7
ELEVATION VIEW SHEET:
Midwest 4—Cable Barrier |*° %
System DATE:
6/23/2015
DRAWN BY:
s 5 Cable Terminal Detail
Midwest Roadside e
Sofety FOCility DWG. NAME. [SCALE: 1:78 [REV. BY:
MWP—4_R1 UNITS: in.[mm]|—

Figure 16. Cable Terminal Detail, Test No. MWP-4
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DETAIL C
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1-3/16" 1/2"
) s
-}
1-1/2"
» [\ [34]
ANV N
®»1-1/8"
- 24
ELEVATION VIEW PROFILE VIEW
Part a9
Cable Anchor Plate Washer
All cables run over the foot
of the cable release lever.
The middle two cables run
throught the lever uprights.
[SHEET:
Midwest 4—Cable Barrier [*° *
System DATE:
6/23/2015
DRAWN BY:
» y Cable Anchor Detail
Midwest Roadside R

Safety Facility

DWG. NAME.
MWP—4_R1

SCALE: 1:4
UNITS: in.[mm]

FW. BY:

Figure 17.

Cable Anchor Detail, Test No. MWP-4
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Load Cell and Turnbuckle A%

5 6
DETAIL D

Bennet_Short
Threaded Turnbuckle
Part et

LE

®7/8" [22] Hex Nut Threadéd Co
Part™d5 Part e2

3/4” [19] 3x7 CI A
Gcﬁvcﬁwizec[l igh Strength

Transducer Techniques
Pre—Stretched Cable Guiderail

50,000—Ib [222.4—kN]
Load Cell
Part e3

Notes: (1) Two RH—threaded rods and one LH—threaded rod
required for load cell and turnbuckle assembly.

SCALE 1 : 30

@1 1/2" [38] to ¢7/8” [22]
upler

®7/8" [22] x11"
[279{ Thll:em}ed Rod
Part d3

&3/4" [19]

3x7 Cl A Galvanized High

rength” Pre—Stretched Cable Guiderail

Bennet Cable
End Fitter
Part d4

Midwest Roadside
Safety Facility

Midwest 4—Cable Barrier
System

Load Cell and Turnbuckle
Configuration

SHEET:
5 of 24

DATE:
6/23/2015

DRAWN BY:
SDB/JEK

DWG. NAME.
MWP—4_R1

SCALE: 1:8
UNITS: in.[mm]

|?Ev. BY:

Figure 18. Load Cell and Turnbuckle Configuration, Test No. MWP-4
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Part el Safety Facility [P ™
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SCALE: 2:5 REV. BY:
UNITS: in.[mm]

Figure 19. Load Cell Assembly Details, Test No. MWP-4
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@24"
[610]

ends of rod
Part a5

120"
[3048]

Brass Keeper Rod ¢3/16”
[5] x 16" ‘E4061 long. /Bend
o secure.

PROFILE VIEW

Note:

Brass rod to be placed after all cables are
instqlled _and tensioned. Slide rod through the
TS] holes in the_ Anchor Bracket, lTeaving
a’ minimum of 1" [25] on each side of the
Anchor Bracket. Bend "brass rod down on each
side of Anchor Bracket to secure.

1/4"

Aircraft Retaining Cable:
1/4 [Gi 7x19 _galvanized

aircraft cable, 3 [914|] long

with 3 1/2 [89] Ilong Toops

and 1" [25] clips

Part a1

\(65/8" [16] hex bolt 9 1/2”

[241] long Part @17 with nut Part a16

\—Concrete

Notes: (1) Grade 60 reinforcement, except bent

anchor studs.

(2) 1,1/2" [38] clear cover on sides,
3" [76) on top clear cover, and
2 1/2" [64] clear cover on bottom.

(3) Eight No. 11 longitudinal bars.

4) 22 — No. 4 hoops wjth an Bie

“ inner. diameter of 20" ¥508 gt 4" < |¥
[102] spacing for the fop 24" [610] I Bres 1)
and subsequently at 6 [p152] [ = |
spacing until bottom clear cover. : 'iga?»l 8

(5) Eight No. 6 A449 bent anchor %{7’“ 47N

studs having a length of 25 9/16”
feag). "9 2 /

(6) Concrete mix for anchor and posts
shall provide a minimum f'c of

4000 'psi [27.6 MPa].

\
5\

)

1l

N

A}

(7) The two outer bent anchor studs
must be turned inward so they do not

stick out of concrete

cover.

ISOMETRIC VIEW

Midwest Roadside

ELEVATION VIEW

Safety Facility

Midwest 4—Cable Barrier
System

Cable Anchor Detail Post Nos.
1 & 62

SHEET:
7 of 24

DATE:
6/23/2015

DRAWN BY:
SDB//JEK

DWG. NAME.
MWP—4_R1

SCALE: 1:24
UNITS: in.[mm]

Fw. BY:

Figure 20. Cable Anchor Detail, Post Nos. 1 and 62, Test No. MWP-4
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Notes: (1) All steel plates conform to ASTM A36.

(2) The cable anchor bracket is to be
galvanized following fabrication.

(typ.)
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VIEW
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PROFILE VIEW
[SHEET:
Midwest 4—Cable Barrier [f°
System DATE:
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. . Cable Anchor Bracket zzgjl:v:
Midwest Roadside
Sofet FOCi”t DWG. NAME. SCALE: 1:4 REV. BY:
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Figure 21.

Cable Anchor Bracket, Test No. MWP-4
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Figure 22. Cable Anchor Bracket Components, Test No. MWP-4
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Cable Release Lever
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Figure 23. Cable Release Lever, Test No. MWP-4
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6/23/2015
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Figure 24. Second Post Details, Post Nos. 2 and 61, Test No. MWP-4
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Figure 25. Cable Hanger Assembly, Post Nos. 2 and 61, Test No. MWP-4
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ltem No. | QTY. Description Material Specification
al 2 |Cable Anchor Base Plate ASTM A36
a2 4 Exterior Cable Plate Gusset ASTM A36
a3 6 [Interior Cable Plate Gusset ASTM A36
a4 2  |Anchor Bracket Plate ASTM A36
a5 2 |3/16" [5] Dia. Brass Keeper Rod, 14" [356] long Brass
ab 4 Release Gusset A36 Steel
a7 2 Release Lever Plate A36 Steel
a8 4 |1.25x1.25x0.1875" [32x32x5] TS CT Kicker Lever Tube ASTM A500 Gr. B
a9 8 |CMB High Tension Anchor Plate Washer ASTM A36
al10 2 [1.25x1.25x0.1875" [32x32x5] TS CT Kicker Lever Connecting Tube ASTM A 500 Gr. B
all 2 [3x10x0.5" [76x254x13] Kicker Plate ASTM A36
al2 4 |CT kicker — gusset ASTM A36
al3 20 |[3/4” [19] Dia. Flat Washer ASTM F844
al4 16 |3/4” [19] Dia. UNC J—Hook Anchor and Hex Nut J—Hook ASTM A449/Nut ASTM A563 DH
al5 2 |1/4” [6] Dia. Aircraft Retaining Cable, 36” [914] long 7x19 Galv.
a16 2 |5/8” [16] Dia. Heavy Hex Nut ASTM A563C
al?7 2 5/8” [16] Dia. UNC, 9 1/2” [241] Long Hex Bolt ASTM A449 or SAE J429 Gr. 5
al8 2 |24” [610] Dia. Concrete Anchor, 120" [3048] long 4,000 psi f'c
al19 16 |#11 Straight Rebar, 114” [2896] long Grade 60
a20 44 [#4 Anchor Hoop Rebar with 21" [533] Dia. Grade 60
o b1 2 S3x5.7 [S76x8.5] Post by 28 1/8" [714] ASTM A572 GR50-07, ASTM A709 GR50—09A, ASTM A992-06A
ol b2 2 S3x5.7 [S76x8.5] Post by 19” [483] ASTM A572 GR50—-07, ASTM A709 GR50—09A, ASTM A992—-06A
b3 8 |#3 Straight Rebar, 43" [1092] long Grade 60
b4 22 |7 1/4" [184] Dia. No. 3 Hoop Reinforcement Grade 60
b5 2 2nd Post Keeper Plate, 28 Gauge ASTM A36
b6 2 |3/4” [19] Dia. UNC, 5 1/2” [140] Long Hex Bolt and Nut Bolt ASTM A307 Gr. A/Nut ASTM AB63A
b7 24 [1/2” [13] Dia. Washer with 1 1/16" [27] OD ASTM F844
b8 8 1/2” [13] Dia. UNC, 2" [51] long Hex Bolt and Nut Bolt ASTM A307 Gr. A/Nut ASTM A563A
b9 2 |4x3x1/4” [102x76x6] Foundation Tube, 48" [1168] long ASTM A500 Grade B
b10 2 2nd Post Cable Hanger ASTM A36
b11 2 |2nd Post Anchor Aggregate 12 in, Depth =
b12 2 |12” Dia. 2nd Post Concrete Anchor, 46" long 4,000 psi f'c
b13 4 |2nd Post Base Plate ASTM A36
b14 8 |3/16" [5] Dia. 5 1/4" [133] Long Brass Rod ASTM B16-00
[SHEET:
Midwest 4—Cable Barrier [*°'*
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6/23/2015
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Figure 36. Bill of Materials, Test No. MWP-4

9T-/2€-€0-dd L "ON Hoday 4SHMI

9102 ‘LT feN



Iltem No. | QTY. Description Material Spec
&1 58 82(51_3/4")(7 Gauge [76x44x4.6], 81 1/4” [2064] Long Bent MWP Z—Section Hot—Rolled ASTM A1011 HSLA Gr. 50
62 174 |12 Gauge Tabbed Bracket — Version 10 Hot—Rolled ASTM A1011 HSLA Grade 50
c3 174 |5/16" [8] Dia. UNC, 1" [25] Long Hex Cap Screw and Nut Bolt SAE J429 Gr. 5 or ASTM A449/Nut ASTM A563 DH
c4 58 [Straight Rod — ¢3/16” [5] Cable Clip ASIM Ble Brass Sop00R Haln Hord (95, BOUND.
AASHTO M30-92(2000)/ASTM A741-98 Type 1 Class A
d1 1 [3/4” [19] Dia. 3x7 Cable Guiderail coating except with Type 1 minimum breaking strength = 39
kips [173.5 kN]
d2 16 |7/8” [22] Dia. Hex Nut ASTM A563C
d3 28 [Cable End Threaded Rod ASTM A449
d4 24 |Bennet Cable End Fitter ASTM A47
d5 24 |7/8" [22] Dia. Hex Nut SAE J429 Gr. 5
el 8 |Bennet Short Threaded Turnbuckle Not Specified
e2 8 |[Threaded Load Cell Coupler N/A
e3 50,000—Ib [222.4—kN] Load Cell N/A
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Figure 40. Test Installation Photographs, Test No. MWP-4
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Figure 41. Test Installation Photographs, Test No. MWP-4
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5 FULL SCALE CRASH TEST NO. MWP-4

5.1 Static Soil Test

Before full-scale crash test no. MWP-4 was conducted, the strength of the foundation soil
was evaluated with a static test, as described in MASH. 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. MWP-4 was conducted on October 20, 2014 at approximately 2:30 p.m. The
weather conditions, as per the National Oceanic and Atmospheric Administration (station

14939/LNK), were reported and are shown in Table 4.

Table 4. Weather Conditions, Test No. MWP-4

Temperature 74°F

Humidity 26%

Wind Speed 6 mph

Wind Direction 10° West of True North
Sky Conditions Sunny

Visibility 6 Statute Miles
Pavement Surface Dry

Previous 3-Day Precipitation | O in.

Previous 7-Day Precipitation | 0 in.

5.3 Test No. MWP-4

The 5,131-lb (2,327-kg) pickup truck impacted the high-tension, four-cable median
barrier at a speed of 60.8 mph (97.8 km/h) and an angle of 26.1 degrees. A summary of the test
results and sequential photographs are shown in Figure 42. Additional sequential photographs
are shown in Figures 43 through 45. Documentary photographs of the crash test are shown in

Figure 46.
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5.4 Test Description

Initial vehicle impact was to occur 1 ft (0.3 m) upstream from post no. 25, as shown in

Figure 47, which was selected according to proposed MASH updates. The actual point of impact

was approximately 1.9 in. (48 mm) upstream from the target impact point. A sequential

description of the impact events is contained in Table 5. The vehicle came to rest 144 ft - 10 in.

(44.1 m) downstream from the point of impact, between post nos. 38 and 39. The vehicle

trajectory and final position are shown in Figures 42 and 48.

Table 5. Sequential Description of Impact Events, Test No. MWP-4

TIME EVENT

(sec)

0.000 Vehicle left-front bumper contacted cable no. 2 upstream of post no. 25, and post no.
' 25 began to deflect backward.

0.004 Vehicle left-front bumper contacted post no. 25, and post no. 25 began to deflect
' downstream and bend backward.

0.010 Vehicle left headlight contacted cable no. 4 upstream of post no. 25, and vehicle left
' fender began to deform.

0.014 | Vehicle left headlight contacted post no. 25.

0.022 | Vehicle left-front tire contacted post no. 25.

0.024 | Post no. 24 began to deflect backward.

0.026 Vehicle left fender contacted post no. 25 and cable no. 4, vehicle left headlight was
' shattered, and vehicle left-front tire began to override post no. 25.

0.028 | Post no. 23 began to deflect backward.

0.030 | Post no. 26 began to deflect backward.

0.036 | Cable no. 4 detached from post no. 25.

0.038 | Cable no. 3 detached from post no. 25.

0.040 | Cable no. 2 detached from post no. 25.

0.046 | Vehicle began to roll away from barrier, and post no. 24 began to twist downstream.

0.052 | Post no. 27 began to deflect backward.

0.056 | Vehicle grill began to deform.

0.068 | Vehicle left-front tire overrode cable no. 1.

0.074 | Post no. 22 began to deflect backward.

0.076 | Vehicle left-front tire overrode post no. 25.

0.080 | Cable no. 4 detached from post no. 26.

0.086 | Cable no. 2 detached from post no. 26.

Vehicle left-front tire overrode cable no. 3, and post no. 28 began to deflect
0.096
backward.
0.108 | Cable no. 4 detached from post no. 27.
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0.110 | Cable no. 2 detached from post no. 27.

0.114 | Vehicle began to yaw away from barrier, and the left-front tire ruptured.

0.124 | Cable no. 2 detached from post no. 24.

0.128 | Cable no. 4 detached from post no. 24.

0.136 | Post no. 29 began to deflect backward.

0.140 Vehicle left-front bumper contacted post no. 26, and post no. 26 began to bend
' downstream.

0.156 | Cable no. 2 detached from post no. 28.

0.164 | Post no. 29 began to rotate backward, and cable no. 4 detached from post no. 28.

0.168 | Cable no. 4 detached from post no. 23.

0.170 | Cable no. 2 detached from post no. 29.

0.174 | Post no. 30 began to deflect backward.

0.186 | Vehicle left-rear tire overrode post no. 25 and became airborne.

0.192 | Post no. 30 began to bend backward, and cable no. 4 detached from post no. 29.

0.210 | Post no. 31 began to deflect backward, and cable no. 1 detached from post no. 27.

0.218 | Vehicle left-rear tire overrode cable nos. 1 and 3.

0.222 | Vehicle right-front tire overrode cable no. 1.

0.226 | Cable no. 4 detached from post no. 31.

0.230 Vehicle right-front bumper contacted post no. 27, and post no. 27 began to bend
' downstream.

0.242 | Vehicle began to roll toward the barrier.

0.252 | Post no. 32 began to deflect backward.

0.258 | Cable no. 4 detached from post no. 31.

0.268 | Vehicle right-front tire overrode cable no. 3.

0.276 | Cable no. 4 detached from post no. 32.

0.284 | Post no. 33 began to deflect backward.

0.300 | Cable no. 4 detached from post no. 33.

0.318 | Post no. 34 began to bend backward.

0.328 | Cable no. 4 detached from post no. 22.

0.330 | Cable no. 4 detached from post no. 34.

0.342 | Vehicle left-rear tire regained contact with ground.

0.374 ;/1ehicle right-rear tire overrode cable no. 1, and cable no. 4 detached from post no.

0.388 | Post no. 35 began to bend backward.

0.394 | Vehicle right-rear tire contacted post no. 27.

0.404 | Post no. 36 began to bend backward.

0.414 | Cable no. 4 detached from post no. 35.

0.422 | Vehicle right-rear tire became airborne.

0.470 | Vehicle was parallel to system.

0.516 | Vehicle right-front tire became airborne.

0.560 | Vehicle left-front tire overrode cable no. 2.

0.580 | Cable no. 4 detached from post no. 20.

0.594 | Vehicle began to yaw toward barrier.

0.662 | Cable no. 4 detached from post no. 19.

0.704 | Vehicle left-rear tire overrode cable no. 2.
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0.912 | Cable no. 4 detached from post no. 18.

0.914 | Cable no. 1 detached from post no. 24.

1.038 | Vehicle right-front tire regained contact with ground.

1.102 | Vehicle right-rear tire regained contact with ground.

Vehicle right quarter panel contacted post no. 32 and began to deform, and cable no.
1.130
4 detached from post no. 36.

1.160 | Vehicle right-front tire ruptured.

1.210 | Vehicle was yawing away from barrier.

1.900 | Vehicle right-front bumper impacted post no. 36, causing it to bend downstream.

2.092 | Vehicle right-front bumper impacted post no. 37, causing it to bend downstream.

2.403 | Vehicle right-front bumper impacted post no. 38, causing it to bend downstream.

2.815 | Vehicle right-front bumper impacted post no. 39, causing it to bend downstream.

Vehicle came to rest 144-ft 10-in. (44.1 m) downstream from impact with right-front
3.310 :
tire on top of a bent over post no. 39.

5.5 Barrier Damage

Damage to the barrier was moderate, as shown in Figures 49 through 59. Barrier damage
consisted of bent posts, disengaged cables, and deformed brackets. At its final resting position,
the vehicle was still in contact with the cables. Cable nos. 1 and 2 were beneath the vehicle,
cable no. 4 was on the impact side of the vehicle, and cable no. 3 was on the non-impact side of
the vehicle.

Cable no. 4 disengaged from post nos. 18 through 40 due to fracture of the brass keeper
rods. Cable no. 3 disengaged from post nos. 25, 27, 32 and 33, as well as post nos. 36 through
39. Cable no. 2 disengaged from post nos. 15 through 40. Cable no. 1 disengaged from post nos.
24, 26, 29, and post nos. 36 through 39. Nearly all of the releases of cable nos. 1 through 3 were
due to the tabs rotating through the key to release the cables vertically. However, the release of
cable no. 2 at post no. 37 was due to bracket fracture at the tab. Displacement of the cable splices
were documented, but they were deemed small. The maximum displacement within a splice
measured %2 in. (13 mm) at the load cell splice found in cable no. 4.

Post nos. 17 through 40 deformed in bending and twisting. The posts typically twisted

upstream and bent backward. Post nos. 25 through 27 and 36 through 39 exhibited the greatest
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deformations, with post nos. 36 through 39 partially or fully bent to the ground line due to
vehicle override. Post no. 2 was bent slightly downstream from forces on the anchor.

The maximum dynamic barrier deflection of the system was 200 in. (5,080 mm) near post
no. 28, and the working width of the system was 201.3 in. (5,113 mm), as determined from high-
speed video analysis. The upstream anchor was displaced ¥z in. (6 mm) downstream. The
downstream anchor did not show signs of displacement.

5.6 Vehicle Damage

The damage to the vehicle was moderate, as shown in Figures 60 and 61. The maximum
occupant compartment deformations are listed in Table 6 along with the deformation limits
established in MASH for various areas of the occupant compartment. Note that none of the
MASH-established deformation limits were violated. Complete occupant compartment and

vehicle deformations as well as the corresponding locations are provided in Appendix D.

Table 6. Maximum Occupant Compartment Deformations by Location, Test No. MWP-4

MAXIMUM MASH ALLOWABLE
LOCATION DEFORMATION DEFORMATION

in. (mm) in. (mm)
Wheel Well & Toe Pan Y4 (6) <9 (229)
Floor Pan & Transmission Tunnel Y4 (6) <12 (305)
Side Front Panel (in Front of A-Pillar) Y4 (6) <12 (305)
Side Door (Above Seat) Y4 (6) <12 (305)
Side Door (Below Seat) 1 (25) <9 (229)
Roof 0 (0) <12 (305)

The majority of the vehicle damage was concentrated on the left-front corner and left side
of the vehicle where impact occurred. The left-front bumper was partially disengaged. The left
fender and left-front bumper separated by 2% in. (64 mm). The left fender was crushed 3% in.

(89 mm) inward between the left headlight and wheel well. There was a 7-in. (178-mm) buckle
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at the top of the left wheel well. There was a 1-in. (25-mm) separation between the left fender
and the hood. The left-front door separated in the front by 2% in. (64 mm), along the top by % in.
(19 mm), and along the bottom of the door by 1 in. (25 mm). The left-front door also overlapped
the left-rear door. Both the left headlight and fog-light disengaged. There was a 5%-in. (140-mm)
buckle at the bottom rear of the left-rear wheel well. The left-rear bumper separated 1% in. (38
mm) from the left quarter panel, and the left taillight separated % in. (19 mm) from the quarter
panel. There was a gap of % in. (13 mm) between the left-front door and fender. The right
headlight was shattered but remained attached. There was a 5-in. (127-mm) deep crush at the
front of the right-front wheel well, in the fender. The right-front tire was deflated.

There were contact marks from cables along both the left and right sides of the vehicle.
There were sheet metal tears of varying lengths on the back of the right-rear wheel well, the
right-rear tire rim, the right-front bumper, the left-rear bumper, the left fender along the back of
the left-front wheel well, and the left-front door. There were several cuts in the right quarter
panel. Dents occurred at the wheel wells, tire rims, front bumper, and left-front door and quarter
panel. Gouging occurred on both rear wheel wells and tire rims, as well as the left-front tire rim.
Kinking occurred along the bottom of the left-front door, the right-rear wheel well, and the rear
bumper.
5.7 Occupant Risk

The calculated occupant impact velocities (OIVs) and maximum 0.010-sec occupant
ridedown accelerations (ORAS) in both the longitudinal and lateral directions are shown in Table
7. Note that the OIVs and ORAs were within the suggested limits provided in MASH. The
calculated THIV, PHD, and ASI values are also shown in Table 7. The results of the occupant

risk analysis, as determined from the accelerometer data, are also summarized in Figure 42. The
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recorded data from the accelerometers and the rate transducers are shown graphically in

Appendix E.

Table 7. Summary of OlV, ORA, THIV, PHD, and ASI Values, Test No. MWP-4

Transducer
Evaluation Criteria DTS I\IZIASF
. SLICE 2 IMIts
(primary)
oIV Longitudinal -9.38 (-2.86) | -9.12 (-2.78) | <40(12.2)
fus (mis) Lateral 837 (255) | B8.66(2.64) | <40(12.2)
ORA Longitudinal -8.78 -8.96 <20.49
g% Lateral -5.33 4.99 <20.49
Roll -14.69 -14.94 <75
MAX. ANGULAR
DISPLACEMENT Pitch -4.04 -4.13 <75
deg.
Yaw 41.57 41.34 not required
THIV .
ft/s (mis) 11.81 (3.60) | 12.24 (3.73) | not required
Pgl—’lli) 9.29 9.52 not required
ASI 0.43 0.40 not required

5.8 Load Cells and String Potentiometers

The pertinent data from the load cells and string potentiometer were extracted from the
bulk signal and analyzed using the transducers’ calibration factors. The maximum displacement
of the upstream anchor was recorded as 0.73 in. (19 mm), while a summary of the maximum
cable loads can be found in Table 8. 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 prior to observing a measurable signal in the electronic data. Thus, the
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extracted data curves should not be taken as a precise time after impact, but rather a general

timeline between events within the data curve itself.

Table 8. Maximum Cable Loads, Test No. MWP-4

. . Maximum Cable Load Time
Cable Location Sensor Location X
Kips kN (sec)
Combined Cable Load | Upstream of Impact 39.35 175.04 0.5187
Cable No. 4 Upstream of Impact 18.19 80.91 0.7970
Cable No. 3 Upstream of Impact 7.99 35.54 0.0604
Cable No. 2 Upstream of Impact 18.42 81.94 0.5290
Cable No. 1 Upstream of Impact 5.13 22.82 0.0518

5.9 Discussion

The analysis of the test results for test no. MWP-4 showed that the high-tension four-
cable median barrier adequately contained and redirected the 2270P, with controlled lateral
displacements of the barrier. There were no detached elements or fragments which showed
potential for penetrating the occupant compartment or which 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 or 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 safety criteria or cause rollover. After impact, the vehicle was captured
and retained within the system, so there was no exit information. Therefore, test no. MWP-4,
conducted on the four-cable high-tension median barrier system, was determined to be

acceptable according to the MASH safety performance criteria for test designation no. 3-11.
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13 5 7 9 1 13 15!}17 19 21 = 27 29RF31 33 35 37'-%’141 43 45 47 49 51 53 55 57 59 61
26,7

TESE AGENCY ettt b ettt b et MwRSF
Test Number.... MWP-4
DALE oo 10/20/14
MASH TeSt DESIGNALION .....veviiiieiiiteieie ettt 3-11
Test Article . Four Cable Median Barrier
TOtal LENGLN ..ot e 604 ft (184.1 m)
Key Component - Cable

SHZE e 3x7, ¥-in. (19-mm) diameter

Cable Heights................ 15%, 23, 30%, 38 in. (394 mm, 584 mm, 775 mm, 965 mm)
Key Component - MWP

DIMENSIONS......ccciiieiiiiiiccreec e 3x1%x83in. (76 x 44 x 2,108 mm)

SPACING ittt 10 ft (3.05 m)
SO TYPE oot Compacted, coarse, crushed limestone
Vehicle Make /MOdEL...........cciiiiiiiiiiccc e 2008 Dodge Ram

CUMD..cvver ...5,140 Ib (2,331 kg)

Test Inertial.. ...4,967 Ib (2,253 kg)

GrOSS STALIC. ..veveietciiieiet e s 5,131 Ib (2,327 kg)
Impact Conditions

SPEE ...t 60.8 mph (97.8 km/h)

ANGIE e 26.1 deg

Impact Location.. .... 13.9 in. (0.35 m) upstream of Post no. 25
Impact Severity (IS) .....c.coceoerrreicrninnnns 118.6 kip-ft (160.8 kJ) > 106 kip-ft (143.7 kJ)
Exit Conditions

SPEE ..t NA

AANGIE bbbt NA
EXit BOX CHItEriON .......coveviiiiiiiieirceieee e NA (Did not exit system)
Vehicle Stability Satisfactory
Vehicle Stopping DIStaNCe .........ccvvvveeririniciiisce e 144 ft- 10 in. (44.1 m)
VENICIE DAMAGE ...ttt Moderate

LY 0 S £ [T 11-LFQ-4

CDC [9] .o ....11-LYEN-3

Maximum Interior Deformation ............ccoeorerriinenseseeee s 1in. (25 mm)

'

0.230 sec

§

&
0.470 sec o 0.594 sec
7»’/2'
K ns1] .
I35
Tt o o
|=¥=|
"l
figed
e  Test Article Damage...... SIS | SN || R Moderate
e  Maximum Test Article Deflections
Permanent Set ..o 57 in. (1,448 mm)
DYNAMIC ...ttt st 200 in. (5,080 mm)
WOrking Width.........cccooviiiiiniiiccceecs 201.3in. (5,113 mm)
e  Transducer Data
Transducer
. T MASH
Evaluation Criteria I_DTS SLICE-2 Limit
(primary)
T <40
ol Longitudinal -9.38 (-2.86) -9.12 (-2.78) (IZ 2)
ft/s -
<40
(mf/s) Lateral 8.37 (2.55) 8.66 (2.64) (12.2)
ORA Longitudinal -8.78 -8.96 <20.49
g’s Lateral -5.33 4.9 <20.49
Roll -14.69 -14.94 <75
MAX. ANGULAR
DISPLACEMENT Pitch -4.04 -4.13 <75
deg. not
Yaw 41.57 41.34 .
required
not
THIV — ft/s (m/s) 11.81 (3.60) 12.24 (3.73) required
> not
PHD - g’s 9.29 9.52 required
ASI 043 0.40 not
required

Figure 42. Summary of Test Results and Sequential Photographs, Test No. MWP-4
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1.038 sec

Figure 43. Additional Sequential Photographs, Test No. MWP-4
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0.000 sec 0.000 sec

0.078 sec 0.036 sec

0.156 sec 0.080 sec

0.242 sec

0.576 sec 0.242 sec

Figure 44. Additional Sequential Photographs, Test No. MWP-4
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4\,

.210 sec

0.206 sec

Figure 45. Additional Sequential Photographs, Test No. MWP-4
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Figure 46. Documentary Photographs, Test No. MWP-4
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Figure 47. Impact Location, Test No. MWP-4
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Figure 48. Vehicle Final Position and Trajectory, Test No. MWP-4
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Figure 49. System Damage, Test No. MWP-4
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Figure 50. System Damage, End Anchorages, Test No. MWP-4
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Figure 51. System Damage, Cable Brackets, Test No. MWP-4
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4

, Test No. MWP

Figure 52. System Damage, Cable Brackets
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Figure 53. System Damage, Brass Rods, Test No. MWP-4
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Figure 54. System Damage, Post Nos. 24 through 26, Test No. MWP-4

Post No. 25

Pst No. 6
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| Post No. 2

Figure 55. System Damage, Post Nos. 27 through 29, Test No. MWP-4
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Post No. 32

Post No. 31

30

Post No

Figure 56. System Damage, Post Nos. 30 through 32, Test No. MWP-4
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Post o. 33

Figure 57. System Damage, Post Nos. 33 through 35, Test No. MWP-4
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Post NO. 38

37

Post No.

Post Nos. 36 through 38, Test No. MWP-4

36

Pst No.

Figure 58. System Damage,




Figure 59. System Damage, Post Nos. 39 through 41,

Test No. MWP-4
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Figure 60. Vehicle Damage, Test No. MWP-4
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Figure 61. Vehicle Damage, Test No. MWP-4
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6 DESIGN DETAILS TEST NO. MWP-6

The four-cable median barrier system used for test no. MWP-6 was nearly identical to
that used in test no. MWP-4, as shown in Figures 62 through 85. The targeted impact location for
test no. MWP-6 was 4 ft (1.2 m) upstream from post no. 32, as shown in Figure 62. The system
was mirrored so that cable nos. 1 and 3 were on impact side and cable no. 2, the critical capture
cable, was on the non-impact side of the barrier, as shown in Figure 76. MASH requires that
cable barrier systems be tested with cable tensions set to the recommended tension at 100
degrees Fahrenheit. A cable tensioning chart was developed as a function of ambient air
temperature for use when installing the barrier system, as shown in Table 3. Thus, the cables
were tensioned to a pre-load of 2,500 Ib (11.1 kN).

The typical post spacing was reduced to 8 ft (2.4 m), while the system length remained
the same. This change resulted in an increased number of line posts, tallying to 72. The spacing
between posts no. 68 and 69 was 12 ft (3.7 m), while the anchors remained in the same locations.
The longitudinal location of the special 12-ft (3.7-m) post spacing was selected to occur outside
of the vehicle contact region and away from the system anchorage. Cable splices were shifted
downstream into the new impact region, between post nos. 36 and 41, as shown in Figure 63.
The load cell locations were relocated to between post nos. 6 and 8. Details for the load cells,
threaded rods, turnbuckles, end fittings, and rod couplers are provided in Figure 67. Photographs
of the test installation are shown in Figures 86 to 89. Material specifications, mill certifications,

and certificates of conformity for the system materials are shown in Appendix A.
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: 604'—0”

PLAN VIEW

Cable Terminal Detail — Sheet 4
ELEVATION VIEW

[184099]
' A 5 12'-0"
8'—0" (TYP) Post Spacing [3658]
[2438] —'| "
23 25 27 29 31
1 3 5 7 8 11 93 18 17 19 21 2‘5. 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73 7576
4’—0" Upstream of Post No. 32
[1219]
X
e

113 5 7 9 11 13 156 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73 7576

Notes: (1) Test shall be performed according to test designation no. 3—10 of MASH

criteria. SHEET:
. _ . 1 of 24
(2) At @ minimum, critical post nos. 26—48 are placed in 18" [457] diameter g'g{lee;t 4—Cable Barrier
hole backfilled and tamped in well compacted soil. Y DATE:
06/23/2015|
(3) Test cable tensions of 2500 + 200 Ib [11.1 + 0.890 kN].
. . DRAWN BY:
(4) Bottom cable on impact side. Mid t Roadsid System Layout o
(5) Span between posts 68 and 69 is 144" [3658]. fanes oauside e -
Sofety FQCIllty DWG. NAME. [SCALE: 1:750 |REV. BY:
MWP-5_R3 UNITS: in.[mm] {KAL

Figure 62. Test Installation Layout, Test No. MWP-6
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23/4” [19] 3x7 CI A Galvanized
Higbh Strength Pre—Stretched
Cable Guiderail

are not located on top of one another.

Notes: (1) The splice locations may be moved as long as two adjacent cable splices

Cable SEIice Detail
SCALE 1:6

4-0" | 40"  4'-0" 40" , 4'-0" 8'—0” 40"
“ [1219]"[1219]‘{‘[1219]"{1219]"{1219] [2438] [1219] [+
36 37 38 39 40 41
DETAIL B
Cable Splice Location Detail
Bennet_Cable End Bennet_Short
Fitter Threaded Turnbuckle 27/8” JZZ] Hex Nut
K Part a4 K Part el Y art d5
[ [ N ] — ] =

\w/a" [22] x11” [279] Threaded Rod

System

Midwest Roadside
Safety Facility

Midwest 4—Cable Barrier

SHEET:
2 of 24

DATE:

06/23/2015|
DRAWN BY:
Cable Splice Location and SDB//JEK
Detail
DWG. NAME. SCALE: 1:80 REV. BY:
MWP—-5_R3 UNITS: in.[mm]|KAL

Figure 63. Cable Splice Location and Detail, Test No. MWP-6
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Top Cable (Cable 1)
Upper Middle Cable (Cable 2)

Lower Middle Cable (Cable 3)
Bottom Cable (Cable 4)

PLAN VIEW
8'—0" 8'-0" . 3 _g" 9'—0"
[2438)] [?T4Y3Ps)] [1067] [2743] B
Post C o —
o.
, K
I | I;
I; | !
lmhm: i \ \
=l !
it !
iﬁ‘-ﬁ-m‘i 15—-1/2" . End Fitter and Turnbucklej
] [394] — 30-1/2" _| Load Cell
:N-H»: 23" [775]
ooy [584] — 38" |
i‘”—““i Post 2 Detail — Sheet 11 [965]
g
ey
xCoble Anchor Detail — Sheet 7
ELEVATION VIEW [SHEET:
Midwest 4—Cable Barrier [*°*
System DATE:
06/23/2015)
DRAWN BY:
= : Cable Terminal Detail sg;ng
Midwest Roadside
Sofety FOCi“ty DWG. NAME. SCALE: 1:78 |REV. BY:
MWP—5_R3 UNITS: '\n,[mm]|:AL

Figure 64. Cable Terminal Detail, Test No. MWP-6
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DETAIL C

2-3/8"

~ 2 -
1—?16"

0

[30]

1-1/2"

[7;] C)L\ [31]

1-1/8"
~— ¢ [29{

ELEVATION VIEW

Part a9
Cable Anchor Plate Washer

PROFILE VIEW

All cables run over the foot
of the cable release lever.
The middle two cables run
throught the lever uprights.

[SHEET:
Midwest 4—Cable Barrier |[*° *
System DATE:
06/23/2015)
DRAWN BY:
. v Cable Anchor Detail
Midwest Roadside SDB/JEK

DWG. NAME.
MWP-5_R3

Safety Facility

SCALE: 1:4  |REV. BY:
UNITS: in.[mm] |KAL

Figure 65.

Cable Anchor Detail, Test No. MWP-6
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SB——mEE—cr S

?3/4” £19 3x7 Cl A

Galvanize |é;h Strength Transducer Techniques
Pre—Stretched Cable Guiderail 50,000—Ib [222.4—kN]
Load "Cell
Part e3

H |

8{3/4" [19] 3x7 CI A Galvanized High

rength

Pre—Stretched Cable Guiderail

SiimEi s S s G ES  iE
i R N
Load Cell and Turnbuckle A%
6 7 8
DETAIL D
SCALE 1 : 30
Bennet_Short 1.1/2” [38] to ¢7/8" [22 7/8" [22] x11" Bennet_Cable
®7/8” [22] Hex Nut Threaded Turnbuckle e /Thre[odeJd Coapér [22] [2%9 Thr[ec ed Rod End Fitter
Part d5 Part el Part e2 Part d3 Part d4

[SHEET:
Midwest 4—Cable Barrier > °*
System ATE:
06,/23/2015|
Load Cell and Turnbuckl Seiig
. . oad Cell and Turnbuckle SDB/JE
Nisteasliy fwo RH-ifrecsisd rod i it rsating vof Midwest Roadside| Configuration DB/
otes: wo —threaae roas an one —threaae ro HH DWG. NAME. SCALE: 1:8 EV. BY:
required for load cell and turnbuckle assembly. SOfety FGCIIIty MWP—5_R3 UNITS: -,n‘[mm]|;,_

Figure 66. Load Cell and Turnbuckle Configuration, Test No. MWP-6
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ELEVATION VIEW
Part e1
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SECTION F-F
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ansducer Techniq
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SECTION H-H

SOOOO—Ib [2224 kN Rated Lood Cell

Model

# TLL—50K
Part e3

System

Safety Facility

Midwest Roadside

Details

Midwest 4—Cable Barrier

Load Cell Assembly Component

SHEET:
6 of 24

DATE:
06,/23/2015|

DRAWN BY:
SDB/JEK

DWG. NAME.
MWP-5_R3

SCALE: 2:5 REV. BY:
UNITS: in.[mm]|KAL

Figure 67.

Load Cell Assembly Component Details, Test No. MWP-6
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@24" Note:
[610] Brass rod to be placed after all cables are
instglled_and tensioned. Slide rod through the
1/4" [6] holes in the Anchor Bracket, leaving
a" minimum of 1” [25] on each side of the
Anchor Bracket. Bend brass rod down on each
Brass Keeper Rod ¢3/16” side of Anchor Bracket to secure.
[5] x 16 [4061 long. ‘Bend
ends of rod to secure.
= Aircraft Retaining Cable:
®1/4 [Gﬁ 7x19 _galvanized
aircraft cable, 3 [914|] long
with 3 1/2 [89 long loops =
and 1" [25] clips =)
Part a1 )\ | =F=x
i |
\ 5/8" [16] hex bolt 9 1/2” Migomt=s
[241]%49 Porelais* oot 941624 ate }ﬁ“ =K
N |
N »JHE T
1l il N—Concrete '%’i‘“ : '
Notes: (1) Grade 60 reinforcement, except bent L
anchor studs. A1l I
(2) 1,1/2" [38] clear cover on sides, }‘}g& 3%
3" [786) on top clear cover, and 1 "’ﬁ’
2 1/2” [64] clear cover on bottom. ; %?\
(3) Eight No. 11 longitudinal bars. v” %
di i
4) 22 — No. 4 hoops wjth an Pﬁ- ﬂg%
“) inner. diameter of 20" F’JOS gt 4" o
spacing for the fop 24" [610] Pias I
and subsequently at 6" [152] ! el
= 120" spacing until bottom clear cover. ’SFLI a
[3048] (5) Eight No. 6 A449 bent anchor B st
studs having a length of 25 9/16 pXE] -7
fods). ™ N
(6) Crc:nlfl:rete [gix for anchor ?,nd ?osts ISOMETRIC VIEW
shall provide a minimum f'c o
4000 'psi [27. MPa].
(7) The two outer bent anchor studs
must be turned inward so they do not
stick out of concrete cover.
Midwest 4—Cable Barrier
System
. . Cable_Anchor Detail Post Nos.
Midwest Roadside| 1 & 76
Sofety Foclhty DWG. NAME. SCALE: '1:24 3
PROFILE VIEW ELEVATION VIEW WWP3.R3 s |

Figure 68. Cable Anchor Detail, Post Nos. 1 and 76, Test No. MWP-6
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ISOMETRIC VIEW

Notes: (1) All steel plates conform to ASTM A36.

(2) The cable anchor bracket is to be
galvanized following fabrication.

(typ.) PLAN VIEW
@)
(typ.)
. .
PROFILE VIEW
[SHEET:
Midwest 4—Cable Barrier [f°f %
System DATE:
06/23/2015)
Cable Anchor Bracket o
. . able Anchor Bracke SDB/JEK
MISdOv{fgtSt IBoogicljitS-lde DWG. NAME. SCALE: 1:4 REV. BY:
y y MWP—5_R3 UNITS: in.[mm]|:AL

Figure 609.

Cable Anchor Bracket, Test No. MWP-6

9T-/2€-€0-dYL 'ON Moday 4SHMIA

9102 ‘LT AeN



86

1 1 1 1 1 1 1 1 _L
[ [T rrrrrrrd ] 3»: .In 1—3/8" 1/2n
S haAvvew T Lo F—7e1 251 1 135] F—113]
—
?1” (typ.) - L ®1/4" ]
/ [25] [6] 4_1/2"
9” ”
3-1/2 [114]
2291 & ©—C— Lo o4 & a
zf;” ]4 1-1/2"
@ 6} pary Jary [38]
OT T I B
— LI B — i i .‘r; R | 6" | !
$5 ot oo o Yo — 24 r [152] L
S T S HE e T i S ELEVATION VIEW PROFILE VIEW
(== DI I ININ IS ™ SCALE 1:3
M OTOTe T TemN— = Part a2
ELEVATION VIEW 1/2" .
Part a1l [13] E1/32:]
e 9 —T1t
[1O] ] I : 1 1 : 1 1 : 2 |
T i i [ i PLAN VIEW PLAN VIEW
PLAN VIEW 2-5/18"
1-1/2" (typ. 2" (typ) _ o1 1/8" [29] 3-1/2" [59]
[3g] (typ) 4o [51] /S (/yp.) s [?€]1 _— AI l‘
1}33 ]Bn - i [22] [19]
; 12 < g
117 T i i T l 5 S 7gm é — 1
(el | | I I | 6 ]
f . _ . . _ [67] [25]
25 0 o 0 — W &
=R 5F 8 o s | T
N e [54)
o & 2 ELEVATION VIEW
ELEVATION VIEW . SCALE 1:3 ELEVATION VIEW
Part a4 9 Part a6 SCALE 1:3
[229] Part a3
- G o
L114] I‘ ria = b e
;L ‘ hsllid\{«est 4—Cable Barrier [°°f 2
v [76] ystem OATE:
[127] J_— —|- 06/23/2015|
] Cable Anchor Bracket B
$1-1/2" ELEVATION VIEW  PROFILE | Midwest Roadside| Components PR
[38] Part a7 VIEW Safety Facility e ™ - _‘n‘fmm]Fi‘ o
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ltem No. | QTY. Description Material Specification
al 2 [Cable Anchor Base Plate ASTM A36
a2 4 |Exterior Cable Plate Gusset ASTM A36
a3 6 [Interior Cable Plate Gusset ASTM A36
a4 2  |Anchor Bracket Plate ASTM A36
a5 2 |[3/16" [5] Dia. Brass Keeper Rod, 14" [356] long Brass
ab 4 Release Gusset A36 Steel
a7 2 Release Lever Plate A36 Steel
a8 4 [1.25x1.25x0.1875" [32x32x5] TS CT Kicker Lever Tube ASTM A500 Gr. B
a9 8 CMB High Tension Anchor Plate Washer ASTM A36
al0 2 1.25x1.25x0.1875” [32x32x5] TS CT Kicker Lever Connecting Tube ASTM A 500 Gr. B
ali 2 3x10x0.5" [76x254x13] Kicker Plate ASTM A36
al2 4 |CT kicker — gusset ASTM A36
al3 20 |3/4” [19] Dia. Flat Washer ASTM F844
al4 16 |3/4” [19] Dia. UNC J—Hook Anchor and Hex Nut J—Hook ASTM A449/Nut ASTM A563 DH
a15 2 [1/4” [6] Dia. Aircraft Retaining Cable, 36” [914] long 7x19 Galv.
alé 2 |5/8” [16] Dia. Heavy Hex Nut ASTM A563C
al7 2 |5/8" [16] Dia. UNC, 9 1/2” [241] Long Hex Bolt ASTM A449 or SAE J429 Gr. 5
al8 2 |24” [610] Dia. Concrete Anchor, 120" [3048] long 4,000 psi f'c
al9 16 |#11 Straight Rebar, 114" [2896] long Grade 60
a20 44 [#4 Anchor Hoop Rebar with 21" [533] Dia. Grade 60
b1 2 [S3x5.7 [S76x8.5] Post by 28 1/8" [714] ASTM A572 GR50-07, ASTM A709 GR50—09A, ASTM A992-06A
b2 2 [S3x5.7 [S76x8.5] Post by 19” [483] ASTM A572 GR50-07, ASTM A709 GR50—09A, ASTM A992-06A
b3 8 |#3 Straight Rebar, 43” [1092] long Grade 60
b4 22 |7 1/4” [184] Dia. No. 3 Hoop Reinforcement Grade 60
b5 2 |2nd Post Keeper Plate, 28 Gauge ASTM A36
b6 2 |3/4” [19] Dia. UNC, 5 1/2" [140] Long Hex Bolt and Nut Bolt ASTM A307 Gr. A/Nut ASTM A563A
b7 24 [1/2" [13] Dia. Washer with 1 1/16” [27] OD ASTM F844
b8 8 |1/2” [13] Dia. UNC, 2” [61] long Hex Bolt and Nut Bolt ASTM A307 Gr. A/Nut ASTM A563A
b9 2 |4x3x1/4” [102x76x6] Foundation Tube, 48" [1168] long ASTM A500 Grade B
b10 2 |2nd Post Cable Hanger ASTM A36
b11 2 |2nd Post Anchor Aggregate 12 in, Depth -
b12 2 12” Dia. 2nd Post Concrete Anchor, 46” long 4,000 psi f'c
b13 4 |2nd Post Base Plate ASTM A36
b14 8 |[3/16” [5] Dia. 5 1/4” [133] Long Brass Rod ASTM B16—-00
[SHEET:
Midwest 4—Cable Barrier [**°
System DATE:
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Figure 84. Bill of Materials, Test No. MWP-6
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ltem No. | QTY. Description Material Spec

1 72 g'c')>(s1t—-3/4"x7 Gauge [76x44x4.6], 81 1/4” [2064] Long Bent MWP Z—Section Hot—Rolled ASTM A1011 HSLA Gr. 50

c2 216 (12 Gauge Tabbed Bracket — Version 10 Hot—Rolled ASTM A1011 HSLA Grade 50

c3 216 |5/16” [8] Dia. UNC, 1" [25] Long Hex Cap Screw and Nut Bolt SAE J429 Gr. 5 or ASTM A449/Nut ASTM A563 DH

c4 72 |Straight Rod — ¢3/16" [5] Cable Clip 451N BIE Brees o000t 1ol Jond 19k ROUND:
AASHTO M30— 92(2000)/ASTM A741-98 Type 1 Class A

d1 1 |3/4” [19] Dia. 3x7 Cable Guiderail coating except with Typ?ps‘l fmmmurlf breaking strength = 39

d2 16 |7/8" [22] Dia. Hex Nut ASTM A563C

d3 28 |Cable End Threaded Rod ASTM A449

d4 24 |Bennet Cable End Fitter ASTM A47

d5 24 |7/8" [22] Dia. Hex Nut SAE J429 Gr. 5

el 8 |Bennet Short Threaded Turnbuckle Not Specified

e2 8 |Threaded Load Cell Coupler N/A

e3 4 [50,000—Ib [222.4—kN] Load Cell N/A
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Figure 85. Bill of Materials, Test No. MWP-6
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Figure 87. Test Installation Photographs, Test No. MWP-6
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7 FULL SCALE CRASH TEST NO. MWP-6

7.1 Static Soil Test

Before full-scale crash test no. MWP-6 was conducted, the strength of the foundation soil
was evaluated with a static test, as described in MASH. The soil for this test was partially frozen,
making it difficult to get a full range of soil strength up to 15 in. of deflection. The winch utilized
to load the post actually reached its capacity, prior to reaching 15 in. (381 mm) of displacement.
The winch capacity is over 2.5 times the required strength. Note that weak posts used in cable
barrier systems do not rotate in strong soil. Instead, weak posts yield at the ground line in both
frozen and unfrozen strong soils configured with compacted crushed limestone. Thus, the frozen
soil condition was considered acceptable for this cable barrier test. 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.
7.2 Weather Conditions

Test no. MWP-6 was conducted on January 16, 2015 at approximately 2:30 p.m. The
weather conditions, as per the National Oceanic and Atmospheric Administration (station

14939/LNK), were reported and are shown in Table 9.

Table 9. Weather Conditions, Test No. MWP-6

Temperature 59°F

Humidity 31%

Wind Speed 15 mph

Wind Direction 40° West of True South
Sky Conditions Sunny

Visibility 10 Statute Miles
Pavement Surface Dry

Previous 3-Day Precipitation | O in.

Previous 7-Day Precipitation | 0 in.
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7.3 Test No. MWP-6

The 2,572-1b (1,167-kg) small car impacted the high-tension, four-cable median barrier at
a speed of 63.5 mph (102.2 km/h) and at an angle of 24.9 degrees. A summary of the test results
and sequential photographs are shown in Figure 90. Additional sequential photographs are
shown in Figures 91 and 92. Documentary photographs of the crash test are shown in Figure 93.
7.4 Test Description

Initial vehicle impact was to occur at a midspan location, or 4 ft (1.2 m) upstream from
post no. 32, as shown in Figure 94, which was selected according to MASH guidelines. The
actual point of impact was approximately 4.5 in. (114 mm) upstream from the target impact
point. A sequential description of the impact events is contained in Table 10. The vehicle came
to rest 234 ft - 6 in. (71.5 m) downstream from the point of impact. The vehicle trajectory and

final position are shown in Figures 90 and 95.

Table 10. Sequential Description of Impact Events, Test No. MWP-6

TIME EVENT
(sec)
0.000 Vehicle left-front bumper contacted cable no. 2 between post nos. 31 and 32, and

front bumper began to deform.

0.006 | Vehicle left-front bumper contacted cable no. 1 between post nos. 31 and 32.

0.008 | Vehicle hood and left headlight contacted cable no. 3 between post nos. 31 and 32.

Post no. 32 began to deflect backward and downstream, and post no. 31 began to
0.018
deflect backward.

0.020 | Cable no. 3 detached from post no. 32.

0.022 | Vehicle hood began to deform and post no. 33 began to deflect upstream.

0.024 | Post no. 33 began to deflect backward.

0.028 | Vehicle left side mirror contacted cable no. 4.

0.030 | Cable no. 3 detached from post no. 31.

0.034 | Vehicle left A-pillar contacted cable no. 3.

0.038 | Vehicle front bumper contacted post no. 32.

0.042 | Vehicle left A-pillar contacted cable no. 4.

0.044 | Cable no. 4 detached from post no. 32.

0.046 | Vehicle hood contacted cable no. 4, and post no. 30 began to deflect backward.

0.056 | Cable no. 3 detached from post no. 33.
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Vehicle left A-pillar began to deform, post no. 31 began to bend backward, and post

0.062 no. 34 began to deflect backward.

0.066 | Post no. 29 began to deflect downstream.

0.080 Vehicle left-front tire overrode cable no. 1, cable no. 2 detached from post no. 33,
' and cable no. 3 detached from post no. 34.

0.082 | Vehicle left side mirror detached.

0.086 | Cable no. 3 detached from post no. 29.

0.092 Vehicle left-front tire overrode cable no. 1, and post no. 29 began to deflect
' backward.

0.098 | Cable no. 2 detached from post no. 34, and cable no. 3 detached from post no. 35.

0.102 | Post no. 35 began to deflect backward.

0.108 | Vehicle left-front door began to deform.

0.112 | Post no. 36 began to deflect backward, and cable no. 4 detached from post no. 31.

0.114 | Vehicle began to yaw away from barrier.

0116 Veh;gle right-front bumper contacted post no. 33, and cable no. 3 detached from post

no. 36.

0.120 | Cable no. 4 detached from post no. 31.

0.122 | Cable no. 4 detached from post no. 33.

0.130 | Cable no. 2 detached from post no. 36.

0.136 | Vehicle began to pitch upward.

0.138 | Cable no. 3 detached from post no. 28.

0.146 | Post no. 37 began to deflect backward.

0.160 | Post no. 28 began to deflect backward, and cable no. 3 detached from post no. 37.

0.162 | Vehicle left-rear tire overrode cable no. 1.

0.164 | Cable no. 4 detached from post no. 34.

0.166 | Cable no. 4 detached from post no. 30.

0.174 Vehicle underrode cable nos. 3 and 4 while cables were in contact with roof. Vehicle
' roof began to deform.

0.176 | Cable no. 4 detached from post no. 35.

0.180 | Vehicle right-front tire overrode cable no. 1.

0.182 | Cable no. 3 detached from post no. 27.

0.194 | Cable no. 4 detached from post no. 29.

0.196 | Cable no. 4 detached from post no. 36.

0.216 | Cable no. 4 detached from post no. 37.

0.244 | Post no. 34 began to bend backward.

0.270 | Vehicle right-rear tire overrode cable no. 1.

0.352 | Cable no. 2 detached from post no. 37

0.456 | Vehicle was parallel to system.

0.490 | Vehicle left headlight became detached.

0.678 | Vehicle right-rear door contacted post no. 38.

0.742 | Vehicle was yawing away from barrier.

0.752 | Vehicle right-side mirror contacted cable no. 4.

0.764 | Vehicle rear bumper detached.

0.794 | Vehicle began to roll toward barrier.

0.800 | Vehicle bumper impacted post no. 39, and post no. 39 bent downstream.

0.830 | Vehicle right-front tire became airborne.
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0.920 | Vehicle bumper impacted post no. 40, and post no. 40 bent downstream.

0.930 | Vehicle right-front tire overrode cable no. 3 as it came back across system.

1.508 | Vehicle underrode cable no. 4.

1.602 | Vehicle was parallel to system.

1.642 | Vehicle exited system.

6.800 | Vehicle came to a stop 234.5 ft (71.5 m) downstream from impact.

7.5 Barrier Damage

Damage to the barrier was moderate, as shown in Figures 96 through 104. Barrier
damage consisted of bent posts, disengaged cables, and bent and fractured brackets. At its final
resting position, the vehicle was no longer in contact with the system.

Cable no. 4 disengaged from post nos. 29 through 52 due to fracturing of the brass keeper
rods. Cable no. 3 disengaged from post nos. 24 through 49. Cable no. 2 disengaged from post
nos. 32 through 40. Cable no. 1 disengaged from post nos. 32, 33, as well as from post nos. 35
through 39. Two of the brackets that released cable no. 2 fractured at the neck of the bracket. All
of the other brackets released cable nos. 1 through 3 through rotation of the bracket tab through
the key, allowing cables to release vertically. Displacement of the cable within the splices was
documented. The maximum cable displacement within a splice was % in. (13 mm), found on the
load cell splice located upstream from impact on cable no. 2.

Post nos. 30 through 41 had varying degrees of plastic deformations in the form of
bending and twisting. The majority of the posts twisted to face downstream and/or bent back and
downstream. In addition, post nos. 32, 33, as well as post nos. 38 through 40 had contact marks
due to the vehicle overriding the posts.

The maximum dynamic barrier deflection was 89 in. (2,261 mm), and the working width
of the system was 90.5 in. (2,299 mm), as determined from high-speed video analysis. Neither

the upstream or downstream anchors showed signs of displacement.
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7.6 Vehicle Damage

The damage to the vehicle was moderate, as shown in Figures 105 through 110. The
maximum occupant compartment deformations are listed in Table 11 along with the deformation
limits established in MASH for various areas of the occupant compartment. Note that none of the
MASH-established deformation limits were violated. Complete occupant compartment and

vehicle deformations as well as the corresponding locations are provided in Appendix D.

Table 11. Maximum Occupant Compartment Deformations by Location, Test No. MWP-6

MAXIMUM MASH ALLOWABLE
LOCATION DEFORMATION DEFORMATION

in. (mm) in. (mm)
Wheel Well & Toe Pan 0.5 (13) <9 (229)
Floor Pan & Transmission Tunnel 1.3 (33) <12 (305)
Side Front Panel (in Front of A-Pillar) 0.1 (3) <12 (305)
Side Door (Above Seat) 0.2 (5) <12 (305)
Side Door (Below Seat) 0.0 (0) <9 (229)
Roof 1 (25) <4 (102)

The majority of the vehicle damage was concentrated on the left-front corner and left side
of the vehicle where impact occurred, although other notable damage was found on the right-
front corner. The vehicle’s left and right headlights were both disengaged. The lower front
bumper, the plastic portion of the rear bumper, both side mirrors, and the right-rear door handle
were also disengaged. There was a 2%-in. (64 -mm) gap between the hood and the bumper, and a
4-in. (102-mm) gap between the fender and hood on the left side. The left fender was bent
backward 9 in. (229 mm), folding into the vehicle on the bottom, resulting in a 14-in. (356-mm)
buckle beginning above the left-front tire. There was also a 9x6-in. (229x152-mm) dent on the
right-front door and fender. Three quarters of the left-front wheel well was removed from the

vehicle. There was a 1%-in. (38-mm) long tear in the deflated left-front tire. The lower 16 in.
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(406 mm) of the left fender as well as the lower 11 in. (279 mm) of the front half of the left-front
vehicle door had been torn off. The left-front door was separated from the roof by % in. (10 mm).
There was a % in. (19 mm) gap between the right fender and right-front door and a 1 in. (25 mm)
gap between the right fender and hood.

Contact marks from cables covered a majority of the vehicle — specifically on the front
bumper, left side of the hood and left fender, left-front wheel rim, bottom of the left-rear door, on
the right-rear door, along both A-pillars and on the entire roof. The majority of these contact
marks were accompanied by gouges. The worst gouging occurred along the A-pillars, where the
gouging on the left A-pillar caused the windshield to crack. Spider-web cracking occurred
adjacent to the left-front A-pillar and propagated outward, extending as far as the center of the
windshield.

Tears occurred on the plastic portion of the front bumper. There was also a 19-in. (483-
mm) by 5-in. (127-mm) tear in the left front door, 11 in. (279 mm) above the bottom of the door.
Dents were noted on the lower front bumper, on the front of the hood, at the left-front corner of
the roof, along the bottom right side of the vehicle, on the right fender, and on the right-front
door.

The floorpan was torn in several locations. A 7.5-in. (191-mm) long floorpan tear was
located on the left side of the transmission hump, and a 4-in. (102-mm) long tear was on the right
side of the transmission hump extending backward from a hole in the floorpan. These tears can
be seen on the interior of the vehicle in Figure 107 and from the undercarriage in Figure 108.
Although the occupant compartment deformations were within the bounds set by MASH, the
occupant compartment penetrations via floorpan tears were unacceptable. The spare tire area of

the trunk also had a 4-in. (102-mm) long tear, as shown in Figure 109. While not part of the
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occupant compartment, this trunk damage still raises concern. Additional scrapes and gouges
were found on the floorpan and vehicle undercarriage, as shown in Figure 110.
7.7 Occupant Risk

The calculated occupant impact velocities (OIVs) and maximum 0.010-sec occupant
ridedown accelerations (ORAS) in both the longitudinal and lateral directions are shown in Table
12. Note that the OIVs and ORAs were within the suggested limits provided in MASH. The
calculated THIV, PHD, and ASI values are also shown in Table 12. The results of the occupant
risk analysis, as determined from the accelerometer data, are also summarized in Figure 90. The
recorded data from the accelerometers and the rate transducers are shown graphically in

Appendix G.

Table 12. Summary of OlV, ORA, THIV, PHD, and ASI Values, Test No. MWP-6

Transducer
Evaluation Criteria SLICE 1 '\L/IASE
. SLICE 2 IMIts
(primary)
oIV Longitudinal | -11.98 (-3.65) | -11.98 (-3.65) | <40 (12.2)
ft/s (m/s) Lateral 11.25(3.43) | 10.14 (3.09) | <40 (12.2)
ORA Longitudinal -6.77 -6.26 <20.49
£s Lateral 5.77 6.78 <20.49
Roll -19.60 -16.97 <75
MAX. ANGULAR
DISPLACEMENT Pitch 4.52 -3.02 <75
deg.
Yaw 46.04 45.35 not required
THIV .
fi/s (m/s) 16.27 (4.96) 14.86 (4.53) not required
Pgi_,lsD 6.86 7.12 not required
ASI 0.42 0.43 not required
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7.8 Load Cells and String Potentiometers

The pertinent data from the load cells and string potentiometer were extracted from the
bulk signal and analyzed using each transducer’s calibration factor. The upstream anchor showed
no displacement. A summary of the maximum cable loads can be found in Table 13. The
recorded data and analyzed results are detailed in Appendix H. The exact moment of impact
could not be determined from the transducer data, as impact may have occurred prior to
observing a measurable signal in the electronic data. Thus, the extracted data curves should not
be taken as a precise time after impact, but rather a general timeline between events within the

data curve itself.

Table 13. Maximum Cable Loads, Test No. MWP-6

. . Maximum Cable Load Time
Cable Location Sensor Location X
Kips kN (sec)
Combined Cable Load | Upstream of Impact 32.99 146.75 0.1249
Cable No. 4 Upstream of Impact 7.14 31.76 1.0997
Cable No. 3 Upstream of Impact 7.76 34.52 0.1521
Cable No. 2 Upstream of Impact 18.94 84.25 0.3838
Cable No. 1 Upstream of Impact 11.66 51.87 0.0442

7.9 Discussion

The analysis of the test results for test no. MWP-6 showed that the high-tension, four-
cable median barrier contained and redirected the 1100C vehicle, with controlled lateral
displacements of the barrier. The test vehicle did not penetrate or ride over the barrier, and
remained upright during and after the collision. Vehicle roll, pitch, and yaw angular
displacements, as shown in Appendix G, were deemed acceptable, because they did not
adversely influence occupant risk safety criteria or cause rollover. After impact, the vehicle

trajectory was limited by the barrier system and brought to a rest 234 ft - 6 in. (71.5 m)
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downstream from the point of impact. As the vehicle overrode the system posts, the posts tore
the floorpan in two separate locations. The tears indicated that the top of these posts could have
penetrated into the occupant compartment. Therefore, test no. MWP-6, conducted on the four-
cable median barrier, was determined to be unacceptable according to the MASH safety

performance criteria for test designation no. 3-10.
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Figure 90. Summary of Test Results and Sequential Photographs, Test No. MWP-6
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Figure 91. Additional Sequential Photographs, Test No. MWP-6
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0.630 sec

Figure 92. Additional Sequential Photographs, Test No. MWP-6
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Figure 93. Documentary Photographs, Test No. MWP-6
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Figure 94. Impact Location, Test No. MWP-6
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Figure 95. Vehicle Final Position and Trajectory Marks, Test No. MWP-6




Figure 96. System Damage, Test No. MWP-6
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Figure 97. System Damage, End Anchorages, Test No. MWP-6
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Figure 98. System Damage, Cable Brackets, Test No. MWP-6
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Figure 100. System Damage, Post Nos. 31 through 33, Test No. MWP-6
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Figure 101. System Damage, Post Nos. 34 through 36, Test No. MWP-6
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Post No. 38

Figure 102. System Damage, Post Nos. 37 through 39, Test No. MWP-6
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Post No. 41

Figure 103. System Damage, Post Nos. 40 through 42, Test No. MWP-6
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Figure 104. Post Contact Marks, Test No. MWP-6
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Figure 105. Vehicle Damage, Test No. MWP-6
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Figure 106. Vehicle Damage, Test No. MWP-6
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Figure 107. Occupant Compartment Damage, Test No. MWP-6
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Figure 108. Occupant Compartment Penetration, Test No. MWP-6
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Figure 109. Spare Tire Compartment Penetration, Test No. MWP-6
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Figure 110. Additional Undercarriage Damage, Test No. MWP
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8 DESIGN DETAILS TEST NO. MWP-7
8.1 Proposed System Modifications

Following the unsuccessful system performance in test no. MWP-6, the researchers
brainstormed several potential design changes to mitigate floorpan penetrations. Analysis of the
vehicle undercarriage and contact marks on both the system posts and the vehicle suggested that
the floorpan tears were created as the post was overridden by the vehicle and the edges of the
post scraped along the bottom of the vehicle. Contact marks from both the left and right flanges
when bending about the weak axis of the post were visible in the deformed floorpan. A review of
these contact marks indicated that the tearing was primarily caused by the free edges of the post,
as shown in Figures 104 and 108.

In order to mitigate the floorpan tearing, several design modifications were proposed to
the line posts. These options included:

1. areduction of the weak-axis capacity of the post to lower the upward force exerted by the
post on the floorpan, which could be achieved through the addition of weakening holes,
reducing the thickness of the post, or altering the post cross-sectional geometry.

2. adding a fillet radius to the post corners to remove sharp corners at the top of the post.

3. treating of the post edges through edge rounding or hemming.

4. adding edge or corner protectors to the upper portion of the post.

5. developing a new post section without free edges.

An alteration of the post cross-section and a reduction in the weak-axis bending capacity
of the post were both deemed good options, but they were anticipated to require a significant
amount of research and development prior to proceeding with a modified design. Treatment of
the sheet metal edges through rounding or hemming was also considered, but it was thought to

be costly with respect to edge rounding. Hemming was eliminated due to complications with
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hemming sheet steel as thick as 7 gauge (5 mm). The addition of edge or corner protectors to the
upper portion of the post was believed to be an effective option. However, the additional
component and potential cost made it initially less attractive. Thus, the addition of a fillet radius
to the corners of the post was chosen to mitigate the floorpan tears. It was believed that removal
of sharp corners near the top of the post would mitigate the stress concentrations imparted to the
floorpan, while providing for minimal modification of the MWP post. As such, a %-in. (16-mm)
radius was added to the top corners of the free edges of the MWP post, and a Ys-in. (6-mm)
radius was added to the top corners of the V-notch in the center of the post.

8.2 System Design Details

The four-cable median barrier system used for test no. MWP-7 was nearly identical to
that used in test no. MWP-6, as shown in Figures 111 through 137. The targeted impact location,
post spacing, and cable orientation for test no. MWP-7 remained the same as used in test no.
MWP-6. The cables were tensioned to MASH specifications, as in the other tests, using the cable
tensioning chart shown in Table 3. Thus, the cables were tensioned to a pre-load of 2,500 Ib
(11.1 kN).

The system layout for test no. MWP-7 is shown in Figure 111. For test no. MWP-7, post
nos. 24 through 47 were substituted with a modified MWP that had rounded edges at its top in an
attempt to reduce the likelihood of tearing the floorboard and penetrating into the occupant
compartment. These modifications are detailed in Figures 129 through 131. Photographs of the
test installation are shown in Figures 138 to 141. Material specifications, mill certifications, and

certificates of conformity for the system materials are shown in Appendix A.
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Figure 114.

Cable Anchor Detail, Test No. MWP-7
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Figure 115. Load Cell and Turnbuckle Configuration, Test No. MWP-7
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Figure 116. Load Cell Assembly Details, Test No. MWP-7
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Figure 117. Cable Anchor Foundation, Post Nos. 1 and 76, Test No. MWP-7
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Figure 118. Cable Anchor Bracket, Test No. MWP-7
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Figure 119. Cable Anchor Bracket Components, Test No. MWP-7
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Figure 120. Cable Release Lever, Test No. MWP-7
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Figure 121. Second Post Details, Post Nos. 2 and 75, Test No. MWP-7
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Figure 122. Cable Hanger Assembly, Post Nos. 2 and 75, Test No. MWP-7
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Figure 123. Cable Hanger Assembly, Post Nos. 2 and 75, Test No. MWP-7
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Figure 124. Foundation Tube Assembly, Post Nos. 2 and 75, Test No. MWP-7
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Figure 125. MWP Z-Post Details, Test No. MWP-7
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Figure 126. MWP Z-Post Details, Post Nos. 3 through 26 and 48 through 74, Test No. MWP-7
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Figure 127. MWP Z-Post Details, Post Nos. 3 through 26 and 48 through 74, Test No. MWP-7

9T-/2€-€0-dd L "'ON Hoday 4SHMIA

9102 ‘LT feN



L9T

81-1/4"

6-5/8" | 7- 1/2 7-1/2" [2064]
[168] "[191 (1971] " DOWN 80 R 3/16" -
[0 \ 0O o = P - - - -
) _ - - - < - - = 7-1/16"
/I /I - _ - ~ - 5 [179]
[* S lD o) B - J = = ~_ - o= l
R~
UP 79" R 3/16 UP 90" R 3/16”
5/8" FLAT PATTERN
[16] 5/8"
—[16]
1-13/16" | - n-—+ 1—‘41/5" ]
2—9/16" [46] _@___ 1/2" [ ] 2_1/4”
i : ) 7 3/16"
) - = _L [70] 80 oo
t o/ B B = [10]
7/8"
i [22] 9/16" 7/8"
1-15/16" \ [14] [22]
[48] 7/16" -
[11]
- 1-1/16" 5/16"
[27] 8]
/ 2_1/2»-
] [64]
2-9/16 - - 2-3/4"
: DETAIL R
T B 1-5/8" e SCALE 1 : 2
[46] 1E /]a i ]
29
| 6] j
5/8” [SHEET:
(el Midwest 4—Cable Barrier [®° %
= e 06/23/2015]
Post Nos. 3-21 and 54=74  |earcer
Midwest Roadside| Fiat Pattern Sp8/ 4GP/
Sgﬂé”_1o: 2 Safety Facility [* W&

MWP—7_R2

SCALE: 1:10 |REV. BY:
UNITS: in.[mm]|JCH/KAL

Figure 128. MWP Z-Post Details, Flat Pattern, Post Nos. 3 through 26 and 48 through 74, Test No. MWP-7

9T-/2€-€0-dd L "'ON Hoday 4SHMIA

9102 ‘LT feN



1-3/4"
[44]

]

L4

c v
[76]

- T
PLAN VIEW
S.
N
J 1
6-5/8" | i
[168] i i:
| |
[ |:
3-7/8" l[ﬁ
@ |
Lo |l
3-5/8 i %
(921 o
= 3-7/8" E[E
b (98] i

81-1/4"
[2064]

ELEVATION VIEW

Unbent width = 7.0453”

PROFILE VIEW

R5/8"
[18]
-
[16]
®1/4"
(6]
DETAIL S
SCALE 1 : 1
1-1/8" R5/8"
= [29/] — [16]
5)8"
[16]
N !
/}\J

p1/4”

(6] \_/

DETAIL S BACKSIDE
SCALE 1 : 1

e

Midwest Roadside
Safety Facility

Midwest 4—Cable Barrier
System

Post Nos. 22-53 (Modified
Weak Post) Details

SHEET:
19 of 27

DATE:
06,/23/2015)

DRAWN BY:
SDB/JGP,
SOB/eES

DWG. NAME.
MWP—7_R2

SCALE: 1:8

REV. BY:
UNITS: in.[mm]|JCH/KAL

Figure 129. MWP Z-Post Details, Post Nos. 27 through 47, Test No. MWP-7
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Figure 130. MWP Z-Post Details, Post Nos. 27 through 47, Test No. MWP-7
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ltem No. | QTY. Description Material Specification
al 2 |Cable Anchor Base Plate ASTM A36
a2 4 Exterior Cable Plate Gusset ASTM A36
a3 6 |Interior Cable Plate Gusset ASTM A36
a4 2  |Anchor Bracket Plate ASTM A36
a5 2 [3/16" [5] Dia. Brass Keeper Rod, 14” [356] long Brass
ab 4 Release Gusset A36 Steel
a7 2 |Release Lever Plate A36 Steel
a8 4 |1.25x1.25x0.1875" [32x32x5] TS CT Kicker Lever Tube ASTM A500 Gr. B
a9 8 |CMB High Tension Anchor Plate Washer ASTM A36
al10 2 [1.25x1.25x0.1875" [32x32x5] TS CT Kicker Lever Connecting Tube ASTM A 500 Gr. B
al1 2 [3x10x0.5" [76x254x13] Kicker Plate ASTM A36
al2 4 |CT kicker — gusset ASTM A36
all3 20 |3/4” [19] Dia. Flat Washer ASTM F844
al4 16 |3/4” [19] Dia. UNC J—Hook Anchor and Hex Nut J—Hook ASTM A449/Nut ASTM A563 DH
a15 2 |1/4” [6] Dia. Aircraft Retaining Cable, 36” [914] long 7x19 Galv.
a16 2 |5/8" [16] Dia. Heavy Hex Nut ASTM A563C
al7 2 |5/8" [16] Dia. UNC, 9 1/2” [241] Long Hex Bolt ASTM A449 or SAE J429 Gr. 5
al8 2 [24” [610] Dia. Concrete Anchor, 120" [3048] long 4,000 psi f'c
a19 16 |[#11 Straight Rebar, 114" [2896] long Grade 60
a20 44  |#4 Anchor Hoop Rebar with 21” [533] Dia. Grade 60
[E=N b1 2 S3x5.7 [S76x8.5] Post by 28 1/8" [714] ASTM A572 GR50-07, ASTM A709 GR50—-09A, ASTM A992-086A
a b2 2 S3x5.7 [S76x8.5] Post by 19” [483] ASTM A572 GR50—-07, ASTM A709 GR50—09A, ASTM A992—-06A
b3 8 |#3 Straight Rebar, 43" [1092] long Grade 60
b4 22 |7 1/4” [184] Dia. No. 3 Hoop Reinforcement Grade 60
b5 2 |2nd Post Keeper Plate, 28 Gauge ASTM A36
b6 2 |3/4" [19] Dia. UNC, 5 1/2” [140] Long Hex Bolt and Nut Bolt ASTM A307 Gr. A/Nut ASTM A563A
b7 24 [1/2” [13] Dia. Washer with 1 1/16” [27] OD ASTM F844
b8 8 |1/2” [13] Dia. UNC, 2" [51] long Hex Bolt and Nut Bolt ASTM A307 Gr. A/Nut ASTM AB563A
b9 2 |4x3x1/4” [102x76x6] Foundation Tube, 48" [1168] long ASTM A500 Grade B
b10 2 2nd Post Cable Hanger ASTM A36
b11 2 |2nd Post Anchor Aggregate 12 in, Depth =
b12 2 12” Dia. 2nd Post Concrete Anchor, 46” long 4,000 psi f'c
b13 4 2nd Post Base Plate ASTM A36
b14 8 |3/16” [5] Dia. 5 1/4" [133] Long Brass Rod ASTM B16-00
JSHEET:
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Figure 136. Bill of Materials, Test No. MWP-7

9T-/2€-€0-dd L "'ON Hoday 4SHMIA

9102 ‘LT feN



ltem No. | QTY. Description Material Spec
c1 40 |3"x1-3/4"x7 Gauge [76x44x4.6], 81 1/4" [2064] Long Bent MWP Z—Section Post Hot—Rolled ASTM A1011 HSLA Gr. 50
o2 32 ?&élﬂﬁ%{j?nﬂ Gauge [76x44x4.6], 81 1/4” [2064] Long Bent MWP Z—Section Post Hot—Rolled ASTM A1011 HSLA Gr. 50
c3 216 |12 Gauge Tabbed Bracket — Version 10 Hot—Rolled ASTM A1011 HSLA Grade 50
c4 216 |5/16" [8] Dia. UNC, 1" [25] Long Hex Cap Screw and Nut Bolt SAE J429 ‘Gr.. 5 ' ASTM A48/NUY A5TM ABGD
: " " ASTM B16 Brass C36000 Half Hard (HO2), ROUND.
c5 | 72 [Straight Rod — ¢3/16" [5] Cable Clip G (Hiass (50000 Nai HMard (102
" AASHTO M30-92(2000)/ASTM A741-98 Type T
d1 1 |3/4" [19] Dia. 3x7 Cable Guiderail Class A coating except with Type 1 minimum
breaking strength = 39 kips f‘l73.5 kN]
d2 16 |7/8” [22] Dia. Hex Nut ASTM A563C
d3 28 |Cable End Threaded Rod ASTM A449
d4 24 |Bennet Cable End Fitter ASTM A47
d5 24 |7/8" [22] Dia. Hex Nut SAE J429 Gr. 5
el Bennet Short Threaded Turnbuckle Not Specified
e2 Threaded Load Cell Coupler N/A
e3 50,000—Ib [222.4—kN] Load Cell N/A
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Figure 137. Bill of Materials, Test No. MWP-7
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Test No. MWP-7

Figure 139. Test Installation Photographs,



Figure 140. Test Installation Photographs, Test No. MWP-7
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Figure 141. Test Installation Photographs, Test No. MWP-7
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9 FULL SCALE CRASH TEST MWP-7

9.1 Static Soil Test

Before full-scale crash test no. MWP-7 was conducted, the strength of the foundation soil
was evaluated with a static test, as described in MASH. The soil for this test was partially frozen,
making it difficult to get a full range of soil strength up to 15 in. of deflection. The winch utilized
to load the post reached its capacity, prior to reaching 15 in. (381 mm) of displacement. The
winch capacity is over 2.5 times the required strength. Note that weak posts used in cable barrier
systems do not rotate in strong soil. Instead, weak posts yield at the ground line in both frozen
and unfrozen strong soils configured with compacted crushed limestone. Thus, the frozen soil
condition was considered acceptable for this cable barrier test. 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 was conducted.
9.2 Weather Conditions

Test no. MWP-7 was conducted on February 24, 2015 at approximately 2:30 p.m. The
weather conditions, as per the National Oceanic and Atmospheric Administration (station

14939/LNK), were reported and are shown in Table 14.

Table 14. Weather Conditions, Test No. MWP-7

Temperature 49°F

Humidity 36%

Wind Speed 16 mph

Wind Direction 30° West of True North
Sky Conditions Sunny

Visibility 10 Statute Miles
Pavement Surface Dry

Previous 3-Day Precipitation | O in.

Previous 7-Day Precipitation | 0.01 in.
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9.3 Test No. MWP-7

The 2,557-1b (1,160-kg) small car impacted the high-tension, four-cable median barrier at
a speed of 63.9 mph (102.9 km/h) and at an angle of 25.7 degrees. A summary of the test results
and sequential photographs are shown in Figure 142. Additional sequential photographs are
shown in Figures 143 and 144. Documentary photographs of the crash test are shown in Figure
145.
9.4 Test Description

Initial vehicle impact was to occur at a midspan location, or 4 ft (1.2 m) upstream from
post no. 32, as shown in Figure 146, which was selected according to MASH guidelines. The
actual point of impact was approximately 9.2 in. (234 mm) upstream from the target impact
point. A sequential description of the impact events is contained in Table 15. The vehicle came
to rest 89 ft (27.1 m) downstream from the point of impact, or between post nos. 42 and 43. The

vehicle trajectory and final position are shown in Figures 142 and 147.

Table 15. Sequential Description of Impact Events, Test No. MWP-7

T(;";"C)E EVENT

0.000 | Vehicle left-front bumper contacted cable no. 1 between post nos. 31 and 32.

0.008 | Vehicle left fender contacted cable no. 3 between post nos. 31 and 32.

0.010 | Vehicle left-front bumper contacted cable no. 2 between post nos. 31 and 32.

0.014 | Cable no. 3 detached from post no. 31.

0.016 | Vehicle left fender began to deform.

0.020 | Vehicle left headlight began to deform, and post no. 32 began to deflect downstream.

0.022 | Cable no. 3 detached from post no. 32.

0.024 | Post nos. 31 and 32 began to deflect backward.

0.032 | Vehicle left side mirror contacted cable no. 4 and began to deform.

Vehicle front bumper contacted post no. 32, and post no. 33 began to deflect
0.036
backward.

0.042 | Post no. 30 began to deflect backward.

0.044 | Vehicle left A-pillar contacted cable no. 3.

0.048 | Vehicle left A-pillar began to deform, and cable no. 4 detached from post no. 32.

0.052 | Cable no. 2 detached from post no. 32.
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0.060 | Cable no. 3 detached from post no. 33.

0.062 | Post no. 34 began to deflect backward.

0.068 | Post no. 29 began to deflect backward.

0.076 | Vehicle overrode post no. 32.

0.078 | Vehicle left A-pillar contacted cable no. 4.

0.080 | Cable no. 2 detached from post no. 33.

0.084 ;/:hicle left-front tire overrode cable no. 1, and cable no. 3 detached from post no.

0.086 | Vehicle left side mirror detached, and post no. 35 began to deflect backward.

0.088 | Vehicle left-front tire overrode cable no. 1.

0.098 | Cable no. 4 detached from post no. 31.

0.102 | Cable no. 3 detached from post no. 35.

0.108 | Post no. 36 began to deflect backward.

0.112 | Cable no. 3 detached from post no. 30

0.118 ;/?)ehicle front bumper contacted post no. 33, and cable no. 4 detached from post no.

0.128 | Vehicle left-front door contacted cable no. 2.

0.132 | Vehicle left-front door began to deform, and cable no. 3 detached from post no. 29.

0.142 | Cable no. 4 detached from post no. 34.

0.164 | Vehicle left-rear tire overrode cable no. 1, and cable no. 2 detached from post no. 34.

0.166 | Vehicle right fender began to deform, and cable no. 4 detached from post no. 35.

0.180 | Cable no. 2 detached from post no. 35.

0.186 | Post no. 37 began to deflect backward, and vehicle under-rode cable nos. 3 and 4.

0.188 | Post no. 38 began to deflect backward.

0.204 | Vehicle left-front tire became airborne.

0.232 | Vehicle left headlight detached.

0.242 | Cable no. 2 detached from post no. 31.

0.252 | Vehicle left-front tire regained contact with ground.

0.274 | Vehicle right-rear tire overrode cable no. 1.

0.350 | Cable no. 3 detached from post no. 43.

0.424 | Vehicle was parallel to system.

0.516 | Vehicle was yawing toward barrier.

0.522 | Cable no. 3 detached from post no. 44.

0.528 | Cable no. 3 detached from post no. 45.

0.588 | Vehicle right fender contacted post no. 37.

0.626 | Vehicle right-front door contacted post no. 37.

0.660 | Vehicle right headlight contacted post no. 38.

0.730 | Vehicle right A-pillar contacted cable no. 4.

0.734 | Vehicle right-front window, and right C-pillar contacted cable no. 4.

0.815 | Vehicle bumper contacted post no. 39.

0.880 | Vehicle began to yaw away from barrier.

0.926 | Vehicle left-front tire became airborne.

0.960 _\/ehicle was wedged between cable no. 2 (impact side) and cable nos. 1 and 4 (non-
' impact side).

1.002 | Vehicle bumper contacted post no. 40.
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1.006 | Vehicle left-front tire regained contact with ground.

1.152 | Vehicle right-front tire deflated.

1.178 | Vehicle began to yaw toward barrier.

1.202 | Vehicle bumper contacted post no. 41.

1.220 | Vehicle began to transverse back toward barrier.

1340 Vehicle right B-pillar contacted cable no. 4 coupler, grinding through one layer of
' steel.

1.458 | Vehicle bumper contacted post no. 42.

2.096 | Vehicle front bumper contacted post no. 43.

2.258 | Vehicle came to a rest with its bumper pressed against post no. 43.

9.5 Barrier Damage

Damage to the barrier was moderate, as shown in Figures 148 through 158. Barrier
damage consisted of bent posts, disengaged cables, and bent and fractured brackets. At its final
resting position, the vehicle was still in contact with the cables. Cable no. 3 was beneath the
vehicle, cable no. 2 was on the impact side of the vehicle, and cable nos. 1 and 4 were on the
non-impacting side of the vehicle.

Cable no. 4 disengaged from post nos. 31 through 46 due to fracturing of the brass keeper
rods. Cable no. 3 disengaged from post nos. 23 through 45. Cable no. 2 disengaged from post
nos. 31 through 43. Cable no. 1 disengaged from post nos. 32, 33, as well as from post nos. 36
through 44. Seven of these cable brackets fractured at the neck, and two fractured at the tabs. The
remainder of the brackets released the cables due to rotation of the bracket tab through the
keyway. Negligible cable slip occurred at splice locations.

Post nos. 31 through 45 had varying degrees of plastic deformations in the form of
bending and twisting, while other posts were only slightly displaced through the soil. Typically,
posts were twisted to face downstream, and were bent laterally backward and/or longitudinally
downstream, or a combination of both. In addition, post nos. 32, 33, as well as post nos. 37
through 42 had contact marks from the vehicle undercarriage overriding them. These same posts

showed the greatest deflection.
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The maximum dynamic barrier deflection was 97 in. (2,464 mm), and the working width
of the system was 103.6 in. (2,631 mm), as determined from high-speed video analysis. Neither
anchor was permanently displaced as a result of the impact loads imparted to it.

9.6 Vehicle Damage

The damage to the vehicle was moderate, as shown in Figures 159 through 162. The
maximum occupant compartment deformations are listed in Table 16 along with the deformation
limits established in MASH for various areas of the occupant compartment. Note that none of the
MASH-established deformation limits were violated. Complete occupant compartment and

vehicle deformations and the corresponding locations are provided in Appendix D.

Table 16. Maximum Occupant Compartment Deformations by Location, Test No. MWP-7

MAXIMUM MASH ALLOWABLE
LOCATION DEFORMATION DEFORMATION

in. (mm) in. (mm)
Wheel Well & Toe Pan 0.3 (8) <9 (229)
Floor Pan & Transmission Tunnel 1.2 (30) <12 (305)
Side Front Panel (in Front of A-Pillar) 0.2 (5) <12 (305)
Side Door (Above Seat) 0.1 (3) <12 (305)
Side Door (Below Seat) 0.1(3) <9 (229)
Roof 0.5 (13) <4 (102)

The majority of the vehicle damage was concentrated on the left-front corner, where the
initial impact occurred, and on the right-front corner of the vehicle, where it impacted the system
again as it crossed from behind the system to the front side of the system. The front bumper, left
headlight, left side mirror, a 19 in. (483 mm) long portion of the left fender, right-front door
handle and rear antennae were disengaged. The right headlight was partially disengaged and
fractured. Both front tires and the right-rear tire had deflated. The suspension on the right-front

wheel was also damaged.
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The left fender had been crushed into the wheel well. The right fender had crushed,
which caused some tearing. The right-front door was crushed and dented inward. The left fender
and engine hood were separated by a gap of 4 in. (102 mm), and the right fender separated away
from the hood by 6% in. (159 mm).

The cable to vehicle contacts left striation marks on the left-front fender, up the length of
the left A-pillar, and across the roof. This contact caused minor gouging on the A-pillar and
denting on the roof. The damage to the left A-pillar caused spider-web cracking adjacent to the
left-front A-pillar, which extended across the entire windshield. The cables also left gouges and
scrapes along the entire left side of the vehicle and on the left-front rim. There was a 23 x 4%-in.
(584 x 114-mm) long tear in the left-front door at the height of cable no. 2. On the right side of
the vehicle, there were gouges on both right side tire rims, along both right side doors, and on the
right A-pillar. Scraping was found on the right B- and C-pillars, as well as on the right-front and
rear bumpers. There was a 5-in. (127-mm) kink in the front bumper, 10 in. (254 mm) left of
center. Dents were observed on the right-front corner of the hood, the right-front tire rim, the
right-rear wheel well, as well as on the roof.

There were four tears in the floor pan of the vehicle. There was a 2%-in. (70-mm) long
tear in the right-front floor pan, an 8-in. (203-mm) long tear behind the left-front seat, a 3%-in.
(89-mm) long tear behind the right-front seat, and a 1-in. (25-mm) long tear in the left-rear of the
floor pan. This damage can be seen in Figures 161 and 162.

9.7 Occupant Risk

The calculated occupant impact velocities (OIVs) and maximum 0.010-sec occupant
ridedown accelerations (ORAS) in both the longitudinal and lateral directions are shown in Table
17. Note that the OIVs and ORAs were within the suggested limits provided in MASH. The

calculated THIV, PHD, and ASI values are also shown in Table 17. The results of the occupant
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risk analysis, as determined from the accelerometer data, are also summarized in Figure 142. The
recorded data from the accelerometers and the rate transducers are shown graphically in

Appendix I.

Table 17. Summary of OIV, ORA, THIV, PHD, and ASI Values, Test No. MWP-7

Transducer
Evaluation Criteria SLICE 1 I\IZIASF
. SLICE 2 IMIts
(primary)
oIV Longitudinal | -15.45 (-4.71) | -15.65 (-4.77) | <40 (12.2)
fu/s (mfs) Lateral 12.03 (3.67) | 12.41(3.78) | <40(122)
ORA Longitudinal -10.29 -9.72 <20.49
&% Lateral 6.78 7.13 <20.49
Roll 5.31 4.05 <75
MAX. ANGULAR
DISPLACEMENT Pitch 4.14 2.89 <75
deg.
Yaw 33.72 33.12 not required
THIV .
ft/s (mis) 18.90 (5.76) 18.93 (5.77) | not required
Pgl_,IE 11.38 11.42 not required
ASI 0.49 0.49 not required

9.8 Load Cells and String Potentiometers

The pertinent data from the load cells and string potentiometer were extracted from the
bulk signal and analyzed using each transducer’s calibration factor. The maximum displacement
of the upstream anchor was recorded as 0.06 in. (2 mm). A summary of the maximum cable
loads can be found in Table 18. The recorded data and analyzed results are detailed in Appendix

J. The exact moment of impact could not be determined from the transducer data, as impact may
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have occurred prior to observing a measurable signal in the electronic data. Thus, the extracted

data curves should not be taken as a precise time after impact, but rather a general timeline

between events within the data curve itself.

Table 18. Maximum Cable Loads, Test No. MWP-7

. . Maximum Cable Load Time
Cable Location Sensor Location X
Kips kN (sec)
Combined Cable Load | Upstream of Impact 31.57 140.43 0.1234
Cable No. 4 Upstream of Impact 7.66 34.07 1.2421
Cable No. 3 Upstream of Impact 7.18 31.94 0.1429
Cable No. 2 Upstream of Impact 19.21 85.45 0.3614
Cable No. 1 Upstream of Impact 15.10 67.17 0.9403

9.9 Discussion

The analysis of the test results for test no. MWP-7 showed that the high-tension four-
cable median barrier contained and redirected the 1100C vehicle, with controlled lateral
displacements of the barrier. The test vehicle did not penetrate or ride over the barrier, and
remained upright during and after the collision. Vehicle roll, pitch, and yaw angular
displacements, as shown in Appendix I, were deemed acceptable, because they did not adversely
influence occupant risk safety criteria or cause rollover. After impact, the vehicle was captured
and retained within the system, so there was no exit information. As the vehicle overrode the
system posts, the posts tore the floorpan in multiple locations. The tears indicated that the top of
these posts penetrated into the occupant compartment. Therefore, test no. MWP-7, conducted on
the four-cable median barrier, was determined to be unacceptable according to the MASH safety

performance criteria for test designation no. 3-10.
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. Date . .02/24/2015 H
®  MASH TeSt DESIGNAtION ....vvoovveevieceeeeieseeessesesssssesssesss s ensss s esssneeens 3-10 ® TSt ArTiCIE DAMAGE ...cecuirieieieiiteieiete sttt ettt Moderate
@ TESEATCIE. coveeceeceeeecs e Four Cable Median Barrier e Maximum Test Article Deflections )
@ TOMAI LENGN oo 604 ft (184.1 m) POIMANENE SEE ...oooooee s 24 in. (610 mm)
e Key Component - Cable DYNAMIC....vovviisieressssssssis s 97 in. (2,464 mm)
SIZE oo 3x7, %-in. (19-mm) diameter WOPKING WALt ..o 103.6in. (2,631 mm)
Cable Heights ............... 15%, 23, 30%, 38 in. (394 mm, 584 mm, 775 mm, 965 mm) o Transducer Data
e Key Component - MWP Transducer s
i i 3 v, i Evaluation Criteria SLICE-1 MASH
DiIMENSIONS. ...ooooovorriviss 3 x 1% x 81%in. (76 x 44 x 2,064 mm) ! SLICE-2 Limit
SPACING ..vvocvvevescveaissee st 8 ft (2.44 m) (primary)
o SOl Type .o .Compacted, coarse, crushed limestone o Longitudinal | -15.45 (-4.71) | -15.65 (-4.77) =40
e Vehicle MaKe /MOUEL............oo.rrveereeeeeeeeeeeeeeeeeeesseeseeeee s seenereen 2009 Kia Rio ft/s (12.2)
CUb. v 2,384 1b (1,081 kg) (mis) Lateral 1203 (367) | 12.41(3.78) =40
Test Inertial.. ...2,392 b (1,085 kg) (12.2)
Gross Stgt_lc ................................................................................... 2,557 Ib (1,160 kg) Longitudinal -10.29 972 <20.49
. Impact Conditions ORA
SPEEA .ottt 63.9 mph (102.9 km/h) g’s <
ANGIE ..o 25.7 deg Lateral 6.78 713 =2049
. Impact Soverity (19 oL Kint (310> 51 Kipf (69110 Roll 531 405 <75
Exit Conditions ' ’ ' MAX. ANGULAR
*  Batoncitions DISPLACEMENT Pitch 414 2.89 <75
SPEE ...ttt bbbttt bbbt NA d
ANGIE <o NA €0 v 33.72 33.12 not
e Exit Box Criterion.. NA (Did not exit system) aw ' ’ required
o VeNicle Stability..........oooooiiiiiiiiiiiii Satisfactory THIV — ft/s (m/s) 18.90 (5.76) 18.93 (5.77) not
e Vehicle Stopping Distance.... .89 ft (27.1 m) required
®  VENICIE DAMAGE ....couvvvvrersreerie s Moderate PHD — o’ 11.38 11.42 not
VDS [8] ... . 11-FL-5 £ : : required
(oI5 oR 1) 1-FDAK-6 not
Maximum Interior Deformation .............cccvuevreeenirennnennrnnens 3.46 in. (88 mm) ASI 049 049 required

Figure 142. Summary of Test Results and Sequential Photographs, Test No. MWP-7
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Figure 143. Additional Sequential Photographs, Test No. MWP-7
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0.154 sec

Figure 144. Additional Sequential Photographs, Test No. MWP-7
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Figure 145. Documentary Photographs, Test No. MWP-7
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Figure 146. Impact Location, Test No. MWP-7
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Figure 147. Vehicle Final Position and Trajectory Marks, Test No. MWP-7
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Figure 148. System Damage, Test No. MWP-7
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7

Test No. MWP-

System Damage, End Anchorages,

Figure 149
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Figure 150. System Damage, Cable Brackets, Test No. MWP-7
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Figure 151. System Damage, Brass Rods, Test No. MWP-7
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Figure 152. System Damage, Post Nos. 30 through 32, Test No. MWP-7
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Figure 153. System Damage, Post Nos. 32 through 34, Test No. MWP-7

9T-/2€-€0-dYy.L "ON Hoday 4SHMI

910Z ‘LT AeN



Post No. 34 Post No. 3

Figure 154. System Damage, Post Nos. 34 through 36, Test No. MWP-7
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Figure 155. System Damage, Post Nos. 37 through 38, Test No. MWP-7
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Figure 156. System Damage, Post Nos. 39 through 40, Test No. MWP-7
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Figure 157. System Damage, Post Nos. 41 through 43, Test No. MWP-7

Post No. 43
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" Post No. 33

Figure 158. Contact Marks, Post Nos. 33 through 39, Test No. MWP-7
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Figure 159. Vehicle Damage, Test No. MWP-7
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Figure 160. Vehicle Damage, Test No. MWP
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Figure 161. Occupant Compartment Damage, Test No. MWP-7
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'Idfigure 162. Ocupant Compartment Damage, Test No. MWP-7
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10 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

The objective of this study was to continue to test and evaluate the prototype high-
tension, four-cable median barrier system according to the MASH TL-3 safety criteria using the
updated testing matrix for cable barrier systems installed within 6:1 median V-ditches. Three
full-scale tests were conducted on the system and are reported herein.

Test no. MWP-4 was conducted in accordance with MASH test no. 3-11. The barrier was
placed on level terrain and utilized a 10-ft (3.0-m) post spacing to establish the working width
associated with a reduced post spacing. During the test, the 2270P pickup truck was initially
captured and redirected by cable nos. 2 and 4. However, the vehicle eventually overrode cable
no. 2 after the vehicle was parallel with the system. A working width of 16 ft - 9 in. (5.1 m) was
observed during the test before the before the pickup came to rest in line with the barrier 144 ft -
10 in. (44.1 m) downstream from the point of impact. All occupant risk values were found to be
within limits, and the occupant compartment deformations were also deemed acceptable.
Subsequently, test no. MWP-4 was determined to satisfy the safety performance criteria for
MASH test designation no. 3-11.

Test no. MWP-6, conducted in accordance with MASH test no. 3-10, involved a 1100C
small car impacting the four-cable median barrier system with 8-ft (2.4-m) post spacing on level
terrain. During the test, the small car was captured and redirected by cable no. 2. The A-pillar
received only 0.12 in. (3 mm) of deformation, as the vehicle underrode cable nos. 3 and 4. The
vehicle remained stable throughout the test, and the OIV and ORA values were below the MASH
recommended limits. However, the occupant compartment was penetrated. When the top of
posts were overridden, the floorpan was torn in two locations. Thus, test no. MWP-6 was
determined to have failed the safety performance criteria corresponding to of MASH test

designation no. 3-10.
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To reduce the likelihood of occupant compartment penetration, the top corners of the
MWP post were rounded. The outer corners were radiused % in. (16 mm), and the inner bent
corners were filleted ¥ in. (6 mm). Test no. MWP-7 was a repeat of MWP-6, but with the
modified MWP post. During the test, the small car was captured and redirected by cable no. 2.
The A-pillar received only 0.22 in. (6 mm) of deformation, as the vehicle under-rode cable nos. 3
and 4. The vehicle remained stable throughout the test, and the OIV and ORA values were below
the MASH recommended limits. However, the floorpan was again torn due to contact with the
tops of the MWP posts as the vehicle overrode them. Four separate tears occurred. Thus, test no.
MWP-7 was determined to have failed the safety performance criteria corresponding to MASH
test designation no. 3-10. The safety performance evaluation for each full-scale crash test is
summarized in Table 19.

As a result of the unsuccessful 1100C crash tests, the prototype high-tension, four-cable,
median barrier system will need to be further redesigned to prevent penetration of the occupant
compartment observed in test nos. MWP-6 and MWP-7. Possible design changes may include,
but are not limited to, alternative post spacings, reduction of weak-axis post strength at the
ground line, further treatment of the post edges, and changes to post geometry. After the cable
barrier system has been redesigned, it will need to be reevaluated according to MASH test
designation no. 3-10 criteria before proceeding with remaining tests listed within the
recommended testing matrix for cable barriers installed within median V-ditches. Depending on
the nature of the design changes, it may be necessary to evaluate whether prior successful crash
tests need to be rerun. The potential test designation nos. may be nos. 3-17 and 3-11 at a wide

post spacings, and test no. 3-11 with a narrow post spacing.
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Table 19. Summary of Safety Performance Evaluation — Test Nos. MWP-4, MWP-6, and MWP-7

Evaluation Evaluation Criteria Test No. | TestNo. | Test No.
Factors MWP-4 MWP-6 MWP-7
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 S S S
Adequacy installation although controlled lateral deflection of the 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 U U
Deformations of, or intrusions into, the occupant compartment should not exceed
limits set forth in Section 5.3 and Appendix E of MASH.
The vehicle should remain upright during and after collision. The maximum roll s s s
and pitch angles are not to exceed 75 degrees.
Occupant Impact Velocity (OIV) (see Appendix A, Section A5.3 of MASH for
Occupant calculation procedure) should satisfy the following limits:
Risk Occupant Impact Velocity Limits S S S
Component Preferred Maximum
Longitudinal and Lateral 30 ft/s (9.1 m/s) 40 ft/s (12.2 m/s)
The Occupant Ridedown Acceleration (ORA) (see Appendix A, Section A5.3 of
MASH for calculation procedure) should satisfy the following limits:
Occupant Ridedown Acceleration Limits S S S
Component Preferred Maximum
Longitudinal and Lateral 15.0 g’s 20.49 g’s
Final Evaluation PASS FAIL FAIL

S — Satisfactory

U — Unsatisfactory  NA - Not Applicable
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Appendix A. Material Specifications
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Item No. Description Material Specification Reference
al Cable Anchor Base Plate ASTM A36 N/A
a2 Exterior Cable Plate Gusset ASTM A36 N/A
a3 Interior Cable Plate Gusset ASTM A36 N/A
ad Anchor Bracket Plate ASTM A36 N/A
ab 3/16 [5] Dia. Brass Keeper Rod 14" [356] long " Brass H# 05543-1
a6 Release Gusset A36 Steel N/A
a7 Release Lever Plate A36 Steel N/A
1.25x1.25x0.1875 [32x32x5] TS CT Kicker Lt
a8 XX [32x32x3] ickertever ASTM A500 Gr. B N/A
Tube
a9 CMB High Tension Anchor Plate Washer ASTM A36 H# 64047117
1.25x1.25x0.1875 [32x32x5] TS CT Kicker Lever
alo ) " ASTM A 500 Gr. B N/A
Connecting Tube
all 3x10x0.5 [76x254x13] Kicker Plate " ASTM A36 N/A
al2 CT kicker - gusset ASTM A36 N/A
al3 3/4[19] Dia. Flat Washer " ASTM F844 PFC COC R# 14-0082
BOLT: H# 11618020 NUT: Item#
al4 . N J-Hook ASTM A449/Nut ASTM A563 DH
3/4[19] Dia. UNC J-Hook Anchor and Hex Nut DHHNO75CG Lot# 170277
als 1/4 [?] Dia. Aircraft Retaining Cable 36" [914] 719 Galv. N/A
long
alé 5/8[16] Dia. Heavy Hex Nut " ASTM A563C R# 14-0343 COC
al7 5/8[16] Dia. UNC 9 1/2" [241] Long Hex Bolt " ASTM A449 or SAE J429 Gr. 5 R# 14-0343 COC
a18 _ . . 4,000 psi f'c R# 14-0353 T# 4156617
24 [610] Dia. Concrete Anchor 120" [3048] long
al9 #11 Straight Rebar, 114 [2896] long " Grade 60 H# 58196113
a20 #4 Anchor Hoop Rebar with 21 [533] Dia. " Grade 60 H# 111485
ASTM A572 GR50-07, ASTM A709 GR50-
bl ! R# 14-0476 H# 11935540
$3x5.7 [S76x8.5] Post by 28 1/8 [714] " 09A, ASTM A992-06A
ASTM A572 GR50-07, ASTM A709 GR50-
b2 ! R# 14-0476 H# 11935540
S3x5.7 [S76x8.5] Post by 19 [483] " 09A, ASTM A992-06A
b3 #3 Straight Rebar, 43 [1092] long " Grade 60 H# JW12105480
b4 7 1/4[184] Dia. No. 3 Hoop Reinforcement " Grade 60 H# 537484
b5 2nd Post Keeper Plate, 28 Gauge ASTM A36 N/A
b6 3/4[19] Dia. UNC 5 1/2" [140] Long Hex Bolt and Bolt ASTM A307 Gr. A/Nut ASTM AS63A Structural Bolt Distributor's
Nut" ° r AT Affidavit R 14-0343
R#14-0106 H# A32336 BL#
b7 . . ASTM F844 (F436-SAE 1050 MODA4)
1/2 [13] Dia. Washer with 11/16" [27] OD " 195624
Structural Bolt Distributor's
b8 ) " . | Bolt ASTM A307 Gr. A/Nut ASTM A563A X .
1/2[13] Dia. UNC 2" [51] long Hex Bolt and Nut Affidavit R# 14-0343
4x3x1/4 [102x76x6] Foundation Tube 48" [1168
b9 I:n; 1/4 [102x76x6] Foundation Tube 48" [1168] ASTM A500 Grade B H#B200931 / R# 13-0175
b10 2nd Post Cable Hanger ASTM A36 R# 14-0476 H# A402276
b1l 2nd Post Anchor Aggregate 12 in, Depth - -
b12 12 Dia. 2nd Post Concrete Anchor 46" long" 4,000 psi f'c R# 14-0353 T# 4156617
b13 ASTM A36 R# 14-0476 H# B314839
2nd Post Base Plate
b14 3/16" [5] Dia. 5 1/4" [133] Long Brass Rod ASTM B16-00 Hit 05543-1
1-3/4" . " [21 L 2 il# 113181
a 3x1-3/4°7 Gauge [76x44x4.6] 83" [2108] Long Hot-Rolled ASTMA1011 HSLA Gr. 50 | 067827 Coll# 1131814950
Bent Z-Section Post " R#14-0491 Green Paint
c2 12 Gauge Tabbed Bracket - Version 10 Hot-Rolled ASTM A1011 HSLA Grade 50 H# 832D32560
a3 , Bolt SAE J429 Gr. 5 or ASTM A449 Loti# 3278740008 Order#
5/16 [8] Dia. UNC 1" [25] Long Hex Cap Screw 210072383
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c3

Nut ASTM A563 DH

Part# 1136304 H# 328711 AND

5/16 Nut" H# 328481
ASTM B16 Brass C36000 Half Hard (HO2),
c4 i i i K H# 05543-1
Straight Rod - 3/16 [5] Cable Clip " ROUND. TS >=68.0 ksi, YS >=52.0 ksi
3/4[19] Dia. High St th Pre-Stretched Cabl
di / . ! ], 'a. High streng re-stretched Lable 3x7 Cl A Galv. C1/C2 and C3, see next tab
Guiderail "

R# 14-0325 H# M643354 Whi
d2 ) ! ASTM A563C 0325 ) 64335 te
7/8[22] Dia. Hex Nut" Paint
a3 ASTM Ad49 R# 14-0325 H# 133079 White

Cable End Threaded Rod Paint (left) Red Paint (right)
d4 Bennet Cable End Fitter ASTM A47 H#9Q4 AND OP5
X Cable Wedges ASTM A47 R# 14-0455 H# BR1
ds 7/8 [22] Dia. Square Nut " SAE J429Gr. 5 N/A
el Bennet Short Threaded Turnbuckle Not Specified cocC
e2 Threaded Loadcell Coupler N/A N/A
e3 50,000-1b [222.4-kN] Load Cell N/A N/A

217




May 17, 2016

MwRSF Report No. TRP-03-327-16

Table A-2. Bill of Materials, Test Nos. MWP-6 and MWP-7

5/16 Nut"

Item No. Description Material Specification Reference
al Cable Anchor Base Plate ASTM A36 N/A
a2 Exterior Cable Plate Gusset ASTM A36 N/A
a3 Interior Cable Plate Gusset ASTM A36 N/A
ad Anchor Bracket Plate ASTM A36 N/A
ab 3/16 [5] Dia. Brass Keeper Rod 14" [356] long " Brass H# 05543-1
a6 Release Gusset A36 Steel N/A
a7 Release Lever Plate A36 Steel N/A
a8 1.25x1.25x0.1875 [32x32x5] TS CT Kicker Lever ASTM AS00 Gr. B N/A
Tube "
a9 CMB High Tension Anchor Plate Washer ASTM A36 H# 64047117
al0 1.25x1.2.5x0.1875 [32x32x5] TS CT Kicker Lever ASTM A 500 Gr. B N/A
Connecting Tube "
all 3x10x0.5 [76x254x13] Kicker Plate " ASTM A36 N/A
al2 CT kicker - gusset ASTM A36 N/A
al3 3/4[19] Dia. Flat Washer " ASTM F844 PFC COC R# 14-0082
al4 , J-Hook ASTM A449/Nut ASTM AS63 DH | BOH: H# 11618020 NUT: Item#
3/4[19] Dia. UNC J-Hook Anchor and Hex Nut " DHHNO75CG Lot# 170277
alS 1/4[6] Dia. Aircraft Retaining Cable 36" [914] %19 Galv. N/A
long"
alé 5/8[16] Dia. Heavy Hex Nut " ASTM A563C R# 14-0343 COC
al7 5/8 [16] Dia. UNC 9 1/2" [241] Long Hex Bolt " ASTM A449 or SAE J429 Gr. 5 R# 14-0343 COC
al8 X 4,000 psi f'c R# 14-0353 T# 4156617
24 [610] Dia. Concrete Anchor 120" [3048] long "
al9 #11 Straight Rebar, 114 [2896] long " Grade 60 H# 58196113
a20 #4 Anchor Hoop Rebar with 21 [533] Dia. " Grade 60 H# 111485
ASTM A572 GR50-07, ASTM A709 GR50-
bl S3x5.7 [S76x8.5] Post by 28 1/8 [714] " 09A, ASTM A992-06A Ri# 14-0476 Hit 11935540
b2 ASTM A572 GR50-07, ASTM A709 GR50- R# 14-0476 H# 11935540
S3x5.7 [S76x8.5] Post by 19 [483] " 09A, ASTM A992-06A
b3 #3 Straight Rebar, 43 [1092] long " Grade 60 H# JW12105480
b4 7 1/4[184] Dia. No. 3 Hoop Reinforcement " Grade 60 H# 537484
b5 2nd Post Keeper Plate, 28 Gauge ASTM A36 N/A
3/4[19] Dia. UNC 5 1/2" [140] Long Hex Bolt and Structural Bolt Distributor's
b6 Bolt ASTM A307 Gr. A/Nut ASTM A563A i .
Nut" Affidavit R# 14-0343
b7 . . ASTM F844 (F436-SAE 1050 MOD4) Rif14-0106 Hif A32336 BLH
1/2[13] Dia. Washer with 11/16" [27] OD " 195624
Structural Bolt Distributor's
b8 1/2[13] Dia. UNC 2" [51] long Hex Bolt and Nut " Bolt ASTMA307 Gr. A/Nut ASTMAS63A Affidavit R#t 14-0343
4x3x1/4 [102x76x6] Foundation Tube 48" [1168]
b9 long " ASTM A500 Grade B H#B200931 / R# 13-0175
b10 2nd Post Cable Hanger ASTM A36 R# 14-0476 H# A402276
b1l 2nd Post Anchor Aggregate 12 in, Depth - -
b12 12 Dia. 2nd Post Concrete Anchor 46" long" 4,000 psi f'c R# 14-0353 T# 4156617
b13 ASTM A36 R# 14-0476 H# B314839
2nd Post Base Plate
b14 3/16" [5] Dia. 5 1/4" [133] Long Brass Rod ASTM B16-00 H# 05543-1
3x1-3/4"x7 Gauge [76x44x4.6) 83" [2108] Long H# 667827 Coil# 1131814950
cl . Hot-Rolled ASTM A1011 HSLA Gr. 50 .
Bent Z-Section Post " R#14-0491 Green Paint
c2 12 Gauge Tabbed Bracket - Version 10 Hot-Rolled ASTM A1011 HSLA Grade 50 H# 832D32560
c3 Bolt SAE J429 Gr. 5 or ASTM A449 Lot# 3305380002 Order#
5/16 [8] Dia. UNC 1" [25] Long Hex Cap Screw 210072383 H# 311406798
a3 Nut ASTM A563 DH Part# 1136304 H# 328711 AND

H# 328481 AND H# KV894
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ASTM B16 Brass C36000 Half Hard (HO2),

c4 H# 05543-1
Straight Rod - 3/16 [5] Cable Clip " ROUND. TS >=68.0 ksi, YS >=52.0 ksi
3/4[19] Dia. High Strength Pre-Stretched Cable C1/C2 and C3, H# 131499 see
d1i o 3x7Cl A Galv.
Guiderail " next tab
R#t 14-0325 H#t M643354 White
d2 . ASTM A563C X
7/8[22] Dia. Hex Nut " Paint
a3 ASTM A449 R# 14-0325 H# 133079 White
Cable End Threaded Rod Paint (left) Red Paint (right)
d4 Bennet Cable End Fitter ASTM A47 H# 9Q4 AND OP5
X Cable Wedges ASTM A47 R# 14-0455 H# BR1
d5 7/8[22] Dia. Square Nut " SAE J429Gr. 5 N/A
el Bennet Short Threaded Turnbuckle Not Specified cocC
e2 Threaded Loadcell Coupler N/A N/A
e3 50,000-1b [222.4-kN] Load Cell N/A N/A
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TEST REPORT

TC Industries Test Center
REPORT NO: 161620

l

|

1

l 3703 South Routs 31

Crystal Lake, IL 60012-1412 DATE: APRIL 25, 2012
Telephone (816) 459-2400 Fax (815) 469-3419 PAGE 1OF 1

SHIP TO: AMERICAN EAGLE STEEL ¢
317 EAST 11TH STREET
CHICAGO HEIGHTS, IL 60411 ‘

BILLTO: AMERICAN EAGLE STEEL
317 EAST 11TH STREET
CHICAGO HEIGHTS, IL 60411

|
i DESC:405 PCS ,76"RD X 24' HEAT:57608C GRADE: 1045 WT: 14601
PO: 1414-TC4 MO: 0805880 co: 1414 LOT: 80939
SPEG: ] H,TEMPER,S ~ ASTM-A449-10
PROGESS: FURN TEMP: 1600 FURN TIME hh.mm: .45 QUENCH: WATER
TEMPER TEMP: 1075 TEMPER TIME hh.mm: .45
STRESS TE#P: STRESS TIME hh.mm:
|[PARAMETER | UNITS __[LIMITS TEST RESULTS (Sea sampling plen on back)
TENSILE KSI 1200 NA 1380
; YIELD 2% Ksl 920 NA 1240
I ELONG 2" % 140 NA  |19.0
I RED AREA % 350 NA 550
‘ ISURFACE HB | HBW 266 321 289 285 294 286 286 285
286 285

e e

4Cable Anchorage "J-Hook bolts"
R#15-0281 Yellow Paint
December 2015 SMT

EDITED)
Testing Cert #1281-01
TC INDUSTRIES and SUBCONTRAGTED LABS (A2LA ACCREDITED)

! Tenslle, Standard  TC Rockwell Micro Analysis*

| Tensile, Full Size Brinell TC Decarb Measure

1 Gharpy V Notch Ultra Sonlc* Chemlstry*
Mjcrohardness,Knoop* Bend Test*

! TC: TC Test Center BE: Berg Eng. EX: Exova MSl: Metallurglcal Ser.

: Cert #1281.01 Cert #L1157-1 Cert #104,02 Cart #0510.01

| 2/28/13 214114 6/30/12 12131112 -
Time 12:26 DATE IN: 4/11/12 *not included in our scope of accreditation FC 4.12.16F 7/15/10
NOTES: C

Phil Burgdorf
Test Cenler Tech |l

Theee oo no deviations from test mothods unlass noled. Il showld not be assumed thet moclrln(ulprwm of raw maledal heat treated (o @ fastener standard will have lhe same proportles of @

""‘"""'L‘a‘&i&?&"'”"";ww id ropa p‘o‘gl’wmed this matorial whito I tho possasskon of TC Indusiios, I
No metcury Wes us and no Vol on this mi jusirios, Inc.
This wb% tost fepon dlsptm aralsed *TC Indu:ldu Tost Conlee” soal. This lest coport rolales only lo the foms losted snd shall nol be taproduced, excapt in full, withovl the written pemission of

TC Industries Tost Con|

§ et

Figure A-1. Cable End Threaded Rod, Test No. MWP-4
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QUALITY CERTIFICATE

NINGBO JINDING FASTENING PIECE CO.,LTD
XIJINGTANG JIULONGHU NINGBO CHINA TEL:+86-574-86530122 FAX: +86-574-86530858

Customer: FASTENAL COMPANY PURCHASING--IMPORT Date : 2014-05-04
Product: HEX CAP SCREWS Contract No: 13JDF499T
Class: 5 Invoice No: 00500225-1
Size: 5/16-18X1 Lot No: 3278740008
Marking: JDF three radius Order No. 210072383
Quantity: 60. 000 mpcs Part No. 110120325

Dimensions Of SPEC:

Production Date

Certificate No. :

2014-02-14

Inspection Items Standard Result Sample Pass
Visual Appearance 0K 29 29
Body Diameter Vé / B B
Thread Go 3A OK 5 5
No Go 2A 0K 5 5
Width Across Flats 0. 500-0. 489 0. 493-0. 495 15 15}
Width Across Corners 0.577-0. 557 0.571-0. 567 5 B
Major Diameter 0.311-0. 303 0.311-0. 303 5| 5
Head Height 0.211-0. 195 0. 202-0. 205 Bl 5
Total Length 0.970-1. 000 0. 984-0. 988 15) 15)
Thread Length min 0. 861 0. 865-0. 869 15] 15}
Key Engagement / /
Head Diameter /i /
Mechanical Properties
CharacTeristics Standard Result
Surface Hardness [30N] MAX 54 16-48 5 5
Core Hardness [HRC] 25-34 28.6-30 5 5|
Wedge Strength [psi] min 119880 139182-146003 3 3|
Yield Strength [psi] min 91869 102028-108849 3 3|
Elongation [%] min 14 15.8-17.3 3 3|
Reduction Of area [%] min 35 41.6-48.8 3 3
Proof Load [Tb] 4450 4450 3 3
Impact test -20°C [Akv/J] / /
Decarburization N=1/2H1 HV0.3 296. 12 296. 12 311.88 3 3]
HV2>=HV1-30, HV3<=HV1+30 G 0. 0006max
CHEMICAL COMPOSITION (%)
Heat No C Si Mn P S Cr Ni Cu Mo B
358 1.12002893[3 0. 35 0. 14 0. 63 0. 020 0.011
Thickness [UM] |min 5 8. 1-8. 87 20 20
Surface Coating: IZP(‘r:}‘ (coating test method: X ray according to ASTM B568M 2007 standard test
Thread Specification: ASME B1. 1 2003, UNIFIED INCH SCREW THREADS (UN AND UNR THREAD FORM)
sampling dimension specification: ASME B18. 18.2 2009 inspection and quality assurance for high-volume machine assembly
Dimension Specification: ASME BI18.2.1 2010, HEX CAP SCREWS
sampling mechanical properties specification: ASTM F1470 2009 Standard Guide for Fastener Sampling for Specified Mechanical
Mechanical Properties: SAE J429 2011, MECHANICAL AND MATERTAL REQUIREMENTS FOR EXTERNALLY THREADED FASTENERS
Surface Defect: Wl 88M, SURFACE DISCONTINUITIES OF BOLTS, SCREWS, AND STUDS
$ 3 T4 b 2010, Electrodeposited Coatings On Threaded Fasteners
/ l& Supervisor\‘é\ IQualily Control Manager
r B\ ==

5/16" Grade 5 Bolts ﬂ"ﬁ\ JW%

MWP-4 Clip Hardware R#15-0093 August 2014 SMT

Figure A-2. °/15 in. (8 mm) Hex Cap Screws, Test No. MWP-4

221



May 17, 2016
MwRSF Report No. TRP-03-327-16

SUPER CHENG INDUSTRIAL CO.,LTD.

NO. 18 BEN-GONG 2nd ROAD., BEN CHOU INDUSTRIAL PARK, KAOHSIUNG COUNTY 820, TAIWAN R.O.C.
TEL : 886-7-6225326-30(5 LINES) FAX : 886-7-6215377/6212335/6235829

CERTIFICATE OF INSPECTION

CERT. # : P58-13071707-1T ISSUED DATE @ 2013/9/27 PAGE10F 1

CLIENT : SUPER CHENG INDUSTRIAL CO., LTD.
ADDRESS : NO. 18 BEN-GONG 2nd ROAD., BEN CHOU INDUSTRIAL PARK, KAOHSIUNG COUNTY 820, TAIWAN R.O.C.

PURCHASER : FASTENAL COMPANY PURCHASING PO # : 210068905

PART #1136304 QTY SHIPPED : 90,000 PCS
COMMODITY : GRADE 5 FIN HEX NUT FINISH : TRIVALENT ZINC
SIZE : 5/16-18 LOT# : P58-13071707 SAMPLING PLAN : ANSI/ASME B18.18.2M-93
QTY : 807510 PCS MATERIAL : SWRCHI15A HEAT NO. : 328711
MANUFACTURER : SUPER CHENG IND. CO., LTD. MANU. DATE : 2013/8/20
DIMENSIONAL INSPECTION SPEC. : ANSI/ASME B18.2.2-10 SAMPLED BY : SHU HUI WANG
ITEM SAMPLE SIZE SPECIFIED ACTUAL RESULT JUDGMENT
APPEARANCE 100 ASTM F812-07 @ GOOD OK
W.AF. 32 0.500 ~ 0.489 in. 0.493 ~0.492 in. OK
W.A.C. 8 0.577 ~0.557 in. 0.565 ~ 0.563 in. OK
THICKNESS 8 0.273 ~0.258 in. 0.263 ~0.262 in. OK
THREAD 32 ANSI/ASME B1.1 PASS OK
MECHANICAL PROPERTIES SPEC. : SAE J995-12 SAMPLED BY : SHU HUI WANG
ITEM SAMPLE SIZE TEST METHOD SPECIFIED ACTUAL RESULT JUDGMENT
HARDNESS 8 ASTM F606-11a MAX HRC32 11.0~8.0 HRC PASS
PROOF LOAD 4 ASTM F606-11a MIN 6300LB 6449 ~ 6415 LB PASS
PLATING THICKNESS 4 ASTM B568-98 MIN 0.0001 in 0.00013 ~ 0.00012 in PASS

5/16" Grade 5 Nuts
MWP-4 Clip Hardware R#15-0093 August 2014 SMT

There are two separate Heat numbers for this purchase.

REMARK : 1 - THIS REPORT SHALL NOT BE REPRODUCED EXCEPT IN FULL WITHOUT WRITTEN
APPROVAL OF THE LAB.
2 ~ THIS INSPECTION CERTIFICATE IS FOR RESPONSIBILITY UNDER SAMPLE ONLY
3 ~ ABOVE SAMPLES TESTED CONFORM TO THE FASTENER SPECIFICATION OR
STANDARDS

LAB. DIRECTOR(SIGNATORY) :

ZE#EY% 1 LQC 10E Rev.0

Figure A-3. °/16 in. (8 mm) Hex Cap Nuts, Test No. MWP-4
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Certificate of Compliance

Sold To: Purchase Order:
UNL BUILD SYSTEM MAINTENANCE Job:
Invoice Date: 08/22/2014

THIS IS TO CERTIFY THAT WE HAVE SUPPLIED YOU WITH THE FOLLOWING PARTS.
THESE PARTS WERE PURCHASED TO THE FOLLOWING SPECIFICATIONS.

95 PCS 5/16"-18 x 1" Zinc Finish SAE J429 Grade 5 Hex Cap Screw SUPPLIED UNDER OUR TRACE NUMBER 210072383
AND UNDER PART NUMBER 110120325

100 PCS 5/16"-18 x 1" Zinc Finish SAE J429 Grade 5 Hex Cap Screw SUPPLIED UNDER OUR TRACE NUMBER 210072383
AND UNDER PART NUMBER 110120325

100 PCS 5/16"-18 Zinc Finish Grade 5 Finished Hex Nut SUPPLIED UNDER OUR TRACE NUMBER 210075139 AND
UNDER PART NUMBER 1136304

100 PCS 5/16"-18 Zinc Finish Grade 5 Finished Hex Nut SUPPLIED UNDER OUR TRACE NUMBER 210068905 AND
UNDER PART NUMBER 1136304

This is to certify that the above document is true Please check current revision to avoid using obsolete copies.
and accurate to the best of my knowledge.

M This document was printed on 08/22/2014 and was current at that
) time.

=
Fastenal Account Representat@i{nature Fastenal Store Location/Address

Enl 'Cw 4 (I ‘:w/q 3200 N. 20th Street
4

0] LINCOLN, NE 68521
Printed Name Phone #: (4102)476-7900

3/ / 2 / / V Fax #: (402)476-7958

Date Page 1 of 1

Figure A-4. °/15 in. (8 mm) Hex Cap Screws and Nuts, Test No. MWP-4
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RELEASE NUMBER

REQ DELIVERY DATE

JOB NUMBER

Concrete Industries 8000MISC. DAVID-789 1 0of 1
GSOOBCorgghéjzs;er Highway BN <
Eincoh. N 68525- JOB COMPLETE MSF
Phone: (402)434-1800 FAX: (402)434-1899 4 BV

MIDWEST ROADSIDE SAFETY FACILITY MEB

MATERIAL TYPE REFERENCE DRAWING ID “DESCRIPTION
Rebar, Grade 60, Black STOCK

Itm| Qty | Size | Length Mark Shape | Lbs AL B e bp |l BRI Kof o |8
[ 72 L 906 1615 0
i 32. e 1615. T 2 e 1 :
L 2f e[ 2 [ 70 [Aast ] 1] 4N [ (s8] (Eoil) [ ™ | [ ] 1

86. . Qe <
3 44 3 301 A301 T3 51 2:01 ( _?o/(‘_‘ 1-00 0-08 1
7 %] 3 307 2 it L 0
60. 73.
Total Weight: 2,099 Lbs
Longest Length: 9-06
WEIGHT SUMMARY
TOTAL | [ STRAIGHT __1] LIGHT BENDING "HEAVY BENDING

[ sze | [ mems || pieces J[ s |

[ mems | [eeces | [ es |

{ mems IIP!ECES || s |

[ mews I[ PIECESJ[ ws |

Rebar, Grade 60, Black
3 2 60 73 1 16 2 1 44 51 0 0 0
4 1 88 411 0 0 0 1 88 411 0 0 0
1 1 32 1615 1 32 1615 0 0 0 0 0 0
4 180 2099 2 48 1637 2 132 462 0 0 0
Total Weight: 2,099 Lbs
Longest Length: 9-06
A3 CpiL EVrAz. 11740 / :
K2 Gerdacw 590 54886 /
A4 Coic ENraz  [I2oo| L/
/| Gerdaw,  MeT1949

v13.01.4015 (T) (LIN)

Figure A-5. Rebar in Concrete Anchor, Test Nos. MWP-4, MWP-6 and MWP-7

©2014
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E EVR Az ‘ ROCKY MOUNTAIN STEEL

A DIVISION OF EVRAZ INC. NA

P.O. Box 316

Pueblo, CO 81002 USA

MATERIAL TEST REPORT
Date Printed: 03-DEC-13

Date Shipped: 03-DEC-13

Product: DEF #3 (3/8")

Specification: ASTM A-706/A-615

FWIP: 52815363 Customer: CONCRETE INDUSTRIES INC Cust. PO: 104048

; Heat CHEMICAL ANALYSIS (Heat chemistry entered 09/26/13)

i Number c Mn P s si Cu Ni Cr Mo Al v B Cb Sn N Ti

, 111940 26 1.27 .013 030 25 31 a1 .10 032 002 .042 013 0147

i

)

i MECHANICAL PROPERTIES
N ) Heat Sample Yield Ultimate Elongation Reduction Bend WU
cl}_l) ! Number No. (Psi) (Psi) (%) (%)

' 111940 01  02% offset 76276 106690 14.8 ok 0.371

111940 02 70502 105120 143 ok 0371
0.0035 EUL
All melting and manufacturing pi of the ial subject to this

)

test certificate occurred in the United States of America.
ERMS also certifies this material to be free from Mercury contamination.

This material has been produced and tested in accordance with the
requirements of the applicable specifications. We hereby certify that the

above test results rep those

ined in the

ds of the C

P

y.

Quality Assurance Department

Figure A-6. Steel Rebar within Concrete Anchors, Test Nos. MWP-4, MWP-6 and MWP-7

9T-/2€-€0-dY.L "ON Moday 4SHMIN

910z ‘LT AeN
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% EVRAZ : ROCKY MOUNTAIN STEEL

P.0. Box 316
Pueblo, CO $1002 USA

A DIVISION OF EVRAZ INC. NA

MATERIAL TEST REPORT

Date Printed: 24-FEB-14

Date Shipped: 24-FEB-14

Product: DEF #4 (1/2")

FWIP: 52815364

Specification:

Customer: CONCRETE INDUSTRIES INC

ASTM A-706/A-615
Cust. PO: 105158

Heat CHEMICAL ANALYSIS (Heat chemistry entered 02/13/14)

Number c Mn P s si Cu Ni Cr Mo Al v B Cb Sn N Ti

112001 0.27 121 0.019 0.027 0.28 041 0.12 0.22 0.042 0.002 0.041 0.013 0.0101

Carbon Equivalent = 0.505
MECHANICAL PROPERTIES

Heat Sample Yield Ultimate Elongation Reduction Bend W/t

Number No. (Psi) (Psi) (%) (%)

112001 0l 0.2% offset 69333 105470 14.0 ok 0.669
(MPa) 478.0 7212

112001 02 0.0035 EUL 66533 108940 15.5 ok 0.674
(MPa) 458.7 751.1

Al melting and manufacturing processes of the material subject ta this
test certificate occurred in the United States of America.... « ... .

ERMS also ccrtifies this material to be frce from Mercusy contamination. . ..

This material has been produced and tested in accordance with the

q!

of the applicable specifi

We hereby centify that the

d in-the:

ahove test restilts rey those

ired the C

P

Y.

b Ly

BTSSR TR I

RS ]
Qualify Assurance Department

Figure A-7. Steel Rebar within Concrete Anchors, Test Nos. MWP-4, MWP-6 and MWP-7

9T-/2€-€0-dY.L "ON Moday 4SHMIN
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Certified Report Of Chemical Analysis And Mechanical Tests ‘

‘ ArcelorMittal
Indiana Harbor West.
3001 Dickey Road
Date Shipped: 5/26/2000 | East Chicago, IN 46312
Sales Order: 425794001 Customer PO: PS0323BL002/4
Sold To: STATE STEEL SUPPLY CO
214 COURT STREET P.0. BOX 3224 SIOUX CITY 1A
Ship To: STATE STEEL SUPPLY
: 214 COURTY STREET - RAIL SIOUX CITY 1A L
| Product Description:  ASTM A1011 GRO S0XF Hot Band Prime ASTM A1011 GRD SOXF 0,1290 Min x 80.2500 in
Heat Chemistry % i
N Heat c Mn P s Si Cu B Cr \ Ti Cb Al N Ni Mo Ca SN
’:’l 83471 006 087 0008 0007 0025 001 0000 002 0001 0017 0018 0039 00058 © 001 0004 0.002
Heat Physicals ‘
Yield PSI YieldMPa  UTSPS! UTS MPa Elongation %  Direction
54200 374 65200 449 322 L
$8300 388 66500 458 313 L
Togs Re d By Preceding Heat Results
Tog# Load! JGsuge  wiomn Length
06582707 01325949 0429 60.25 Coll
e

AD losts weso performed by Arcelorbitial - Indiana Harbor, unlesa specified, in accordance with the following: chemical analysis per ASTM E415 and E1019; mechanical test pes ASTM EB and

EG46, IS 22241, 2253 and 2254, EN 10002-1; Rockwell hatdness per ASTM E18; coating weight por ASTM A754, ADQ, and A428, AS lests mm n.ummu standard,
unioss otherwise noted. Al lensile festing pedormed with gauge length of 2 inches. These results relste cnly to the ems lested.

s wvailable upon request. Arcelorhittal - Indiane is A2LA centiiod, Charpy lesting is performed by Arcalorkittal « mu-su mmmw

Wo heraby cortify the above Is comect as contalned in the records of the corporation. 0
ArcelorMittal, indians Harbor West - Quality Assurance Department Peter D. Caroy

L s it

Figure A-8. Cable Clips Chemical Report, Test Nos. MWP-4, MWP-6 and MWP-7

0 R

IO
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Steel Inc.
P90728BL002

105 trut. Sault M-ie. Ontario Canada P6A 7B4
2009/07/31 2009/09/08 140719 |03-5628 |GTH ~187955

g'{h‘!! SI’EZET%P%LY co.
g:gﬂx CIT’Yz%(NQA 51102

TE STEEL SUPPLY CO.
21 COURT STREET
SIOUX CITY, IOWA 51102
IOWA

CUSTOMER SPCIICATION
HOT ROLLED STEEL SHEET -

ROLLED - RBSTRICTBD GIDGZ 1 2 !OLBRLNCE

SURFCE STD

ASTM A1011

BENA MORERATE FORUING SBMI-CRIT

SUPPLIRENTANY INSTRUC HONS

TEST CERT 1:
ST COUPON:

S RESALE

BOB LANSWORTH 712-277-3306 TEST CERT 2:

ewsrva TEST REPORTS REQUIRED

PLATE TE

2000115860 WS
 2009/09/18 12:32

8¢¢

HEB'!S BN 10204 3.1
HEATS

A kA R AR K kR R kK

CUSTOMER ITEM 00002

OUR ITEM 001

INDICATED WITH (+) MADE IN CANADA WITH DOMESTIC AND NORTH AMERICAN MATERIALS

* * x * *x *x PRODUCT S HIPPEDXH R & k & & k k % k % & *x k % .. ~ =~

DIMENSIONS .112 MIN X 60.25 X COIL

COIL 21 NOé WEIGET COI%R = pxgtggﬁ WEIGHT
; 63526011 6946J-01 1 40600 63g26012 6946J-51 1 40740

d % ok Kk ok ok Kk ok Kk k Kk & N

TENSILE TESTS:

**" *MECHANICAL PROPERTIESAERAALAA LA ST & &R A

* SAMP! X * % TRST * * Y!LDI'ENSLB
HEAT SRCE ~ COND METH DIR - I %_ELORG LAB
69460 DSPC . AR & L L 68 (1] 32(2v%) ALG
k kR R K R % kR kK ¥ A k k k x A X CHEMICAL PROPERTIERSR  * % & % % kx % & % % % % & & & %
HEAT WT % c MN S S1 CR NI cu MO > ¥
(¢ ) TI SN AS I ot e ca
69467 + .06 .46 .00 003 . " .02 .05 .00 .021 .006 .031
. - .001 .0096 .00280
(Z
PAGE 1 OF 3
**WABNiNG®® THE TEST RESULTS AND VALUES REPOATED WEREN BDICATE ONLY THAT (1) THE PARTICULAR STEEL FOR WHKH THIS CERTIFICATE 15 ISSUED MEETS THE MUSMUM
SPECFED YIELD STRINGTH AND {21 THE CHEMKAL ANALYSIS AND PHYSICAL PROPERTIES OF SUCH STEEL ARE N
Ol THE _SPECFICATCN INDICATED. m_ﬁnmmmmmmsmmwmmm

e

Figure A-9. Cable Clips Chemical Report, Test Nos. MWP-4, MWP-6 and MWP-7

e

9T-/2€-£0-dd.1 "ON Hoday 4SHMIN
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MUELLER BRASS CO. Control No: 705583
LOCATIONS:

2199 LAPEER AVENUE 302 ASHFIELD STREET

PORT HURON, MICHIGAN 48060 BELDING, MICHIGAN 48809

[ Certified Test Report ]

Sold: 00061067 Ship: 00059225

To: COPPER & BRASS SALES To: COPPER & BRASS SALES-
ATTENTION: ACCOUNTS PAYABLE 8001 THYSSENKRUPP PARKWAY
P.O. BOX #5116 NORTHWOOD, OH 43619

SOUTHFIELD, MI 48086-5116

CustPO: 5400146354 MBCo SO: 352441  Ln 70 Cert Lvk: 2
Cusl Part: CURD00527 Part Nbr: 0250RD601200XX1 FC

Type: ROD Size: RND 0,250 Qty Shpd: 3, 085 UM: Lbs
Cust Spec: ASTM B16/16M-10 BOL: 50471286 Shpd: 06/05/12

Mechanical Properties
Lot Number: 1375756 | Temper: w020 1/2 ® 1 CDA Alloy: ¢36000

Yield Strength  ( ) | Tenslle Strength ( ) Elongation % In 2 Inches Hardness RB

Chemical Analysls ( % )

Cu Pb Fe Zn
ASTM B16/16M-10 60.0-63.0| 2,6-3.0 |0.35 Max REM
Lot Number: 1375756 61.6 2.7 0.13 | REM,

OTHER EACH MAX1 .50

We hereby certity 10 the and and lo the fact that they were delermined in conformance with the
specification noted above or any exceptions to mopecllwlhnwom»n granted. We also hereby cedify that the matertal furnished on this order
i free from mercury contaminalion and thal no mercury bearing equipment was used In the manufactura of these itoms.

Melted and Manufactured In USA .
1S09001:2008 regislered QMS By: 06/05/12
Stephanie Goodell

gofou;&u ;I‘mmﬂhm with: Metallurgist
EV Direclives:

2002/95/EC (RoHS Compliant)

2000/6XEC

From: Copper and Brass Sales

Cust: ONLINE METALS Del: 2401949744
Part: 1257 PO: 76155

Wgt: 86.000 LB Date: 07/09/2012

Figure A-10. Straight Brass Rod Cable Clip, Test Nos. MWP-4, MWP-6 and MWP-7
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Test Certificate

Document: 01024973

May 17, 2016
MwRSF Report No. TRP-03-327-16

Norfolk Iron & Metal Co.

3001 North Victory Road
Norfolk, NE 68701
PH: (402) 371-1810

Product Description
Thickness: .1800

Heat: 083707

Specification(s): A1011 HSLAS-F GR50-12

Chemistry Data

C MN
.059 417
NI MO
.012 .0001

Mechanical Data

Yield Tensile

(PSI) (PSI)
1 59716 68741
2 59522 68267

Produced From Coil

Melted and Manufactured In:

S SI AL
.0026 .017 .0469
TI N B
.001 .004 .0002
Elongation Reduction
Of Area
37.50 2" 71.9100
40.40 2" 76.1700

Not Provided

Supplier: THYSSENKRUPP STEEL USA

CB v cu CR
.02 .0001 .00s .022

ZR
.00

Sample
Taken From

Head

Center

The Mechanical Data for the product described above reflect the results of tests made by us in accordance with applicable
ASTM or ASME standards and our testing procedures, and we certify that the information included in this Test Certificate
with respect to such Mechanical Data is accurate to the best of our knowledge.

The Chemistry Data shown above was reported to us by THYSSENKRUPP STEEL USA

and have been included in this

Test Certificate solely for your information.

Figure A-11. Z-Post Chemical Report, Test Nos. MWP-4, MWP-6 and MWP-7
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.
-

‘ T-084 P.02/03 F-176
2-05 14:13 . FROM- ‘
I’ﬁiﬂlﬁ” mﬁaﬂrmunamn ‘
31 1—?7?-3! | CEGAND Oy an'h7

TEST REPOAT
T3 X\ X2% Ko Brud o B

T 210 521 1800
f 2ia 228 a520

328) vwFS1 COUNIY ROAD D ys
FRANKFORT. INDIANA 4004 09c

- o5 T 763 054 0477
AKZWROD OPLIATK h SHE 3 €299.ds S ORDER INFORMATION t 705 054 DB57
'RANKPORT OPERAIIC v§
Pate: 03/15/01 Cust PO: 194802
Certificationds LE23743300300500233137 Lot Wbrz 00233137
Quantity; 234 Pieces
KANEBRIDGE CORPORATION
23 BRUER DRIVE
OAKL.AND Nd  0743E-3150
T --h—w-‘-_“--—__-__w_—__‘“_—FQRT INFORMATION B o
& . arkings LE 3 RADIA
henc Yupyers Sigews . HEZ ERp"dPRey = 3 RAOIALS
leslja ZINC 0:00025" L s el
RAW MATERIAL ANALYSIS
gteel Hamt Nbr: CR1373
Stﬁgl Si0nl lgll:": CHRR;ER STEEL 8 8tee) Gradg: LESC 40374 (1&, LE l-i‘n
r
0.32  0.80  0.01 0-022 0.23 032 0.8 007 06 o 'bas
MECHANICAL PROPERTIES
10¢ Tensile Strennth Froof Load Test Superficial Gore
Wedge s Lhs Elang R3AON Re
Hiah 138000 51.0 30.0
Law 1368000 48.0 25.0
Ava 137€00 49.6 28.0
CERTIFICITYION TEST RESULTS INCLUDE THRSE REPORTED BY THE FDLLOWING ACCREDITED LABORATORIES =
LAKE ER1E SCREW- LAKEWOOD LAR

C
CHARTER ¢ TEEL

The Visted standargs, specifications, and sampling schemes
Gn the date of manufacture unless poteg etherwise.

T TR Y e v S Bt e ey = WY e e S B Ve o e,

———

are af the revision in effect

- e e e e e ey

This 1ot has been found tn conform to the requirements of the 2hove standards and

specificitians.

Vo 0oty The produst § maned 0y 1ane Ena Sorew mmmmwmnmmmhmmmm
Hmmwuuh%wmmmnmnmqmm TH 855 o ule SRl RErEety -ahebk EOATYS
o Corp R TR OOM VRS ) 10 OF 108 Ei B -’ummmwmammnawg'
i W o e oh T e BF) save Thl (uamens by ony pe mmm.mnmwn'mmmumu
0 e ST Of jube 1 ATy wmmm&uw‘-mm.ﬂmmmmﬂ A PONREG EaCopd 83 saprogssy
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Figure A-12. °/16 in. (8 mm) Round U bolt, Test Nos. MWP-4, MWP-6 and MWP-7
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170 Adams Avenue
Hauppauge, New York 11788
Phone: (631) 273-8282

| Fax: (631) 273-8088

SUPERIOR WASHER AND GASKET CORP.

662 Bryant Bivd.
Rock Hill, South Carolina 29732 ]
Phone: (803) 366-3250 |

SUPERIOR WASHER AND GASKET CORP. 7

[ Fax: (803) 366-3511
E-Mail: swg@superiorwasher.com E-Mail: swg@superiorwasher.com
Web: superiorwasher.com Web: superiorwasher.com
(In the East) (In the South)
ACCURATE MANUFACTURE GROUP
P.O. BOX 7232 - DEPT. 168
INDIANAPOLIS ,IN 46206
Customer Purchase Order Number Superior Order Number . Superior Lot Number Tracer No.
9454 504612-1 504612 -1 SC31483 -3/21153114
Date Production Card Part Number Quantity
04-02-13 | 175383 WASBI2NZ 15,000
Drawing Dual Cert No.
P/N S-1/2TYBNZ A
We hereby certify that all materials and processes conform
to the required drawing specifications and that the parts
have been manufactured in the U.S.A.
All parts are manufactured in a Mercury-free environment
Material
1008 LOW CARBON STEEL No. 5
ZINC TRIVALENT CHROMIUM
Chemical Analysis Mechanical Properties

C CARBON .0700 Yield

Mn MANGANESE .3300 Tensile

P PHOSPHORUS .0080 Elongation

S SULPHUR .0070 Hardness B 49.0

Si  SILICON .0100 Heat 4179170

Cr CHROMIUM .0200 Magnetic

Ni  NICKEL .0100 Permeability

Mo MOLYBDENUM .0100 |

Cu COPPER .0200 Bend Test f

Fe IRON

Ti TITANIUM

Co COBALT |

N  NITROGEN

Cb COLUMBIUM

ol LM 0430 SUPERIOR WASHER & GASKET CORP.

Mg MAGNESIUM

Zn  ZINC By e AardlfBonctranrs .

Pb LEAD .

Va VANADIUM

Richard Anderson, Jr.
Quality Control Manager

Figure A-13. %2 in. (13 mm) Washers, Test Nos. MWP-4, MWP-6 and MWP-7
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"“B( LTUBE

811 ATLANTIC STREET, NORTH KANSAS CITY, MO 64116 1-816-474-6210 TOLL FREE 1-800-892-TUBE
STEEL VENTURES, LLC dba EXLTUBE

P CERTIFIED TEST REPORT

Customer: : p : ? Size Spec No: : Date:
! SPS - Tulsa 03.00X04.00 ASTM A500-07 03/15/2010
: 1050 Fort Gibson Road' 2 =
Catoosa OK 74015 auge: rade: Customer Order No:
1/4 B,C 4500135793
BAL No:
81474184
|
1
' ‘Heat No Yield Tensile Elongation
P.S.l. P.S.l. % 2 Inch
1 A52867 58,900 62,300 23.50
| ;
\ !
LI |
|
+ Heat No Cc MN. P, S. St
.AB52867 0.060 © 0.440 0.012 0.005 0.030

! We hereby:certify that the above material was manufactured in the U.S.A and that all test results shown in this report are correct as contained in the
| records of our company. All testing and manufacturing is in accordance to A.S.T.M. parameters encompassed within the scope of the specifications [
| denoted in the specification and grade tiles above.

{ STEEL VENTURES, LLC dba EXLTUBE

Steve Frerichs
Quality Assurance Managev |

Figure A-14. 3x4 Tube Post, Test Nos. MWP-4, MWP-6 and MWP-7
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Figure A-15. Upper and Lower HTCB Posts, Test Nos. MWP-4, MWP-6 and MWP-7




SIOUX CITY, IA 51102-3067 SIOUX CITY, IA
TESTED IN ASTM AC INVOICE NO DATE 12/21/09 PO:120098W
ACCORDANCE PRODUCT FLATS Cust S-2050 -0000
WITH HEAT NO. 69852 96 Pcs GRADE A3652950 -
Length 20'0" size F & X 3/8 X 5.1086
CHEMICAL ' MECHANICAL TEST 1 TEST 2 ‘ TEST 3
ANALYSIS PROPERTIES IMPERIAL METRIC IMPERIAL METRIC i IMPERIAL METRIC
T o T
c = MIELD STRENG TH 55,300 rpsi 381 mpy 55,600 psi 383 mpa | PSI MPa
Mn .84 CTENSILE STRENG IH 78,500 rsi 541 MmPa 79,300 psi 547 Mps | sl MPa
3 .009 LLUNGATICN 29.0 % 29.0 % 26.0 % 26.0 % % %
S .033 i GAUGE LENGTH 8 in 203 mm 8 mn 203 mm ) n mm
Si .18 L BENL [EST DIAMETER d a q a d a
Cu el 143 ! WENG TEST RESULTS . {
| N i 12 ' SPELIMIEN AREA s6) in s¢) e sq in sq mm' sqin sq mm)
Cr .10 L REOLCTION CF AREA ‘% oy % % % %
Mo .027 i_w_.vAu STRENGTH 1t-Ibs 3 11-1bs ] it-lbs J
cb .012 S ~ o =
N v .000 ©IMPACT STRENGTH ] IMPERIAL METRIC ! INTFRNAL CLEANLINESS GRAIN SIZE
w 8 p= e T = HARDNESS
3] Al | AVERAGE { 1t s J | SEVERITY
Sn .005 }TEST TEMP l F C | FREGUENCY GRAIN PRACTICE 1
N " CHIENTATION | RATING REDUCTION RATIO
T
r Customer Crade & Specs: A36 AS29 CGRADE 50 . ’
1 c 44%W, CUSAS0W, A70936
Ct .34 ASME SA36

MATERIAL CERTIFICATION REPORT

SIOUX CITY FOUNDRY
P. O. BOX 3067

SIOUX CITY FOUNDRY
801 DIVISION

| HEHEBY CERTIFY THAT THE MATERIAL TEST RESULTS PRESENTFD HERE ARE FROM THE REPORTED HEAT AND ARE CORRECT. ALL TESTS WERF PERFORMED IN ACCORDANCE TO THE
SPECIFICATIONS REPORTID ABOVE AlL STEEL IS FLECTRIC FURNACE MELTED, MANUFACTURID PROCLESSED, AND TESTED IN THE U.S.A WITH SATISFACTORY RESULTS, AND IS FREE

OF MERCURY CONTAMINATION in THE PROCESS.

NOTARIZED UPON REQUEST

SWORN TO AND SUBSCRIBED BLFOHE ME ON
IN ROANE COUNTY, TENNESSEE BY

COMMISSION EXPIRATION:

BRYAOR e R s

SIGNED

ROBERT L. MOWAN, QUALITY ASSURANCE MANAGER

DIRECT ANY QUESTIONS OR NECESSARY CLARIFICATIONS CONCERNING
THIS REPORT TO THE SALES DEPARTMENT.

Figure A-16. Post Baseplate, Test Nos. MWP-4, MWP-6 and MWP-7
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MATERIAL CERTIFICATION REPORT
SIOUX CITY WOUNDRY
P. O. BOX 3067
SI0oUX CITY, TIA

SIOUX CITY FOUNDRY
801 DIVISION

51102-3067 SIOUX CITY, IA

TESTED IN ASTM A6 INVOICE NO DATE 12/16/09 PO:120098W

ACCDRUANCE PRODUCY FLATS Cust S-2050 -0000

WITH HEAT NO. 66387 144 Pcs GRADE A3644W -

Length 20'0" size F 2 X 1/2 X 3.404
CHE MICAL H MECHANICAL 1S 1 TEST 2 TesT 3
ANALYSIS ! PROPERTIES IMPERIAL MLTRIC IMPERIAL METRIC IMPERIAL METRIC

S i 4 o ’
c i !} YIELD STRENGTH 51,600 ps1 356 MPa 52,000 pst 359 mPa Psi MPa
Mo .88 TENSILE STRENGTH 74,500 ps1 ! 514 mea 74,400 psi 513 MPs PSI | MPa
" .022 | | ELONGATION 25.0 % 25.0 25.0 % 25.0 % o %
S .0< | GAUGE LENGTH 8 in . 203 mm 8 in 203 mm n ! mm
S} 17 | BEND TEST DIAMETER @ 3 a d a a d
Cu . B v BEND TEST RESULIS ; !
o .16 ! SPECIMEN AREA sqin sq mm sqin sq mm sqin ) sq mm
¢ o 417 i REDUCTION OF ARFA % i “ % % o %
Ma .029 | 1 IMPACT STRENGTH Iibs | J 1-lbs J s | J

L i = etk
h .000¢ e
CN;.) Vo -00¢C IMPACT STRENGTH | IMPERIAL METRIC INTERNAL CLEANI INESS GRAIN SIZE
3] T —
(o] A f AVERAGE ! tt-lbs J - SEVERITY HARPESS

S i TEST TEMP : F ¢ * FREQUENCY GRAIN PRACTICE
N { ORIENTATION ! _IRATING REDUCTION RATIO

L&

(—————— Customer Grade & Specs: ASTM A36 CSA. G40.20/G40.21-98 GR 44W
(s}
(o 1

I HEREBY CEHTIEY 1HAT THE MATERIAL TES! RESULTS PRESENTED HERE ARE FRCM THE REPORTED HEAT AND ARE CORRECT. ALL TESTS WERE PERFORMED IN ACCORDANCE TO THE
SPECIFICATIONS REPORTED ABOVE. ALL STEEL IS £1 ECTRIC FURNACE MELTED. MARNUFACTURED. PROCESSED. AND TESTED IN THE U.S.A WITH SATISFACTORY RESULTS, AND IS FREE

OF MERUURY CONTAMINATION IN THE PROCESS.

ROBERT L. MOWAN, QUALITY ASSURANCE MANAGER

NOTARIZED UPON HFOUEST: SIGNED

SWORN (O AND SUTS: RIBEC BEFORE ME ON DAY OF TR s

IN ROANE COUNTY 71 NNESSEE BY

COMMISSION £y @IRa TION

DIRECT ANY QUESTIONS OR NECESSARY CLARIFICATIONS CONCERNING
THIS REPORT TO THE SALES DEPARTMENT.

Figure A-17. Cable Retainer Post, Test Nos. MWP-4, MWP-6 and MWP-7
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91123 UNIVERSITY OF NEBRASKA
MIDWEST RDSIDE SAFETY FACILITY
W328.1 NEBRASKA HALL

PO BOX 880529
LINCOLN

CONCRETE INDUSTRIES, INC.

6300 Cornhusker Highway, Lincoin, NE 68529-0529
402-434-1800 Fax: 402-434-1899
www.Concretelndustries.com

Ship To:

UNIVERSITY OF NEBRASKA
MIDWEST RDSIDESKA SﬁiETY FACILITY

W328.1 NEBRA!
PO BOX 880529

Customer Receipt

Ship From:

Driver:

Truck #:

Ordered By: CALL

CONCRETE INDUSTRIES

6300 CORNHUSKER HWY
LINCOLN

NE 68507

NE 68588-0529 LINCOLN NE 68588-0529
P\( \\J / ¥ Delivery Directions:
=
09:01 Order Number: SP 1195733 0 Delivery Date: 05/11/10 Customer PO Number:
Line Jtem Description Picked Ordered Back Order Units Unit Price Discount Extension
1 gﬁ STOCK REBAR E%E 60 R1160 1,700.00 Ll = g 2
2 11 REBAR FABRICATED / CUT _11FAB 1,700.00 LB GLTLD/W M 65 Z 7 3
32 PCS #11 X 10-0 STR
3 | #3 STOCK REBAR GRADE 60 R360 104.00 LB ~ 0 L 22526l TE C
N 4 REBAR FABRICATED / CUT 3FAB 104.00 - LB C CRDAL & Z 2
w 16 PCS #3 X 4-0 STR
~ 5 'STOCK REBAR GRADE 60 R460 104.00 LB Y40 ’(3
Y ¥ e}
6 -REBAR: FABRICATED / CUT 4FAB 104.00 LB E VIRA 27
7 LIGHT BENDING CHARGE LBCHG 104.00 LB
.24 PCS#4 X 6-6 BENT bE "o
8 | 24™ FORM-TUBE 67508 - 4.00 FT
1 PCS 24" DIAMETER X 4'-0" FORM TUBE
9 | 12" FORM 67503 4.00 FT =
1PCSlZ"DIANEI'ERX4 -0" FORM TUBE 3 “Eé’lé‘f(
10 | #4 STOCK REBAR GRADE 60 20'-0" R46020 35.00 EA C C ROA|V
Received by Print Name/Company
I:
Returns:  No retums w/o invoice. No returns on unusable material, seconds, Tax Code: SS:Ig:' %Lax:
architectural, decorative, all special order materials, and fractional units. All Total Amount:
returnable materials subject to 50% restocking charge. No retums accepted Total Weight: 2.404.80 Down Payment:
| after 30 days from date of purchase. Total Cubic: Balance Due:
Terms:  All invoices must be paid within 30 days of invoice. Past due accounts will
be charged an interest rate of 1.33% per month which is 16% per year. b 7 0 0 Print Date: 05/10/10 Prnt Time: 11:45 Page: 1 kathys

Figure A-18. Rebar for Anchorage, Test Nos. MWP-4, MWP-6 and MWP-7
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o
P g
s GERDAU AMERISTEEL
& ST PAUL STEEL MILL
w 1678 RED ROCK ROAD
&  STPAULMN 55119 USA
i (651) 731-5600
=
6 — i — i — E— SCEE—
= |sHPTO
NEBCO, INC.
STEEL DIVISION

HAVELOCK, NE 68521

Chemical and Physical Test Report
MADE IN UNITED STATES

INVOICE TO

CONCRETE INDUSTHIES INC
ACCOUNTS PAYABLE

PO BOX 29529

LINCOLN, NE 68529-0529

SHIP DATE
10/08/09

CUST. ACCOUNT NO
60052172

M-075139

PRODUCED IN: ST PAUL

SHAPE + SIZE \ GRADE SPECIFICATION ) - | SALES oRDER CUST P.O. NUMBER
X36MM REBAR[#11) / czo(on) | AB15/A615M-09 GR 60/420 AG/AGM-08a | 919373101 | 79682-01
HEATID. ] ¢ Pls | aloulNm]o]|b] Vv _Jril,‘l | () o (I — D, ) ") ) |
[Mes27s2 ] '21‘"’]@]2212‘1"I"IWIWI""[ ) G Y N S R ) S ) (P N
Mechanical Test: Yiekd 64400 PSI, 444,02 MPALoad 100KIPS Tensile: 110300 PSI, 760.49MPA  %El: 156/8in, 156/2032mm  Bend: OK

Customer Requirements SOURCE: GA-STP CASTING: STRAND CAST

Name: Mill Sales, Tampa, FL  Ph: 1-800-237-0230

the billets, was and
S‘umm
Bhaskar Yalamanchili
a Quality Director

* Gerdau Ameristeel

in the United

AS CONTAINED IN THE PERMANENT RECORDS OF COMPANY.

Metallurgical Services Manager

ST PAUL STEEL MILL

Seller warrants that all material fumished shall comply with

quastion.

10/08/2008 Fri 08:02

SELLER, AND SPECIFICALLY EXCLUDED ARE WARWTESGMEWAMH’VMF"N FOR A PARTICULAR PURPOSE.
In no event shail seller be liable for indirect, consequential or punitive damages arising out of or related to the materials furnished by seller.
wmuwumm&mmnwmb-n-:-mm-umwn-qudmhmuhuﬂ-uwh-whnu-uh

Figure A-19. #11 Rebar for Anchorage, Test Nos. MWP-4, MWP-6 and MWP-7

OR IMPLIED, ARE MADE BY THE

THE ABOVE FIGURES ARE CERTIFIED EXTRACTS FROM THE ORIGINAL CHEMICAL AND PHYSICAL TEST RECORDS

9T-/2€-€0-dd.L "ON Hoday 4SHMIN
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g’ EVR Az ‘ ROCKY MOUNTAIN STEEL

A DIVISION OF EVRAZ INC. NA

P.O. Box 316
Pueblo, CO 81002 USA

72809072 P

MATERIAL TEST REPORT
Date Printed: 07-MAY-10

Date Shipped: 07-MAY-10
FWIP: 52815348

;|
Product: DEF Bmm 11 |

Specification: ASTM-A-615M08b GR 420/ASTM-A-706M08a
Customer: CONCRETE INDUSTRIES INC Cust. PO: 82444

Heat CHEMICAL ANALYSIS (Heat cast 05/01/10)
Number c Mn P s Si Cu Ni Cr Mo Al 4 B Cb Sn N Ti
534073 027 126 0013 0.009 024 027 0.08 013 0019 0003 0038 00005 0000 0013 00083 0002

Carbon Equivalent = 0.500

 MECHANICAL PROPERTIES

Heat Sample Yield Ultimate Elongation Reduction Bend wun
Number No. (Psi) (Psi) (%) (%)
N 534073 01 67005 98190 154 ok 0.663
3 (MPa) 462.0 677.0
534073 02 67313 96890 16.1 ok 0.665
(MPa) 464.1 668.0
All melting and f ing p of the ial subject to this

test certificate occurred in the United States of America.
ERMS also certifies this material to be free from Mercury contamination.

This material has been produced and tested in accordance with the
q of the applicable specifications. We hereby certify that the
above test results represent those contained in the records of the Company.

W/M

Quality Assurance Department

Figure A-20. #4 Rebar for Anchorage, Test Nos. MWP-4, MWP-6 and MWP-7

9T-/2€-€0-dd.L "ON Hoday 4SHMIN
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e Strength
KSI MPa S

ove

Figure A-21. #3 Rebar for Anchorage, Test Nos. MWP-4, MWP-6 and MWP-7

106.3 732.9 0.110 0.71 15.

CERTIFIED MATERIAL TEST REPORT
GERDAU A!?ERISETEEI:L

Mi thian MI1

ard Road

5-8241

ROA

an, TX 76065

9T-/2€-€0-dd.L "ON Hoday 4SHMIN
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26600012 9226 TEST CERTIFICATE No: MAR G77775
INDEFENDENCE TUEE CORPORATION F/0 No 4500179833
6226 W, 74TH STREET Rel '
CHICAGD, IL 60638 S/0 No MAR 212696001
Tel: 708-496-0380 Faxr 708-563-1950 B/ No MOR 123862-004 Shp 230012
Lnv No Irnwv
Sold To: ¢ 501 Ship Tos « 1
STEEL & PIFE SUFFLY STEEL. & FIFE SUFFLY
401 NEW CENTURY FARKWAY 401 NEW CENTURY FKWY
KANSAS CITY WHSE. NEW CENTURY. KS 64031
NEW CENTURY, KS &6031
Tel: 913-768-4333 Fax: 913 76864683
CERTIFICATE of ANALYSIS and TESTS Cert. No: MR 877775

Fart, No
TURING AS00 GIRADE BC)
4" X 3" X 174" X 40!

3

19Apn-122

Fos Wt
20 8,408

Heat Number Taoy No Fos Whpt,

EK200931 4621072 20 8,408
YLD=4P070/ TEN=817P0/EL. =223, 9

Heat Nunken- #33 Chamical Analysis W66

B200931. CreQn 2000 Mre=0, 4500 F==0, QL20 8==0. 0020 Si=0, 0300 Al=0,0F30

Cue=Qa 1200 Cr=x). 0400 M0, 0100 V=0, 0010 Ni=0. 0400

WE FROUDLY MANUFACTURE. AL OF OUR HSS IN THE USA.
INDEFENDENCE TUEE FRODUCT IS MANUETACTURED, TESTED,
AND INSFECTED IN ACCORDANCE WITH ASTM STANDARDS.
FEH0IEHe M HIE I FHIIEIETEIEWICIEIEIEICIEICIEHIEIHMHIICIEIIEHIIEWEIIE I A ICIE I IONIEIHIE
CLIRRENT STANDARDS =
Wnnvsumnnnennunaunaennnnneennn s wOWOO/ATOOM L0
nmsnusneenussunnunnanunnauennewns L3OV

e < siven - B €. ¢ )]

Faupe 2 L oawen Last

Figure A-22. Foundation Tubes, Test Nos. MWP-4, MWP-6 and MWP-7
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AUG/23/2012/THU 02:08 PM  TSA MANUFACTURING FAX No. 4028953297 P. 001/001

o 45117

Y T

PO# 30078 So# 89068
- Item: 3/4-10 X 18 1/4 JHOOK A;SCCHOR
Materlal Specification: ASTM Ad49
LOT#‘; 11618020 :
Heat Number: 11618020 :
Tensile Strength PSI: 131800 PSI ! Yleld Strangth PSI: 121800 PSI
Elongation: 20 ; Reducﬁon of Area: 58
Hardness: 27 HRC Proof Load: NA
Macro Etch: NA : Tempering Temp.: 1340 F
!
|
Carbon (C): 0.44 : Chromijum (CR): NA
Manganese (MN): x 0.71 | Molybdenum (MO): NA
Phosphorus (P); 0.013 ' Copper (CU): NA
Sulfur (S): 0.034 Nitrogen (N): NA
smr.oﬁ (sn: 0.19 Nickel (NI): NA
Cobalt (CO): NA ' Aluminum (AL): NA
Vensdium (V): NA ' Tin (SN): NA
Tungsten (W): NA ' © Titanium (T1): NA
Coluh!biunVNiobium (NB/CB): NA » : Boron (B): " NA
Calclum (CA): NA ‘:
We hereby certify thet the material was manufactured, sampled, tasted a;\d Inspected.per the most recent revision of the
or material specification, The foregoing data was furnished to us by our suppluar or resulting from a test performed in a
racognized laboratory and Is on flle In the records of the corporation.  ;
Name: Kayla Pandrson Date:08.13.12

"
B
i

Figure A-23. J-Hook Anchor Bolts, Test Nos. MWP-4, "I\/IWP-6 and MWP-7
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Certificate of Quality

BEKAERT CORPORATION Van Buren,Arkansas

1881 BEKAERT DRIVE DATE: 06/03/2010
VAN BUREN, AR 72956

TEL(479)474-5211 FAX (479)474-9075

TELEX 537439

Customer Midwest Roadside Safety Facili Customer Order No sample
Our Order No 4060145416 0010 Qty 3 Carriers
Product 3/4" 3X7 CL A GALV GUIDERAIL SHORTS
Customer Part No
MFG SMP No AST3043SE10S Customer Spec No ASTM A 741
nished Diameter Lay Breaking Adherence Steel
g# Length Load Appearance Ductility
in (in.) 1bf of Wires
609409 0.79 6 46525 Pass Pass
609459 0.75 7 46548 Pass Pass
609513 0.75 7:3 49219 Pass Pass

terial was melted and made in the U.S.A.
2 undersigned certifies that the results are actual results and conform to the specification indicated
contained in the records of this Corporation.

Commission 7)(7'\ res

“Notary Public

Figure A-24. Bekaert Wire Rope, Test Nos. MWP-4, MWP-6 and MWP-7
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Appendix B. Vehicle Center of Gravity Determination
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Test: MWP-4 Vehicle: Ram 1500 QC
Vehicle CG Determination
Weight Vert CG Vert M

VEHICLE Equipment (Ib) (in.) (Ib-in.)
+ Unbalasted Truck (Curb) 5084| 28.07845| 142750.9
+ Brake receivers/wires 6 54 324
+ Brake Frame 7 27 189
+ Brake Cylinder (Nitrogen) 22 27 594
+ Strobe/Brake Battery 6 31 186
+ Hub 27 15 405
+ CG Plate (EDRs) 25 28 700
- Battery -31 38 -1178
- Oil -9 23 -207
- Interior -83 30 -2490
- Fuel -154 22 -3388
- Coolant -14 35 -490
- Washer fluid -6 37 -222
BALLAST Water 87 22 1914

Misc. 0

Misc. 0

139087.9|
Estimated Total Weight (Ib) 4967
Vertical CG Location (in.)| 28.00239

wheel base (in.) 140.25
MASH Targets Targets Test Inertial Difference
Test Inertial Weight (Ib) 5000 + 110 4967 -33.0
Long CG (in.) 63 +4 60.60 -2.40477
Lat CG (in.) NA 0.26549 NA
Vert CG (in.) > 28 28.00 0.00239

Note: Long. CG is measured from front axle of test vehicle

Note: Lateral CG measured from centerline - positive to vehicle right (passenger) side

CURB WEIGHT (Ib) TEST INERTIAL WEIGHT (Ib)
(from scales)
Left Right Left Right
Front 1486| 1395 Front 1430| 1391
Rear 1079 1124 Rear 1034] 1112
FRONT 2881 Ib FRONT 2821 Ib
REAR 2203 Ib REAR 2146 Ib
TOTAL 5084 Ib TOTAL 4967 Ib

Figure B-1. Vehicle Mass Distribution, Test No. MWP-4
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Test: MWP-6 Vehicle: Rio
Vehicle CG Determination
Weight

VEHICLE Equipment (Ib)
+ Unbalasted Car (curb) 2295
+ Brake receivers/wires 5
+ Brake Frame 7
+ Brake Cylinder 22
+ Strobe Battery 5
+ Hub 27
+ CG Plate (EDRs) 15
+ DTS 0
- Battery -31
- Qil -7
- Interior -29
- Fuel 0
- Coolant -7
- Washer fluid -5
BALLAST Water 108

Misc.

Misc.

Estimated Total Weight Ib
wheel base 98.5 in.
MASH targets Test Inertial Difference
Test Inertial Wt (Ib) 2420 (+/-)55 2405 -15.0
Long CG (in.) 39 (+/-)4 38.95 -0.05052
Lateral CG (in.) N/A 0.106653 NA

Note: Long. CG is measured from front axle of test vehicle
Note: Lateral CG measured from centerline - positive to vehicle right (passenger) side

Dummy = 166Ibs.

CURB WEIGHT (Ib)

Front
Rear

FRONT
REAR
TOTAL

TEST INERTIAL WEIGHT (Ib)
(from scales)
Left Right Left Right
777| 692 Front 724| 730
390| 436 Rear 474| 477
1469 Ib FRONT 1454 b
826 Ib REAR 951 Ib
2295 Ib TOTAL 2405 |Ib

Figure B-2. Vehicle Mass Distribution, Test No. MWP-6
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Test: MWP-7 Vehicle: Rio
Vehicle CG Determination
Weight

VEHICLE Equipment (Ib)
+ Unbalasted Car (curb) 2384
+ Brake receivers/wires 6
+ Brake Frame 7
+ Brake Cylinder 22
+ Strobe Battery 5
+ Hub 22
+ CG Plate (EDRs) 13
+ 0
- Battery -31
- Qil -6
- Interior -33
- Fuel 0
- Coolant -8
- Washer fluid -4
BALLAST Water

Misc. Battery 12

Misc.

Estimated Total Weight Ib
wheel base 98.125 in.
MASH targets Test Inertial Difference
Test Inertial Wi (Ib) 2420 (+/-)55 2392 -28.0
Long CG (in.) 39 (+/-)4 37.49 -1.50575
Lateral CG (in.) N/A 0.357441 NA

Note: Long. CG is measured from front axle of test vehicle
Note: Lateral CG measured from centerline - positive to vehicle right (passenger) side

CURB WEIGHT (Ib)

Front
Rear

FRONT
REAR
TOTAL

Left Right
770 744
427 443
1514 Ib
870 Ib
2384 Ib

TEST INERTIAL WEIGHT (Ib)
(from scales)

Left Right
Front 723 755
Rear 458 456
FRONT 1478 |b
REAR 914 Ib
TOTAL 2392 Ib

Figure B-3. Vehicle Mass Distribution, Test No. MWP-7
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| 1 1
S  AREERERREEREEE
oy ; I T
lJ’ ) Jou[i2I1S
Dynamic Set up Static Load Test Post-Test Photo of Post
s i
L Gp
W6x16—_ = a 25"
l — == 36" Diometer Y 4 o
32" = m R | @ Granular Fill \
| g FRT) P i A [ |
727 ol a
4(I)“ : 2 :4 “]3' Dynamic Test Installtion Details Ins tnsl::g(c):‘:;e'talls a | |- -
Soil Gradation for Baseline Fill Soil
100
90
5 80 ~
2 70 S
* 60
£ 5o N\
S 40 h
& 30 N—
10
0
100 10 1 0:1 0.01
Grain Size, D (mm)
p— Comparison of Load vs. Deflection
12000 i Dynamic Test (Acc)
10000 +— — == — _
= e Dynamic Test (L.C.)
; 8000 I :-T-----------I------
= l’ 1 D ic Test
[ 45 - e e e Dynamic Tes
= o008 \ Required Min.
4000 T A > s Static Test
2000 g4
4
0 t
0 S 10 15 20 25 30
Deflection (in.)
B | —— 4/4/2012
Test Facility & Site Location...................... Midwest Roadside Safety Facility
In situ soil description (ASTM D2487)........... Well Graded Gravel (GW)
Fill material description (ASTM D2487)......... Well Graded Gravel (GW) (see sieve analyses above)
Description of fill placement procedure........ 3 Pass, 8" Lift
Bogie Weight..........cccoviiiiiiiiiiiiineeans 1,844 Ib
Impact Velocity......ccvwmsimvsmsmsmmsmsmesmmnss 20.07 mph

Figure C-1. Soil Strength, Initial Calibration Test, Test Nos. MWP-4, MWP-6, and MWP-7
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Static Load Test Setup Post-Test Photo of Post
5666 Comparison of Load vs. Deflection
8000 - Baseline Static
7000 - Test
—~ 6000 A \ = Minimum Load
é i \ (90% Baseline)
g =0 ] \\ —— MWP-451 - Load
€ 4000 Cell 1
3000 - L / \ MWP-4s1 - Load
_— / - \\% Cell2
1000
0
0 5 10 15 20 25 30 35
Deflection (in.)
SOIL GRADATION
100 ‘ -
90 :\ | ‘
80 \\\ ‘ \. |
§ 70 \ v |
E 60 \‘h ‘ |
N
g 50 N
£ 40 s;_\
A= 30 N T
20 . ; :
0 1
100 10 1 0.1 0.01
Grain Size, D (mm)
| --e-- Baseline Soil —=— MWP-4s1 Soil
Date......ceieieiee s 10/20/2014
Test Facility & Site Location....................... Midwest Roadside Safety Facility
In situ soil description (ASTM D2487)........... Well Graded Gravel (GW)
Fill material description (ASTM D2487)......... Well Graded Gravel (GW) (see sieve analyses above)
Description of fill placement procedure........ 8-inch lifts tamped with a pneumatic compactor

Figure C-2. Static Soil Test, Test No. MWP-4
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Static Load Test Setup Post-Test Photo of Post
Comparison of Load vs. Deflection
20000
18000 Baseline Static
16000 ff‘f \ Test
. 14000 Minimum Load
é 12000 / \% (90% Baseline)
§ 10000 li — MWP-6 51 - Load
2 / Cell 1
8000
e MWP-6 51 - Load
6000 /’;V cell 2
4000 / T
2000 .‘*T--\.T___j
0 T T
0 5 10 15 20 25 30 35
Deflection (in.)
SOIL GRADATION
100 -
90 +— ‘ .& | |
80 -+ ‘\ } | } ‘
5 70 + ! = |
£ 60 HH k. | |
Fr, | \‘\ |
§ 50 T i R { :
g 40 ++ : N S :
& 30 } R N
20 H | e PO vkl
10 . | L |
1 | [ | | |
0
100 10 1 0.1 0.01
Grain Size, D (mm)
I -=@--Baseline Soil —%— MWP-6 s1 Soil
L 1/15/2015
Test Facility & Site Location....................... Midwest Roadside Safety Facility
In situ soil description (ASTM D2487)........... Well Graded Gravel (GW)
Fill material description (ASTM D2487)......... Well Graded Gravel (GW) (see sieve analyses above)
Description of fill placement procedure........ 8-inch lifts tamped with a pneumatic compactor

Figure C-3. Static Soil Test, Test No. MWP-6
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Static Load Test Setup Post-Test Photo of Post
Comparison of Load vs. Deflection
18000
16000 Baseline Static
14000 ]‘ AR
— e Minimum Load
2 — (90% Baseline)
5 R ——MWP-751 - Load
£ 8000 Cell 1
6000 MWP-7s1 - Load
4000 /"' Cell 2
T
2000 |V e ——
0 |
0 5 10 15 20 25 30 35
Deflection (in.)
SOIL GRADATION
100
ot = |
a0 I XN |
o 70 8
£ 60 | N\
- N ‘
§ | N
g 40 ‘ !. el
- 30 N ]
20 ‘ e
10 | ‘ a \
o | | | L
100 10 1 0.1 0.01
Grain Size, D (mm)
| --#-- Baseline Soil —%— MWP-7 51 Soil
B | 2/23/2015
Test Facility & Site Location....................... Midwest Roadside Safety Facility
In situ soil description (ASTM D2487)........... Low Plasticity Silt (ML)
Fill material description (ASTM D2487)......... Well Graded Gravel (GW) (see sieve analyses above)
Description of fill placement procedure........ 8-inch lifts tamped with a pneumatic compactor

Figure C-4. Static Soil Test, Test No. MWP-7
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TEST: MWP-4

VEHICLE: Ram 1500 QC

VEHICLE PRE/POST CRUSH
FLOORPAN - SET 1

Note: If impact is on driver side need to

enter negative number for Y

X hé 4 X Y z AX Ay AZ
POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
1 30 3/4 -27 112 2 303/4 -27 3/4 2 0 -1/4 0
2 32 3/4 -25 3/4 13/4 32 3/4 -251/4 13/4 0 12 0
3 33172 -19 1 331/2 -19 3/4 3/4 0 -3/4 -1/4
4 30 1/2 -13 3/4 -11/2 301/2 -14 -11/2 0 -1/4 0
5 27 3/4 -28 1/4 -13/4 27 3/4 -28 1/4 -13/4 0 0 0
6 29112 -24 1/4 -21/4 29112 -241/2 -2 1/4 0 -1/4 0
7 28 1/4 -17.1/4 -31/2 28 1/4 -17.1/4 -31/4 0 0 1/4
8 26 1/2 -11.1/4 -3 3/4 261/2 -12 -31/2 0 - 3/4 1/4
9 23 3/4 -281/2 -51/2 23 3/4 -28 -53/4 0 1/2 -1/4
10 23 3/4 -213/4 -5 3/4 23 3/4 -22 -53/4 0 -1/4 0
1 23 3/4 -17.172 -51/2 23 3/4 -17 3/4 5172 0 -1/4 0
12 23 3/4 -103/4 -53/4 23 3/4 -11.1/2 51/2 0 -3/4 1/4
13 20172 -28 =712 20172 -27 3/4 7112 0 1/4 0
14 201/2 -22112 -71/4 20 1/2 -22 1/4 -71/4 0 1/4 0
15 201/2 -18 -71/4 20172 -17.1/4 -71/4 0 3/4 0
16 20 3/4 -11 -71/4 20 1/2 -111/2 -71/4 -1/4 -1/2 0
17 16 1/2 -28 172 -7 3/4 16 1/2 -29 -71/2 0 -112 1/4
18 17 -20 -7 112 17 -20 -71/2 0 0 0
19 17 -12 3/4 -71/2 17 1/4 -131/4 =7 1/2 1/4 -1/2 0
20 14 -61/2 =1/2 14 -61/2 -1/4 0 0 1/4
21 10172 -28 3/4 7112 10 3/4 -28 3/4 7112 1/4 0 0
22 10 3/4 -20 172 -71/2 10 3/4 -20 1/4 =712 0 1/4 0
23 101/2 -123/4 -71/2 10 3/4 -121/2 -71/4 1/4 1/4 1/4
24 81/2 -61/2 -11/4 81/2 -6 1/2 -1 0 0 1/4
25 3/4 -27 1/4 -3172 3/4 -27 1/4 -3 3/4 0 0 -1/4
26 3/4 -201/2 -31/2 3/4 -20 3/4 -33/4 0 -1/4 -1/4
27 3/4 -13 -31/2 12 -13 -3172 -1/4 0 0
28 1 -6 3/4 -1 1 -6 3/4 -1 0 0 0
29 0 0 0
30 0 0 0
31 0 0 0
\\ DASHBOARD //

DDDR—\\\

//r—DDDR

Figure D-1. Floor Pan Deformation Data — Set 1, Test No. MWP-4
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VEHICLE PRE/POST CRUSH
FLOORPAN - SET 2
TEST: MWP-4 Note: If impact is on driver side need to
VEHICLE: Ram 1500 QC enter negative number for Y
X ¥ Z X Y Z' ax N AZ
POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
1 46 1/2 -321/4 13/4 46 1/2 -321/2 1.3/4 0 -1/4 0
2 48 1/2 -29 3/4 11/2 48 1/2 -30 11/2 0 - 1/4 0
3 49 1/2 -251/4 1/2 49 3/4 -25 1/2 1/4 1/4 0
4 46 1/2 -19 1/4 -1 3/4 46 3/4 -191/2 -13/4 1/4 -1/4 0
5 43 3/4 -331/4 -2 43 3/4 -33 -2 0 1/4 0
6 45 3/4 -29 1/2 -2 1/4 45 3/4 -29 3/4 -21/2 0 -1/4 -1/4
7 44 1/2 -221/4 -3 3/4 44 1/2 -221/2 -31/2 0 - 1/4 1/4
8 42 3/4 -15 3/4 -4 42 3/4 -151/2 -4 0 1/4 0
9 40 -33 -6 40 1/4 -33 -6 1/4 0 0
10 40 -27 -6 40 -26 3/4 -6 0 1/4 0
11 40 -22 1/4 -6 40 1/4 -22 -5 3/4 1/4 1/4 1/4
12 40 -16 -6 40 1/4 -15 3/4 -6 1/4 1/4 0
13 37 -32 1/4 -7 3/4 37 -32 1/4 -7 3/4 0 0 0
14 a7 -27 1/4 -7.1/2 37 -27 1/4 -71/2 0 0 0
15 37 -21 3/4 -7.1/2 37 21172 -7112 0 1/4 0
16 37 -15 3/4 -7.1/2 37 -151/2 -7 112 0 1/4 0
17 32 3/4 -33 1/4 -8 323/4 -33 -8 0 1/4 0
18 33 1/4 -231/2 -7 3/4 33 1/4 -24 1/4 -7 3/4 0 - 3/4 0
19 331/2 -17 1/4 -7 3/4 331/2 -17 1/4 -7 3/4 0 0 0
20 30 1/4 -10 3/4 -1/2 30 1/4 -111/4 - 3/4 0 -1/2 -1/4
21 27 3/4 -331/4 -7 3/4 27 1/2 -32 3/4 -7 3/4 -1/4 1/2 0
22 27 3/4 -251/2 -7 3/4 28 -24 3/4 -7 3/4 1/4 3/4 0
23 27 3/4 -17 1/4 7112 27 3/4 -17 3/4 -7.3/4 0 -1/2 -1/4
24 24 3/4 -10 3/4 -11/2 24 3/4 -11 -11/2 0 -1/4 0
25 17 -31 3/4 -4 17 -32 -4 0 -1/4 0
26 17 -25 1/4 -4 17 -251/2 -4 0 -1/4 0
27 17 -17.1/2 -3 3/4 17 1/4 -17 3/4 -33/4 1/4 -1/4 0
28 17 1/4 -111/4 -11/4 17 1/4 -11.1/4 -11/4 0 0 0
29 0 0 0
30 0 0 0
31 0 0 0
DASHBOARD
9 10 M1 12
13 14 15 16
17 18 19
DDDR\ 21 22 23 n /DDDR
28
7 N
1
& Y
Z

Figure D-2. Floor Pan Deformation Data — Set 2, Test No. MWP-4
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TEST:

MWP-4
VEHICLE: Ram 1500 QC

VEHICLE PRE/POST CRUSH

INTERIOR CRUSH - SET 1

Note: If impact is on driver side need to
enter negative number for Y

DDDR*\\\

X Y Z X' Y z aX AY 2z
POINT | (n) (in.) (in.) (in.) (in) (in) (in.) (in) (in)
Al 40 551/2 | 253/4 | 401/4 | 5512 | 26 1/4 0 1/4
A2 40 393/4 | 26 401/4 | -39 26 1/4 3/4 0
5 A3 40 301/4 | 263/4 | 40 301/4 | 26314 | 0 0 0
e A4 34314 | 5712 | 19 34314 | 5712 | 19 0 0 0
A5 32 4434 | 1512 | 32 -45 1512 | 0 - 1/4 0
AB 331/4 | -321/4 | 1812 | 331/4 | 32172 | 18172 | 0 ~1/4 0
W O B1 203/4 | 25172 | 3 203/4 | 2514 | 3 0 1/4 0
9z B2 20 251/4 | -13/4 | 20 25 134 | 0 1/4 0
o B3 23 25 3/4 172 23 25 3/4 172 0 0 0
- C1 834 | -351/2 | 191/2 | 8314 | -353/4 | 191/2 | 0 —1/4 0
= c2 1512 | -351/2 | 1912 | 1512 | -351/2 | 19172 | 0 0 0
o) c3 27 341/4 | 181/4 | 26172 | 3414 | 1814 | -2 0 0
28 c4 61/4 | 281/4 | 41/4 6 281/4 | 41/4 - 1/4 0 0
¢ c5 173/4 | 291/4 | 512 | 17314 | -29 51/4 0 1/4 - 1/4
= C6 2312 | 28112 | 3 231/4 | 2712 | 234 14 1 174
D1 0 0 0
D2 0 0 0
D3 0 0 0
D4 0 0 0
D5 0 0 0
D6 0 0 0
w D7 0 0 0
S D8 0 0 0
x D9 0 0 0
D10 0 0 0
D11 0 0 0
D12 0 0 0
D13 0 0 0
D14 0 0 0
D15 0 0 0
\\ DASHBOARD //

//r*DDDR

Figure D-3. Occupant Compartment Deformation Data — Set 1, Test No. MWP-4
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TEST:

MWP-4
VEHICLE: Ram 1500 QC

VEHICLE PRE/POST CRUSH

INTERIOR CRUSH - SET 2

Note: If impact is on driver side need to
enter negative number for Y

X Y Z X Y z AX Y A7
POINT | (in) (in.) (in) (in) (in.) (in) (in.) (in) (in)
A1 553/4 | 55172 | 251/2 | 56 -55 25 112 1/4 172 0
A2 5312 | -39 2512 | 531/4 | -39 2512 | -1/4 0 0
x A3 50 301/4 | 2612 | 50 301/4 | 2612 | 0 0 0
g A4 52 571/4 | 183/4 | 5112 | -571/4 | 183/4 | -1/2 0 0
A5 47 451/4 | 151/4 | 47 4514 | 15 0 0 -1/4
AB 4412 | -33 181/4 | 44172 | -33 181/4 | 0 0 0
w o B1 37 27314 | 234 | 3634 | 2734 | 212 - 1/4 0 - 1/4
a2z B2 37 2712 | 2 37 2712 | -2 0 0 0
s B3 40 29 /4 40 29 174 0 0 0
i C1 1112 | -43 19 11172 | -431/4 | 191/4 | 0 -1/4 1/4
=) c2 18172 | -431/4 | 19 18172 | -431/2 | 19 0 - 1/4 0
P c3 30 -43 18 293/4 | -43 1814 | -1/4 0 1/4
28 c4 11 38172 | 334 | 1012 | -381/2 | 33/4 172 0 0
¢ c5 22172 | -383/4 | 5 221/4 | -39 5 -1/4 -1/4 0
= C6 281/4 | 3812 | 212 | 28 383/4 | 2112 ~1/4 ~1/4 0
D1 0 0 0
D2 0 0 0
D3 0 0 0
D4 0 0 0
D5 0 0 0
D6 0 0 0
w D7 0 0 0
g D8 0 0 0
L D9 0 0 0
D10 0 0 0
D11 0 0 0
D12 0 0 0
D13 0 0 0
D14 0 0 0
D15 0 0 0
DASHBOARD
A2
A3
B3
B2
DOOR C6 n . DOOR
Y s
C4
)
P Y
Z

Figure D-4. Occupant Compartment Deformation Data — Set 2, Test No. MWP-4
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Date: 11/4/2014 Test Number: MWP-4
Make: Dodge Model: Ram 1500 QC Year: 2008
K
|
@‘ _____________ ‘! ______________ @ )
| | B
| 1 —
L | I
T N ) | /
- | . ( 1/
4—‘“'—[ & | —_ S R e U T 9
% B
! & } ‘% =1 ' /
" Crax: ¥ < L
Ce i |
( l | | h
> R o),
- l -t
N al d the dr r ar
in. (mm)
Distance from C.G. to reference line - Lggy: 104 (2642)
‘Width of contact and induced crush - Field L: 19 1/2 (495)
Crush measurement spacing interval (L/5) - I: 3.9 99)
Distance from center of vehicle to center of Field L - Dg:  -29.25 -(743)
Width of Contact Damage: 19 1/2 (495)
Distance from center of vehicle to center of contect damage -D : 29 1/4 (743)
NOTE: Enter "NA" for crush measurement if distance can not be measured (i.e., side of vehicle has been pushed inward)
Crush Tateial Locatioi Original Profile Dist. Bet.ween Ref. Actaal  Criish
Measurement Measurement Lines
in. (mm) in. (mm) in. (mm) in. (mm) in. (mm)
C, na NA -39 -(991) 29 (737) -6 -(155) NA NA
C, 22 (559) -351/9 -(892) 21 (533) 71/8 (181)
C; 181/4  (464) -311/5 -(792) 17 (431) 713 (187)
C, 11 (279) 27113 -(693) 15 (383) 2 (52)
Cs 73/4 (197) -232/5 -(594) 1312 (342) 3/8 (10)
Cs 6 (152) -19172 -(495) 12 4/9 (316) -13 -(9)
Canax 22 (559) -35 -(889) 205/8 (524) 712 (190)

Figure D-5. Exterior Vehicle Crush (NASS) — Front, Test No. MWP-4
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Date: 11/4/2014 Test Number: MWP-4
Make: Dodge Ram 1500 QC Year: 2008
a
I -
|
+ ¥ I L— -
o1 - @ H——F——te—¥
L Y - |
| |
=i |
I & ) ‘ - ! |
‘ | 4
1 pl I
————T—-—q——— e e e e e
Cras | 1 - |
o I
I |
T ! i
L |
in. (mm)
Distance from centerline to reference line - Lpgy: 43 (1092)
Width of contact and induced crush - Field L: 227 3/8 (5775)
Crush measurement spacing interval (L/5) -1: _ 45.475 (1155)
Distance from vehicle c.g. to center of Field L - Dy :  -15.0625 -(383)
Width of Contact Damage: 227 3/8 (5775)
Distance from vehicle c.g. to center of contect damage -D: 15 (383)
NOTE: Enter "NA" for crush measurement if distance can not be measured (i.e., front of vehicle has been pushed inward or tire has been remeoved)
Crushy Longitudinal Location Original Brofile Dist: Befwecn Ref. Actual  Crush
Measurement Measurement Lines
in. (mm) in. (mm) in. (mm) in. (mm) in. (mm)
C, na NA -128 3/4 -(3270) 153/8 (391) -7 -(178) NA NA
C, 13/4  (121) 8327 ~(2115) 10172 267) 11/4 32)
C; 4314 (121) -37 4/5 -(960) 114/7 (294) 1/5 )
C, 4 (102) 72/3 (195) 111/4 (286) -1/4 -(6)
Cs 53/4  (146) 531/7 (1350) 1012 (267) 21/4 (57)
Cg na NA 98 5/8 (2505) 37 (940) NA NA
Camax 1212 (318) 88 1/2 (2248) 1412 (368) 5 (127)
Figure D-6. Exterior Vehicle Crush (NASS) — Side, Test No. MWP-4
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TEST:

MWP-6

VEHICLE: 2009 Kia Rio

VEHICLE PRE/POST CRUSH
FLOORPAN - SET 1

DDDR\

X Y Z X Y Z AX AY AZ
POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
1 27.994 20.933 1.677 27.862 21.195 1.195 -0.132 0.262 -0.482
2 29.737 17.772 1.220 29.569 18.172 0.755 -0.168 0.400 -0.465
3 32.954 15.211 0.645 32.830 15.624 0.189 -0.124 0.413 -0.456
4 33.124 11.844 -0.152 33.024 12.132 -0.688 -0.100 0.289 -0.537
5 30.537 3.835 -2.707 30.488 4.208 -3.083 -0.049 0.373 -0.376
6 28.560 17.687 -2.679 28.398 18.035 -3.125 -0.163 0.347 -0.446
7 29.388 12.035 -3.424 29.268 12.390 -3.841 -0.120 0.355 -0.417
8 28.618 7.001 -3.910 28.557 7.348 -4.259 -0.061 0.347 -0.349
9 28.006 2.850 -4.273 27.972 3.188 -4.618 -0.033 0.338 -0.344
10 22.268 18.048 -6.943 22.099 18.320 -7.364 -0.169 0.272 -0.421
11 22.801 13.481 -6.685 22.659 13.757 -7.071 -0.142 0.276 -0.387
12 22.012 7.048 -7.049 21.796 7.415 -6.873 -0.216 0.367 0.176
13 16.672 21.975 -7.288 16.469 22.186 -7.699 -0.203 0.211 -0.411
14 16.574 17.745 -7.412 16.393 17.962 -7.801 -0.181 0.218 -0.390
15 16.572 12.640 -7.088 16.440 12.862 -7.436 -0.132 0.222 -0.348
16 16.439 6.620 -7.635 16.393 6.875 -6.361 -0.046 0.255 1.274
17 10.614 21.906 -7.488 10.397 22.075 -7.859 -0.217 0.170 -0.372
18 11.465 15.973 -7.044 11.326 16.151 -7.386 -0.139 0.178 -0.342
19 11.592 10.805 -7.069 11.487 11.011 -7.370 -0.105 0.206 -0.301
20 11.740 4.470 -7.654 11.584 4.741 -6.973 -0.156 0.270 0.681
21 7.140 20.615 -7.417 6.935 20.757 -7.751 -0.205 0.141 -0.334
22 7197 15.328 -7.052 7.040 15.472 -7.362 -0.156 0.144 -0.310
23 7.921 10.947 -7.079 7.804 11.098 -7.359 -0.117 0.151 -0.280
24 8.129 4.670 -7.595 8.066 4.833 -7.613 -0.063 0.163 -0.019
25 2.061 18.731 -3.610 1.921 18.850 -3.897 -0.140 0.118 -0.287
26 1.935 14.083 -3.600 1.777 14.185 -3.871 -0.158 0.102 -0.270
27 1.904 9.988 -3.593 1.785 10.129 -3.840 -0.119 0.140 -0.247
28 1.886 4.191 -3.777 1.869 4310 -3.982 -0.017 0.119 -0.204
\ DASHBOARD /
3

Y
28727

PAS)

Pie)

/ DOOR

Figure D-7. Floor Pan Deformation Data — Set 1, Test No. MWP-6
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TEST:

MWP-6

VEHICLE: 2009 Kia Rio

VEHICLE PRE/POST CRUSH
FLOORPAN - SET 2

DDDR—\\\

X Y, Z: X Y Z AX AY AZ
POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
1 37.527 25.751 1.875 37.503 25.910 1.816 -0.024 0.159 -0.059
2 39.366 22.620 1.264 39.284 22.893 1.236 -0.082 0.273 -0.028
3 42.573 20.208 0.413 42.532 20.456 0.392 -0.042 0.248 -0.021
4 42.794 16.802 -0.387 42.755 16.999 -0.470 -0.039 0.197 -0.083
5 40.200 8.706 -2.686 40.227 8.981 -2.691 0.027 0.274 -0.005
6 37.778 22.467 -2.563 37.744 22.706 -2.592 -0.034 0.240 -0.028
7 38.769 16.872 -3.302 38.741 17.119 -3.323 -0.028 0.247 -0.021
8 38.154 11.808 -3.685 38.135 12.058 -3.699 -0.019 0.250 -0.015
9 37.659 7.636 -3.973 37.637 7.883 -4.002 -0.022 0.247 -0.029
10 31.146 22.593 -6.190 31.093 22.750 -6.225 -0.053 0.157 -0.035
11 31.870 18.054 -5.958 31.842 18.299 -5.987 -0.028 0.245 -0.029
12 31.144 11.634 -6.212 31.254 11.845 -5.730 0.110 0.211 0.483
13 25.406 26.305 -6.049 25.373 26.546 -6.079 -0.033 0.241 -0.030
14 25.450 22.078 -6.142 25.419 22.322 -6.184 -0.031 0.245 -0.042
15 25.667 16.983 -5.791 25.637 17.227 -5.832 -0.030 0.244 -0.040
16 25.705 10.957 -6.293 25.798 11.340 -4.776 0.093 0.383 1.518
17 19.359 26.023 -5.699 19.329 26.267 -5.728 -0.029 0.244 -0.029
18 20.399 20.084 -5.293 20.425 20.346 -5.344 0.025 0.262 -0.051
19 20.782 14.973 -5.313 20.669 15.205 -5.344 -0.113 0.232 -0.031
20 21.107 8.640 -5.876 21.063 8.954 -4.963 -0.043 0.314 0.913
21 15.970 24612 -5.303 15.943 24.860 -5.329 -0.028 0.248 -0.026
22 16.239 19.329 -4.921 16.210 19.570 -4.963 -0.030 0.241 -0.042
23 17.150 14.926 -4.994 17.087 15.224 -5.029 -0.064 0.298 -0.035
24 17.509 8.708 -5.493 17.507 8.968 -5.312 -0.002 0.260 0.182
25 11.313 22.558 -1.047 11.303 22817 -1.071 -0.010 0.259 -0.024
26 11.351 17.921 -1.003 11.313 18.141 -1.040 -0.038 0.220 -0.037
27 11.449 13.852 -0.974 11.445 14.107 -1.019 -0.003 0.254 -0.045
28 11.653 8.026 -1.123 11.647 8.263 -1.170 -0.006 0.237 -0.047
\\ DASHBOARD //
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Figure D-8. Floor Pan Deformation Data — Set 2, Test No. MWP-6
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MwRSF Report No. TRP-03-327-16

TEST: MWP-6
VEHICLE: 2009 Kia Rio

VEHICLE PRE/POST CRUSH
INTERIOR CRUSH - SET 1

X Y Zz X Y+ z AX AY AZ
POINT (in.) (in.) (in.) (in.) in. (in.) (in.) (in.) (in.)
1 14.578 23.303 | 20.010 14570 | 23.237 20.010 -0.008 -0.066 0.00f
~ 11.471 11.696 | 23.831 11.442 11.642 23.849 -0.029 -0.054 0.018
% 2 3 13.835 -2.914 21.058 13.827 -2.956 21.080 -0.008 -0.042 0.022
g p> 4 12.237 | 22.921 13.558 12.228 | 22.868 13.539 -0.009 -0.054 -0.020
= 5 11.881 4.061 14.297 11.883 4.012 14.285 0.002 -0.049 -0.011
6 9.584 -1.810 13.884 9.592 -1.862 13.872 0.008 -0.052 -0.013
Wi g 7 19.318 24.841 1.289 19.297 | 24.797 1.247 -0.021 -0.044 -0.041
] E & 8 18.901 24.838 -1.217 18.874 | 24.827 -1.259 -0.026 -0.011 -0.042
Oo@ 9 24.004 24.760 3.761 23945 | 24.655 3.805 -0.059 -0.105 0.044
w 10 -10.973 | 25.779 | 20564 | -10.973 | 25987 20.586 0.000 0.208 0.021
% @ 11 0.487 25.736 | 20.029 0.472 25.901 20.017 -0.015 0.165 -0.012
i 8 Q 12 10.592 25.731 19.437 10.561 25.849 19.395 -0.031 0.119 -0.042
2 80 13 -10.019 | 26.301 3.511 -10.081 | 26.289 3.519 -0.061 -0.012 0.008
02- = 14 -0.515 26.775 2.078 -0.591 26.740 2.059 -0.076 -0.035 -0.019
= 15 7.521 26.438 4.052 7.441 26.403 4.012 -0.080 -0.035 -0.040
o)
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Figure D-9. Occupant Compartment Deformation Data — Set 1, Test No. MWP-6
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MwRSF Report No. TRP-03-327-16

TEST: MWP-6
VEHICLE: 2009 Kia Rio

VEHICLE PRE/POST CRUSH
INTERIOR CRUSH - SET 2

X Y Z X Y2 Z AX AY AZ
POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
1 26.253 27.680 21.664 26.241 27.633 21.637 -0.012 -0.047 -0.027
e 23.793 15.995 25.718 23.829 15.957 25.680 0.035 -0.037 -0.038
£ % 3 26.334 1.468 22.735 26.363 1.410 22.729 0.029 -0.058 -0.007
‘O’: p> 4 23.387 27.223 15.426 23.416 27.149 15.376 0.029 -0.074 -0.050
s 5 23.628 8.378 16.216 23.664 8.316 16.141 0.037 -0.062 -0.074
6 21.455 2.432 15.978 21.513 2.364 15.938 0.058 -0.068 -0.040
w d § 7 29.368 29.310 2.607 29.381 29.247 2573 0.013 -0.064 -0.034
a 5 o 8 28.745 29.290 0.145 28.748 29.260 0.111 0.003 -0.030 -0.034
gy o 9 34.237 29.360 4,737 34.224 29.243 4,676 -0.014 -0.117 -0.061
w 10 0.776 29.429 24.335 0.787 29.659 24.367 0.011 0.230 0.032
g e 11 12.151 29.693 22.891 12.151 29.876 22.848 0.000 0.183 -0.043
i 8 Q 12 22.195 29.982 21.421 22.152 30.101 21.385 -0.043 0.119 -0.036
gg a 5 13 0.286 29.945 7.268 0.255 29.934 7.285 -0.030 -0.011 0.017
% =~ 14 9.625 30.681 5.049 9.577 30.651 5.018 -0.048 -0.030 -0.031
= 15 17.792 30.579 6.341 17.749 30.533 6.309 -0.043 -0.046 -0.031
u o
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Figure D-10. Occupant Compartment Deformation Data — Set 2, Test No. MWP-6

263



May 17, 2016
MwRSF Report No. TRP-03-327-16

MWP-6 Roof Crush

Comparative measurement of SFH-2 roof damage to undamaged vehicle:

MWP-6 at max point of crush 6.25"
Undamaged vehicle 5.25"
Total crush 1"

Figure D-11. Roof Deformation Documentation, Test No. MWP-6
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Date:

1/21/2015

Make:

Kia

Test Number: MWP-6

Model: Rio

Year:

2009

C,
C,
Cs
Cy
Cs
Cs

CMAX

Distance from center of vehicle to center of Field L - Dy :
Width of Contact Damage:
Distance from center of vehicle to center of contect damage - D.:

Distance from C.G. to reference line - Lygy:

Width of contact and induced crush - Field L:
Crush measurement spacing interval (L/5) - 1:

71

611/4
121/4

61 1/4

(mm)

(1803)

(1556)
(311)
0
(1556)
0

NOTE: Enter "NA" for crush measurement if distance can not be measured (i.e., side of vehicle has been pushed inward)

Crush Liitéral Logation Original Profile Dist. Bel~wecn Ref. Atiil Ciiish
Measurement Measurement Lines
in. (mm) in. (mm) in. (mm) in. (mm) in. (mm)
NA NA -305/8 -(778) 18 5/6 (479) -7 -(177) NA NA
3 (76) 183/8 ~(467) 82/9  (209) 13/4 (44)
43/4 (121) -61/8 ~(156) 61/7 (156) 55/9 (141)
212 (64) 61/8 (156) 61/8 (156) 3173 (84)
23/4 (70) 183/8  (467) 81/6 (208) 1122 (39)
na NA 3058 (778) 17 4/5 (452) NA NA
6 (152) 9 (229) 63/8 (162) 6 4/7 (167)

Figure D-12. Exterior Vehicle Crush (NASS) — Front, Test No. MWP-6
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Date: 1/21/2015 Test Number: MWP-6

Make: Kia Model: Rio Year: 2009

+ o
nt, | -
| )
|
b —1 —
|
T =] 1
in. (mm)
Distance from centerline to reference line - Lgpg: 36 914)
‘Width of contact and induced crush - Field L: 167 (4242)
Crush measurement spacing interval (IL/5)-1:  33.4 (848)
Distance from vehicle c.g. to center of Field L. - Dy : -12 ~(305)
Width of Contact Damage: 167 (4242)
Distance from vehicle c.g. to center of contect damage - D¢: 12 (305)

NOTE: Enter "NA" for crush measurement if distance can not be measured (i.e., front of vehicle has been pushed inward or tire has been remeoved)

Crush Longitudinal Original Profile Dist. Between Ref. Actual Crush
Measurement Location Measurement Lines
in (mm) in. (mm) in. (mm) in. (mm) in. (mm)
C, NA NA -95.5 -(2426) 26.00 (660) 0 0 NA NA
C, 4 (102) -62.1 «(1577) 4.00 (102) 0.0 0
C; 3.5 (89) -28.7 -(729) 3.63 92) -0.1 -3)
C, 2 (51) 4.7 (119) 3.75 95) -1.8 -(44)
Cs 4 (102) 38.1 (968) 3.25 (83) 0.8 (19)
Cs na NA 71.5 (1816) 21.75 (552) NA NA

Caax 1525 (387)

o
>’

(1397) 4.56 (116) 10.7 271)

Figure D-13. Exterior Vehicle Crush (NASS) — Side, Test No. MWP-6
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TEST: MWP-7

VEHICLE: 1100C

VEHICLE PRE/POST CRUSH
FLOORPAN - SET 1

DDDR—\\\

X Y z X % z AX AY AZ
POINT | (in) (in) (in.) (in) (in) (in) (in.) (in) (in)
1 28.397 | 20090 | 0597 | 28220 | 19.863 | 3999 | 0178 | -0.207 | 3.402
2 30.500 16.692 -0.552 30.450 16.589 2.858 -0.050 -0.102 3.410
3 32.970 13.502 -1.716 33.034 13.483 1.744 0.063 -0.020 3.460
7! 30.723 | 4341 | -3.735 | 30993 | 4396 | 0932 | 0270 | 0055 | 2.803
5 27.775 | 17.645 | -3.824 | 28.061 | 17.693 | -0587 | 0286 | 0047 | 3.237
6 29.364 | 13.722 | -4.197 | 29.696 | 13.861 | -1.003 | 0332 | 0.139 | 3.194
7 28.655 9.983 -4.730 28.982 10.124 -1.830 0.327 0.141 2.900
8 28.128 3.545 -4.981 28.526 3.738 -2.447 0.398 0.193 2.534
9 24217 | 17537 | 6526 | 24.783 | 17.812 | -3.605 | 0566 | 0.275 | 2.921
10 24123 | 13.278 | -6.281 | 24688 | 13.554 | -3576 | 0566 | 0276 | 2.706
1 24014 | 9616 | 6610 | 24599 | 9.896 | -4091 | 0585 | 0280 | 2519
12 23954 | 3773 | 6671 | 24534 | 4054 | -4478 | 0580 | 0281 | 2.193
13 10.099 | 18936 | 6647 | 19670 | 19.240 | 4107 | 0571 | 0304 | 2540
14 19.037 14.049 -6.547 19.596 14.349 -4.289 0.559 0.300 2.258
15 18.977 8.651 -6.766 19.578 8.993 -4.660 0.601 0.342 2.105
16 19182 | 4633 | 6.643 | 19856 | 4945 | -4.602 | 0674 | 0312 | 2.041
17 15563 | 21.748 | 6506 | 16.133 | 22005 | 4.134 | 0570 | 0256 | 2372
18 15450 | 16312 | 6245 | 15997 | 16610 | -4.194 | 0547 | 0298 | 2.051
19 14.793 11.237 -6.165 15.384 11.541 -4.440 0.591 0.304 1.725
20 15.136 4.499 -6.653 15.785 4.798 -4.012 0.649 0.298 2.641
21 9652 | 19.901 | -6.048 | 10192 | 20206 | -4321 | 0539 | 0306 | 1.727
22 9611 | 16.211 | -5.326 | 10150 | 16.467 | -3815 | 0539 | 0257 | 1512
23 9353 | 10456 | -5.302 | 9852 | 10.715 | -4077 | 0498 | 0259 | 1.225
24 9150 | 5848 | 5994 | 0694 | 6148 | -3.866 | 0544 | 0300 | 2.128
25 2231 | 20401 | -0887 | 2355 | 20467 | 0168 | 0124 | 0066 | 1.055
26 1.818 15.840 -0.610 1.922 15.895 0.161 0.104 0.055 0.771
27 1.734 7.978 -0.596 1.827 8.029 -0.252 0.093 0.050 0.344
28 2124 4216 -0.973 2.248 4.261 -0.783 0.124 0.045 0.190
\\ DASHBOARD //
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Figure D-14. Floor Pan Deformation Data — Set 1, Test No. MWP-7
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MwRSF Report No. TRP-03-327-16

VEHICLE PRE/POST CRUSH
FLOORPAN - SET 2

DDDR\

TEST: MWP-7
VEHICLE: 1100C
X Y Z X ¥ Z AX AY AZ
POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
1 38.788 24.949 2.006 38.483 24.867 2.041 -0.304 -0.081 0.035
2 40.955 21.543 0.960 40.709 21.495 0.996 -0.246 -0.047 0.037
3 43.523 18.387 -0.042 43.262 18.395 0.025 -0.261 0.007 0.068
4 41.467 9.147 -2.119 41.216 9.196 -2.092 -0.251 0.049 0.027
5 38.502 22.410 -2.490 38.229 22.416 -2.430 -0.273 0.006 0.059
6 40.120 18.542 -2.699 39.885 18.557 -2.659 -0.235 0.016 0.041
7 39.426 14.819 -3.287 39.158 14.833 -3.266 -0.267 0.015 0.021
8 38.982 8.345 -3.528 38.736 8.299 -3.507 -0.246 -0.046 0.022
9 35.143 22.354 -5.384 34.924 22.352 -5.370 -0.220 -0.002 0.014
10 35.059 18.109 -5.126 34.787 18.084 -5.127 -0.272 -0.025 -0.001
11 34.960 14.420 -5.463 34.712 14.423 -5.429 -0.248 0.003 0.034
12 34.891 8.606 -5.529 34.701 8.597 -5.466 -0.190 -0.009 0.063
13 30.006 23.762 -5.869 29.749 23.769 -5.864 -0.257 0.007 0.005
14 29.947 18.834 -5.764 29.709 18.850 -5.768 -0.238 0.016 -0.003
15 29.945 13.481 -5.971 29.659 13.487 -5.832 -0.286 0.006 0.139
16 30.131 9.434 -5.825 29.970 9.412 -5.545 -0.161 -0.021 0.280
A7 26.462 26.525 -5.980 26.214 26.493 -5.972 -0.249 -0.032 0.008
18 26.331 21.069 -5.717 26.089 21.070 -5.728 -0.242 0.001 -0.010
19 25.710 16.044 -5.670 25.494 16.029 -5.675 -0.216 -0.015 -0.005
20 26.094 9.265 -6.111 25.906 9.328 -4.873 -0.188 0.062 1.238
21 20.486 24.657 -5.919 20.279 24.650 -5.934 -0.207 -0.007 -0.015
22 20.516 20.997 -5.204 20.261 20.964 -5.219 -0.256 -0.033 -0.015
23 20.256 15.209 -5.181 20.013 15.233 -5.157 -0.242 0.024 0.024
24 20.073 10.599 -5.872 19.825 10.588 -4.664 -0.248 -0.011 1.209
25 12.796 25.148 -1.299 12.535 25.153 -1.310 -0.262 0.005 -0.011
26 12.389 20.567 -1.033 12.106 20.579 -1.045 -0.284 0.012 -0.012
27 12.289 12.745 -0.999 12.071 12.725 -1.019 -0.218 -0.020 -0.020
28 12.703 8.920 -1.326 12.484 8.925 -1.351 -0.219 0.006 -0.024
\ DASHBOARD /
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Figure D-15. Floor Pan Deformation Data — Set 2, Test No. MWP-7
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MwRSF Report No. TRP-03-327-16

TEST: MWP-7
VEHICLE: 1100C

VEHICLE PRE/POST CRUSH
INTERIOR CRUSH - SET 1

X Y Z X Y z AX AY AZ

POINT | (in) (in) (in) (in.) (in) (in) (in) (in) (in)

1 18131 | 22.778 | 21114 | 16213 | 21533 | 23603 | 1918 | 1246 | 2.489

—~ 2 15380 | 11.158 | 25226 | 13170 | 9.719 | 26.842 | 2210 | 1439 | 1615

52 3 17.355 | -3.126 | 22207 | 15355 | -4.377 | 23219 | 1999 | 1251 | 1.012

5% 4 15297 | 22503 | 11.615 | 14222 | 21.742 | 13892 | 1074 | 0761 | 2277

= 5 14799 | 4525 | 15642 | 13400 | 3607 | 16915 | -1.398 | -0918 | 1.272

6 11938 | 2677 | 15659 | 10556 | -3567 | 16.293 | 1382 | 0890 | 0.634

wE g 7 20192 | 24272 | 2283 | 19919 | 23942 | 5154 | -0273 | -0.330 | 2871

az® 8 18671 | 24343 | 0631 | 18713 | 24249 | 2100 | 0041 | 0095 | 2.731

) 9 25113 | 24208 | 3618 | 24778 | 23705 | 6843 | 0335 | -0503 | 3225

w 10 8360 | 25471 | 25957 | -10.605 | 24.244 | 26.168 | -2.236 | -1.228 | 0.211

S e @ 11 2813 | 25341 | 23686 | 0.763 | 24.134 | 24984 | 2050 | -1.207 | 1.298

538 12 15496 | 25232 | 20951 | 13561 | 24087 | 23361 | 1936 | -1.146 | 2.410

Lk 13 6.027 | 26187 | 6131 | 6538 | 25888 | 6.760 | -0511 | -0.300 | 0.630

L= 14 2551 | 26080 | 3908 | 2230 | 25800 | 5290 | 0321 | 0280 | 1382

= 15 9072 | 26025 | 5925 | 8470 | 25576 | 7.797 | 0602 | 0448 | 1871
W@
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Figure D-16. Occupant Compartment Deformation Data — Set 1, Test No. MWP-7
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TEST: MWP-7
VEHICLE: 1100C

VEHICLE PRE/POST CRUSH
INTERIOR CRUSH - SET 2

X Y P X Y z AX AY AZ
POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
1 27.126 27.632 21.746 26.851 27.581 21.736 -0.275 -0.051 -0.010
~ 24.193 15.988 | 25.717 23.958 15.931 25.720 -0.235 -0.058 0.003
5, 2 3 26.364 1.700 22.861 26.141 1.698 22.864 -0.223 -0.002 0.003
g < 4 24.947 27.329 12.072 24.680 27.235 12.067 -0.267 -0.094 -0.005
= 5 24.240 9.361 16.119 | 23.983 9.283 16.124 -0.257 -0.079 0.005
6 21.413 2.120 15.974 21.196 2.105 16.020 -0.218 -0.015 0.046
i i g 74 30.420 29.099 3.121 30.182 28.959 3.120 -0.238 -0.140 -0.001
Q <Z( & 8 29.128 29.156 0.092 28.897 29.092 0.042 -0.231 -0.064 -0.050
) 9 35.246 29.052 4.764 34.999 28.829 4.746 -0.247 -0.223 -0.018
w 10 0.335 30.271 24.841 0.022 30.396 24.757 -0.314 0.125 -0.084
% T 11 11.738 30.163 | 23.252 11.412 30.277 23.288 -0.327 0.114 0.036
il 8 Q 12 24515 30.074 | 21.333 24.190 30.144 21.440 -0.325 0.070 0.107
2 30 13 4.067 30.926 5.167 3.723 30.938 5.127 -0.345 0.011 -0.039
% = 14 12.779 30.847 3.511 12.482 30.783 3.550 -0.297 -0.064 0.039
= 15 19.136 30.819 5.938 18.787 30.724 5.965 -0.350 -0.094 0.027
w o
35
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Figure D-17. Occupant Compartment Deformation Data — Set 2, Test No. MWP-7
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MWP-7 Roof Crush

Comparative measurement of SFH-2 roof damage to undamaged vehicle:

MWHP-7 at max point of crush 6.00"
Undamaged vehicle 55"
Total crush 5"

Figure D-18. Roof Deformation Documentation, Test No. MWP-7
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Date: 2/26/2015 Test Number: MWP-7
Make: Kia Model: Rio Year: 2009
Ce Al
- o
BRI
) Ci f
Y Cs |
Coax H—-
S
C |
It at ances
in. (mm)
Distance from C.G. to reference line - Lggg: 73 (1854)
Width of contact and induced crush - Field L: 62 (1575)
Crush measurement spacing interval (L/5)-1:  122/5 (315
Distance from center of vehicle to center of Field L - Dy;: 0 0
Width of Contact Damage: 62 (1575)
Distance from center of vehicle to center of contect damage - D: 0 0
NOTE: Enter "NA" for crush measurement if distance can not be measured (i.e., side of vehicle has been pushed inward)
Crush Latersl Tocation Original Profile Dist. Bct.ween Ref. Actual Crush
Measurement Measurement Lines
in. (mm) in. (mm) in. (mm) in. (mm) in. (mm)
C, na NA -31 -(787) 197/8 (505) -37/8 -(98) NA NA
C, 53/4  (146) -183/5 (472) 81/4 (210) 113 (34)
C; 7 (178) -61/5  (157) 61/7 (156) 43/4 (120)
Cy 51/8 (130) 61/5 (157) 61/8 (156) 27/8 (73)
Cs 61/4  (159) 183/5 (472) 82/9 (209) 2 (48)
Cq na NA 31 (787) 197/8 (505) NA NA
Chaax 103/4  (273) 22 (559) 9172 (241) 51/8 (130)

Figure D-19. Exterior Vehicle Crush (NASS) — Front, Test No. MWP-7

272



May 17, 2016
MwRSF Report No. TRP-03-327-16

Date: 2/26/2015 Test Number: MWP-7

Make: Kia Model: Rio Year: 2009

+
|
)
| —

in. (mm)

Distance from centerline to reference line - Lygg: 37 (940)

Width of contact and induced crush - Field L: 166.75 (4235)

Crush measurement spacing interval (L/5)-1:  33.35 (847)

Distance from vehicle c.g. to center of Field L - Dg;:  -12.75 -(324)

Width of Contact Damage: 166.75 (4235)

Distance from vehicle c.g. to center of contect damage - Dc:  12.75 (324)

NOTE: Enter "NA" for crush measurement if distance can not be measured (i.e., front of vehicle has been pushed inward or tire has been remeoved)

Crush Longitudinal Original Profile Dist. Between Ref. Actual  Crush
Measurement Location Measurement Lines o 2
in (mm) in. (mm) in (mm) in. (mm) in (mm)
C, NA NA -96.125  -(2442) 26.00 (660) 1 (25) NA NA
C, 5.25 (133) -62.775  -(1594) 4.00 (102) 0.3 (6)
C; 4.25 (108) -29.425 -(747) 3.63 (92) -0.4 -(10)
C, 4.25 (108) 3.925 (100) 3.75 95) -0.5 -(13)
Cq 5 (127) 37.275 947) 3.25 (83) 0.8 19
Cg NA NA 70.625 (1794) 21.75 (552) NA NA
Cyax 16 (406) 57 (1448) 5.13 (130) 9.9 (251)

Figure D-20. Exterior Vehicle Crush (NASS) — Side, Test No. MWP-7
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Appendix E. Accelerometer and Rate Transducer Data Plots, Test No. MWP-4
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Acceleration (g's)

-10

Longitudinal CFC 180 10-msec Extracted Average Acceleration - DTS
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2

Time (sec)

3.5 4

——CFC180 Extracted 10-msec Average Longitudinal Acceleration (g's)

4.5

Figure E-1. 10-ms Average Longitudinal Deceleration (SLICE 1), Test No. MWP-4
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-10

Velocity (m/s)

-15

-20

-25

-30

Longitudinal Change in Velocity - DTS

MWP-4

0.5

1 15 2 25 3

Time (sec)

3.5

—— CFC 180 Extracted Longitudinal Change in Velocity (m/s)

Figure E-2. Longitudinal Occupant Impact Velocity (SLICE 1), Test No. MWP-4
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L1C

-10
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Displacement (m)
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Longitudinal Change in Displacement - DTS
MWP-4

N
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3.5

45

Figure E-3. Longitudinal Occupant Displacement (SLICE 1), Test No. MWP-4
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Figure E-4. 10-ms Average Lateral Deceleration (SLICE 1), Test No. MWP-4
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Figure E-5. Lateral Occupant Impact Velocity (SLICE 1), Test No. MWP-4
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Figure E-7. Vehicle Angular Displacements (SLICE 1), Test No. MWP-4
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Figure E-8. Acceleration Severity Index (SLICE 1), Test No. MWP-4
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Figure E-10. Longitudinal Occupant Impact Velocity (SLICE 2), Test No. MWP-4
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Figure E-14. Lateral Occupant Displacement (SLICE 2), Test No. MWP-4
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Figure E-15. Vehicle Angular Displacements (SLICE 2), Test No. MWP-4
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MIDWEST ROADSIDE SAFETY FACILITY

Load Cell Summary

Test Information:

Test No: MWP-4
Date: 10/20/2014
System / Test Article: 4-cable median barrier
LC Location / Component: Top Cable - US of Impact
Additional Notes:

Load Cell Information: Results:
Load Cell No.: 120642 Preload: 0 kips
Calibration Factor: 2.12022 mv/V Max. Load: 18.19 kips
Input Voltage (excitation): 10 Volts Time of Max. Load: 0.797 sec
Gain: 400 Event Duration: 4 sec
Full Scale Load: 50 kips Final Load: 5.36 kips
Sample Rate: 10000 Hz
Cutoff Frequency: 100 Hz

Ouput Voltage vs. Time

Output Voltage (V)
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Figure F-2. Load Cell Data, Cable No. 4, Test No. MWP-4
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Load Cell Summary
Test Information:
Test No: MWP-4
Date: 10/20/2014
System / Test Article: 4-cable median barrier
LC Location / Component. Top Middle Cable - US of Impact
Additional Notes:
Load Cell Information: Results:
Load Cell No.: 143432 Preload: 0 kips
Calibration Factor: 2.15992 mv/V Max. Load: 7.99 Kips
Input Voltage (excitation): 10 Volts Time of Max. Load: 0.0604 sec
Gain: 400 Event Duration: 4 sec
Full Scale Load: 50 kips Final Load: 4.28 Kips
Sample Rate: 10000 Hz
Cutoff Frequency: 100 Hz
Ouput Voltage vs. Time
16
1.4
- 122
&
;:, 1
E- 06 1]
3
0.4 1
02
0
-0.2
0 05 1 1.5 2 25 3 35 4 45
Time (sec)
Force vs. Time
9
8 L
7
6
% 4 4 f/%
2
£ 84 \./‘
2 L v
1
0
-1
0 0.5 1 1.5 2 25 3 35 4 45
Time (sec)

Figure F-3. Load Cell Data, Cable No. 3, Test No. MWP-4

294



May 17, 2016
MwRSF Report No. TRP-03-327-16

Load Cell Summary
Test Information:
Test No: MWP-4
Date: 10/20/2014
System / Test Article: 4-cable median barrier
LC Location / Component: Bottom Middle Cable - US of Impact
Additional Notes:
Load Cell Information: Results:
Load Cell No.: 143435 Preload: 0 kips
Calibration Factor: 2.15835 mv/V Max. Load: 18.42 kips
Input Voltage (excitation): 10 Volts Time of Max. Load: 0.529 sec
Gain: 400 Event Duration: 4 sec
Full Scale Load: 50 kips Final Load: 1.79 kips
Sample Rate: 10000 Hz
Cutoff Frequency: 100 Hz
Ouput Voltage vs. Time
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Figure F-4. Load Cell Data, Cable No. 2, Test No. MWP-4
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MIDWEST ROADSIDE SAFETY FACILITY

Load Cell Summary

Test Information:

Test No: MWP-4
Date: 10/20/2014
System / Test Article: 4-cable median barrier
LC Location / Component: Bottom Cable - US of Impact
Additional Notes:

Load Cell Information: Results:
Load Cell No.: 143436 Preload: 0 kips
Calibration Factor: 2.14575 mv/V Max. Load: 5.13 kips
Input Voltage (excitation): 10 Volts Time of Max. Load: 0.0518 sec
Gain: 400 Event Duration: 4 sec
Full Scale Load: 50 kips Final Load: 2.56 kips
Sample Rate: 10000 Hz
Cutoff Frequency: 100 Hz
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Figure F-5. Load Cell Data, Cable No. 1, Test No. MWP-4
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String Potentiometer Summary
Test Information:
Test No: MWP-4
Date: 10/20/2014
System / Test Article: 4-Cable Median Barrier
SP Location / Component. US Anchor
Additional Notes:
String Potentiometer Information: Results:
String Pot No.: 27039202 Max. Displacement: 0.73 in.
Calibration Factor: 19.4483 mV/V/in. Time of Max. Displacement: 0.6151 sec
Input Voltage (excitation): 10 Volts Event Duration: 4 sec
Gain: 1 Final Displacement: 0.65 in.
Full Scale Load: 1
Sample Rate: 10000 Hz
Cutoff Frequency: 100 Hz
Ouput Voltage vs. Time
0.16
0.14 A.“"
042 / Y AN A A AAA AP PN
0
;.f, 01
.>°.. 0.08 l
3 0.06 I
3 0.04 /
0.02
0
-0.02
0 0.5 1 1.5 2 25 3 35 4 45
Time (sec)
Displacment vs. Time
08
0.7 M‘P‘LM\
. v
/ PRIt NA A S AL
06 /
__ 05
Z [
T 04
; [
£ 03
E_ 0.2
Q 01
0
-0.1
0 0.5 1 1.5 2 25 3 35 4 45
Time (sec)

Figure F-6. String Potentiometer Data, Test No. MWP-4
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Figure G-8. Acceleration Service Index (SLICE 1), Test No. MWP-6
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Figure G-10. Longitudinal Occupant Impact Velocity (SLICE 2), Test No. MWP-6
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Figure G-13. Lateral Occupant Impact Velocity (SLICE 2), Test No. MWP-6
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MIDWEST ROADSIDE SAFETY FACILITY

Load Cell Summary

Test Information:

Test No: MWP-6
Date: 1/16/2015
System / Test Article: 4-cable median barrier
LC Location / Component: Top Cable - US of Impact
Additional Notes:

Load Cell Information: Results:
Load Cell No.: 120642 Preload: 0 kips
Calibration Factor:  2.12022 mv/V Max. Load: 7.14 Kips
Input Voltage (excitation): 10 Volts Time of Max. Load: 1.0997 sec
Gain: 400 Event Duration: 5 sec
Full Scale Load: 50 kips Final Load: 2.38 kips
Sample Rate: 10000 Hz
Cutoff Frequency: 100 Hz
Ouput Voltage vs. Time
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Figure H-2. Load Cell Data, Cable No. 4, Test No. MWP-6
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MIDWEST ROADSIDE SAFETY FACILITY

Load Cell Summary

Test Information:

Test No: MWP-6
Date: 1/16/2015
System / Test Article: 4-cable median barrier
LC Location / Component: Top Middle Cable - US of Impact
Additional Notes:

Load Cell Information: Results:
Load Cell No.: 143436 Preload: 0 Kkips
Calibration Factor:  2.14575 mv/V Max. Load: 7.76 Kips
Input Voltage (excitation): 10 Volts Time of Max. Load: 0.1521 sec
Gain: 400 Event Duration: 5 sec
Full Scale Load: 50 Kips Final Load: 2.64 Kips
Sample Rate: 10000 Hz
Cutoff Frequency: 100 Hz
Ouput Voltage vs. Time
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Figure H-3. Load Cell Data, Cable No. 3, Test No. MWP-6
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MIDWEST ROADSIDE SAFETY FACILITY

Load Cell Summary

Test Information:

Test No: MWP-6
Date: 1/16/2015
System / Test Article: 4-cable median barrier
LC Location / Component: Bottom Middle Cable - US of Impact
Additional Notes:

Load Cell Information: Results:

Load Cell No.: 143435 Preload: 0 Kips
Calibration Factor:  2.15835 mv/V Max. Load: 18.94 kips
Input Voltage (excitation): 10 Volts Time of Max. Load: 0.3838 sec
Gain: 400 Event Duration: 5 sec
Full Scale Load: 50 kips Final Load: 1.59 kips

Sample Rate: 10000 Hz

Cutoff Frequency: 100 Hz
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Figure H-4. Load Cell Data, Cable No. 2, Test No. MWP-6
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MIDWEST ROADSIDE SAFETY FACILITY

Load Cell Summary

Test Information:

Test No: MWP-6
Date: 1/16/2015
System / Test Article: 4-cable median barrier
LC Location / Component: Bottom Cable - US of Impact
Additional Notes:

Load Cell Information: Results:

Load Cell No.: 241593 Preload: 0 kips
Calibration Factor:  2.14857 mv/V Max. Load: 11.66 kips
Input Voltage (excitation): 10 Volts Time of Max. Load: 0.0442 sec
Gain: 400 Event Duration: 5 sec
Full Scale Load: 50 kips Final Load: 2.26 kips

Sample Rate: 10000 Hz

Cutoff Frequency: 100 Hz
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Figure H-5. Load Cell Data, Cable No. 1, Test No. MWP-6
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String Potentiometer Summary

Test Information:

Test No: MWP-6
Date: 1/16/2015
System / Test Article: 4-cable median barrier
SP Location / Component: Upstream Anchor
Additional Notes:

String Potentiometer Information: Results:
String Pot No.: 27039203 Max. Displacement: 0.00 in.
Calibration Factor:  19.4483 mV/V/in. Time of Max. Displacement: 0.454 sec
Input Voltage (excitation): 10 Volts Event Duration: 5 sec
Gain: 1 Final Displacement: 0.00 in.
Full Scale Load: 1
Sample Rate: 10000 Hz
Cutoff Frequency: 100 Hz
Ouput Voltage vs. Time
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Figure H-6. String Potentiometer Data, Test No. MWP-6
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Figure 1-1. 10-ms Average Longitudinal Deceleration (SLICE 1), Test No. MWP-7
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Figure 1-2. Longitudinal Occupant Impact Velocity (SLICE 1), Test No. MWP-7
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Figure 1-3. Longitudinal Occupant Displacement (SLICE 1), Test No. MWP-7

9T-/2€-£0-dd.1 "ON Hoday 4SHMIN

9102 ‘LT Aen



Lateral CFC 180 10 msec Extracted Acceleration - DTS

MWP-7
4 |
? » | “ “ i1l | || I
% 0 ‘H | 1I|‘ 1 | 11_ V‘VM "
| MR
- , H' {1
I H | | ][ur
4 ] | ,

‘ —— CFC180 Extracted 10 msec Average Lateral Acceleration (g's)

Figure 1-4. 10-ms Average Lateral Deceleration (SLICE 1), Test No. MWP-7

9T-/2€-£0-dd.1 "ON Hoday 4SHMIN

9102 ‘LT Aen



16

14

12

10

Velocity (m/s)

LCE

Lateral Change in Velocity

MWP-7

/™

/e

N s

S

0.5

1 15

Time (sec)

——CFC-180 Extracted Lateral change in velocity (m/s)

25

Figure 1-5. Lateral Occupant Impact Velocity (SLICE 1), Test No. MWP-7
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Figure I-6. Lateral Occupant Displacement (SLICE 1), Test No. MWP-7
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Figure 1-8. Acceleration Severity Index (SLICE 1), Test No. MWP-7
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Figure 1-10. Longitudinal Occupant Impact Velocity (SLICE 2), Test No. MWP-7
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Figure 1-11. Longitudinal Occupant Displacement (SLICE 2), Test No. MWP-7
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Figure 1-12. 10-ms Average Lateral Deceleration (SLICE 2), Test No. MWP-7

9T-/2€-£0-dd.1 "ON Hoday 4SHMIN

9102 ‘LT Aen



16

14

12

10

Velocity (m/s)

GEE

Lateral Change in Velocity

——CFC-180 Extracted Lateral change in velocity (m/s)

MWP-7
[
0.5 1 15 2 25
Time (sec)

Figure 1-13. Lateral Occupant Impact Velocity (SLICE 2), Test No. MWP-7
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Figure 1-15. Vehicle Angular Displacements (SLICE 2), Test No. MWP-7
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Load Cell Summary

Test Information:

Test No: MWP-7
Date: 2/24/2015
System / Test Article: 4-cable median barrier
LC Location / Component: Top Cable - US of Impact
Additional Notes:

Load Cell Information: Results:
Load Cell No.: 143435 Preload: 0 Kips
Calibration Factor: 2.1539 mv/VvV Max. Load: 7.66 Kips
Input Voltage (excitation): 10 Volts Time of Max. Load: 1.2421 sec
Gain: 400 Event Duration: 3.5 sec
Full Scale Load: 50 kips Final Load: 2.97 kips
Sample Rate: 10000 Hz
Cutoff Frequency: 100 Hz
Ouput Voltage vs. Time
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Figure J-2. Load Cell Data, Cable No. 4, Test No. MWP-7
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Load Cell Summary

Test Information:

Test No: MWP-7
Date: 2/24/2015
System / Test Article: 4-cable median barrier
LC Location / Component: Top Middle Cable - US of Impact
Additional Notes:

Load Cell Information: Results:
Load Cell No.: 120642 Preload: 0 kips
Calibration Factor:  2.11878 mv/V Max. Load: 7.18 Kips
Input Voltage (excitation): 10 Volts Time of Max. Load: 0.1429 sec
Gain: 400 Event Duration: 3.5 sec
Full Scale Load: 50 Kkips Final Load: 3.13 Kips
Sample Rate: 10000 Hz
Cutoff Frequency: 100 Hz
Ouput Voltage vs. Time
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Figure J-3. Load Cell Data, Cable No. 3, Test No. MWP-7
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Load Cell Summary

Test Information:

Test No: MWP-7
Date: 2/24/2015
System / Test Article: 4-cable median barrier
LC Location / Component: Bottom Middle Cable - US of Impact
Additional Notes:

Load Cell Information: Results:

Load Cell No.: 143436 Preload: 0 Kips
Calibration Factor:  2.14575 mv/V Max. Load: 19.21 kips
Input Voltage (excitation): 10 Volts Time of Max. Load: 0.3614 sec
Gain: 400 Event Duration: 3.5 sec
Full Scale Load: 50 kips Final Load: 4.02 kips

Sample Rate: 10000 Hz

Cutoff Frequency: 100 Hz
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Figure J-4. Load Cell Data, Cable No. 2, Test No. MWP-7
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Load Cell Summary
Test Information:
Test No: MWP-7
Date: 2/24/2015
System / Test Article: 4-cable median barrier
LC Location / Component: Bottom Cable - US of Impact
Additional Notes:
Load Cell Information: Results:
Load Cell No.: 241593 Preload: 0 Kkips
Calibration Factor:  2.14857 mv/V Max. Load: 15.10 kips
Input Voltage (excitation): 10 Volts Time of Max. Load: 0.9403 sec
Gain: 400 Event Duration: 3.5 sec
Full Scale Load: 50 kips Final Load: 2.66 kips
Sample Rate: 10000 Hz
Cutoff Frequency: 100 Hz
Ouput Voltage vs. Time
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Figure J-5. Load Cell Data, Cable No. 1, Test No. MWP-7
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String Potentiometer Summary

Test Information:

Test No: MWP-7
Date: 2/24/2015
System / Test Article: 4-cable median barrier
SP Location / Component. Upstream Anchor
Additional Notes:

String Potentiometer Information: Results:
String Pot No.: 27039203 Max. Displacement: 0.06 in.
Calibration Factor:  19.4483 mV/V/in. Time of Max. Displacement: 0.5714 sec
Input Voltage (excitation): 10 Volts Event Duration: 3.5 sec
Gain: 1 Final Displacement: -0.03 in.
Full Scale Load: 1
Sample Rate: 10000 Hz
Cutoff Frequency: 100 Hz
Ouput Voltage vs. Time
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Figure J-6. String Potentiometer Data, Test No. MWP-7
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