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1 INTRODUCTION
1.1 Background

For several decades, the New York State Department of Transportation (NYSDOT) has
installed its generic cable barrier systems in various configurations, including placement around
curves. The active tensioning required for these installations have occasionally resulted in the
posts being pulled to the inside of the curve. As a result, limitations were placed on the amount
of curvature that could be used for a given post spacing, thus raising questions of whether there
exists a minimum limit of curvature for a given roadway.

NYSDOT currently restricts cable barrier installations to roads with curves having radii
greater than or equal to 440 ft (139 m). However, the post spacing is reduced from 16 ft (4.9 m)
to 12 ft (3.7 m) or less on curves ranging between 440 ft (139 m) and 715 ft (218 m). Post
spacing is believed to be directly related to system deflection, such that reduced post spacing will
decrease the system deflection during an impact event. Currently, the safety performance and
dynamic barrier deflections of low-tension, three-cable barriers placed around curves is
unknown. Unfortunately, no prior research studies have involved the full-scale crash testing of
low-tension, three-cable barrier systems with curved alignment. The NYSDOT personnel have
desired that the low tension, three-cable barrier system be available for use on roads with radii of
360 ft and 440 ft (110 m and 139 m) but using an 8-ft (2.4-m) post spacing. Therefore, full-scale
crash testing was deemed necessary on these smaller radii systems according to the Test Level 3
(TL-3) impact safety standards published in the American Association of State Highway and
Transportation Officials (ASSHTO) Manual for Assessing Safety Hardware [1].

1.2 Objective
The purpose of this study was to determine dynamic deflections for a cable barrier system

placed around a curve for a known impact condition and post spacing as well as to determine the

1
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energy absorbed when an impacting vehicle strikes a typical weak post, rubs on the cable rail,
and skids on the ground/pavement surface. During this research project, evaluations were made
on the performance of the systems using different radii and according to the TL-3 criteria
designated in MASH.

However, per the request from the NYSDOT, the full-scale crash test program was to be
performed using a speed of 62 mph (98 km/h) and an angle of 20 degrees to the tangent segment.
It was assumed by NYSDOT that roads with sharp curves would be mostly two-way secondary
highways which would limit the offset distance from which the guide rail could be approached.
Based on an assumption of steep curves and normal pavement friction limitations, a NYSDOT
analysis indicated that only a 20-degree maximum impact angle was possible for a vehicle
traveling at 62 mph (100 km/h) and crossing 25 ft (7.6 m) of travel lanes and shoulder prior to
contacting a barrier on a roadway with a 360-ft (110-m) radius. Thus, a 20-degree target impact
angle was recommended for the full-scale crash testing program.

1.3 Scope

The research study was accomplished by completing a series of tasks. First, a curved,
low-tension, three-cable barrier system with an interior radius of 360 ft (110 m) and a post
spacing of 8 ft (2.4 m) was constructed. Next, a full-scale crash test was performed with a pickup
truck weighing approximately 5,000 1b (2,268 kg) and impacting the system at a speed of 62 mph
(100 km/h) and at an angle of 20 degrees relative to the tangent (modified test designation no. 3-
11). Next, the cable barrier system was reconstructed with an interior radius of 440 ft (134 m)
and a post spacing of 8 ft (2.4 m). The second full-scale crash test was performed with a pickup
truck weighing approximately 5,000 Ib (2,268 kg) and striking the system at a speed of 62 mph
(100 km/h) and at an angle of 20 degrees relative to the tangent (modified test designation no. 3-

11). Following the unsatisfactory test, the 440 ft (134 m) radius cable system with 8-ft (2.4-m)
2
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post spacing was reconstructed, but the entire system was raised 2 in. (51 mm) to where the top
cable was located 29 in. (734 mm) from the ground. The third full-scale crash test was performed
with a pickup truck weighing approximately 5,000 1b (2,268 kg) and striking the system at a
speed of 62 mph (100 km/h) and at an angle of 20 degrees relative to the tangent (modified test
designation no. 3-11). Finally, the test results were analyzed, evaluated, and documented as they
pertain to the safety performance of the cable barrier systems. The additional crash investigation
and analysis was performed to investigate the impacting vehicle’s energy dissipation as a

function of time and various events and will be included in Volume II.
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2 TEST REQUIREMENTS AND EVALUATION CRITERIA

2.1 Test Requirements

Historically, longitudinal barriers, such as cable guardrails, have been required to satisfy
safety performance criteria in order to be accepted by the Federal Highway Administration
(FHWA) for use on the National Highway System (NHS). Currently, these safety standards
consist of the guidelines and procedures published in MASH [1]. According to TL-3 testing
conditions identified in MASH, longitudinal barrier systems must be subjected to two full-scale
vehicle crash tests. The two full-scale crash tests are noted below:

1. Test Designation No. 3-10 consists of a 2,425-1b (1,100-kg) passenger car impacting
the system at a nominal speed and angle of 62 mph (100 km/h) and 25 degrees,
respectively.

2. Test Designation No. 3-11 consists of a 5,000-1b (2,268-kg) pickup truck impacting
the system at a nominal speed and angle of 62 mph (100 km/h) and 25 degrees,

respectively.

The test conditions of TL-3 longitudinal barriers are summarized in Table 1.

Table 1. MASH TL-3 Crash Test Conditions

Test Impact Conditions
Test Desienation Test Speed Anel Evaluation
Article g Vehicle P ngle Criteria !
No. mph | km/h | (deg)
Longitudinal 3-10 1100C 62 100 25 A,D,F,H,I
Barrier 3-11 2270P 62 100 25 A.D.FH,I

' Evaluation criteria explained in Table 2.

According to the request of NYSDOT personnel, a curved run of generic, low-tension,
three-cable barrier was crash tested according to modified test designation no. 3-11 for test nos.
NYCC-1, NYCC-2, and NYCC-3. According to MASH, the critical impact point for cable

barrier systems is 1 ft (0.3 m) upstream from a given post. However, NYSDOT personnel
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requested that an impact angle of 20 degrees be used in combination with an impact location of
70 ft (21.3 m) downstream from the tangent along the arc or 24 in. (610 mm) upstream of post
no. 17. The impact angle was to be measured relative to the curve’s tangent line at the impact
point.

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 guardrails 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 be involved in a
secondary collision with other vehicles and/or fixed objects, thereby increasing the risk of injury
to the occupants of the impacting vehicle. These evaluation criteria are 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 with the exceptions of impact
angle and system length, as requested by NYSDOT.

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.

2.3 Soil Strength Requirements

In order to limit the variation of soil strength among testing agencies, foundation soil

must satisfy the recommended performance characteristics set forth in Chapter 3 and Appendix

B of MASH. Testing facilities must first subject the designated soil to a dynamic post test to
5
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demonstrate a minimum dynamic load of 7.5 kips (33.4 kN) at deflections between 5 and 20 in.
(127 and 508 mm). If satisfactory results are observed, a static test is conducted using an
identical test installation. The results from this static test become the baseline requirement for
soil strength in future full-scale crash testing in which the designated soil is used. An additional
post installed near the impact point was to be statically tested on the day of full-scale crash test in
the same manner as used in the baseline static test. The full-scale crash test could be conducted
only if the static test results showed a soil resistance equal to or greater than 90 percent of the
baseline test at deflections of 5, 10, and 15 in. (127, 254, and 381 mm). Otherwise, the crash test

was to be postponed until the soil demonstrated adequate post-soil strength.
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Table 2. MASH Evaluation Criteria for Longitudinal Barrier

Structural
Adequacy

A.

Test article should contain and redirect the vehicle or bring the
vehicle to a controlled stop; the vehicle should not penetrate,
underride, or override the installation although controlled lateral
deflection of the test article is acceptable.

Occupant
Risk

pedestrians, or personnel in a work zone. Deformations of, or

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,

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 and pitch angles are not to exceed 75 degrees.

Occupant Impact Velocity (OIV) (see Appendix A, Section A5.3 of
MASH for calculation procedure) should satisfy the following
limits:

Occupant Impact Velocity Limits

Component Preferred Maximum

30 ft/s
(9.1 m/s)

40 ft/s

Longitudinal and Lateral (12.2 m/s)

The Occupant Ridedown Acceleration (ORA) (see Appendix A,

following limits:

Section A5.3 of MASH for calculation procedure) should satisty the

Occupant Ridedown Acceleration Limits

Component Preferred Maximum

Longitudinal and Lateral 15.0¢g’s 20.49 g’s
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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 University of
Nebraska-Lincoln.
3.2 Vehicle Tow and Guidance System

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

A vehicle guidance system developed by Hinch [2] 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 3-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. NYCC-1, a 2005 Dodge Ram was used as the test vehicle. The curb, test
inertial, and gross static vehicle weights were 5,094 1b (2,311 kg), 5,020 1b (2,277 kg), and 5,190
Ib (2,354 kg), respectively. The test vehicle is shown in Figure 1, and vehicle dimensions are
shown in Figure 2.

For test no. NYCC-2, a 2005 Dodge Ram was used as the test vehicle. The curb, test

inertial, and gross static vehicle weights were 5,001 1b (2,268 kg), 4,998 1b (2,267 kg), and 5,168
8
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Ib (2,344 kg), respectively. The test vehicle is shown in Figure 3, and vehicle dimensions are
shown in Figure 4.

For test no NYCC-3, a 2005 Dodge Ram was used as the test vehicle. The curb, test
inertial, and gross static vehicle weights were 5,134 1b (2,329 kg), 4,994 1b (2,265 kg), and 5,166
Ib (2,343 kg), respectively. The test vehicle is shown in Figure 5, and 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 Suspension Method [3] was used to determine the vertical
component of the c.g. for the pickup truck. 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 final centers of gravity are shown in Figures 1 through 6. Data
used to calculate the location of the c.g. and ballast information are shown in Appendix A.

Square, black- and white-checkered targets were placed on the vehicle for reference to be
viewed from the high-speed digital video cameras and aid in the 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 vehicle.

The front wheels of the test vehicle were aligned to vehicle standards except the toe-in
value was adjusted to zero so that the vehicles would track properly along the guide cable. A 5B
flash bulb was mounted on the left side of the vehicle’s 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
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NYCC-1

Figure 1. Test Vehicle, Test No. NYCC-1
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vwrear‘

Mass Distribation b (kg)

‘Wheel Well Clearance (F) 35 (889)
‘Wheel Well Clearance (R) 37172 (953)

Date: 822011 Test Number: NYCC-1 Modeck: 220P/Ram
Make: Dodge Vehicke LD .t 1D7THA1SNOSIS60193
Tire Size: LT265/70 R17 Year: 2005 Odometer: 147869
Tire Inflation Pressare: 35psi
*(AllMecasarements Refer to Impacting Side)
I
T _____ 3 1 T Vehick Geometry — in. (mm)
n ™M
t  Wheel Wheel a a_78 (1981) b_74 (1880)
Track Trock
c 22734 (5785 d 47 (1194)
—_—
: : s e 14014 (3562) f 4012 (1029
Test Inertial CM. g_2878 (733) h 63 (1602)
q —|—Tre D14 i 18 (381) i_27 (636)
" HeEL Dia kK 21 (533) 1 291/4 (743)
f—p r
I —( m 68118 (1730) n 6712 (1715)
b
— g N o o 4512  (1156) p 3 (76)
L ©) O)mrll
1 & s / Ly q 3112 (800) r 18114 (469
s 1512 (3949 t 7512 (1918)
h
‘Wheel Center Height Front 15 (381)
d e f —
‘Wheel Center Height Rear 151/4 (387

GrossStatic LF 1494 (678) RF 1380 (626) Frame Height (F) 1734 (451)
IR 1107 (502) RR 1209 (548) Frame Height (R) 2434 (629)
ExgincType  8cyl GAS
Weights
1 (kg) Carb Test Inertial Gross Static Engime Stze 4L
W-froat 2819  (1279) 2769 (1256) 2874 (1304) Transmition Type:
Worear 2275 (1032) 2351 (1021) 2316 _(1051) Anfomstic _Mam
W-total 5004 (2311) 5020 (277) 5190 (2354) FWD 4WD
GVWR Ratings Dummy Data
Froat 3650 Type: Hybrid Tl
Rear 3900 Misss: 170 Ibs
Total 6650 Seat Position: Passenger
Nofc any damage prior fo ftest: Nome

Figure 2. Vehicle Dimensions, Test No. NYCC-1
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Figure 3. Test Vehicle, Test No. NYCC-2
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Date: 11712011 Test Namber: NYCC-2 Modd: 270P
Make: Dodge Ram Vehicle LD.# 1DTHA1SN95I610492
Tire Size: 26570 R17 Year: 2005 Odometer: £4180
Tire Inflation Pressare: 35
*(All Measarements Refer o Impacting Side)
T |- J I T Vehiclk Geomefry — in. (mm)
t Vheel wheel o a 77344 (1975 b T3UB (1857)
Troack Track
c 22778 (5788) 4 48 (1219)
L ' — e 14014 (3562) f 3958 (1006)
Test Inertial CM. g_28 (711) h_ 6389 (1623)
q —|—TIRe DI i_15 (381) i_2512 (649
( " HeEL Dia k_2012  (521) 1 28172 (729
B p—( m 67T8 (1724 m 6738 (171D
5}
! _:( O 9 O\ j_—r o o 43 (1092) P 234 [ell]
p s ') P q 3034 (7181) r 18172 470
. f s 1412  (368) t 75 (1905)
\ . ‘Wheel Center Height Front_ 14172 (368)
e ]
vwreur wFronv Wheel Conter fetght Rear_1434 @75
c ‘Wheel Well Clearance (F) 35 (889)
Mass Distribation Ik (kg) Wheel Well Clearance (R) 373/8  (949)
GrossStatic LF 1442 (6549) RF 1386 (629) Framc Height (F) 171/8 (439
IR 1172 (53) RR__ 1168 (530) Frame Height (R) 24172 (622)
ExgineType  Scyl Gas
Weights
b (kg) Curb Test Inertial Gross Static Engine Size 4.7L
W fromt 2774 (1258) 2721 (1234) 2828 (1283) Transmition Type:
'W_rear 2227 (1010) 2277 (1033) 2340 (1061) Anfomsfic _Mam
'W_total 5001 (2268) 4998 (2267) 5168 (2344) FWD WD
GVWR Ratings Dummy Data
Front 3700 Type: Hybrid Tl
Rear 3900 Miass: 170 Ibs
Total 6650 Seat Position: Passenger
Noie any damage prior fo test: Small door dent lefl rear door.

Figure 4. Vehicle Dimensions, Test No. NYCC-2
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Date: 412612012 Test Namber: NYCC3 Modet: 270P
Make: Dodge Ram Vehicle LI 1D7THA18DM55262716
Tire Size: 265770 R17 Year 2005 Odometer: 89914
Tire Inflation Pressare: 35 Psi
*(All Measurements Refer to Impacting Side)
T |- J I T Vehiclk Geomefry — in. (mm)
t Vheel wheel o a_ 78114 (1988) b 751/4 (1911)
Troack Track
c 22812 (5804) d 471/4 (1200)
L ' — e 14012 (3569) f 403/4 (1035)
Test Inertial CM. g_29 37 h_62 (5749
q ——f~——71re D18 i 1514 (38D i 27 (686)
( " HeEL Dia k_211/4  (540) 1 29314 (756)
B p—( m GBIB  (1730) n 67172 (1715)
5}
1 _:( O 9 O\ T ° o_46 (1168) p_312 @9
$ X s ') i f q 31314  (306) r 18172 (470)
. f s 16 (406) t 7512 (1918)
. . Wheel Center Height Front 1478 (378)
e —
vwreur wFronv Wheel Conter etght Rear_1318 @84
c ‘Wheel Well Clearance (F) 36 (914)
Mass Distribation Ik (kg) Wheel Well Clearance (R) 38172 (978)
GrossSfatic LF 1410  (640) RF 1484 (673) Frame Height (F) 18 1/4 (464
IR 1123 (509) RR 1149 (521) Frame Height (R) 251/4  (641)
Engine Type Bcyl Gas
Weights
1b (kg) Curb Test Imertial Gross Static Engine Size 5.7L
'W-_fromt 2884 (1308) 2792 (1266) 2894 (1313) Transmition Type:
'We_rear 2250  (1021) 2202 (999) 2272 (1031) Anfomatic _Mam
'W-total 5134 (2329) 4994 (2265) 5166 (2343) FWD IWD
GVWR Ratings Dummy Data
Fromt 3700 Type: Hybrid Il
Rear 3900 Miass: 170 Ibs
Total 6650 Seat Position: Passenger
Noie any damage prior fo test: Nome

Figure 6. Vehicle Dimensions, Test No. NYCC-3
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—] | =11
Ry AR
I——T [ | i“:EH )

TEST #: NYCC-1
TARGET GEOMETRY— in. (mm)

A T3 (1854) E 69172 (1765) 1 393/4 (1010)
B 1001/4  (2546) F_ 39 991) J 2878 (33)

c 48 (1219) G 63 (1600) K 42112 (1080)
D 69112 (1765) H 771/4 (1962) L 58172 (1486)

Figure 7. Target Geometry, Test No. NYCC-1
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B P

TEST #: NYCC-2
TARGET GEOMETRY — in. (mm)

A 783/4 (2000) E 683/4 (1746) 1 39 991)
B 10334  (2635) F 4 (1041) J 28 (711)
c 48 (1219) G 6378 (1622) K 41172 (1054)
D 6514 (1657) H 7638 (1940) L 59 (1499)

Figure 8. Target Geometry, Test No. NYCC-2
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TEST #: NYCC-3
TARGET GEOMETRY- in. (mm)

A 79314 2026) E & (1626) 140 (1016)
B 9714 (2470) F 40 (1016) J 29 (737)
c 3318 (841) G_ 62 (1575) K_ 423/4 (1086)
D 64 (1626) H_ 78172 (19%4) L_ 61 (1549)

Figure 9. Target Geometry, Test No. NYCC-3
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videos. A remote controlled brake system was installed in the test vehicle so the vehicle could be
brought safely to a stop after the test.
3.4 Simulated Occupant

For test nos. NYCC-1, NYCC-2, and NYCC-3, a Hybrid II 50™-Percentile, Adult Male
Dummy, equipped with clothing and footwear, was placed in the right-front seat of the test
vehicle with the seat belt fastened. The dummy, which had a final weight of 170 b (77 kg), was
represented by 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

Three environmental shock and vibration sensor/recorder systems were used to measure
the accelerations in the longitudinal, lateral, and vertical directions. All of the accelerometers
were mounted near the center of gravity of the test vehicles. The electronic accelerometer data
obtained in dynamic testing was filtered using the SAE Class 60 and the SAE Class 180
Butterworth filter conforming to the SAE J211/1 specifications [4].

The first accelerometer system was a two-arm piezoresistive accelerometer system
manufactured by Endevco of San Juan Capistrano, California. The three accelerometers were
used to measure each of the longitudinal, lateral, and vertical accelerations independently at a
sample rate of 10,000 Hz. The accelerometers were configured with a range of £500 g’s and
controlled using a DTS Sensor Input Module (SIM), Model TDAS3-SIM-16M manufactured by
Diversified Technical Systems, Inc. (DTS) of Seal Beach, California. The SIM was configured
with 16 MB SRAM and 8 sensor input channels with 250 kB SRAM/channel. The SIM was

mounted on a TDAS3-R4 module rack which was configured with isolated
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power/event/communications, 10BaseT Ethernet and RS232 communication, and an internal
backup battery. The “DTS TDAS Control” computer software program and a customized
Microsoft Excel worksheet were used to analyze and plot the accelerometer data.

The second system, SLICE 6DX, was a modular data acquisition system manufactured by
DTS of Seal Beach, California. The acceleration sensors were mounted inside the body of the
custom built SLICE 6DX event data recorder and recorded data at 10,000 Hz to the onboard
microprocessor. The 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.

The third system, Model EDR-3, was a triaxial piezoresistive accelerometer system
manufactured by IST of Okemos, Michigan. The EDR-3 was configured with 256 kB of RAM, a
range of £200 g’s, a sample rate of 3,200 Hz, and a 1,120 Hz low-pass filter. The “DynaMax 1
(DM-1)” computer software program and a customized Microsoft Excel worksheet were used to
analyze and plot the accelerometer data.

The DTS and EDR-3 units were utilized on test nos. NYCC-1 through NYCC-3. The
DTS-SLICE unit was only utilized during test no. NYCC-3.

3.5.2 Rate Transducers

An angle rate sensor, the ARS-1500, with a range of 1,500 degrees/sec in each of the
three directions (roll, pitch, and yaw) was used to measure the rates of rotation of the test
vehicles. The angular rate sensors were mounted on an aluminum block inside the test vehicle
near the center of gravity and recorded data at 10,000 Hz to the SIM. The raw data

measurements were then downloaded, converted to the proper Euler angles for analysis, and
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plotted. The “DTS TDAS Control” computer software program and a customized Microsoft
Excel worksheet were used to analyze and plot the angular rate sensor data.

A second angle rate sensor system, the SLICE MICRO Triax ARS, with a range of 1,500
degrees/sec in each of the three directions (roll, pitch, and yaw) was used to measure the rates of
rotation of the test vehicles. The angular rate sensors were mounted inside the body of the
custom built SLICE 6DX event data recorder 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.

A third system, an Analog Systems 3-axis rate transducer with a range of 1,200
degrees/sec in each of the three directions (roll, pitch, and yaw), was used to measure the rates of
motion of the test vehicles. The rate transducer was mounted inside the body of the EDR-4
6DOF-500/1200 and recorded data at 10,000 Hz to a second data acquisition board inside the
EDR-4 6DOF-500/1200 housing. The raw data measurements were then downloaded, converted
to the appropriate Euler angles for analysis, and plotted. The “EDR4COM” and “DynaMax
Suite” computer software programs and a customized Microsoft Excel worksheet were used to
analyze and plot the angular rate transducer data.

The rate gyro within the DTS unit was utilized in test nos. NYCC-1 through NYCC-3.
The EDR-4 unit was only utilized during test no. NYCC-1. The DTS-SLICE unit was only
utilized during test no. NYCC-3.

3.5.3 Pressure Tape Switches

For test nos. NYCC-1, NYCC-2, and NYCC-3, five pressure-activated tape switches,

spaced at approximately 6.56-ft (2-m) intervals, were used to determine the speed of the vehicle
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before impact. Each tape switch fired a strobe light which sent an electronic timing signal to the
data acquisition system as the right-front tire of the test vehicle passed over it. Test vehicle
speeds were determined from electronic timing mark data recorded using TestPoint and
LabVIEW computer software programs. Strobe lights and high-speed video analysis are used
only as a backup in the event that vehicle speed cannot be determined from the electronic data.

3.5.4 Digital Photography

Three AOS VITcam high-speed digital video cameras, three AOS X-PRI high-speed
digital video cameras, four JVC digital video cameras, and one Canon digital video camera were
utilized to film test nos. NYCC-1, NYCC-2, and NYCC-3. Camera details, camera operating
speeds, lens information, and a schematic of the camera locations relative to the system are
shown in Figures 10 through 12.

The high-speed videos were analyzed using ImageExpress MotionPlus and RedLake
MotionScope software programs. Actual camera speed and camera divergence factors were
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.

3.5.5 Load Cell

Each of the three cables in the barrier system had a load cell installed along it. Each load
cell was positioned in line with the cable on the upstream end. The load cells were placed
between post nos. 1 and 2, as shown in Figure 13.

The load cells were manufactured by Transducer Techniques and conformed to model no.
TLL-50K with a load range up to 50 kips (222 kN). During testing, output voltage signals were
sent from the load cells to a Keithly Metrabyte DAS-1802HC data acquisition board, acquired
with Test Point software, and stored permanently on a personal computer. The data collection

rate for the load cells was 10,000 samples per second (10,000 Hz).
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111'-6" [34.0 m)

Overhead Height:

256' [78.0 m]

1 32 33 34 35 36 37 38 39 40
E‘zﬁ’[:ﬂ 021222 22287 22 wad i a L::\?g 4?15
3\305 ﬁ M 17" [5.2 m]
39° [11.8 m] 12 e 1718' [Et.s m] o f
ot it ] -.—n:rs' [22.9 m]—!% fg
fe————————=1-40'-9" [12.4 m]
No. Type Orzgjgel‘g /SSepCe;ed Lens Lens Setting
1 AOS Vitcam CTM 500 Cosmicar 12.5 mm Fixed --
3 2 AOS Vitcam CTM 500 Kowa 8 mm Fixed --
% _qg 3 AOS Vitcam CTM 500 Sigma 50 mm Fixed --
555 5 AOS X-PRI Gigabit 500 Canon 17-102 mm 100 mm
an! 6 AOS X-PRI Gigabit 500 Fuji 50 mm --
7 AOS X-PRI Gigabit 500 Computar 12.5 mm Fixed --
1 JVC — GZ-MC500 (Everio) 29.97
3 2 JVC — GZ-MG27u (Everio) 29.97
> 3 JVC — GZ-MG27u (Everio) 29.97
s 4 JVC — GZ-MG27u (Everio) 29.97
2 |1 Canon ZR90 29.97
2 Canon ZR10 29.97

Figure 10. Camera Locations, Speeds, and Lens Settings, Test No. NYCC-1
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323 [98.5 m]

OVERHEAD HEIGHT: 62'—9;[5;9.‘12 m]-._ﬂl =3 :;: 98 29 30 7! 2 33 /f;m w:RK g ' _1—Lﬁ:§6
12'-8" [3.9 m]
o : ] ﬁs i’fu—f
57" [17.4 m]
NC ’QJB’ [11.9 m] |=—
14" [347 m)
No. Type Olzg:;rel‘g /sSeFZ: e)ed Lens Lens Setting
2 AOS Vitcam CTM 500 Cosmicar 12.5 mm Fixed --
3 3 AOS Vitcam CTM 500 Kowa 8 mm Fixed --
F8| 4 AOS Vitcam CTM 500 Fuji 50 mm Fixed -
55 5 AOS X-PRI Gigabit 500 Computar 12.5 mm Fixed --
an 6 AOS X-PRI Gigabit 500 TV Zoom 17-102 mm 50 mm
7 AOS X-PRI Gigabit 500 Sigma 50 mm Fixed --
1 JVC — GZ-MC500 (Everio) 29.97
8 2 JVC — GZ-MG27u (Everio) 29.97
> 3 JVC — GZ-MG27u (Everio) 29.97
E 4 JVC — GZ-MG27u (Everio) 29.97
o Canon ZR90 29.97
2 Canon ZR10 29.97

Figure 11. Camera Locations, Speeds, and Lens Settings, Test No. NYCC-2
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OVERHEAD HEIGHT:

62" 9" [19.1 m] = 2
ADS #2

A0S 4

o 1

S 43 A0S 48

No. Type Olzg:rtlllrel‘g /sSeFZ: e)ed Lens Lens Setting
° 2 AOS Vitcam CTM 500 Cosmicar 12.5 mm Fixed --
3 3 AOS Vitcam CTM 500 Sigma 24-135 35 mm
z 4 AOS Vitcam CTM 500 Kowa 8 mm Fixed --
é 5 AOS X-PRI Gigabit 500 Canon 17-102 50 mm
_‘2 6 AOS X-PRI Gigabit 500 Sigma 50 mm Fixed
.é" 7 AOS X-PRI Gigabit 500 Fujinon 50 mm Fixed -
8 AOS S-VIT 153A 500 OSAWA 28-80 28 mm
1 JVC — GZ-MC500 (Everio) 29.97
_ﬂg 2 JVC — GZ-MG27u (Everio) 29.97
> 3 JVC — GZ-MG27u (Everio) 29.97
s 4 JVC — GZ-MG27u (Everio) 29.97
2 | Canon ZR90 29.97
2 Canon ZR10 29.97

Figure 12. Camera Locations, Speeds, and Lens Settings, Test No. NYCC-3
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Figure 13. Typical Load Cell Locations
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4 DESIGN DETAILS - TEST NO. NYCC-1

Test no. NYCC-1 utilized a generic low-tension 3-cable barrier system, as shown in
Figures 14 through 27. Photographs of the test installation are shown in Figures 28 through 31.
Material specifications, mill certifications, and certificates of conformity for the system materials
are shown in Appendix B.

The cable barrier system had a total length of 399.1 ft (121.6 m). The cable barrier layout
consisted of a 96-ft (29.3-m) long straight section spanning between post nos. 1 and 8, a 200-ft
(61-m) long curved section with a 360-ft (110-m) radius spanning an angle of 32 degrees
between post nos. 8 and 33, and another 96-ft (29.3-m) long straight section spanning between
post nos. 33 and 40. The test installation was comprised of several distinct components, systems,
and features: (1) wire ropes or cables; (2) steel support posts; (3) cable-to-post attachments; (4)
cable compensating hardware; (5) cable anchorage plates; and (6) reinforced concrete anchor
foundations.

Three %-in. (19-mm) diameter 3x7, Class A galvanized wire ropes were utilized for the
cable elements. For the standard line posts, the three cables were attached to the posts and placed
at 15 in. (381 mm), 21 in. (533 mm), and 27 in. (686 mm) above the ground surface. Each cable
was attached to the impact side of the post utilizing a */;¢-in. (8-mm) steel J-bolt, as shown in
Figures 14 and 26. Each of the three wire ropes was spliced to a cable tension compensating
assembly between post nos. 1 and 2, as shown in Figures 21 and 25. The cables were tensioned
according to NYSDOT standards, as shown in Figure 27.

The cables were supported by 40 posts and anchored at the upstream and downstream
ends, as shown in Figure 14. Post nos. 2 through 39 consisted of S3x5.7 (S76x8.5) standard steel
line posts measuring 63 in. (1,600 mm) long, and a 24x8x%4 in. (610x203x6 mm) soil plate was

welded to the back side of each post. The spacing between posts on the curved portion of the
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system plus the first adjacent span, post nos. 8 through 33, was 8 ft (2.4 m). The two straight
segments of the system utilized a 16 ft (4.9 m) post spacing with the exceptions of 8 ft (2.4 m)
spans between post nos. 2 and 3 and between post nos. 38 and 39. These two spans are set by the
end terminal design of the system.

Each anchorage system consisted of a reinforced concrete foundation, a welded plate
anchor angle, and an end post. The concrete foundation was 4 ft - 9 in. (1.4-m) long, 3 ft - 9 in.
(1.1 m) wide, and 3 ft - 3 in. (I m) deep. Both the welded plate anchor angle and the end post
were attached to the foundation with %-in. (19-mm) diameter, hooked anchor studs. The welded
anchor angle was assembled from '5-in. (13-mm) steel plates and used to restrain the ends of the
cables, as shown in Figures 18 through 20. The end post was an S3x5.7 (S76x8.5) bolted to the

slipbase assembly anchored to the foundation, as shown in Figures 21 and 22.
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25 2
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R360'-0"

SHEET:
NY Curved Cable il
Notes: (1) Impact coordinates are x—127'-3 5/16", y—23'-0 15/16" from DATE:
center of post no. 33. System Layout 1/31/2013
(2) Impact takes place 2’ upstream of post no. 17 20* from tangent DRAWN BY:
and 70" downstream of post no. . " MDM /OWP /
) e Midwest Roadside 5P
(3) Post hole diameter is 18" Sofety Focility DWG. NAME. SCALE: 1:460 |REV. BY:
NY curved coble—R21 UNITS: Inches Eft(ﬁg{

Figure 14. Test Installation Layout, Test No. NYCC-1
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NOTE: (1) Critical region extends from pest ne. 6 te post no. 35.
(2) Dirt work needs to extend 25' behind the back face of post no. FHEEE
5, 25 perpendicular to_the back of post no. 22 and to the NY Curved Cable 2 of 14
centerline of post no. 13. =

System Layout 1/31/2013
DRAWN BY:

. . DM/,
Midwest Roadside ki

SGfEty FGCi”ty OWG. NAME SCALE: 1:440 [REV. BY:
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Figure 15. Critical Region, Test No. NYCC-1
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SECTION A—A
SCALE 1 : 14
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SCALE 1 : 2
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SCALE 1 : 2
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Figure 16. Line Post Assembly Details, Test No. NYCC-1
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Post No. 2
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NY Curved Cable 4of 4
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Cable Terminal Detail 1/31/2013
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Sofety Facil‘lty DWG. NAME. SCALE: 1:40 [REV. BY:
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Figure 17. Terminal Details, Test No. NYCC-1
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New York Curved Table System
ltem No. QTY. Description Material Spec Hardware Cuide
al 2 S3x5.7 27 3/16" long Anchor Post ASTM A36 Galvanized -
a2 24 Hooked Anchor Stud and Nut ASTM A36 and ASTM A563 DH Galvanized FRH20a
a3 6 ®3/16" 5 1/4" Long Brass Rod Brass =
a4 36 ®3/4" Plain Round Washer—0OD 1.5" Grade 2 FWC20a
ab5 2 S3x7.5 Anchor Post Stub ASTM A36 Galvanized —
a6 4 Slip Impact Base ASTM A36 Galvanized -
a7 2 4"x5" 28 Gauge Keeper Plate ASTM A36 Galvanized -
a8 8 ¢1/2" x2 1/2" Long Bolt and Nut Grade 2 Galvanized FBX14a
a9 24 ®1/2" Narrow Washer—0OD 17 Grade 2 Galvanized FWC12a
a10 2 3/4" Anchor Post Support Plate ASTM A707 Grade 36 Galvanized -
all 2 lAnchor Post Base ASTM A709 Grade 36 Galvanized —
b1 2 lAnchor Bracket Plate ASTM A709 Grade 36 Galvanized -
b2 4 1/2" Thick External Stiffener ASTM A709 Grade 36 Galvanized -
b3 2 ®1/4"x15" Brass Rod Brass -
b4 4 1/4" Thick Internal Stiffener ASTM A709 Grade 36 Galvanized -
b5 2 lAnchor Angle Middle Plate ASTM A709 Grade 36 Galvanized -
b6 2 Cable Plate ASTM A709 Grade 36 Galvanized -
cl <] Cable End Fitting ASTM A27 Galvanized RCED3
c2 6 ®3/4" Plain Round Washer—0D 2" Grade 2 Galvanized FWC20a
c3 3 Compensating Cable End Assembly ASTM A27 Galvanized RCEO1
c4 38 S3x5.7 63 in. long Line Post ASTM A36 Galvanized —
(] 114 Cable Hook Bolt ASTM F568 Class 4.6 aond ASTM A563 Galvanized FEHO4
cb 3 $3/4" Cable Approx. 392’ AASHTO M30 Type 1 Class A Galvanized RCMO1
c7 38 2'x87x0.25" Soil Plate ASTM A36 CGalvanized -
d1 2 Concrete Anchor Block 3000 psi Compressive Strength =
dz 12 #3 Rebar 32.5” long Grade 60 =
d3 12 #3 Rebar 44.5" long Grade 60 -
d4 16 #3 Rebar 33" long Grade 60 -
el 12 Cable Wedge ASTM A47 Grade 32510 FMMO1
e2 3 50,000—Ib Load Cell N/A -
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Figure 26. Bill of Materials, Test No. NYCC-1
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(1) Al posts shall be s3x5.7 rolled steel section. The anchor post stub shall be s3x7.5. Where the rail is parallel to the edge of the pavement, every
sixth post starting with the first shall be reflectorized. Do not reflectorize posts in the intermediate anchorage section, typical epproach and terminal
section, or when ‘used as a median barrier.

(2) Reflectors shall be aluminum alloy 1/16" thick with reflective sheeting. The reflective sheeting shall be white when installed on the rignt side of
traffic and fluorescent yellow when on the left.

(3) 3/4” round wire cable shall consist of three strands (7 wires per strand) and have a minimum tensile strength of 25,000 Ibf.

(4) gabtlﬁ ends shall be fabricated from malleable iron or cast steel. The cable splice and wedge shall be fabricated from malleable iron or ASTM A536
uctile.

(5) All_cable ends_and splices shall be designed to use the wedge shown on sheet 12 and shall develop the full strength of the 3/4” round cable

(2?080 Ibsl. . _Thi cables, ends, and splices shall be hot dipped galvanized as indicated in material specification for cable guide rail. The wedge shall

not be galvanized.

Pt

(6) Stagger cable splices, provide a minimum of 20' between any pair. Provide a minimum of 100" between cable splices on the same cable.
(7) Alternate designs for the steel turnbuckle cable end assembly or spring cable end assembly shall be submitted for approval.

(8) For arrangement of spring cable end assemblies (compensating device) and turnbuckle cable end assemblies, the following criteria shall apply:
—Length of cable runs ug to 0'—use compensating device (RCEO1) on one end, and turnbuckle on the other end of each individual cable.
—Length of cable runs 1000° to 2000'—use compensating device (RCEO1) on the ends of each individual cable.

—Length of cable runs over 2000'—start a new stretch by interlacing at ‘last parallel post (see typical intermediate anchorage details).

P;Tord_to tﬁnc.||t<:|cce|:vtc:nce by the state, the following values shall be used to tighten the turnbuckles, depending on the temperature at the time
of adjustment.

Temperature (degrees Farenheit)
120 109 99 89 79 69 59 49 39 29 19 9 =1 -20
to to to to to to to to to to to to to to
110 100 90 80 70 60 50 40 30 20 10 0 -19 -29
Spring Compression from Unloaded Position in Each Spring-Measured in Inches
1 114 a12]  13/4] 2 | 21/ 2172 234 3 | 314l 312 334 a4 | a1

(9) The_concrete anchor shall be set into the excavation as detailed. The bottom of the anchor shall have a full and even bearing on the surface under|
g. '_I'hle t(i);l) sholl be back filled in accordance with the requirements of 203-3.15 ™fill and back fill at structures, culverts, pipes, conduits, and direct
urial cables.

(10) Do not install cable guide railing on curves with a centerline radius of less than 440"

(11) Curbs greater than 3" high are not to be retained or placed if design, ﬁosted, or operating speed exceeds 35 mph. Rail mounting height is to be
measured from pavement if offset between pavement and curb is less than or equal te 9" and from ground beneath rail if offsef > 9.

(12) Liftin? devices, if embedded in concrete, shall be rated by their manufacturer as having @ "safe working load” of four tons for the one piece anchor
and fwo tons for each of the halves of the two piece anchor unit.

(13) At all locations where the cable is connected to a cable socket with o wedge type connection, one wire of the wire rope shall be crimped over the
base of the wedge to hold it firmly in place.

SHEET:
NY Curved Cable " of 14
DATE:
NOteS 1/31/2013
DRAWN BY:
Midwest Roadside Mow/cwe/
Safety Facility [ we SCALE: None [REV. B
NY curved coble—=R21 UNITS: Inchas “h{f‘",{
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Figure 27. System Notes, Test No. NYCC-1
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Figure 28. Test Installation Photographs, Test No. NYCC-1
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Figure 30. End Anchorage Photographs, Test No. NYCC-1
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5 FULL-SCALE CRASH TEST NO. NYCC-1

5.1 Static Soil Test

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

The 5,020-1b (2,277-kg) pickup truck impacted the curved, three-cable barrier system at a
speed of 61.6 mph (99.1 km/h) and at an angle of 19.9 degrees. A summary of the test results and
sequential photographs are shown in Figure 32. Additional sequential photographs are shown in
Figures 33 through 37. Documentary photographs are shown in Figure 38.
5.3 Weather Conditions

Test no. NYCC-1 was conducted on August 2, 2011 at approximately 12:00 P.M. The
weather conditions as per the National Oceanic and Atmospheric Administration (station

14939/LNK) were recorded and are shown in Table 3.

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

Temperature 91°F

Humidity 56%

Wind Speed 11 mph

Wind Direction 340° from True North
Sky Conditions Sunny / Overcast
Visibility 10 Statute Miles
Pavement Surface Dry

Previous 3-Day Precipitation 0 in.

Previous 7-Day Precipitation 0.1 in.
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5.4 Test Description

Initial vehicle impact occurred at the targeted impact point 70 ft (21.3 m) downstream of
post no. 8, or 2 ft (0.6 m) upstream of post no. 17, as shown in Figure 39, which was selected by
NYSDOT personnel. A sequential description of the impact events is contained in Table 4. The
vehicle came to rest 220 ft - 10 in. (67.3 m) downstream of impact and adjacent to the

downstream anchorage. The vehicle trajectory and final position are shown in Figures 32 and 40.

Table 4. Sequential Description of Impact Events, Test No. NYCC-1

TIME

EVENT
(sec)

0.000 | The right-front bumper impacted middle cable.

0.006 | The right-front bumper contacted post no. 17, which bent backward and downstream.

0.012 | Post no. 16 rotated backward.

0.030 | All the cables had released from post no. 17.

0.038 | The right-front tire contacted post no. 17.

0.052 | The right-front tire overrode bottom cable, and post 18 deflected backward and
downstream.

0.086 | The right-front tire overrode middle cable.

0.096 | The bumper contacted post no. 18.

0.100 | All the cables had released from post no. 18.

0.114 | Post no. 19 bent backward.

0.136 | Vehicle yawed away from system.

0.162 | The top cable released from post no. 19.

0.174 | Post no. 20 deflected backward and downstream.

0.190 | Post no. 21 deflected backward and downstream.

0.194 | The bumper and left-front tire contacted post no. 19.

0.200 | The top cable released from post no. 20.

0.214 | The right-rear tire overrode bottom cable.

0.230 | The right-rear tire overrode middle cable.

0.234 | The middle cable released from post no. 19.

0.238 | Vehicle rolled toward the system.

0.270 | The left-front tire overrode bottom cable.

0.282 | The top cable released from post no. 21.

0.296 | The middle cable released from post no. 20.

0.302 | Post no. 22 deflected backward and downstream.

0.310 | The left-front tire overrode middle cable.

0.366 | The top cable released from post no. 22.

0.386 | Post no. 23 deflected backward and downstream.

0.406 | The top cable released from post no. 23.
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0.432 | Post no. 24 deflected backward.

0.482 | Vehicle rolled away from system.

0.486 | The thread rod anchoring the top cable to the anchor plate fractured and the cable was
pulled down stream.

0.628 | Vehicle was parallel with system.

0.718 | The top cable released from post no. 24.

0.862 | Post no. 25 deflected downstream.

0.912 | The top cable released from post no. 25.

1.002 | Post no. 26 deflected downstream.

1.126 | The top cable released from post no. 26.

1.200 | The top cable released from post no. 8.

1.270 | Post no. 27 deflected downstream.

1.282 | Vehicle contacted the backside of the system.

1.286 | The middle cable released from post no. 30, and the top cable released from post 7.

1.340 | The top cable released from post no. 27.

1.344 | The vehicle bumper contacted post no. 30, causing it to bend downstream.

1.366 | Vehicle pitched upward.

1.420 | The middle cable released from post no. 31.

1.450 | The vehicle was overriding the top and bottom cables. The middle cable was
interlocked with the vehicle’s left-front bumper corner.

1.454 | The middle cable released from post no. 32.

1.458 | Vehicle contacted post no. 31, causing it to bend downstream.

1.470 | The middle cable released from post no. 33.

1.554 | The top cable released from post no. 9.

1.578 | Vehicle contacted post no. 32, causing it to bend downstream.

1.610 | The middle cable released from post no. 34.

1.630 | The top cable released from post no. 10.

1.660 | Right-rear tire leaves ground.

1.704 | The middle cable released from post no. 35.

1.722 | The top cable released from post no. 11.

1.730 | Right-front tire struck post no. 31.

1.756 | The middle cable released from post no. 36, and top cable released from post no. 31.

1.778 | The top cable released from post no. 32.

1.808 | The middle cable released from post no. 37.

1.818 | The top cable released from post no. 14.

1.850 | The middle cable released from post no. 38.

1.874 | The middle cable released from post no. 39.

1.882 | The top cable released from post no. 12.

1.928 | Right-rear contacted ground.

2.200 | The vehicle yawed toward the system due to interacting with middle cable.

2.032 | The top cable released from post no. 13.

2.062 | The top cable released from post no. 15.

2.362 | The top cable released from post no. 16.

2.650 | The weld connecting the lower base plate to the post stub on post no. 40 failed due to

tension loading from the middle cable.
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2.725 | The threaded rod anchoring the middle cable to the anchor plate fractured, and the
cable was pulled upstream

4.000 | The vehicle had exited the system by rolling over the detached downstream end of the
middle cable.

5.500 | The vehicle came to a stop parallel to the system and adjacent to the downstream
anchorage.

5.5 Barrier Damage

Damage to the barrier was extensive, as shown in Figures 41 through 55. Barrier damage
consisted of bent posts, disengaged cables, weld failures, and anchor rod fractures. The length of
vehicle contact along the barrier was approximately 130 ft (39.6 m), which spanned from 2 ft
(0.6 m) upstream from post no. 17 through post no. 33.

The upstream anchorage was moderately and unexpectedly damaged. The weld between
post no. 1 and the slip base plate failed, as shown in Figure 42. Both the post and the plate were
found adjacent to the slip base stub. All of the cables were disengaged from post no. 1. The top
cable anchor rod fractured and the middle cable anchor rod bent, as shown in Figure 43. The
upstream end of the top cable came to rest about 10 ft (3 m) in front of post no. 15. The brass
keeper rod on the angled anchor plate was also bent.

The downstream anchorage experienced similar damage. The weld between the bottom
slip base plate and the post stub failed, as shown in Figure 44. The post came to rest adjacent to
the stub with the slip base completely intact. All three cables were disengaged from the post. The
middle cable anchor rod fractured, as shown in Figure 45, due to the cable being snagged on the
vehicle. The downstream end of the middle cable came to rest behind the vehicle, about 6 ft (2
m) in front of post no. 38.

The top cable disengaged from post nos. 2 through 39. The middle cable disengaged from

post nos. 17, 19 through 21, and 28 through 39. The bottom cable disengaged from post nos. 17
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through 19, 30, and 33. The middle cable between post nos. 17 and 18 frayed. The fray consisted
of two broken wire strands, as shown in Figure 46.

Post no. 16 had rotated backward and post no. 17 was bent and rotated downstream and
rotated slightly backward. Post nos. 18 through 33 were bent and rotated downstream. Post nos.
21, 22, and 29 had also twisted downstream. The top J-bolt cable attachments on post nos. 2
through 39 were bent downward. Similarly, the middle cable J-bolts were bent downward on
post nos. 17 through 22, 28, 29, and 31 through 39. The bottom cable J-bolts were twisted
downward on post nos. 17 through 19, 21, 29, 30, and 33. Additionally, the top J-bolts were
twisted downstream on post nos. 4 through 16, 18, 20, 29, 30, and 32 through 34, while the
middle J-bolts were twisted downstream on post nos. 18 and 33.

The maximum lateral dynamic barrier deflection before the cable release at the end
anchorage was 8.5 ft (2.6 m) located 2 ft (0.6 m) upstream from post no. 21, as determined from
high-speed digital video analysis. The working width of the system was determined to be 12 ft —
8 in. (3.9 m), as shown in Figure 56. The maximum lateral dynamic barrier deflection after the
cable released from the end anchorage was 12 ft — 7 in. (3.8 m), which was calculated at the
same location and time as the working width. The working width of the system was determined
to be larger than expected due to the fracture of the top cable’s upstream end anchor rod.

5.6 Vehicle Damage

The damage to the vehicle was minimal, as shown in Figures 57 and 58. The maximum
occupant compartment deformations are listed in Table 5 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.
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Table 5. Maximum Occupant Compartment Deformations by Location, Test No. NYCC-1

MAXIMUM MASH ALLOWABLE
LOCATION DEFORMATION DEFORMATION
in. (mm) in. (mm)
Wheel Well & Toe Pan Y4 (19) <9 (229)
Floor Pan & Transmission Tunnel ¥4 (19) <12 (305)
Side Front Panel (in Front of A-Pillar) 74 (6) <12 (305)
Side Door (Above Seat) 4 (6) <9 (229)
Side Door (Below Seat) 0(0) <12 (305)
Roof 0(0) <4 (102)
Windshield 0(0) <3 (76)

The majority of the damage was concentrated on the right-front corner and right side of
the vehicle where the impact occurred. The lower front bumper trim was disengaged, and the
front bumper was dented and bent inward near the vehicle centerline due to contact with posts.
The right side of the front bumper had contact marks from the cables as well as denting and
kinking due to contact with posts. The left side of the front bumper had dents and contact marks
from the cables and posts. The right-front door experienced some gouging and denting. The
right-rear door was dented and had a tear and fold at the front edge of the door, caused by the top
cable contact. The right-rear quarter panel experienced gouging. The left-front wheel
experienced gouging along the edge of the rim. The left-rear door was gouged along the bottom.
The left-rear quarter panel had a small dent near the cab. Contact marks from the cables extended
along the entire right side of the vehicle.

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

6. Note that the OIVs and ORAs were within the suggested limits provided in MASH. The
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calculated THIV, PHD, and ASI values are also shown in Table 6. The results of the occupant
risk analysis, as determined from the accelerometer data, are summarized in Figure 32. The
recorded data from the accelerometers and the rate transducers are shown graphically in

Appendix E. Due to technical difficulties, DTS unit did not collect valid rate gyro data.

Table 6. Summary of OIV, ORA, THIV, PHD, and ASI Values, Test No. NYCC-1

Evaluation Criteri Transducer MASH Limits
valuation Criteria EDR-3 DTS (Absolute Value)
oIV Longitudinal | -6.60 (-2.01) | -7.73 (-2.36) <40 (12.2)
ft/s (m/s) Lateral 734 (-2.24) | -6.52 (-1.99) <40 (12.2)
ORA Longitudinal -4.25 -4.42 <20.49
gs Lateral 271 335 <20.49
THIV .
fit/s (mis) NA 9.25(2.82) not required
P;SD NA 4.86 not required
ASI 0.22 0.20 not required

5.8 Load Cell Results

As previously discussed, tension load cells were installed in line with the cables at the
upstream end of the barrier system in order to monitor the total load transferred to the end anchor
system with respect to time. The load cell results are summarized in Table 7. The individual
cable loads and the total combined cable load imparted to the upstream end anchor are shown
graphically in Figures 59 and 60, respectively. The pre-tension for each cable was 800 1b (3.56
kN), as measured by displacements in the spring compensators near the upstream anchorage.
During the test, the top cable anchor rod fractured, and the cable was pulled upstream.

Subsequently, the load cell wire severed, and data was no longer recorded for the top cable. Also,
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near the end of the test, the downstream end anchor rod on the middle cable fractured. Thus, the
tension in the middle cable dropped to nearly zero for the remainder of the test. At the end of the
test, the tension in the middle and bottom cables were 29.5 b (0.13 kN) and 277 Ib (1.23 kN),

respectively.

Table 7. Summary of Load Cell Results, Test No. NYCC-1

_ . Maximum Cable Load Time"

Cable Location Sensor Location -
kips kN (sec)
Combined Cables Upstream End 14.67 65.26 0.271
Top Cable Upstream End 12.257 54.51 0.271
Middle Cable Upstream End 12.38 55.07 2.223
Bottom Cable Upstream End 2.67 11.88 0.073

" - Time determined from initial vehicle impact with the barrier system.
- Cable fracture, so data stopped recording at 0.3067 seconds

5.9 Discussion

The analysis of the test results for test no. NYCC-1 showed that the generic, three-cable
barrier with a 360 ft (109.7 m) curved radius and a 27 in. (686 mm) top mounting height
adequately contained and redirected the 2270P vehicle with controlled lateral displacements of
the barrier. There were no detached elements nor fragments which showed potential for
penetrating the occupant compartment nor presented undue hazard to other traffic. Deformations
of, or intrusions into, the occupant compartment that could have caused serious injury did not
occur. The test vehicle did not penetrate nor ride over the barrier and remained upright during
and after the collision. Vehicle roll, pitch, and yaw angular displacements, as shown in Appendix
E, were deemed acceptable because they did not adversely influence occupant risk safety criteria
nor cause rollover. Therefore, test no. NYCC-1 was determined to be acceptable according to the

MASH safety performance criteria for modified test designation no. 3-11.
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Figure 33. Additional Sequential Photographs, Test No. NYCC-1
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Figure 34. Additional Sequential Photographs, Test No. NYCC-1
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0392 sec 0.988 sec

Figure 35. Additional Sequential Photographs, Test No. NYCC-1
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Figure 36. Additional Sequential Photographs, Test No. NYCC-1
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1.492 sec

Figure 37. Additional Sequential Photographs, Test No. NYCC-1
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Figure 38. Documentary Photographs, Test No. NYCC-1
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Figure 39. Impact Location, Test No. NYCC-1
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17 and 18, Test No. NYCC-1
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System Damage

Figure 46.
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Figure 47. System Damage: Post Nos. 17 and 18, Test No. NYCC-1
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Figure 48. System Damage: Post Nos. 19 and 20, Test No. NYCC-1
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Figure 49. System Damage: Post Nos. 21 and 22, Test No. NYCC-1
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Figure 52. System Damage: Post Nos. 27 and 28, Test No. NYCC-1
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Figure 53. System Damage: Post Nos. 29 and 30, Test No. NYCC-1
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Figure 54. System Damage: Post Nos. 31 and 32, Test No. NYCC-1
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Figure 57. Vehicle Damage: Right Side, Test No. NYCC-1
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Figure 58. Vehicle Damage: Front and Left Side, Test No. NYCC-1
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6 DESIGN DETAILS - TEST NO. NYCC-2

The generic, low-tension, three-cable barrier system for test no. NYCC-2 was nearly
identical to the system used for test no. NYCC-1 except for the radius of the curve. The radius of
the system in test no. NYCC-2 was 440 ft (134 m) spanning an angle of 26 degrees between post
nos. 8 and 33, as shown in Figure 61. Due to the radius change, and utilizing the same anchor
locations, the cable barrier system had a total length of 396.5 ft (120.9 m). The impact angle and
location remained the same - 20 degrees and 2 ft (0.6 m) upstream of post no. 17 or 70 ft (21.3
m) downstream of post no. 8, respectively. Photographs of the test installation are shown in
Figures 62 through 65. Material specifications, mill certifications, and certificates of conformity

for the system materials are shown in Appendix B.
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Figure 62. Test Installation Photographs, Test No. NYCC-2
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Figure 63. Post Photgraphs, Test No. NYCC-2
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Figure 64. End Anchorage Photographs, Test No. NYCC-2
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7 FULL-SCALE CRASH TEST NO. NYCC-2

7.1 Static Soil Test

Before full-scale crash test no. NYCC-2 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.
7.2 Test No. NYCC-2

The 4,998-1b (2,267-kg) pickup truck impacted the curved, three-cable barrier system at a
speed of 61.7 mph (99.3 km/h) and at an angle of 22.1 degrees. A summary of the test results and
sequential photographs are shown in Figure 66. Additional sequential photographs are shown in
Figures 67 through 69.
7.3 Weather Conditions

Test no. NYCC-2 was conducted on November 1, 2011 at approximately 2:45 pm. The
weather conditions as per the National Oceanic and Atmospheric Administration (station

14939/LNK) were recorded and are shown in Table 8.

Table 8. Weather Conditions, Test No. NYCC-2

Temperature 77° F

Humidity 36%

Wind Speed 8 mph

Wind Direction 350° from True North
Sky Conditions Sunny / Clear
Visibility 10 Statute Miles
Pavement Surface Dry

Previous 3-Day Precipitation 0 in.

Previous 7-Day Precipitation 0 in.
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7.4 Test Description

Initial vehicle impact occurred at the targeted impact point 2 ft (0.6 m) upstream of post
no. 17, or 70 ft (21.3 m) downstream of post no. 8, as shown in Figure 70, which was selected by
NYSDOT personnel. A sequential description of the impact events is contained in Table 9. The
vehicle came to rest on its side behind the barrier at a location of 282 ft (86.0 m) downstream of
impact and 7 ft (2.1 m) laterally behind a line parallel to the impact point, as shown in Figures 66

and 71.

Table 9. Sequential Description of Impact Events, Test No. NYCC-2

TIME (sec) EVENT

0.000 The right-front bumper impacted top cable.

0.006 The right-front bumper contacted post no. 17.

0.030 The right-front tire contacted post no. 17.

0.038 Post no. 17 was bending backward and down with all cables still attached.

0.044 The right-front tire overrode post no. 17.

0.046 The top cable disengaged from post no. 17.

0.056 The middle cable disengaged from post no. 17.

0.058 The right-front tire rose off the ground.

0.064 The right-front tire overrode the bottom and middle cables.

0.086 The front bumper contacted post no. 18 and deflected it downstream.

0.090 The right-front tire overrode the top cable.

0.102 Vehicle began to override post no. 18.

0.108 Vehicle pitched upward.

0.176 The left-front bumper deflected post no. 19 downstream.

0.198 The left-front tire contacted post no. 19.

0.202 The left-front tire deflected post no. 19, and the vehicle began to pitch upward

0.214 Post no. 20 deflected backwards and downstream.

0.230 Vehicle began to roll away from backside of barrier.

0.236 Left-front tire became airborne as it overrode post no. 19 and all 3 cables.

0.340 Vehicle began to pitch downward.

0.356 The right front tire contacted the ground.

0.400 Post no. 20 stopped deflecting.

0.440 Vehicle completely overrode system and was no longer in contact with system.
0.600 Vehicle was free-wheeling behind barrier in a stable manor.

1.206 Vehicle contacted and began to climb embankment and rolled toward barrier.
1.480 Right-front tire was airborne.

1.532 Left-front tire became airborne.

1.708 Left-rear tire became airborne
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2.242 The left side of the vehicle contacted the ground.

13.000 Vehicle came to a stop on its right side after rolling over twice.

7.5 Barrier Damage

Damage to the barrier was minimal, as shown in Figures 71 through 74. Barrier damage
consisted of bent posts and disengaged cables. The length of vehicle contact along the barrier
was approximately 24 ft (7.32 m), which spanned from 2 ft (0.6 m) upstream from post 17
through 2 ft (0.6 m) upstream from post 20.

The upstream cable anchor assembly experienced minor damage. The top and middle
cables had disengaged from both the angled anchor bracket and post no. 1. Post no. 1 was
slightly bent downstream. Post nos. 17 through 19 were all bent backward and downstream.

The top, middle, and bottom cables disengaged from post nos. 17 through 19. All cable-
to-post J-bolt attachments on post nos. 17 and 18 were bent. Additionally, the top and middle J-
bolts on post nos. 17 and 18 were rotated upstream. The top and middle J-bolts on post no. 19
were fractured and the bottom J-bolt was bent and rotated upstream.

The maximum lateral dynamic barrier deflection was 30.0 in. (762 mm) at post no. 17, as
determined from high-speed digital video analysis. The working width of the system was not
calculated since the vehicle overrode the system.

7.6 Vehicle Damage

The damage to the vehicle was moderate, as shown in Figures 75 through 78. However,
only minor vehicle damage resulted from the interaction with the barrier. The damage due to
rollover was not attributable to the curved-cable system as the vehicle was stable and tracking
before climbing the embankment. The maximum occupant compartment deformations are listed
in Table 10 along with the deformation limits established in MASH for various areas of the

occupant compartment. Note that the maximum permissible roof crush limits described in
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MASH were exceeded. Complete occupant compartment and vehicle deformations and the

corresponding locations are provided in Appendix D.

Table 10. Maximum Occupant Compartment Deformations by Location, Test No. NYCC-2

MAXIMUM MASH ALLOWABLE
LOCATION DEFORMATION DEFORMATION
in. (mm) in. (mm)
Wheel Well & Toe Pan 35 (10) <9 (229)
Floor Pan & Transmission Tunnel 37 (89) <12 (305)
Side Front Panel (in Front of A-Pillar) 74 (6) <12 (305)
Side Door (Above Seat) ¥ (13) <9 (229)
Side Door (Below Seat) 4 (6) <12 (305)
Roof 8 (203) <4 (102)
Windshield 0(0) <3 (76)

The entire cab of the vehicle was dented due to rollover. The left-front bumper was
crushed inward, and the hood was bent inward. A large indentation was present on the left side.
The windshield experienced spider-web cracking, concentrated in the top right corner. The rear
windshield was shattered. The roof of the cab was crushed downward about 8.5 in. (216 mm).
Both of the rear tail lights were disengaged as well as the right side of the tailgate. The left-front
wheel was disengaged, and the ball joint support was fractured. The left-front brake line was cut.
The driveshaft was disengaged from the transmission. Cable contact marks were found on the
underside of the gas tank. The passenger and driver side windows were fractured.

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
11. 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 11. The results of the occupant
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risk analysis, as determined from the accelerometer data, are summarized in Figure 66. The
recorded data from the accelerometers and the rate transducers are shown graphically in

Appendix F.

Table 11. Summary of OIV, ORA, THIV, PHD, and ASI Values, Test No. NYCC-2

Evaluation Criteri Transducers MASH Limits
valuation Criteria EDR-3 DTS (Absolute Value)
oIV Longitudinal -4.66 (-1.42) -5.58 (-1.70) <40 (12.2)
f's (m/s) Lateral 23.02 (-0.92) -1.97 (-0.60) <40 (12.2)
ORA Longitudinal 1.04 1.01 <20.49
g's Lateral 1.14 1.34 <20.49
THIV .
ft/s (m/s) NA 5.92 (1.80) not required
Pgl_,ISD NA 1.60 not required
ASI 0.18 0.21 not required

7.8 Load Cell Results

As previously discussed, tension load cells were installed in line with the cables at the
upstream end of the barrier system in order to monitor the total load transferred to the end anchor
system with respect to time. The load cell results are summarized in Table 12. The individual
cable loads and the total combined cable load imparted to the upstream end anchor are shown
graphically in Figures 79 and 80. The pre-tension in each cable was 914 1b (4.07 kN), as
measured by the displacement in the spring compensators near the upstream anchorage. After the
crash test, tension in the top, middle, and bottom cables was 1,398 1b (6.22 kN), 905 1b (4.03

kN), and 756 Ib (3.36 kN), respectively.
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Table 12. Summary of Load Cell Results, Test No. NYCC-2

. . Maximum Cable Load Time"

Cable Location Sensor Location -
kips kN (sec)
Combined Cables Upstream End 16.97 75.52 0.089
Top Cable Upstream End 13.27 59.03 0.089
Middle Cable Upstream End 3.58 15.92 0.239
Bottom Cable Upstream End 2.85 12.68 0.061

" - Time determined from initial vehicle impact with the barrier system.
7.9 Discussion

The analysis of the test results for test no. NYCC-2 showed that the generic, three-cable
barrier with a 440 ft (134.1 m) curved radius and a 27 in. (686 mm) top mounting height did not
adequately contain or redirect the 2270P vehicle since the vehicle overrode the barrier. The
vehicle did not remain upright after the collision; however, it is believed that the rollover was
caused by contact with an embankment behind the system. Thus, the rollover was not directly
caused by the system containment failure. Vehicle roll, pitch, and yaw angular displacements, as
shown in Appendix F, were deemed acceptable prior to the vehicle rolling over the embankment.
There were no detached elements or fragments which showed potential for penetrating the
occupant compartment, nor did any detached elements present undue hazard to other traffic.
However, excessive occupant compartment deformations were imparted to the roof of the
vehicle due to the eventual vehicle rollover. Therefore, test no. NYCC-2 was determined to be
unacceptable according to the MASH safety performance criteria for modified test designation

no. 3-11.
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Spacing - Tangent End Segments ..........cccoceeeverireneeenieennnne 16 ft (4.9 m) EDR-3 DTS (Absolute Value)
SOIL TYPE e Grade B of AASHTO M147-65 (1990) oV Loneitudinal -4.66 -5.58 <40
Vehicle Make /Model. 2005 Dodge Ram 1500 Quad Cab s g (-1.42) (-1.70) (12.2)
CUID s 5,001 Ib (2,268 kg) (m/s) Lateral -3.02 -1.97 <40
Test Inertial .........ccooveiiicrniecerceceeeeenes 4,998 1b (2,267 kg) (-0.92) (-0.60) (12.2)
Gross .S.tatic ................................................................ 5,168 1b (2,344 kg) ORA Longitudinal 1.04 1.01 <20.49
Impact Conditions ,
SPEEA .o 61.7 mph (99.3 km/h) gs Lateral 1.14 1.34 <20.49
: 22.1 deg. THIV — f/s (m/s) NA 5.92 (1.80) Not required
. ImpacF .Locatlon ..................................... 2 ft (0.6 m) upstream o.f post 17 PHD g’s NA 1.60 Not required
Vehicle Stability.........ccooiiiiiiiiiiiiiicccecc e Satisfactory ASI 0.18 021 Not required
Vehicle Stopping Distance..........cocoeveeerrerieeenencne. 282 ft (86.0 m) downstream

7 ft (2.1 m) laterally behind

Figure 66. Summary of Test Results and Sequential Photographs, Test No. NYCC-2
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0.640 sec

0.120 sec 0.840 sec

0.284 sec 1232 sec

Figure 67. Additional Sequential Photographs, Test No. NYCC-2
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.O sec

0.610 sec ' 0.858 sec 0474 sec

Figure 68. Additional Sequential Photographs, Test No. NYCC-2
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1

0.870 sec 2.158 sec

1.076 sec 2.316 sec

Figure 69. Additional Sequential Photographs, Test No. NYCC-2
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Figure 70. Impact Location, Test No. NYCC-2
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Figure 71. Vehicle Final Position and Trajectory érks, Test No. NYCC-2
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Figure 72. System Damage: Upstream Anchorage, Test No. NYCC-2
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Figure 73. System Damage, Test No. NYCC-2




Figure 74.

PostNo.19 PostNo. 18

System Damage: Post Nos. 17 through 19, Test No. NYCC-2
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Figure 75. Vehicle Damage, Test No. NYCC-2
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Figure 76. Vehicle Damage, Test No. NYCC-2
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Figure 77. Vehicle Damage, Test No. NYCC-2
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Figure 78. Vehicle Damage, Test No. NYCC-2
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NYCC-2 Individual Cable Tension Loads
14 I I
== Top Cable
12 ——Middle Cable | |
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Time (sec)

Figure 79. Individual Cable Tension vs. Time, Test No. NYCC-2
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Figure 80. Total Cable Tension vs. Time, Test No. NYCC-2
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8 DESIGN DETAILS - TEST NO. NYCC-3

Due to the unsuccessful performance of the curved cable barrier in test no. NYCC-2, the
system was examined to identify what features, if any, could improve barrier performance and its
ability to contain and redirect high center-of-mass passenger vehicles. It was observed that the
top bumper height of the test vehicle in test no. NYCC-2 was 25% in. (648 mm). However, the
bumper cover was higher around the left-front and right-front corners adjacent to the headlights.
This vertical extension was approximately 2’ in. (64 mm) tall. To ensure adequate capture of the
vehicle with at least one cable, the system would need to be at least 28 in. (711 mm) tall. In order
to account for construction tolerances and variations in vehicle fleet, the cable barrier system was
raised by 2 in. (51 mm), thus resulting in a reduced post embedment depth of 2 in. (51mm). The
new cable mounting heights utilized in test no. NYCC-3 were 29 in., 23 in., and 17 in. (740 mm,
584 mm, and 432 mm).

The cable barrier system for test no. NYCC-3 was identical to the system used in test no.
NYCC-2, with the exception that the cables were raised by 2 in. (51 mm), as shown in Figures
81 through 94. Photographs of the test installation are shown in Figures 95 through 98. Material
specifications, mill certifications, and certificates of conformity for the system materials are

shown in Appendix B.
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Notes: (1) Impact coordinates are x—127'-3 5/16", y—23'-0 15/16" from
center of post no. 33.

(2) Impoct takes place 2 upstream of post no. 17 20- from tangent
70" downstream of post no.

(3) Post hole diometer is 18"

Midwest Roadside
Safety Facility

SHEET:
NY Curved Cable— 10 %
440 Radius—29 in v
System Layout 1/31/2013
DRAWN BY:
igv/ow/
DWG. NAME. SCALE: 1:460 |REV. BY:
NY curved cable—440-29in—R3 UNITS: Inches _IFHAL/CLM/

Figure 81. Test Installation Layout, Test No. NYCC-3
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NOTE: (1) Critical region extends from post no. 6 to post no. 35.
(2) Dirt work needs to extend 25’ behind the back face of post no. il
X perpendicular to to the back face of pest no. 22, and NY Curved Cable— 2 of 14
to the centerline of post no. 13. 440 Radius—29 in
DATE:
System Layout 1/31/2013
DRANN BY:
Midwest Roadside L il
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Figure 82. Critical Region, Test No. NYCC-3
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DETAIL B
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Midwest Roadside
Safety Facility

DETAIL C
SCALE 1 : 2
SHEET:
NY Curved Cable— g
440" Radius—29 in P
S3x5.7 Post Assembly 1/31/2013
DRAWN BY:
e/
DWG. NAME. SCALE: 1:15 |REV. BY:
NY curved coble—440-29in-R3 UNITS: Inches THKAL/CLM/

Figure §83. Line Post Assembly Details, Test No. NYCC-3
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Post No. 2
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SHEET:
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440" Radius—29 in A
Cable Terminal Detail 1/31/2013
DRAWN BY:
Midwest Roadside Sn/ow/
Safety Facility [ ™= SoAE 40 [Rev. B
NY curved coble—440-29in—-R3 UNITS: Inches %/Cm/

Figure 84. Terminal Details, Test No. NYCC-3
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DETAIL D
SCALE 1 : 12

DETAIL E
SCALE 1 : 12
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Figure 85. Anchor Details, Test No. NYCC-3
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Figure 86. Cable Anchor Bracket Details, Test No. NYCC-3
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Figure 87. Cable Anchor Bracket Component Details, Test No. NYCC-3
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Figure 88. Anchor Post Assembly Details, Test No. NYCC-3
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Figure 89. Anchor Post Component Details, Test No. NYCC-3

T1-€92-€0-d¥.L "ON Hoday ASUYMIN

€102 ‘61 Areniqay



ICI

1 1/4"

~7/16" |-

FBHO4

S I — 1"

SN

. ) f
m/a"—/J -_13/15~_—|

-—1/8"

1/4"
- 1/2" |
FBHO1
I
I
e e e
R1/2"'
I )
5/18"
®5/
S '
"
1 1/4"

Note: (1) Either FBHO1 or FBHO4 can be utilized for the New York Curved
Cable System.

Part a3

Midwest Roadside
Safety Facility

SHEET:
NY ,CUFVESi Coblej 10 of 14
440 Radius—29 in =
J—Bolt and Brass Rod 1/31/2013
Details e
s/’
DWG. NAME. SCALE: 1:1 REV. BY:
NY curved cable—440—-29in—R3 UNITS: Inches T'Kr':"/w/

Figure 90. Cable Clip Details, Test No. NYCC-3
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Figure 91. Line Post Details, Test No. NYCC-3
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12" |Narrow 053] 0015|0005 1.062 0.03] 0007 o00ss| 0a21] ool Midwest ROG_dS|de L
Safety Facility [ e SCALE: T4 [Rev. oY
MY curved cable—440-29in—R3 UNITS: Inches ﬁJcm,-’

Figure 92. Cable Compensator Component Details, Test No. NYCC-3
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New York Curved Cable System
ffem No. qQrY. Description Material_Spec Hardware _Guide
al 2 S3x5.7 27 3/16" long Anchor Post ASTM A36 Galvanized -
a2 24 Hooked Anchor J—Bolt and Nut ASTM A36 and ASTM A—563 DH Galvanized FRH20a
a3 6 ®3/16" 5 1/4" Long Brass Rod Brass -
a4 36 ®3/4” Plain Round Washer—QD 1.5" CGrade 2 Galvanized FWC20a
as 2 S3x7.5 Anchor Post Stub ASTM A36 Galvanized =
ab 4 Slip Impact Base ASTM A36 Galvanized -
a7 2 4"x5" 28 Gauge Keeper Plate ASTM A36 Galvanized -
a8 8 ®1/2" x2 1/2" Long Bolt and Nut Grade 2 Galvanized FBX14a
a9 24 ®1/2" Narrow Washer—OD 1” Grade 2 Galvanized FWC12a
al0 2 3/4" Anchor Post Support Plate A707 Grade 36 Galvanized -
all 2 Anchor Post Base A709 Grade 36 Galvanized i
b1 2 lAnchor Bracket Plaote ASTM A709 Grade 36 Galvanized =
b2 4 1/2" Thick External Stiffener ASTM A709 Grade 36 Galvanized =
b3 2 ®1/4"x15" Brass Rod Brass —
b4 4 1/4" Thick Internal Stiffener ASTM A709 Grade 36 Galvanized -
b5 2 Anchor Angle Middle Plate ASTM A709 Grode 36 Galvanized -
b6 2 Cable Plate ASTM A709 Grade 36 Galvanized =
c2 6 ®3/4” Plain Round Washer—OD 2" Grade 2 Galvanized FWC20a
c3 3 Compensating Cable End Assembly ASTM A27 Galvanized RCEO1 & RCEO03
c4 38 S3x5.7 63 in. long Line Post ASTM A36 Galvanized =
c5 114 Cable Hook Bolt and Nuts ASTM F568 Class 4.6 and Grade A307 Galvanized FBHO4
cb 1 @3/4" Cable Approx. 392' AASHTO M30 Type 1 Class A Galvanized RCMO1
c/ 38 2'x8"x0.25" Soil Plate ASTM A36 Galvanized -
d1 2 Concrete Anchor Block 3000 psi Compressive Strength —
dz 12 #2 Rebar 32.5" long Grade 60 =
d3 12 #3 Rebar 44.5" long Grade 60 -
d4 16 #3 Rebar 33" long Grade 60 -
el 12 Cable Wedge ASTM A47 Grade 32510 FMMO1
e2 3 50,000—Ib Load Cell N/A -
SHEET:
NY Curved Cable— BEaH
440 Radius—29 in DATE:
Bill of Materials 1/31/2013
[ORAWN BY: |
Midwest Roadside sk
Safety Facility [ e ‘ SCALE: Nonw [REV. BY:
NY curved cable-440-29in-R3 UNITS: Inches KmAL/a_u/

Figure 93. Bill of Materials, Test No. NYCC-3
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(1) All posts shall be s3x5.7 rolled steel section. The anchor post stub shall be s3x7.5. Where the rail is parallel to the edge of the pavement, eve
sixth post starting with the first shall be reflectorized. Do not reflectorize posts in the intermediate anchorage section, typical approach and terriinal
section, or when ‘used as o median barrier.

(2) Reflectors shall be aluminum alloy 1/18" thick with reflective sheeting. The reflective sheeting shall be white when installed on the right side of
traffic and fluorescent yellow when on the left.

(3) 3/4” round wire cable shall consist of three strands (7 wires per strand) and have a minimum tensile strength of 25,000 Ibf.

(4) gObﬁ ends shall be fabricated from malleable iron or cast steel. The cable splice and wedge shall be fabricated from malleable iron or ASTM A536
uctile.

(5) All cable ends_and splices shall be designed to use the wedge shown on sheet 15 and shall develop the full strength of the 3/4” round cable
(25000 Ibs.). The cables, ends, and splices shall be hot dipped galvanized as indicated in material specification for cable guide rail. The wedge shall
not be galvanized.

(6) Stagger cable splices, provide a minimum of 20’ between any pair. Provide a minimum of 100’ between cable splices on the same cable.

(7) Alternate designs for the steel turnbuckle cable end assembly or spring cable end assembly shall be submitted for approval.

(8) For arrangement of slprimg cable end assemblies (compensatin dev?c%) and, turnbuckle cable end assemblies, the following criteria shall apply:
—Lglngth of cable rins up to 1000'—use compensating device (RCEO1) on one end, and turnbuckle ERCEOJ) on the other end of each individua
cable:

—Length of cable runs 1000' to 2000'—use compensating device (RCEQ1) on the ends of each indjvidual cable.
—Length of cable runs over 2000 —start a new stretch by interlacing at last parallel post ?see typical intermediate anchorage details).

Pfricrd‘to tfinultccceptunce by the stcte, the following values shall be used to tighten the turnbuckles, depending on the temperature ot the time
of adjustment.

Temperature (degrees Farenheit)
120 109 99 89 19 69 59 49 39 29 19 9 -1 -20
to to to to to to to to to to to to to to
110 100 S0 80 70 60 50 40 30 20 10 0 -19 -29
Spring Compression from Unloaded Position in Each Spring-Measured in Inches
1] 114l 11l 1zl 2 | 2wa] 212 23/4] 3 | zyal 312 334 4 ] a1

(9) The_concrete anchor shall be set into the excavation as detailed. The bottom of the anchor shall have a full and even bearing on the surface under
E. ]'I'ie t%ri) shall be back filled in accordance with the requirements of 203-3.15 ™fill and back fill at structures, culverts, pipes, conduits, and direct
urial cables.

(10) Do not install cable guide railing on curves with a centerline radius of less than 440’

(11) Curbs greater than 3” high are not to be retained or placed if design, ﬁcsted, or c{oerutir],g speed exceeds 35 mph. Rail r_nountin? height is to be
measured from pavement” if offset between pavement and curb is less than or equal to 9" and from ground beneath rail if offsef > .

(12) Lifting devices, if embedded in concrete, shall be rated by their manufacturer as having a "safe working load” of four tons for the one piece anchor
and ?wo tons for each of the halves of the two piece anchor unit.

(13) At all locations where the cable is connected to a cable socket with a wedge type connection, one wire of the wire rope shall be crimped over the
base of the wedge to hold it firmly in place.

SHEET:
NY Curved Cable— i
440 Radius—29 in DATE
Notes 1/31/2013
o B |
Midwest Roadside e
Safety Facility [ ™« _ SCALE: Nono [ REV. Y
NY curved cable—440-29in—R3 UNITS: Inches TKﬂL/CLM/

Figure 94. System Notes, Test No. NYCC-3
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Figure 95. Test Installation Photographs, Test No. NYCC-3
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Figure 97. End Anchorage Photographs, Test No. NYCC-3
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Figure 98.Cable Spl

#

ices

129

T1-€92-€0-d¥.L "ON Hoday ASUMN

€10T ‘61 Arenigog



February 19, 2013
MwRSF Report No. TRP-03-263-12

9 FULL-SCALE CRASH TEST NO. NYCC-3

9.1 Dynamic Soil Test

Before full-scale crash test no. NYCC-3 was conducted, the strength of the foundation
soil was evaluated with a dynamic test, as described in MASH. The dynamic test results
demonstrated a soil resistance above the minimum force limits described in MASH, as shown in
Appendix C. Thus, the soil provided adequate strength, and full-scale crash testing could be
conducted on the barrier system.
9.2 Test No. NYCC-3

The 4,998-1b (2,267-kg) pickup truck impacted the curved, three-cable barrier system at a
speed of 63.1 mph (101.6 km/h), and at an angle of 21.6 degrees. A summary of the test results
and sequential photographs are shown in Figure 99. Additional sequential photographs are
shown in Figures 100 through 104.
9.3 Weather Conditions

Test no. NYCC-3 was conducted on April 26, 2012 at approximately 1:50 pm. The
weather conditions as per the National Oceanic and Atmospheric Administration (station

14939/LNK) were recorded and are shown in Table 13.

Table 13. Weather Conditions, Test No. NYCC-3

Temperature 75° F

Humidity 34%

Wind Speed 11 mph

Wind Direction 70° from True North
Sky Conditions Clear

Visibility 10 Statute Miles
Pavement Surface Dry

Previous 3-Day Precipitation 0 in.

Previous 7-Day Precipitation 0.1 in.
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9.4 Test Description

Initial vehicle impact occurred at the targeted impact point 2 ft (0.6 m) upstream of post
no. 17, as shown in Figure 105, which was selected by NYSDOT personnel. A sequential
description of the impact events is contained in Table 14. The vehicle came to rest 310 ft — 7 in.
(94.7 m) downstream of impact and 78 ft — 11 in. (24.0 m) laterally from the original impact

point. The vehicle trajectory and final position are shown in Figures 99 and 106.

Table 14. Sequential Description of Impact Events, Test No. NYCC-3

TIME

EVENT
(sec)

0.000 | Vehicle impacted the system.

0.002 | Top cable between post nos. 16 and 17 began to deflect downstream.

0.006 | Right-front bumper contacted post no. 17.

0.008 | Post no. 17 deflected backward.

0.010 | Post no. 17 bent downstream.

0.022 | Post no. 16 deflected backward and downstream.

0.030 | Top cable released from post no. 17.

0.036 | Vehicle right-front tire contacted post no. 17.

0.040 | Post no. 18 deflected downstream.

0.052 | Post no. 18 deflected backward.

0.056 | Middle cable released from post no. 17.

0.062 | Vehicle right-front tire rose off of the ground.

0.064 | Posts between post nos. 17 and 37 began to deflect upstream.

0.080 | Front-right tire overrode post no. 17 as well as bottom and middle cables.

0.082 | Front bumper contacted post no. 18 and pushed it back and downstream.

0.102 | Top cable released from post no. 18.

0.114 | Vehicle bumper overrode post no. 18.

0.136 | Post no. 20 deflected upstream.

0.146 | Post no. 39 deflected upstream.

0.152 | Top cable released from post no. 19.

0.170 | Right-rear tire overrode post no.17.

0.172 | Post no. 20 deflected backward.

0.178 | Vehicle contacted post no. 19, bending it downstream.

0.186 | Postnos. 21 deflected upstream.

0.188 | Top cable released from post no. 20.

0.192 | Left-front tire overrode bottom cable.

0.206 | Vehicle bumper overrode post no. 19.

0.208 | Right-rear tire lifted off ground.

0.246 | Top cable released from post no. 21.
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0.278 | Left-front tired overrode bottom cable.

0.290 | Right-front tire lifted off ground.

0.302 | Left-front tire overrode middle cable.

0.304 | Guidance hub on left-front tire contacted post no. 20. Post no. 24 deflected upstream.
0.316 | Top cable released from post no. 22.

0.386 | Top cable released from post no. 23.

0.398 | Right-front tire contacted ground.

0.412 | Post no. 24 deflected backward.

0.482 | Top cable released from post no. 24.

0.500 | Post no. 25 deflected backward.

0.518 | Top cable released from post no. 25.

0.536 | Post no. 26 deflected backward.

0.660 | Top cable released from post no. 26.

0.666 | Post no. 27 deflected backward.

0.810 | Top cable released from post no. 27.

0.928 | Vehicle contacted post no. 26, and it deflected downstream.
0.980 | Post no. 28 deflected backward.

1.004 | Vehicle contacted post no. 27, and it deflected downstream.
1.044 | Vehicle contacted post no. 28, and it deflected downstream.
1.052 | Top cable released from post no. 28.

1.074 | Post no. 30 deflected upstream.

1.220 | Top cable released from post no. 29.

1.212 | Vehicle contacted post no. 29, and it deflected downstream.
1.258 | Postno. 31 deflected upstream.

1.310 | Vehicle contacted post no. 30, and it deflected downstream.
1.442 | Post no. 32 deflected upstream.

1.538 | Vehicle exited system.

9.5 Barrier Damage

Damage to the barrier was moderate, as shown in Figures 107 through 116. Barrier

damage consisted of bent posts and disengaged cables. The length of vehicle contact along the

barrier was approximately 130 ft (39.6 m), which spanned from 2 ft (0.6 m) upstream from post

no. 17 through post no. 31.

Post no. 1 was bent downstream at the slip base. All cables remained engaged with the

upstream end anchorage as shown in Figure 108. No damage occurred to the system between

post nos. 2 and 15.
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The top cable disengaged from post nos. 16 through 30. The middle cable disengaged
from post nos. 16 through 20 and 27 through 31. The bottom cable disengaged from post nos. 17
through 20 and 27 through 31. The cable-to-post attachment J-bolts were bent at varying
magnitudes and directions between post nos. 16 and 32. Additionally, the middle cable J-bolt on
post no. 27 was fractured.

Post no. 16 was bent and rotated downstream. Post nos. 17 through 20 were severely bent
backward and twisted downstream with contact marks observed on the front flanges. Post nos. 21
through 25 were bent and rotated backward and downstream. Post nos. 26 through 30 were bent
and twisted downstream with contact marks on the upstream edges of the flanges. Additionally,
post no. 30 had gouges in the front and back flanges. The brass keeper rod for the bottom cable
on post no. 40 was disengaged and the post was bent upstream with weld failure under the slip
base as shown in Figure 116.

The permanent set of the system was 24 in. (610 mm) which occurred at post no. 17, as
measured in the field. The maximum lateral dynamic barrier deflection was 14 ft - 4 in. (3,564
mm) which occurred near post no. 22, as determined from high-speed digital video analysis. The
working width of the system was found to be 14 ft — 5 in. (4.4 m) and is shown in Figure 117.

9.6 Vehicle Damage

The damage to the vehicle was minimal, as shown in Figures 118 and 119. The maximum
occupant compartment deformations are listed in Table 15 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 exceeded. Complete occupant compartment and

vehicle deformations and the corresponding locations are provided in Appendix D.
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Table 15. Maximum Occupant Compartment Deformations by Location, Test No. NYCC-3

MAXIMUM MASH ALLOWABLE
LOCATION DEFORMATION DEFORMATION
in. (mm) in. (mm)
Wheel Well & Toe Pan 72 (13) <9 (229)
Floor Pan & Transmission Tunnel 4 (6) <12 (305)
Side Front Panel (in Front of A-Pillar) 0(0) <12 (305)
Side Door (Above Seat) 4 (6) <9 (229)
Side Door (Below Seat) 4 (6) <12 (305)
Roof 0(0) <4 (102)
Windshield 0(0) <3 (76)

The majority of the damage was concentrated on the right-front corner and right side of
the vehicle where the impact occurred. Cable contact marks were found along the entire right
side of the vehicle as well as on both right-side tires and on the right-rear rim. All tires remained
inflated. Contact marks were located on the right-front bumper that resulted in buckling. The
right headlight was partially disengaged. The right side of the grill was cracked. The left side of
the vehicle and all window glass remained undamaged.

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
16. 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 16. The results of the occupant
risk analysis, as determined from the accelerometer data, are summarized in Figure 99. The
recorded data from the accelerometers and the rate transducers are shown graphically in

Appendix E.
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Table 16. Summary of OIV, ORA, THIV, PHD, and ASI Values, Test No. NYCC-3

. L Transducer MASH Limits
Evaluation Criteria
EDR-3 DTS SLICE DTS (Absolute Value)
OIV | Longitudinal | -10.20 (-3.11) | -8.36 (-2.55) | -8.49 (-2.59) <40 (12.2)
ft/s
(m/s) Lateral -7.55(-2.30) | -7.04 (-2.14) | -6.88 (-2.10) <40 (12.2)
ORA Longitudinal -4.26 -2.24 -2.74 <20.49
gs Lateral 2.71 -3.69 -3.03 <20.49
THIV )
ft/s (m/s) NA 10.27 (3.13) 10.89 (3.32) not required
Pgl_,ISD NA 3.72 3.08 not required
ASI 0.25 0.23 0.23 not required

9.8 Load Cell Results

As previously discussed, tension load cells were installed in line with the cables at the

upstream end of the barrier system in order to monitor the total load transferred to the end anchor

system with respect to time. The load cell results are summarized in Table 17. The individual

cable loads and the total combined cable load imparted to the upstream end anchor are shown

graphically in Figures 120 and 121, respectively. The pre-tension in each cable was 914 1b (4.07

kN) as measured from the displacement in the spring compensators near the upstream anchorage.

After the crash test, the tension in the top, middle, and bottom cables was 99.8 1b (0.44 kN), 378

Ib (1.68 kN), and 883 Ib (3.93 kN), respectively.
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. . Maximum Cable Load Time"

Cable Location Sensor Location -
kips kN (sec)
Combined Cables Upstream End 17.34 77.13 0.308
Top Cable Upstream End 14.73 65.55 0.241
Middle Cable Upstream End 8.37 37.23 0.293
Bottom Cable Upstream End 2.54 11.30 0.063

" - Time determined from initial vehicle impact with the barrier system.

9.9 Discussion

The analysis of the test results for test no. NYCC-3 showed that the generic, three-cable

barrier with a 440 ft (134.1 m) curved radius and a 29 in. (734 mm) top mounting height

adequately contained and redirected the 2270P vehicle with controlled lateral displacements of

the barrier. There were no detached elements nor fragments which showed potential for

penetrating the occupant compartment nor presented undue hazard to other traffic. Deformations

of, or intrusions into, the occupant compartment that could have caused serious injury did not

occur. The test vehicle did not penetrate nor ride over the barrier and remained upright during

and after the collision. Vehicle roll, pitch, and yaw angular displacements, as shown in Appendix

G, were deemed acceptable because they did not adversely influence occupant risk safety criteria

nor cause rollover. Therefore, test no. NYCC-3 was determined to be acceptable according to the

MASH safety performance criteria for modified test designation no. 3-11.
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Top Cable Height .........coooveeveereeeeeeeeeceeeeeeeeeeee e 29 in. (737 mm) Y AW s -24.4°
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Vehicle Make /Model..........ccccoeeueennnnnae. 2005 Dodge Ram 1500 Quad Cab (-2.30) (-2.14) (-2.10) (12.2)
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Figure 99. Summary of Test Results and Sequential Photographs, Test No. NYCC-3
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Figure 100. Additional Sequential Photographs, Test No. NYCC-3
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Figure 101. Additional Sequential Photographs, Test No. NYCC-3

139



February 19, 2013
MwRSF Report No. TRP-03-263-12

0.000 sec . 0.192 sec

0.058 sec 0.228 sec

0.114 sec ! 0.308 sec

0.160 sec 0.402 sec

Figure 102. Additional Sequential Photographs, Test No. NYCC-3
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Figure 103. Additional Sequential Photographs, Test No. NYCC-3
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Figure 104. Additional Sequential Photographs, Test No. NYCC-3
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Figure 105. Impact Location, Test No. NYCC-3
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Figure 106. Vehicle Final Position and Trajectory Marks, Test No. NYCC-3
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107. System Damage, Test No. NYCC-3

Figure
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Figure 108. System Damage: Post No. 1, Test No. NYCC-3
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Post No. 16

Post No. 17

Post Nos. 16 through 18, Test No. NYCC-3

Post No. 18

109. System Damage

Figure
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Figure 110. System Damage: Post Nos. 19 and 20, Test No. NYCC-3
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Figure 111. System Damage: Post Nos. 21 through 23, Test No. NYCC-3
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Figure 112. System Damage: Post Nos. 24 and 25, Test No. NYCC-3
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Figure 113. System Damage: Post Nos. 26 and 27, Test No. NYCC-3
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Post No. 29
Post Nos. 28 and 29, Test No. NYCC

Figure 114. System Damage
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Figure 115. System Damage: Post Nos. 30 and 31, Test No. NYCC-3
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Figure 116. System Damage: Post No. 40, Test No. NYCC-3
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Figure 117. Working Width, Test No. NYCC-3
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Figure 118. Vehicle Damage, Test No. NYCC-3
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Figure 119. Vehicle Damage, Test No. NYCC-3
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NYCC-3 Individual Cable Tension Loads
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Figure 120. Individual Cable Tension vs. Time, Test No. NYCC-3
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NYCC-3 Total Cable Tension Load
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Figure 121. Total Cable Tension vs. Time, Test No. NYCC-3
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10 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

The goal of this study was to evaluate the safety performance and dynamic barrier
deflections of the New York State DOT generic, low-tension, three-cable barrier system when
installed in curved configurations. During the evaluation process, the cable barrier was subjected
to three full-scale crash tests and evaluated according to the TL-3 impact safety standards
provided in MASH using a modified test designation no. 3-11. The deviations from a standard
MASH test designation no. 3-11 were: (1) the impact angle was 20 degrees instead of 25 degrees
and (2) the impact point was targeted as 70 ft (21.3 m) downstream from the end tangent
segment or 2 ft (0.6 m) upstream from a post, as specified by NYSDOT personnel.

The system installation for test no. NYCC-1 consisted of a top cable height of 27 in. (686
mm) and a curve radius of 360 ft (110 m). In test no. NYCC-1, the 2270P vehicle impacted the
system at an angle of 19.9 degrees relative to the tangent of the curve and at a speed of 61.6 mph
(99.1 km/h). The vehicle was satisfactorily contained and redirected. No excessive deformations
or penetrations to the occupant compartment occurred, and the recorded vehicle accelerations did
not violate the OIV or ORA limits established in MASH. Therefore, test no. NYCC-1 was
deemed a successful test according to the modified MASH test designation no. 3-11 safety
evaluation criteria.

The radius of the barrier system for test no. NYCC-2 was increased to 440 ft (134 m), but
all other components and dimensions remained the same. In test no. NYCC-2, the 2270P vehicle
impacted the system at an angle of 22.1 degrees relative to the tangent of the curve and at a speed
of 61.7 mph (99.3 km/h). The vehicle overrode the barrier system as the top cable did not release
quick enough to capture the bumper of the vehicle. The vehicle was free-wheeling behind the
system for approximately 150 ft (45 m) before striking an embankment, which caused it to roll

over. Thus, the rollover was not considered a result of the vehicle to barrier interaction.
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However, test no. NYCC-2 was deemed unsuccessful according to the modified MASH test
designation no. 3-11 safety evaluation criteria because the vehicle was not contained by the
barrier.

Following the results of test no. NYCC-2, it was thought that the barrier mounting height
was too low to capture taller vehicles (e.g., 2270P vehicle). Thus, it was decided to raise the
entire system 2 in. (51 mm) to achieve a top cable height of 29 in. (737 mm). In test no. NYCC-
3, the 2270P vehicle impacted the system at an angle of 21.6 degrees relative to the tangent of
the curve and at a speed of 63.1 mph (101.6 km/h). The vehicle was satisfactorily contained and
redirected. No excessive deformations or penetrations to the occupant compartment occurred,
and the recorded vehicle accelerations did not violate the OIV or ORA limits established in
MASH. Therefore, test no. NYCC-1 was deemed a successful test according to the modified
MASH test designation no. 3-11 safety evaluation criteria. Summaries of the safety performance
evaluations conducted for all three tests are shown in Table 18.

Based on the results of these tests, the standard top cable height of 27 in. (686 mm) for
New York State DOT cable barrier was deemed acceptable for use on curves with radius of 360
ft (110 m). Unfortunately, a similar test with a larger radius of 440 ft (134 m) resulted in barrier
override. Following the crash test failure of a barrier with a 27-in. (686-mm) top cable height in
combination with a 440 ft (134 m) curve, a 29-in. (737-mm) top cable height was crash tested
and provided acceptable results. Of course, it would seem reasonable to consider using a

consistent top mounting height for all curved cable guardrail installations regardless of radii.
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Table 18. Summary of Safety Performance Evaluation Results

Evaluation Evaluation Criteria Test No. Test No. Test No.
Factors NYCC-1 | NYCC-2 | NYCC-3
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 U 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 S S
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
o calculation procedure) should satisfy the following limits:
ccupant
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 AS5.3 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
. . Modified | Modified | Modified
MASH Test Designation No. 3-11 311 3-11
Pass/Fail Pass Fail Pass

S — Satisfactory

U — Unsatisfactory  NA - Not Applicable
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Appendix A. Vehicle Center of Gravity Determination
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Test: NYCCA1 Vehicle: 2270P
Vehicle CG Determination
Weight VertCG VertM

VEHICLE Equipment (Ib) (in.) (Ib-in.)
+ Unbalasted Truck (Curb) 5094| 28.87094| 147068.6
+ Brake receivers/wires 6 52 312
+ Brake Frame 5 25 125
+ Brake Cylinder (Nitrogen) 27 27 729
+ Strobe/Brake Battery 6 31 186
+ Hub 26 14.875 386.75
+ CG Plate (EDRs) 7.5 32 240
- Battery -42 40 -1680
- Oil -7 18 -126
- Interior -62 23 -1426
- Fuel -161 21 -3381
- Coolant -13 37 -481
- Washer fluid 0 0 0
BALLAST Water 120 21 2520

DTS 17 30 510

Misc. 0

144983.3|
Estimated Total Weight (Ib) 5023.5
Vertical CG Location (in.)| 28.86102

wheel base (in.) 140.25
MASH Targets Targets Test Inertial Difference
Test Inertial Weight (Ib) 5000 + 110 5023.5 23.5
Long CG (in.) 63 +4 63.06 0.06249
Lat CG (in.) NA 0.102232 NA
Vert CG (in.) =28 28.86 0.86102

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 1433 1386 Front 1481| 1288
Rear 1133] 1142 Rear 1085 1166
FRONT 2819 Ib FRONT 2769 Ib
REAR 2275 Ib REAR 2251 Ib
TOTAL 5094 Ib TOTAL 5020 Ib

Figure A-1. Vehicle Mass Distribution, Test No. NYCC-1
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Test: NYCC-2 Vehicle: 2270P

Vehicle CG Determination
Weight VertCG Vert M

VEHICLE Equipment (Ib) (in.) (Ib-in.)
+ Unbalasted Truck (Curb) 5001| 28.17057] 140881
+ Brake receivers/wires 5 52.5 262.5
+ Brake Frame 5 26 130
+ Brake Cylinder (Nitrogen) 22 28 616
+ Strobe/Brake Battery 6 31 186
+ Hub 26| 14.6875| 381.875
+ CG Plate (EDRs) 7.5 31.5 236.25
- Battery -36 40 -1440
- Qil -8 19 -152
- Interior -60 23 -1380
- Fuel -149 19 -2831
- Coolant -20 35 -700
- Washer fluid -4 40.5 -162
BALLAST Water 180 19 3420

DTS 17 29.5 501.5

Misc. 0

[139950.2]
Estimated Total Weight (Ib) 4992.5
Vertical CG Location (in.)| 28.03208

wheel base (in.) 140.25

MASH Targets Targets Test Inertial Difference
Test Inertial Weight (Ib) 5000 + 110 4998 -2.0

Long CG (in.) 63 +4 63.90 0.89541

Lat CG (in.) NA -1.01478 NA

Vert CG (in.) 2 28 28.03 0.03208

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 1407| 1367 Front 1423 1298
Rear 1154| 1073 Rear 1151 1126
FRONT 2774 Ib FRONT 2721 Ib

REAR 2227 Ib REAR 2277 Ib

TOTAL 5001 Ib TOTAL 4998 Ib

Figure A-2. Vehicle Mass Distribution, Test No. NYCC-2

167



February 19, 2013

MwRSF Report No. TRP-03-263-12

Test: NYCC-3 Vehicle: 2270P
Vehicle CG Determination
Weight VertCG Vert M

VEHICLE Equipment (Ib) (in.) (Ib-in.)
+ Unbalasted Truck (Curb) 5134| 28.90134| 148379.5
+ Brake receivers/wires 6 52.5 315
+ Brake Frame 6 26 156
+ Brake Cylinder (Nitrogen) 22 30 660
+ Strobe/Brake Battery 6 32 192
+ Hub 27 14.875| 401.625
+ CG Plate (EDRs) 8 32.5 260
- Battery -46 39 -1794
- Oil -11 16.5 -181.5
- Interior -78 24 -1872
- Fuel -154 17.5 -2695
- Coolant -16 36 -576
- Washer fluid -7 38 -266
BALLAST Water 86 15.5 1333

DTS 17 30 510

Misc. 0

144822.6|
Estimated Total Weight (Ib) 5000
Vertical CG Location (in.)| 28.96453

wheel base (in.) 140.5
MASH Targets Targets Test Inertial Difference
Test Inertial Weight (Ib) 5000 + 110 4994 -6.0
Long CG (in.) 63 +4 61.95 -1.04946
Lat CG (in.) NA -0.04074 NA
Vert CG (in.) > 28 28.96 0.96452

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
1454| 1430
1129] 1121
2884 Ib
2250 Ib
5134 Ib

168

Figure A-3. Vehicle Mass Distribution, Test No. NYCC-3

(from scales)

Front
Rear

FRONT
REAR
TOTAL

TEST INERTIAL WEIGHT (Ib)
Left Right
1397] 1395
1103 1099
2792 Ib
2202 Ib
4994 Ib
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New York Curved Cable System, Test No. NYCC-1

Item No.|QTY. Description Material Spec Reference
al 2 |S3x5.7 27 3/16” long Anchor Post A36 Galvanized Steel 11-0341
a2 24 |Hooked Anchor Stud and Nut AASHTO M314 110305-3
a3 6 |¢3/16” 5 1/4” Long Brass Rod Brass N/A
a4 36 |@ 3/4” Plain Round Washer—OD 1.5” Grade 2 Steel 10-0259-2
ad 2 |S3x7.5 Anchor Post Stub A36 Galvanized Steel N/A
ab 4 |Slip Impact Base ASTM A36 Steel 11-0341
a7 2 |4"x5” 28 Gauge Keeper Plate Galvanized ASTM A36 Steel 11-0341
a8 8 |@1/2” x2 1/2” Long Bolt and Nut AASHTO M291 (00026—2824—401)
a9 24 |@ 1/2” Narrow Washer—0OD 1” ASTM A153 HO01476653
alo 2 |3/4” Anchor Post Support Plate - 11-0341
alil 2 |Anchor Post Base - 11-0341
b1 2 |Anchor Bracket Plate ASTM A709M Grade 250 11-0341
b2 4 |1/2" Thick External Stiffener ASTM A709M Grade 250 11-0341
b3 2 |@ 1/4”°x15” Brass Rod Brass N/A
b4 4 (1/4” Thick Internal Stiffener ASTM A709M Grade 250 11-0341
b5 2 |Anchor Angle Middle Plate ASTM A709M Grade 250 11-0341
b6 2 |Cable Plate ASTM A709M Grade 250 11-0341
cl 6 |[Cable End Fitting ASTM A27 110305-2
c2 6 |8 3/4” Plain Round Washer—0D 2” Grade 2 110305—3
c3 3 |Compensating Cable End Assembly ASTM A27 110305-1
c4 38 |S3x5.7 63 in. long Line Post A36 Galvanized Steel Blue Paint
c5 114 [Cable Hook Bolt Grade A307 Black Paint

» , AASHTO M30 Type 1 Class
cb 3 |@ 3/4” Cable Approx. 392 A C4
c7 38 [2'x8"x0.25” Soil Plate A36 Galvanized Steel 11-0314
3000 psi Compressive
d1 2 |Concrete Anchor Block NYCC—1_anchor
Strength

d2 12 |#3 Rebar 32.5” long Grade 60 10-0151—4
d3 12 |#3 Rebar 44.5” long Grade 60 10-0151—-4
d4 16 |#3 Rebar 33” long Grade 60 10-0151-4

Figure B-1. Bill of Materials, Test No. NYCC-1
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New York Curved Cable System, Test No. NYCC-2
ltem |QTY. Description Material Spec Reference
al 2 |S3x5.7 27 3/16” long ASTM A36 Galvanized 12-0036(RED)
a2 24 |Hooked Anchor J—Bolt and ASTM A36 and ASTM A-563 DH 110305-3 (BLUE PAINT)
a3 6 | 3/16” 5 1/4” Long Brass 12-0036 (RED SHARPIE)
@ 3/4” Plain Round .
a4 36 " Grade 2 Galvanized 110305-2(NO PAINT, BLUE)/ 12
Washer—OD 1.5 0034(RED)
ad 2 |S3x7.5 Anchor Post Stub ASTM A36 Galvanized 12-0038
a6 4 |Slip Impact Base ASTM A36 Galvanized 12-0036/12-0038
a7 2 |4"x5” 28 Gauge Keeper ASTM A36 Galvanized 12-0036
a8 8 [@1/2" x2 1/2” Long Bolt Grade 2 Galvanized 12-0036
a9 | 24 |8 1/2” Narrow Washer—0D Grade 2 Galvanized 12-0036
3/4" Anchor Post Support .
al0 2 A707 Grade 36 Galvanized
Plate 12-0038
all 2 |Anchor Post Base A709 Grade 36 Galvanized 12-0038
b1 2 |Anchor Bracket Plate ASTM A709 Grade 36 Galvanized 11-0341
1/2” Thick External .
b2 4 ASTM A709 Grade 36 Galvanized
Stiffener 11-0341
b3 2 (25 1/4”X15” Brass Rod Brass BLACK SHARPIE
1/4” Thick Internal .
b4 4 ASTM A709 Grade 36 Galvanized
Stiffener 11-0341
b5 2 |Anchor Angle Middle Plate ASTM A709 Grade 36 Galvanized 11-0341
b6 2 |Cable Plate ASTM A709 Grade 36 Galvanized 11-0341
cl 6 Cable End F|tt|ng ASTM A27 Galvanized 11-0305(BLUE)/12-0034 (RED)
c2 6 (ZS 3/4” Plain Round Grade 2 Galvanized 11—0305(BLUE)/12—0034(RED)
Compensating Cable End .
c3 3 ASTM A27 Galvanized
Assembly 11-0305(BLUE)/12-0034 (RED)
c4 38 |S3x5.7 63 in. Iong Line ASTM A36 Galvanized 11-0341(BLUE)/12-0036 (RED)
ASTM F568 Class 4.6 and Grade A307
cS [114|Cable Hook Bolt and Nuts
Galvanized BLACK PAINT
N , AASHTO M30 Type 1 Class A
cb 1 |@¢ 3/4" Cable Approx. 392 i
Galvanized C4-RED/ C5-YELLOW, BLACK
c7 38 2’X8”XO.25” Soil Plate ASTM A36 Galvanized 11-0341(BLUE)/12-0036(RED)
d1 2 |Concrete Anchor Block 3000 psi Compressive Strength N/A
d2 12 |#3 Rebar 32.5" long Grade 60 N/A
d3 12 |#3 Rebar 44.5" long Grade 60 N/A
d4 | 16 |#3 Rebar 33" long Grade 60 N/A
el 12 |Cable Wedge ASTM A47 Grade 32510 12-0034
e2 3 |50,000—1Ib Load Cell N/A
- 1 |SOIL 350 6222011
Figure B-2. Bill of Materials, Test No. NYCC-2
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New York Curved Cable System, Test No. NYCC-3

ltem [QTY. Description Material Spec Reference

al 2 |S3x5.7 27 3/16" long ASTM A36 Galvanized 12-0240 (sticker labeled)
a2 24 |Hooked Anchor J—Bolt ASTM A36 and ASTM A-563 DH BLUE PAINT

a3 6 ¢ 3/16” 5 ']/4” LOI’]g Brass RED SHARPIE

@ 3/4” Plain Round .
a4 36 . Grade 2 Galvanized H#8270027(NO PAINT,

Washer—0OD 1.5 BLUE)/12-0034(RED)
ad 2 |S3x7.5 Anchor Post Stub ASTM A36 Galvanized 12-0038
ab 4 |Slip Impact Base ASTM A36 Galvanized 12-0240/12-0038
a7 2 |4"x5" 28 Gauge Keeper ASTM A36 Galvanized 12-0036
a8 8 |8 1/2” x2 1/2” Long Grade 2 Galvanized 12-0036
a9 | 24 |@ 1/2” Narrow Washer— Grade 2 Galvanized 12-0036

3/4"” Anchor Post Support .
al0 2 A707 Grade 36 Galvanized

Plate 12-0240
alil 2 |Anchor Post Base A709 Grade 36 Galvanized 12-0038
b1 2 |Anchor Bracket Plate ASTM A709 Grade 36 Galvanized 11-0341

1/2" Thick External .
b2 4 ASTM A709 Grade 36 Galvanized

Stiffener 11-0341
b3 2 ¢ 1/4”X15” Brass Rod Brass BLACK SHARPIE

1/4" Thick Internal .
b4 4 ASTM A709 Grade 36 Galvanized

Stiffener 11-0341
b5 2 |Anchor Angle Middle Plate ASTM A709 Grade 36 Galvanized

11-0341
b6 2 |Cable Plate ASTM A709 Grade 36 Galvanized 11-0341
cl 6 Cable End Fittil’lg ASTM A27 Galvanized 11-0305(BLUE)/12-0034 (RED)
c2 6 ;Z& 3/4” Plain Round Grade 2 Galvanized 11-0305(BLUE)/12-0034(RED)

Compensating Cable End .
c3 3 ASTM A27 Galvanized

Assembly 11-0305(BLUE)/12-0034 (RED)
c4 38 |S3x5.7 63 in. |Oﬂg Line ASTM A36 Galvanized 11-0341(BLUE)/12-0036 (RED)

ASTM F568 Class 4.6 and Grade
cS |114|Cable Hook Bolt and Nuts
A307 Galvanized BLACK PAINT
5 : ® 3/4” Cable Approx. AASHTO M30 Type 1 Class A
C ’ .

392 Galvanized C4-RED/ C5-YELLOW, BLACK
c7 38 2’X8"XO.25" Soil Plate ASTM A36 Galvanized 11-0341(BLUE)/12-0036(RED)
d1 2 |Concrete Anchor Block 3000 psi Compressive Strength N/A
d2 12 |#3 Rebar 32.5" long Grade 60 N/A
d3 12 |#3 Rebar 44.5” long Grade 60 N/A
d4 16 |#3 Rebar 33" long Grade 60 N/A
el 12 |Cable Wedge ASTM A47 Grade 32510 12-0034
e2 3 |50,000—Ib Load Cell N/A N/A
- 1 |SOIL 350 6222011

Figure B-3. Bill of Materials, Test No. NYCC-3
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2 Certificate of Quality
BEKAERT CORPORATION Van Buren,Arkansas

1881 BEKAERT DRIVE DATE: 06/01/2011

VAN BUREN, AR 72956
TEL(479)474-5211 FAX(479)474-9075
TELEX 537439

Customer Midwest Machinery & Supply Com Customer Order No 11-0519-3
Qur Order No 4060170474 0010 Qty 16 Carriers
Product 3/4" 3X7 GUIDERAIL 2,000'RLS
Customer Part No
MPG SMP No AST3043SE10802000 Customer Spec No ASTM A-741 - 98
Finished Breaking Lay Adherence Steel
Tag# Strength Length Appearance Ductility
{1lbs.) {in. ) of Wires
95814119 44495 7.2 Pass Pass
95814180 44495 7.2 Pass Pass
95814191 44528 6.3 Pass Pass
35814208 44528 6.3 Pass Pass
35814225 44528 6.3 Pass Pass
35814277 44545 5,94 Pass Pass
95814285 44545 5.94 Pass Pass
95814330 44545 5.94 Pass Pass

Pass Pass {

35814605 44490 6.2 Pass Pass
95814606 4;490 6.2 Pass Pass
95814637 44352 6.2 Pass - Pass
i 95814896 44352 6.2 Pass Pass
95814897 44318 6.74 Pass Pass
35814901 44318 6.74 Pass Pass
95814913 44318 6.74 Pass Pass

| vaterial was melted and made in the U.S.A.

as contained in the records of this Corporation.

o, Pk

Juality Engineer Notary Public Commission Expires

Figure B-4. Cable, Test Nos. NYCC-1 through NYCC-3
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Certificate of Quality

BEKAERT CORPORATION Van Buren,Arkansas

1881 BEKAERT DRIVE DATE: 06/01/2011
AN BUREN, AR 72956

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

TELEX 537439

Customer Midwest Machinery & Supply Com Customer Order No 11-0519-3
Qur Order No 4060170474 0010 oty 16 Carriers
Product 3/4" 3X7 GUIDERAIL 2,000'RLS
Customer Part No
MFG SMP No AST3043SE10502000 Customer Spec No ASTM A-741 - 98
Finished Breaking Lay Adherence Steel
Tag# Strength Length Appearance Ductility
(1lbs.) (in.) of Wires
95814118 44485 7.2 Pass Pass
95814180 44485 7.2 Pass Pass
95814191 44528 6.3 Pass Pass
95814208 44528 6.3 Pass Pass
95814225 44528 6.3 Pass Pass
95814277 44545 5.94 Pass Pass
95814285 44545 5.94 Pass Pass
95814330 44545 5.94 Pass Pass
95814602 44490 6.2 Pass Pass
95814605 44490 6.2 Pass Pass
95. 4606 44490 6.2 Pass Pass
95814637 44352 6.2 Pass . Pass
95814896 44352 6.2 Pass Pass
95814897 44318 6.74 Pass Pass
R TR s e A
Paww'ﬂ:  pass
95814913 44318 6.74 Pass Pass

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

T, f

Qua.ity Engineer Notary Public Commission Expires

Figure B-5. Cable, Test Nos. NYCC-2 and NYCC-3
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10-05-10;02: 23PM; Bennett-Bol t-Works Midwest Machinery ;3158893999 # 2/ 6

BENNETT BOLT WORKS, INC.

12 Elbridge Street
P.O. Box 922 PH 315-689-3981

Jordan, New York 13080 FX 315-6838-3999
CERTIFICATION OF COMPLIANCE

. MIDWEST MACHINERY & SUPPLY
Customer: PO BOX 703
MILFORD, NE 68405

We certify that ouxr system and procedures for the control of quality
asgureg that all items furnished on the order will meet applicable tests,
process rxequirements, and inspection recquirements as required by the
puxchagse order and applicable specificationas.

Customer PO No.: - 2376

Date Shipped: . 10/4/10
Invoice No.: . 5019565
Purchase Date: . 9/23/10
QUANTITY DESCRIPTION

1800 - 5/16 X 2 HOOK BOLT W/ HVY HEX NUT MG ( MFG- RIVES MFG #1001360/10043190, GALV.- MECH GALV
PLATING, TELEFAST IND #019317-1-76883, GALV.- MECH GALV PLATING)
84 - CG184N-H { SEE ATTACHED)
39 - CG197-H ( SEE ATTACHED)
45 - CG177N-H { SEE ATTACHED)
14 - CG1241-H ( SEE ATTACHED)

R11 prouducts were melted and wanufactured in the U.S5.A. This material
is in cowpliance with domesticity requirements, and conforms to ASTM &
RASHTO specifications for standardjged highway fbagrier raili“and hardware.

¥

éupmvmoa QUALITY ASSURANCE
DATR: . 10/5/10

Figﬁre B-6. Compensating Cable Assembly, Test Nos. NYCC-1 through NYCC-3
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Midwest Machinery ;3156893299 # 3/ 6

BENNETT BOLT WORKS, INC.

12 Elbridge Street

P.0. Box 922

PH 315-689-3981

Jordan, New York 13080 FX 315-689-3999

1EA

1EA

1EA

1EA

1EA

2EA

CG184N-H NEW CABLE END ASSEMBLY W/ 11" STUD
MEETS 25,000# TEST

3/4"0D X 11" FLATTENED STUD HDG A153 CLASS C
THD 2 1/4"RH X 8 1/2"RH - MATERIAL - AISI 1045
MADE BY NUCOR STEEL #AU0810878A
GALVANIZED BY UNIVERSAL GALYV.

314 X 5 3/4 CASTING PART # BBW-T HDG A153 CLASS A
MATERIAL - ASTM A220 GRADE 500005 MALLEABLE IRON
MADE BY BUCK CO. #8X1

GALVANIZED BY V & S GALV.

7/8 X 17/8 X 9/32 WEDGE PART #W 1
MATERIAL - ASTM A47 GRADE 32510 MALLEABLE IRON
MADE BY BUCK CO #5Weg

3/4-10 AS63 GR DH HVY HEX NUT HDG A153 CLASS C
MADE BY UNYTITE #NT421
GALVANIZED BY ROGERS BROTHERS GALV.

3/4 X 2 1/2 X 3/16 ROUND WASHER HDG A153 CLASS C
MATERIAL - ASTM A36

MADE BY ALLOWAY STAMPING #64474

GALVANIZED BY V & S GALV.

3/4 F844 USS FW HDG A153 CLASS C
MADE BY PRESTIGE STAMPING #C1852
GALVANIZED BY ROGERS BROTHERS GALV.

ALL PRODUCTS WERE MELTED AND MANUFACJURED IN THE U.S.A.

/1 .
‘f\ J’Ip_,mw ,{%fﬂ"vg"-@w

OMANAGER QUALITY ASSURANCE

e

Figure B-7. Compensating Cable Assembly Cont., Test Nos. NYCC-1 through NYCC-3
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Midwest Machinery ;3156893989 # 4/ 6

BENNETT BOLT WORKS, INC.,

12 Elbridge Street

P.O. Box 922

PH 315-689-3981

Jordan, New York 13080 FX 315-683-3999

2EA

1EA

CG197-H ASSEMBLY BRIDGE ANCHOR
MEETS - 25,0007 TEST

3/4"0OD X 18" FLATTENED STUD HDG A153 CLASS C
THD 7 1/2"RH X 7"RH - MATERIAL - AIS| 1045

MADE BY NUCOR STEEL #AU08108178A
GALVANIZED BY UNIVERSAL GALV.

3/4"0D X 11" FLATTENED STUD HDG A153 CLASS C
THD 2 1/4"RH X 8 1/2"LH - MATERIAL - AISI 1045
MADE BY NUCOR STEEL #AU08108178A
GALVANIZED BY UNIVERSAL GALV. &V & S GALV.

7/8 X 17/8 X 9/32 WEDGE PART # W 1
MATERIAL - ASTM A47 GRADE 32510 MALLEABLE IRON
MADE BY BUCK CO #5W6

3/4-10 A563 GR DH HVY HEX NUT HDG A153 CLASS C
MADE BY UNYTITE # NT421
GALVANIZED BY ROGERS BROTHERS GALV.

3/4-10 X 12 TURNBUCKLE BODY ONLY - HDG A153 CLASS C
MATERIAL - ASTM F1145/AASHTO M269-96(2000) FF-T 79 LBS
MADE BY EDWARD DANIELS #907863

GALVANIZED BY ART GALV.

ALL PRODUCTS WERE MELTED AND MANUFACTURED IN THE U.S.A

/i
oA M

MANAGER QUALITY ASSURANCE

Figure B-8. Compensating Cable Assembly Cont., Test Nos. NYCC-1 through NYCC-3
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Midwest Machinery ;3156893999 # 5/ 86

BENNETT BOLT WORKS, INC.,

12 Elbridge Street

P.O. Box 922

PH 315-689-3981

Jordan, New York 13080 ' FX 315-689-3999

1EA

1 EA

2 EA

1EA

1EA

1EA

1EA

CG177N-H NEW SPRING COMPENSATOR W/ 11" STUD
MEETS 25,000# TEST

3/4"0D X 11" FLATTENED STUD HDG A153 CLASS C
THD 2 1/4"RH X & 1/2"RH - MATERIAL -AIS| 1045
MADE BY NUCOR STEEL #AU08108178A
GALVANIZED BY V & S GALV.

3/4"0D X 25" FLATTENED STUD HDG A153 CLASS C
THD 2 1/4"RH X 6 1/2"LH - MATERIAL AISI 1045
MADE BY NUCOR STEEL #AU08108178A
GALVANIZED BY V & 8 GALV.

7/8 X 17/8X 9/32 WEDGE PART # W 1
MATERIAL - ASTM A47 GRADE 32510 MALLEABLE IRON
MADE BY BUCK CO. #5W6

2 5/16 X 23 3/4 CASTING PART # BBW-8 HDG A153 CLASS A
MATERIAL - ASTHA47 GRADE 32510 MALLEABLE IRON
MADE BY BUCK CO #3X1/8X2

GALVANIZED BY V & S GALV.

3/4-10 X 12 TURNBUCKLE BODY ONLY HDG A153 CLASS C
MATERIAL - ASTM F1144/AASHTO -M269-96(2000) FF-T 79 LBS
MADE BY EDWARD DANIELS #907683

GALVANIZED BY ART GALV.

1X11/4 X412 SPRING BLOCK FOR CABLE END HDG A153 CLASS C
MATERIAL - ASTM A36 / MADE BY RYERSON STEEL #5020523
GALVANIZED BY V & § GALV.

2 5/16 X 14 SPRING FOR CABLE END HDG A153 CLASS C
MATERIAL - ASTM A304-02/ASTM A688-97

MADE BY DUER CAROLINA COIL #AU0910008201
GALVANIZED BY V & S GALV.

3/4 F844 USS FW HDG A153 CLASS C
MADE BY PRESTIGE STAMPING #C1662
GALVANIZED BY ROGERS BROTHERS GALV.

3/4 X 5 3/4 CASTING PART #BBW-T HDG A153 CLASS A
MATERIAL - ASTM A220 GRADE 5000005 MALLEABLE IRON
MADE BY BUCK CO #8X1 / GALVANIZED BY V & S GALV.

ALL PRODUCTS WERE MELTED 4§D MANUFACTERFD IN THE U.S.A.

P .{ﬁ‘/"% ﬁ;a@-@&é(w
/ ANAGER QUALITY ASSURANCE

Figure B-9. Compensating Cable Assembly Cont., Test Nos. NYCC-1 through NYCC-3
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Chemical and Physical Test Report
Made and Melted in USA

Page 4 of 5

G-160885

SHIP TO INVOICE TO SHIP DATE

SIOUX CITY FOUNDRY INC SIOUX CITY FOUNDAY INC 09/18/10

B01 DIVISION STREET ACCTS PAYABLE

800-831-0874 PO BOX 3067 CUST. ACCOUNT NO

SIOUX CITY, IA 51102 SIOUX CITY, 1A 51102 60044062

PR D IN:'EARTERSVILLE

PE - SIZE GRADE | SPECIFICATION [SALESORDER | CUSTPO.NUMBER |

< [WaX5.7% S-BEAM AG7250/002 | ASTM A572 GR50-07, ASTM AGS2 ~OBA, ASTM A708 GRS0-09A | Gos6208-01 | 12708801}
‘__—I-TEATI.D._ ['c Twm] P S | Si JCu | N [C [ Mo | V] HNo | B | | Sn | A | T | Cal Zn [CEqv| 10550 [ [/ 1

EEED [ 75 | 92 [ 012 | 020 | 20 | 30 | ©9 | 03 | 022 | 016 | 002 | 0002 | 0068 | 011 | 001 | 0010000070 00630| 38 | | I 11— 1

Mechanical Test Yiela 53100 PSI, 368,11 MPA  Tensile: 73200 PSI, 504.7 MPA  %Ei: 21.1/8in, 21.1/200MM

Customer Requirements CASTING: STRAND CAST

Comment NO WELD REPAIRMENT PERFORMED. STEEL NOT EXPOSED TO MERCUHY

Mechanical Test: Yielg 53700 PSI. 370.25 MPA  Tenside: 72400 PSI, 459.18 MPA  %E!; 19.9/8in, 19.9/200MM
Cuslomer Requiremants CASTING: STRAND CAST

Comment NO WELD REPAIRMENT PERFORMED. STEEL NOT EXPOSED TO MERCURV

PRODUCED IN: CARTERSVILLE

[SHAPE + SIZE GRADE | SPECIFICATION [SALESORDER [ ouST P.O. NUMBER

(WIOX 15 A57250/992 | ASTM AS?? GR50-07, ASTM AG92 —0BA, ASTM A708 GR50-00A | 0096208-08 ¢~ | 127088W-08Y)

HEAT 1D ¢ M| P S i [ Cu | M [ C [ Mo [ Vv [N | B NTSH [ A T | Ca | Zn |CEav| | I~ 1 L/ ]

[ G105180 [ o8 | 110] 014 ] 021 | 27 | 20 | .10 | 08 [ o021 | 026 | o002 [.0003|.0100] 009 | 001 [.00200[.00140].00480] 355 | | 1 | | 1
TR Test Yialo 57900 PSI, 399.21 MPA  Tensile: 70500 PSI, 486.08 MPA  %El: 21.0/8in, 21.0/200MM

Customer Requirements CASTING: STRAND CAST
Comment NO WELD REPAIRMENT PERFORMED. STEEL NOT EXPOSED TO MERCURY

Mechanical Test: Yielg 57400 PSI, 395.76 MPA  Tensile: 71900 PSI, 49573 MPA  %El. 252/8in, 25.2/200MM
Customer Requirements CASTING: STRAND CAST
Comment NO WELD REPAIRMENT PERFORMED. STEEL NOT EXPOSED TO MERCURY.

Customer Notes o
NO WELD REPAIRMENT FERFORMED. STEEL NOT EXPOSED TO MERCURY.

All manufaciunng processes including melt and casl. occurred in USA. MTR

compties with EN10204 2.18

Bhaskar Yalamanchili
a Quality Director g g

Gerdau Amensteel

THE ABOVE FIGURES ARE CERTIFIED EXTRACTS FROM THE ORIGINAL CHEMICAL AND PHYSICAL TEST RECORDS
AS CONTAINED IN THE PERMANENT RECORDS OF COMPANY.

Metallurgical Services Manager
CARTERSVILLE STEEL MILL

Seller wamants that ail matenial furnished shall comply with specifications subject to standard published manufacturing vanations. NO OTHER WARRANTIES, EXPRESSED OR IMPLIED, ARE MADE BY THE

SELLER, AND SPECIFICALLY EXCLUDED ARE WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.
In no event shall seller be liable for indirect, consequential or punitive damages arising out of or relaled to the materials fumished by seller
Any claim for damages for 1hat do not 1o sp
question.

Figure B-10. Line Post, Test Nos. NYCC-1 through NYCC-3

1s must be made [rom buyer lo selier immedsately after delivery of same in order lo allow the seller the opportunity to mspect the material in
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February 19, 2013
MwRSF Report No. TRP-03-263-12

valmont¥

COATINGS

April 7,2011

Midwest Roadside Safe / UNL
4800 NW 35" St
Lincoln, NE 68524

Re: Galvanized Structural Steel Mil Certification

The following information is the criteria for determining the mil certification
in accordance with ASTM 123-89a. Reference tables 1 and 2.

Steel Category:  Structural
Size: Y4 or over
Thickness Grade: 100

Mils Required: 3.9

PO - Load 4-4-11

Mil Readings

End 4.2
Middle 4.4
End 4.7
AVERAGE 4.4

Should you have questions concerning the mil certifications or other matters
please contact me at 1-800-345-6825, ext. 6885.

Sincerely,

Adan WA, A N )

Adam Brovont
Operations Manager

Cootings Division Valmont Industries, Inc.
7002 North 288th Street P.O. Box 358 Valley, Nebrasko 68064-0358 USA
402-359-2201  www.valmont.com

Fgure B-11. Line Post Ggl_véni;étibh,_TeSf No. NYCC-1
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Chemical and Physical Test Report
Made and Melted In USA

Page 4 of 6

G-167153

SHIP TO INVOICE TO SHIP DATE

SIOUX CITY FOUNDRY INC SIOUX CITY FOUNDRY iNC 01/08/11

801 DIVISION STREET ACCTS PAYABLE

800-831-0874 PO BOX 3067 CUST. ACCOUNT NO

SIQUX CITY. 1A 51102 SIQUX CiTY, 1A 51102 60044062

PRODUCED IN: CARTERSVILLE
[ SHAPE + SIZE GRADE [ SPECIFICATION | SALES ORDER [ CUST P-O_NUMBER
F1i2x8 AGE ASTM A36-D8, ASTM A529 GA50-05. SA-36 08.ASTM A709 GR36-09A | 108850403 | 730767W-03
HEAT 1.0 | € | M| P S | S [ Cu [N [Cr[ Mo [ VvV N | B8 | NTsn| Al T |Ca| 2n [CEq [ | I
[Gio7094 T 7 | e [ 914 [©e7 | 19 | 28 | 0 | 06 | 02a | 016 | Ovl | 0003 ] 0080] 01° | 000 ]on:m[.ouuzu].mszoLéTk_‘H | | f
Mechamnical Test: Yield 52200 PSI 359.9Y MPA  Tensie. 73400 PSI. 506 08 MPA  %cEl: 22.5/8in, 22 5/:200MM

Cuslomer Requirements CASTING. STRAND CAST

Comment NO WELD REPAIRMENT PERFORMED STEEL NOT EXPOSED TO MERCURY

Machanical Test Yield 51000 PSI. 351 63 MPA  Tensie: 71900 PSI. 495.73MPA  %El 22.0/8in. 22 0/200MM

Customer Requiremenis CASTING: STRAND CAST

Comment NOC WELD REPAIRMENT PERFORMED. STEEL NOT EXPOSED TO MERCURY.

PRODUCED IN: CARTERSVILLE

SHAPE + SIZE 7 GRADE SPECIFICATION | SALES ORDER | CUST P.O. NUMBER
Fi4x8 -~ A€ ASTM A38-08, ASTM A529 GR50-05, SA-36 08 ASTM A708 GR36-08A | 1088504-01 | 130767W-01

-{HEATTD. [ ¢ M | P S | & [Cu [ N JCr [ Mo VI M| [ N [saT & caJ_zn][;Eqvl T I I T T

G107118 (G 95 | 014 | 030 | 23J_ 33| 08 [ o7 [ 030 [ o6 <008| ooc'!'| 0119 | 012 | 001 | 00100[ 00670 .00360) 38 | | [ ] I |

Mecharucal Tes! Yieid 54300 PSI. 377.83MPA  Tensie. 74300 PSI, 516,42 MPA  %EI: 22.4/8in. 27 4°200MM
Custorner Requiremenis CASTING. STRAND CAST

Comment NO WELD REPAIRMENT PERFORMED. STEEL NOT EXPOSED TO MERCURY.

Mechanical Tes! Yie'd 54500 PSI 375 76 MPA  Tensile: 75300 PS1, 51918 MPA  %EI 21.8/8in, 21 6 200MM

Customer Requirements CASTING: STRAND CAST
Comment NO WELD REPAIRMENT PERFORMED. STEEL NOT EXPOSED TO MERCURY

Customer Notes
NGO WELD REPAIRMENT PERFORMED. STEEL NOT EXPOSED TO MERCURY.

All manulactunng processes neusnt el znd cast. occurred in USA. MTR
compiies with ENTC204 218

e

Braskal Yalmanchil
Q.alty Director

Ge'cau Amensies:

THE ABOVE FIGURES ARE CERTIFIED CHEMICAL AND PHYSICAL TEST RECORDS AS CONTAINED IN THE
PERMANENT AECORDS OF COMPANY.

Metallurgical Services Manager
CARTERSVILLE STEEL MILL

Seller warranls 17a° 21 raena) 1. =isred shail compy wath specitications subject to standard pubhshed manulactunng vanations. NO OTHER WARRANTIES, EXPRESSED OR IMPLIED, ARE MADE BY THE

SELLER, AND SPECIFICALLY EXCLUDED ARE WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.
In no event thail seler Ce 1a0lE 1T €27, consaquential or punitive damages arising out of or relaled o the malenais furnished by seller
Any claim fo: gamages b matze
question

Figure B-12. Line Post Soil Plate, Test Nos. NYCC-1 through NYCC-3

+*ad de # o1 conform 10 speciications must be made from buyer to seller immediately afler delivery ol same in order 10 allow the selter the opporiunity o inspect Ine material in
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February 19, 2013
MwRSF Report No. TRP-03-263-12

//'ﬁ(‘,-13—1‘|;02:42PM;Bennett‘BO|t“WDrkS Midwest Machinery ;3156893393 #13/ 28
Rives Manufacturing, Inc.
O L RN i M o e
Hot Upset and {-; 9
Cold Headed 7, - 6 M
Wire Pares “fﬂj lq q‘ﬁ
. i il ! o
(A~
e
3/10/10
| prt

To whom il may concern;

Please covsider this letter vevification that production for Bennett Bolt #15250 (RML1 #050250),
produced for Bennctt Bolt PO #6006477, has been manufactured in the Upited Statey at afl levely
of the manufacturing process.

1l you bave any questions, please feel free to contact me at 517-569-3380 ext 215 or via email at

quality(@rivesmfg.cotn,

Respecifully;

- Fuluuel S

Richard Stahl
President-RM]

Figure B-13. Cable Hook Bolt, Test Nos. NYCC-1 through NYCC-3
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February 19, 2013
MwRSF Report No. TRP-03-263-12

ry ;3156893999 # 14/ 28

5-13-11:02: 42PM; Bennett-Bol t-Works awes
ﬁ @ Production Part Approval -
—— Dimensional Results
QUSTOMEN [QUSTOMER PART NUMBER M HUMBER
BENNETT BOLT WORKS, INC. 15250 J #050250
™ [KARE CF SUPPUERRAFECTION FAQLITY [PART NAE
RIVES MANUFACTURING, INC. HOOK BOLT
EM DIMENSION/SPECRCATION SUPPLER MEASUREMENT RESULTS o "g_
1, {500 Lb. Min, Pull Test 1) 725 2) 705 = O
MATERIAL PO No.: #19726 - #20110 - #20121
MATERIAL HEAT No.: 10001360 & 10043190
NOTES
QUANTITY: 461,731
DATE SHIPPED: 3/5/2010 o
TEST DATE: 3/5/2010
e.‘ ; e - BATE
{ L T RE T
| I o J-//‘//’é-‘ QAMI™ grom paep imensonsiesurs; v A; 0 AR O |

Figure B-14. Cable Hook Bolt Cont., Test Nos. NYCC-1 through NYCC-3
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Page 5 of 9

P Chemical and Physical Test Report

— Made and Melted In USA G-163740
r
SHIP TO INVOICE TO SHIP DATE
SIOUX CITY FOUNDRY INC SIOUX CITY FOUNDRY INC 11/0810
801 DIVISION STREET ACCTS PAYABLE
600-831-0874 PO BOX 3067 CUST. ACCOUNT NO
SIOUX CITY, 1A 51102 SIOUX CITY, 1A 51102 BO044062

PRODUCED IN: CARTERSVILLE
[SrAPE-Sze |

A57250:992 | ASTM AG72 GRE0-07, ASTM AGS2 —06A, ASTM A703 GR50-09A | 012338005 | 128309%55

SHAPE - 81 [ GAAGE | SPECIFICATION [ SALES GRDER [CUSTFo NumBER ]
W3 X5 74 S-BEAM

[HEATTD J¢ [MT Pl STSla]mlalw] vIwTs TR Sn ] a7 [ Co| Zn [CEw] | | | | |
G104598 [ 9 | oz | a0 | 22 | 30 |705 | 06 [ 0ez | o6 | 02 | 0003 ] 07 010 | 002 1.00106] Gooao co71e| a7 | | | | ] |

Mechanical Test Yield 53300 PSI, 367.49 MPA  Tensile: 74200 PSI, 511 SO MPA  %EL 19.2/8in, 13.2200MM
Custlomor Requiements CASTING: STRAND CAST

Comment NO WELD REPAIRMENT PERFORMED STEEL NOT EXPOSED TO MERGUAY.

Mechanical Test: Yielo 53900 PS| 371 63MPA  Tensia' 73300 PSI, L0539 MPA  El 20.0v8in, 20.0:200MM
Customer Roquiements CASTING: STRAND CAST

Comment NO WELD REPAIRMENT PERFORMED STEEL NOT EXPOSED TO MERCURY

PRODUCED IN: CARTERSVILLE

SHAPE + SIZE GRADE SPECIFICATION SALES ORCER [ CUST PO, UMBER
W3 X 5 Tr S-BEAIA ASTZENGN2 | ASTM AST, 7, AS AFE2 . ASTM A708 GR5D-00A 0123380-05 | 1Z8508W-05

HEAT 1D [ w7 sL&qulm’c-,«w'v'm alnlsn NII‘- C-lznlcEwI ] I | | |
G 104509 1 e 2 | 014 023 | 22 28 | 09 05 | 025 | 016 | 002 [ 0003 | 0005 070 002 |.00100] 60050 00740] 3731 | | | | |
Mocrameal Test: Yiela $4500 PSI, 377,82 MPA

Tonsile: 74700 PS), 515.04 MPA  %EL 19 Sain, 19.5:200MM
Customer Requiements CASTING: STRAND CAST

Commant NO WELD REPAIRMENT FPERFORMED. STEEL NOT EXPOSED TO MERCURY

Macranicat Tesr Yield 53300 PSY, 370.94 MPA  Tensile: 73700 PS5, S0B.14 MPA  %EL 21 38n, 21 J200MM
Customer Requicements CASTING: STRAND CAST

Comment NO WELD REPAIRMENT PERFORMED. STEEL NOT EXPOSED TO MERCURY

Customer Notes
NO WELD REPAIRMENT PERFORMED. STEEL NOT EXPOSED TO MERCURY.
All manuiaciufing processes including meft and cast, acoured in USA. MTR R ABOVE FIGURES ARE CERTIFIED EXTRACTS FROM THE ORIGINAL CHEMICAL AND PHYSICAL TEST RECORDS
complies wih EN10704 3,18 AS CONTAINED IN THE PERMANENT RECORDS OF COMPANY
Bhaskar Yalamancmi
/(4‘ G Quatty Dhrector Metallurgicat Sorvices Managar

Gerdau Amenstoel CARTERSVILLE STEEL MILL

Seller wamanis that a1 matenal turnisred shall o wally L Subject lo i L v MO OTHER WARRANTIES, EXPRESSED OR IMPLIED, ARE MADE BY THE
SELLEA, AND SPECIFICALLY EXCLUDED ARE WARRANTIES OF MEECHANTABILITY AND FITNESS FOR A PARTICULAR PUBPOSE.

n no avent shall selier Do lable iod indireet 7 punilive rising oul of of relaled be Ine matenals lumishad by sellor.

Amy clam far damages 1or matenals inat €0 not contorm 16 specificatons must ba mace lrom Buyer 1o seter immeciatety after Cebvery ol same In ordor Io akiow the sellar the opportunity 1o nspect the matarial i
Suesien

Figure B-15. Cable Anchor Assembly, Test Nos. NYCC-1 through NYCC-3

T1-€97-€0-d 4L "ON Hoday ISYMN
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Page 3 of 4

L Chemical and Physical Test Report
B e MADE IN UNITED STATES V_688543

SHIP TO INVOICE TO SHIP DATE

SICUX CITY FOUNDRY INC SIOUX CITY FOUNDRY INC 0171911

801 DIVISION STREET ACCTS PAYABLE

E00-831-0874 PO BOK 3067 CUST, ACCOUNT NO

SIOUX CITY, 1A 51102 SIOUX CITY, 1A 51102 60044062
PRODUCED IN: JACKSON TN

SHAPE +IZF [GRADE | SPECIFICATION SALES DRDER | CUST PO.NUMBER ]
EE A3 | ASTH A3%.08, ASME SA-36-08, AGLY AT09 3508 D127748-01 [ 12556sw-a1
C 1 Mn P L C Eqv| ] [ i | i
60 022

Vai0/e

19 12 1€

Mochanica) Tesi™—~iad S0B70 PS1, 350,74 MPA —~TersTe. 70460 S, 4856 P

%EL 32.BI—GETITGOMM Dot HT O, OMM  %n 0L R 11 37 75

NOWELD REPAIHMENT PERFORMED. STEEL NOT EXPOSED TO MERCURY,

Tnis matenal, including the beiels, was menad and manuactured in the United
States of Amunca

Bhaskar Yalamanchili

M Qusity Director
a&i—f:z’_ Gty At

THE ABOVE FIGURES ARE CERTIFIED CH,
PERMANENT AECORDS OF COMPANY,

*—:‘H .%P'—"'" -

' JACKSON STEEL MILL

Mechanical Tesi: Yield 49500 PSI, 34120 MPA_ Tonsilo: 69550 PS1, 479.53 MPA  %El: 34.5/8in, 34 5/200MM DelHT: 0. OMM _ %m 0L Red R 37.75 b

PRODUCED IN: JACKSON TN

SHAPE + SIZE GRADE SPECIFICATION SALES ORDER [ CUST P.0. NUMBER

Fae X2 A3 | ASTM A36-05; ASME SA-36-03; ASTM A709-360F, C 5 A G4021-90 43W 1003457-C1 [ 130670W-m

HEAT 1.0 0 O 3 S|{C M lc [M][V]n] s N IS [ A n]:!r}Ca]cEqv| I | | i, | i

V10160 |3 @ o6 @[ 25 a1 | 2 | 10 | 041 | oo4 7002 | 0606 [ 0132 | 011 | 00 00100} 000 | 0ovonf 347 | | | { 1 |
Mecnanical Test ¥iokd 4BGTC PSI, 39557 MPA  Tensile: 67370 PSI, 484.5 MPA  %EL 28.08m, 20.0200MM  DoiHI- 0, OMM 5 OL RedR 3624

Mecranical Test: Yiclo <8850 P51 32302 MPA _ Tensie: 67810 PSI 467.53 MPA  %EL 20.0/8in, 20 200MM  Dal HT: 0, OMM %M 0L Red fi 36,24

PRODUCED IN: JACKSON TN

SHAPE . SiZL GRADE SPECIFICATION [SAES ohbER [CUST PO NUWMBER
FI2 X3 A6 ASTM A36-03; ASME SA-36-08; ASTM A708-96-00. C.5.A. G40.21-85 44W | 100345702 | VaETOW-02

HEAT |.Din, [ c I mTP S [ s [cu CEqy| | | | | |
{Vezzs [ 7 [o7 [z | 000 |.0cooo] 349 ] | | I [ |
Macharcal Tent Yiela 91370 P51, 350.18 MPA  Tensia: 71440 PSI, 492 56 MPA  E)" 27 Smen 27.5200MM  Del1IT: 0, OMM  %Mn OL  Haxt R 1892

Mechamcal Test: Jyield SC180 PS) 34598 MPA_ Tersile: 70090 PSI, 48325 MPA  %EL. 26.5Bin, 26, 5200MM  Del MT. 0. OMM__ %bn 0L Aed A 18.42

Cuslomer Notes

Motallurgeal Servizes Managar

EMICAL ANC PHYSICAL TEST RECORDS AS CONTAINED IN THE

Seliar warants that ail matenal furnished shal comp'y with spaeifications subject fo slandasd publisned manulaclurng variatons. NO OTHE
SELLER. AND SPECIFICALLY EXCLUDED ANE WARRANTIES OF ME RCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE

1510 eve ) shall soller be kate lar indinac, consequential of punilree damages arising out of or related 10 the matonals furnizod by seller

Any clam lor damages lor matenals that 40 not conlorm 1o Specifications must be mase o buyer 1o seler immadiatedy

question

Figure B-16. Cable Anchor Assembly, Test Nos. NYCC-1 through NYCC-3

H WARHANTIES, EXPHESSED O MPLIED, ARE MADE BY THE

afier delvary of same o order 1o slow Ihe seller The Grecnunily lo inspect the matarial in

T1-€92-€0-d 4L "ON Hodoy ASYMIN
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Page 6 of 7

= Choemical and Physical Test Report
rotnn - . MADE IN UNITED STATES
) 1-265598
SHIP TO  mvoiceTo R CUswepate - il
SIOUX CITY FOUNDRY INC SIOUX CITY FOUNDRY ING orfz2010 |
<801 DIVISION STREET ACCTS PAYABLE
800-831-0874 PO BOX 3067 CUST. ACCOUNT NO
SIOUX CITY, 1A 51102 SICUX CITY, 1A 51102 60044062 |
PRODUCEDIN:WiLTON B sy T e
SHAPE + SIZE GRADE — SPECIFICATION S i i Sl T | sKiEscmpER " CUSTP.0. NUMBE —)
FaBXE =T A% ASTM AJ6-06. ASME SASE ASTMATOO GR 68—~ : T T eERe | 13sezew.o =]
HEAT I i ‘l € M S R R R Mo v 'I'iii{ S e R T TCEqvl = i T T - e |
i L e en | T e
Mochamcal Tesk  Yid 46100 51, 317.05 MPA. Tonsio: 70800 PSI, 46815 MPA  sics. 31 Y80, 31.32632mm  RedR 16 S 00w I Dism 515 B S e
Cuslamer fequirements SOURCE (OWA BILLETS GASTING: STRAND CAST
Mechanical Test.  Yield 47900 PSY, 330.26 MPA  Tonsde: 71400 PSY, 492 20 MPA REE 213, 3132032mm  Rod R 16 $16D0v0 il Diam: 548
Lislomor Requrements SOURCE. {OWA BILLETS CASTING. STRAND CAST
PRODUCED IN; WILTON " e _
SHAPE « SIZE GRADE™ SPECIFICATION - ; : b S
ASXIX VA i AN ASTM A36-04, ASME SA38, ASTM A709 GK 3558 R S
HEAT LD o '—i_ (= i “MnT P R o l‘lb T T -"I’l-‘, C“EE\-
wigsss 0 LB g 000 037 L LT .

B TR 05 " 000297 ast”
Mochanical Tes: Yield 51700 P81, 356,96 MPA  Tonalle: 72000 PSI, 496 42 MPA4

Customor Requirements SOURCE: IOWABILLETS CASTING: STRAND GAST
Mecharical Test: Yiels 51500 £S), 355,08 MPA  Tensde: T200PS1LAOT BMPA  %El 2% piin 2382032mm  Red R 14 Sud Devd
Cuzinme: Rogurements SOURCE. IOWA BILLETS CASTING: STRAND CAST

Customer Notes

NO WELD REPARMENT PERFORMED, STEEL NOT EXPOSED TO MERCURY.
This matarial, ircuding the bdets, wias meled and manufactured in the United
States of Amenca

THE ABOVE FIGURE S ARE CERTIFIED EXTRACTS FROM THE ORIGINAL CHEMICAL AND PHVSICAL TEST RECORDS
AS CONTAINED IN The PERMANENT RECORDS OF COMPANY.
Bhaskar Yalamanch

/w‘ a_ Qualty Droctor Motallurgical Senvices Manager
Gerdeu Amonsteel WILTON STEEL MILL

Salles warrants tal a material fumished shal comply with spacificalions subject to standard Putiished manutactuing vaiations. NO OTHER WARRANTIES, EXPRESSED OR IMPLIED, ARE MADE BY THE
SELLER. AND SPECIFICALLY EXCLUNED ARE WARRANTIES OF MERCHANTABILITY AND FITHESS FOR A PARTICULAR PURPOSE
hmmnluh‘lumhhﬁelww. lummmwmdamwwmmswmmu

canBequental
Ay claun for damagas for Malenais hat do not conform o specificstions most ba made froem buypir »umhmmwmmmdsmanmmam mtuhnrun-uwnnmiqlolmmllumnmhu
Queston

Figure B-17. Cable Anchor Assembly, Test Nos. NYCC-1 through NYCC-3

T1-€92-€0-d 4L "ON Hodoy ASYMIN
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MATERIAL CERTIFICATION REPORT
SI0UX CITY POUNDRY

A .

51102-3067 Sioux City

Tested in Accordance

SI0UX CITY FOUNDRY
SIQUX CITY, 1A

801 DIVISION STREET
51195 Sicux City

Invoice NO. bate 12/07/2010 PO: 125661
With: ASTM A6 Product Flat bars Cust 40006577 Ref. B0258523
deat NO,  L74445 Grade A3644%W Pigces 65
Length 20" cov _7\ Size 3" X3/8" X3.B30n
CHEMTCAL MECHANICAL TEST 1 TEST 2 TEST 2
ANALYS1S PROPERTIES TMPERTAL METRIC IMPERIAL MBTRIC IMPERTAL METRIC
S 0.12 YIELD STRENGTH 46,200 PSI 319 MPa | 49,800 PSI 342 MPa
Mz g.8% TENSTLE STRENGTH £9,400 PSI 478 MPa | 69,400 PSI 478 MPa
3 0.017 BLONGATTION 32 % 32 ¢ i1 % 35y
s 0.037 GAUGE LENGTH 8 IN 203 mm a N 203 min
si c.19 BENT: TEST DIAMETER
Cu U.26 BEND TEST RESULTS
Ni 9,15 SPECIMEN ARRA
Cri 0.16 REDUCTION OF AREA
Mo €.032 | IMPACT STRENGTH __J
co|  v.o000 i
v 0.900
Eﬂfhcr STRENGTH  IMPERIAL METRIC INTERNAL CLEANLINESS |GRAIN SI1ZE
[AvzRAGE SEVERITY | HARDNESS
¢.012 | |TEST TEMP FREQUENCY [GRATR PRACTICE
ORIENTATION RATING l REDUCTION RATIO
| #36-08, 44w -
Foy 5.5
CE ¢34

1 hereby certify that the material tesc results presented here are from the reported heat and are correct. All tests were
performed in accerdance to the specificatien reported above. All steel is electric furnace melted, manufactured, processed,

and tested in the U,5.A with satisfactory results, and is free of Mercury contamination

Notarized upon requesc: Signed /847

the orocess.

o T e

Sworn to and subscribed before me on 7ch day of bDecember, 2010
in Reane County, Tennessee by

ROBERT L. MCWAN, QUALITY ASSURANCE MANAGER

DirecL any guestions or necessary clarifications concerning
this report to the Sales Departmant .

BAR.CIE . =ens rpash

Figure B-18. Cable Anchor Assembly, Test Nos. NYCC-1 through NYCC-3

T1-€92-€0-d 4L "ON Hodoy ASYMIN
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A MATERIAL CERTIFICATION REPORT
SICUX CLITY FOUNDRY SI0UX CITY POUNDRY

5 . SIODX CITY, IA
"1102-3067 Sioux City 801 DIVISION STREET
$1105 Sioux City

Tested 1n Accordance Invoice NO. Date 12/07/2010 FG: 129661W
With: ASTM A6 froduct Flac bars Cust 40006577 Ref. 80258523
Heat NO. L744964 rade A3644W Pieces 438
Length 20' oc* X Size 2" X3/4" X5.106

CHEMTCAL ! MECHANICAL TEST 1 TEST 2 TEST 3
ANALYSTS I PROPERTIES IMPER]AL METRIC IMPERIAL METRIC TMEERTAL MHETRIC
C 0.'_4— YTELD STRENGTH 45,400 PSI 313 MPa 44,00C PSI 303 MPa
Mn 9,87 TENSTLE STRENGTH 66,700 PSI 460 MPa [ 66,700 PSI 460 MPa
13 0,037 ELONGATION 25 % 29 % 30 % 0%
8 0.933 GAUGE LENGTH 8 IN 203 mm 8 IN 202 mm
51 £.117 BEND TEST PIAMETER
<u 0.20 REND TEST RESULTS

l M| 2.18 SPECIMEN AREA
or c.14 REDUCTION OF AREA
Mo 0.02% IMPACT STRENGTH
cb| 6.000 |b—
v 0.000
a ! IMPACT STRENGTH  IMPERIAL METRIC INTERNAL CLEANLINESS |GRAIN SIZE
Al AVERMGE SEVERITY HARDNESS
sn 5,009 ||TEST TEMP FREQUENCY e ICE
5 ORIENTATLON RATING REDUCTION RATIO

i e AIG-08, 440

[ei] s

l CE 0.3%

1 hereby certify that the material test results presented here are from the reported heat and are correct. All tests were
performed in accordance to the specification reported above. All steel is electric furnace aelted, manufactured, processed,

and tested in the U.5.A with satisfactory results, and is free of Mercury C(m{.u:mn;t—;cmﬁc process.

Notarized upon request: Signed
Sworn to and subscribed before me on 7th day of December, 2010 RCBERT L. MOWAN, QUALITY ASSURANCE MANAGER
In Roane County, Tennessee by

Direct any guestions or necessary clarifications concerning
this report to the Sales Department.
1-BO0-S35-TR92 (USA)

Figure B-19. Cable Anchor Assembly, Test Nos. NYCC-1 through NYCC-3

T1-€97-€0-d 4L "ON Hoday ISYMN
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/R MATERIAL CERTIFICATION REPORT
STOUX CITY FOUNDRY S10UX CLTY FOUNDRY

5 = h SIOUX CITY, IA
(TRt 02-3067 Sioux City 80: DIVISION STREET
ey Eas daEs 51105 Sioux City

Tested in Accordance Invoice NO. Date 12/07/201¢ PO: 129861W
Wich: ASTM A6 Product Flat bars Cust 40006577 Ref. B0258523
Heat NO. TL75613° Grade A3652550 Pieces 48
tLength 20000 x Size 6" X1/4¥ X5.106¢
f CHEMICAL MECHANICAL TEST 1 ] TEST 2 TEST 3
\ ANALYSIS ! PROPERTIES IMPERIAL METRIC TMPERIAL METRIC IMPERIAL KETRIC
C 6.14 IYIELD STRENGTH 54,760 PSIL 377 MPa 54,200 PSI 374 MPa
MR c.92 TENSILE STRENGTH 76,200 PSL 525 MPa 78,200 PST 539 MPa
2 6.015 ELONGATION 34 % 349 % 4 % 34 5
s 0.038 GAUGE LENGTH 8 IN 202 mm & IN 203 mn
S1 0,22 BEND TEST DIAMETER
Ccu 0.23 BEND TEST RESULTS
N1 9.19 SPECIMEN AREA
Cr 0.17 REDUCTION OF AREA
Mo| 0.0854 IMPACT STRENGTH
| 6.9:s
v 0.000 | __. =
R IMPACT STRENGTH IMPERIAL METRIC INTERNAL CLEANLINESS |GRALN SIZE
Al [AVERAGE SEVERITY WARDNESS
sn 0.005 TEST TEMP FREQUENCY [CRAIN PRACTICE
N ORITENTATION RATING REDUCTION RATIO
o 1
i A36-0B_A52950-05, CSAS0W, 14, AT0036-0%a .
[ 3 3
CE a,37

I nerepy certify that the material test results presented here are from the reported heat and are correct. All tests were
performed in accordance to the specification reported above. All steel is electrie Furnace melted, manufactured, processed,
ané tested in the U.S.A with satisfactery results, and is free of Mercury contamipation in the orocess.

Notarized upon request: Signed, l/ ﬂ‘ﬁ ﬂw—/@

Sworn to and subscribed before me in and for ST. John MARK EDWARCS, QUALTTY ASSURANCE SUBERVISOR
Parish on this 7ch day of December, 2010

Direct any questicns or necessary clarifications concerning
Lhis report ko Lhe Sales Departmenc 1-200-535-7892{USh’

Micnael E. Scileau., 481887, Notary Public

Figure B-20. Cable Anchor Assembly, Test Nos. NYCC-1 through NYCC-3
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061

INSPECTION CERTIFICATE .

Customer " - .~ -Specification - Size ..5..4.~.  LotNe. Date -, * UNYT|TE, INC.- - 5o
ASTH A-563 H.D.G, - -} _ _ : v One Unytite Drive’ R
| GRADE DH 3/4-10 uic sCe42 Oct.28,'10 Pery, lllinois 61354
s .~ HEAVY HEX NUT 0.020" BLUE [DYE . . ST A 815-224-2221 — FAX# 815-224-3434
Mmumnuswmmwmmwmmmummm S TG A
Chemical Composition (%) Shape & Dimension
Mill Maker | Maedal  [Hex ‘m—. C [ Si [Mn[ P S Ni | Cr [ Mo “Inspection ANSI B18.2.2
Sige o 0.24 MIN.| max.| max. |- Do GoOD
*°. WCSTEEL ~|. CARBON. . *: r=XJ"-0.59 < :|-0:60|0.0400:0:050 - - - = - T T - ~ -
s izl .I P 2 - - - - “thisad Precision --r-.---vv-----u ECCSTI O
- STEEL | M37945 |- 0.44 0.25| 0;80|0.017 0.031 0.31| 0.09| .0.16] -0.03 :-- EE ‘ ANSI Bi.1
Mechanical Property Inspection o S5 Wpatlon e | et gg:gg 4
fom | Proof Load | Cone sripping | Handness | ANer e Treament Absorbed Energy Heat Treatment
o
. Inspection
soeg.| 30,100 - 24-38, i b . = * T R . :
T T He T himedn U kg v | TERIN SD0 F
B . : S—FiamAmAﬂx 7t : :
: : Heat Treament i :
n n * : i o "
v '28.5 ' ; : gg - Q: PORGING Q - s 58 '
: 4’28, gag e S N " BH U"
5 - 28.8 EE 9
i 29.0 4 13 \r o ) I W
28.7 - et o2 T;1211 _ P/45M. Production Quantity
Results B g g N (W.C. 74,545 - pcs.
. Results Results 28.7 ! 32 N :
“ §§ Q| ' Q: Quenching .
P _ ~ T: Tempering =
5 Hardness Treatment ST: -Salution Treatment
. < o |
After 24 HrX  "H'O

Material used for the nut was melted and manufactured in the USA. The nut was manufactured in the LISA to the above specification.

We hereby certify that the material described has been manufactured and inspected satisfactorily with the requirement of the above specification.

Figure B-21. Anchor Rods, Test No. NYCC-1
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February 19, 2013
MwRSF Report No. TRP-03-263-12

Ready Mixed

CAUTION Concrete Company
FRESH CONCRETE 6200 Cornhusker Highway, P.O. Box 29288
Body and or eye contact with fresh (moist) Lincoin, Nebraska 83529
% b Telephone 402-434-1844
concrete should be avoided because it con-
tains alkali and is caustic.
PLANT MIX CODE YARDS TRUCK DRIVER DESTINATION CLASS TIME DATE TICKET
o1 23033000 | 5.00 0107 | NTE 0P :38AMOG /30 /11 1140435
CUSTOMER | JOB ) CUSTOMER N-ﬂME‘ . TAX CODE PARTIAL TNIGHT R. LOADS
00003 : T LA——MWRS . . 3
DELIVERY ADDRESS ] SPEGIAL INSTRUGTIONS P.0. NUMBER
4800 MY G5TH e e 402-770-9121 KE
’ ' NORTH OF BOODYEAR HANBERS e Eet
LOAD CUMULATIVE ORDERED |  PRODUCT unIT
QUANTITY QUANTITY | ouanTiTy CODE PRODUCT DESCRIPTION PRICE AMOUNT
| |
[ \
% .00 5.00 23033000  |L-3000 TYPE 3 4,00 ?3.&1 hﬁ&-Oﬁ |
MINIMUM HALL 20.00 ;

\
FEETOS—

SUBTOTAL '

WATER ADDED ON JOB \ TAX s .05
AT CUSTOMER'S REQUEST GAL. RECEIVED BY TOTAL g =Y.
TRUCK USER LOGIN DISE TICKET NUM TICKET NUM TICKET ID  TIME DATE
o107 USER 1140435 161944 12692 0OY¥:38 06/30/2011
LOAD SIZFE MIX CODE SER ____LOAD ID
S.00 vyd K W 12712
MATERIAL  DESIGN @ _REGQUIRED BATCHED VAR _#% VAR YMOISTURE ACTUAL WAT
Ga7R Bi73 1b 110462 16 11060 b —-.02% o 3 e L
L47B 4478 1b 4660 -i8 - 3B% 0.50 M 2.78 gl
CEM3 B585 lb 2595 10 0.39%
FROT 20.00 oz 20 .00 Q.00 0.00%
WATER 142.6 GL 141.9 =Gy 7 ~ 4% l41.88 gl
WATER2 0.0 gl # 0.0 gl Q.0 0.0 0.00%
NON-SIMULATED NUM BATCHES: 1
LOAD TOTAL: 19500 1b DESIGN W/C: 0.529 WATER/CEMENT: 0.5¢iR DESIGN WATER: 164.0 g  ACTUAL WATER: 16B.2 gl 710 ADD: 9.0 g!

SLUMNP: &.00 " WATER IN TRUCK: 0.0 g1  ADJUST WATER: 0.0 gl /load TRIM WATER: 0.0 g! /yd

Y
e

z "“’\@Lo*w?

ORIGINAL

Figure B-22. Concrete Anchor, Test No. NYCC-1
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February 19, 2013
MwRSF Report No. TRP-03-263-12

PA T # 00D26 — 2824 — 401

mmmmmm;

82893740238

(1) 1JY38
b
| |f! L. i

H#§270018 PCS./P25.50LB -
Made infMecho en China BYe et “*ﬁ

LOT#HO1476653

1

Fiat Washers USS
Arandelas Planas USS
172
88236 a:sae? mi2.7

| |||IIII| IIlIl!II L

PFC LOT NO ( 10052401 Cc3

WWWWMWWWWWMMW

Lot No.:
BOX SEALED ":'0 SEGURE INTEGHITY

EINISHED HEX NUTS COARSE

EVECEK RoHS CHINA

Figure B-23. Post Nos. 1 and 40 Bolt Assembly, Test Nos. NYCC-1 through NYCC-3
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February 19, 2013
MwRSF Report No. TRP-03-263-12

. TR

H#8270027 PCS./P2S.45
Made in/Hecho en China

LOT#HO1671984 .
Flat Washers USS
: "" ,"l H ) Arandelas Planas USS
| : 3/4
a BWE231ezm73 g M19.0

Figure B-24. Cable End Washer, Test Nos. NYCC-1 through NYCC-3
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NUCOR STEEL - BERKELEY
P.0. Box 2259

Mt. Pleasant, S.C. 29464
Phone: (843) 336-6000

CERTIFIED MILL TEST REPORT

Sold To: STEEL & PIPE SUPPLY CO., INC.
PO BOX 1688

MANHATTAN, KS 66505 JONESBURG, MO

SPECIFICATIONS: Tested in accordance with ASTM specification A6/A6M and A370.

AASHTO : M270-36-05/M270-50-05

ASME : SA-36 07a

ASTM : A992-06a://A36-05/A572-06-50/A709-06a36/A709-07 50/A709-345M
CSA : CSA-44W/G40.21-50W

Ship To: STEEL & PIPE SUPPLY CO., INC.
310 SOUTH SMITH RD

4/07/08 17:36:09

100% MELTED AND MANUFACTURED IN THE USA
All beams produced by Nucor-Berkeley are cast and
rolled to a fully killed and fine grain practice.

Customer §.: 472 - 3
Customer PO: 4500104078
B.o.L. #...: 683949

=man =xme=o= ======= mEEEzsSEESSassEzas =ass S=scssssSSsSseszsssssss SEEssSsssSSsssssssssasIEsazsssssssSss=ssS

Heat# Yield/ Yield Tensile Mn

Grade (s) Tensile (PSI) (PSI) Mo

Description Test Ratio (MPa) (MPa) Ti
2710536 .81 56700 70000 7900
00.00"  A992-06a 391 483 0180
.81 56900 70100 0013

012.192 392 483 ece(s)
58X18.4 2804528 .84 56800 68000 .8250
040' 00.00" AS92-06a 392 469 .0190
85200X27.4 .83 56500 67800 .oo1s

012.1920m 390 467 ece(s)
58X18.4 2804637 .83 56100 68000 .8530
050' 00.00" A992-06a 387 469 T .Ole0
5200X27.4 .83 56200 67800 .0016

015.2400m 387 467 ece(s)
58X23 1804632 .78 52800 67400 -:24.55 .0670 + +BO60O
040' 00.00" A992-06a 364 Faet .0340 ° .0210
S5200X34 .79 53300 . .0064 .0020

012.1920m 368 463 T 8 Piece(s)
W10x19 1800626 .82 55900 67800 27.74 .0670 . 8470
040' 00.00" A992-06a 385 467 .0290 .0190
W250X28.4 .82 55200 67400 28.24 .0025 .0018

012.1920m 381 465 8 Piece(s)

===szssozs=sassss ===== emmm== === == ==
Elongation based on 8" (20.32cm) gauge length. 'No Weld Repair' was peformed.
CI = 26.01Cu+3.8BNi+1.20Cr+1.4951+17.28P-(7.29Cu*Ni)-(9.10Ni*P)~33.35 (Cu*Cu)
Pcm = C+(Si/30)+(Mn/20)+(Cu/20)+(Ni/60)+(Cr/20)+(Mo/15)+(V/10)+5B

I hereby certify that the contents of this report are accurate and
correct. All test results and operations performed by the material
manufacturer are in compliance with material specifications, and
when designated by the Purchaser, meet applicable specifications.

Figure B-25. Concrete Anchor Post, Test Nos. NYCC-2 and NYCC-3

Bruce A. Work
Metallurgist

63351
P s si Cu Ni CE1
sn Al v Nb bl CE2
Ca B N Zr CI Pcm
0066 0243 2020 .1100 0450 2106
0067 0017 0031 .0266 2496
o000 0009 0058 .0000 3.0503 1187
Invi 0
0083 0276 2000 .1380 0430 2272
0062 0017 0032 .0264 2658
o000 ZD016 005& .77 .0000 3.5585 1328
s Invi: 0
o080 L-.0278 .2070:.|* .08BO .0340 “2279..
0067 0015 0031 0254 2875 f %
. 0003 ++0014 .00527 .. 00007 2.6374 .1300.. 3
Invi: 0
0111 %0285 .2210:.:: L0870. | T .0320 | .2209.)"
0081 -0032 0033 L0256 . ‘ .2628 3
. 0005 © .0000 . 0058 .0000 2.6695 .1229%
Invi: 0
.0099 .0232 .2250 »1210 .03%0 2291
.0059 .0021 .0032 .0252 .2716
.0000 .0024 .0048 .0000 3.3129 .1385
Inv#: 0
sEssessssss=as == =

Hg free and no contact with Hg during manufacture.
CEl= C+(Mn/6)+((Cr+Mo+V)/5)+((Ni+Cu)/15)
CE2 = C+((Mn+51)/6)+((Cr+Mo+V+Cb) /5) +( (Ni+Cu)/15)

(State of south Carclina
(County of Berkeley
Sworn and subscribed before me

day of

e
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Wd:=. METALLURGICAL

SPS Coil Processing Tulsa SPpS- sy PAGE 1 of 1

5275 Bird Creek Ave. il TEST REPORT - DATE  06/13/2011

Port of Catoosa, OK 74015 £ TIME 10:53:30
USER  WILLIAMR

& 13713

I(_! Warehouse 0020

D 1060 Fort Gibson Rd

M CATOOSA OK 74015

0

Order Material No. Description Quantity Weight  Customer Part Customer PO Ship Date
40163208-0010 721696240A2 112 96 X 240 AS572GR50 MILL PLATE 2 6,534.400 06/13/2011

Chemical Analysis

Heat Nor” B1R6591 Vendor NUCOR STEEL TUSCALOOSA INC DOMESTIC Mill NUCOR STEEL TUSCALOOSA INC Melted and Manufactured in the USA
Batch 0001046810 2 EA 6,634.400 LB
Carbon F h ph Silicon Nickel Chromlum Molybdenum Boron  Copper Aluminum Titanium Vanadium  Columbium  Nitrogen

0.0600 1.2800 0.0060 0.0060 0.0300 0.0800 0.0800 0.0260 0.0001 0.2100 0.0290 0.0010 0.0020 0.0280 0.0080

) Mechanical/ Physical Properties
Mill Coil No. 1E0804

Tensile Yiold Elong Rekwl Grain Charpy " Charpy Dr . Charpy Sz
69300.,000 61300.000 35.00 0 0.000 0 NA
69500.000 61800.000 32.50 0 0.000 0 NA

Chemical Analysis

Heat No. B1R6591 Vendor NUCOR STEEL TUSCALOOSA INC DOMESTIC Mill NUCOR STEEL TUSCALOOSA INC Melted and Manufactured in the USA
Batch 0001046836 ' 2 EA .6,634,400 LB

Carbon Manganese Phosphorus  Sulphur Silicon Nickel Chromium Molybdenum Boron Copper  Aluminum Titanium  Vanadium  Columbium  Nitrogen
0,0600 1.2800 0.0060 0.0050 0.0300 0.0800 0.0600 0.0260 0.0001 0.2100 0.0280 0.0010 0.0020 0.0280  0.0080

Mechanical/ Physical Properties
Mill Coil No. 1EOBO4 ‘ ?
Tensile Yield Elong Rekwl Grain Charpy Charpy Dr Charpy Sz

69300.000 61300.000 35.00 o 0.000 0 NA
69500.000 61800.000 32.50 0 0.000 0 NA

Tin
0.0080

Olsen

Tin

0.0080

Olsen

THE CHEMICAL. PHYSICAL. OR MECHANICAL TESTS REPORTED ABOVE ACCURATELY REFLECT INFORMATION AS CONTAINED IN THE RECORDS OF THE CORPORATION.

Figure B-26. Concrete Anchor Cont., Test No. NYCC-2
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NUESOR [0

Wiotom, NG 27388 Mill Test Report e B o
PLATE MILL (252) 356-3700 Page 1 I our Naturer
issuing Date : 08/26/2010 B/L No.: 270857 Load No.: 272633 Our Order No. : 8447712 Cust Order No.: PHL-8513

Vahicle No: ALY 91745
Specification: 075007 x 9500? X 240.000"

Sold To: CHAPEL STEELCO Ship To:

P © Box 1000

ASTM AISS0S/ASTM AT09 Grade 36-0SafAASHTO M270Grade J6/ASME  FAX® 215-793-3416

SA36-03a 2009 Addenda Al Killed

SPRINGHOUSE,PA 19477

CHAPEL STEEL POTTSTOWN -
INDUSTRIAL COMPLEX - ZTS2 819

RAL)
MAIN TRACKS 201 & 202

Porn= CHSH0NHMA20) 20y 5
*Melnd and manufactured in the USA. 150 9001-2000 cersfien (#008461) by SRI Qualky Sysiem

DIN 50049 3.1, B7EN 10204 3,76(2004), DIN EN 10204 3,1(2005) compliant. For ABS

Roglstrar
@rades oaly, Ouality Assurance

CONRAIL ZONE 45 PAGE 4
HARRISBURG DIVISION
POTTSTOWN,PA 18464
Marking :
- HeatNe— - G— - -Mn-— P 5. _Si. .. Co. Ni... .Cr__ Mo Aioh . V. __Nb . T0. N __C B Sn CEQ _ PCM j R
0506014 v 021 085 0007 0002 017 028 009 006 002 0026 0004 0001 0.002 0.0017 0.0002 0.012 039. 028
Tensile Test Charpy Impacts
Piake Serlal r=l) {psd Elangation Elongation &) ] Min
No Ficcen Toms Dir Yield Tensile %inZ  %ing” Dir. 1 shear 2 shear 3 shear Awe shear Sire Terp A
050601401 9 2205 T 45300 74,500 2.1
T 44700 72,500 2.0
0506014-02 9 2206 T 45300 74500 21
T 44,700 72.500 20
0506014-03 9 2206 T 45300 74,500 2.1
T 44700 72500 20
0506014-04 3 735 T 45300 74,500 2.1
T 44,700 72500 220
s
T e T T o 5 I R P, VUatiig o vy Toral e Pt PerTormes o8 THa ATl Vie TCroLy Commy ThGH TG CORTOnE of K repar e ocuria and COMoct ALOH fascfe
Mercury s not besn used in tha dinect ManUTActurag of this matarisl. Producad as continuous cast discrels plaic as-roliod, unloss d by the material arcn i the
otherwise noted In S pectiicaton. Including cusiamer
Yier by €8 = CHMAE){(CreMowYSYH(CurNI S} ’ .

(60985-00). PED §7/2%EC 7/2 Annex 1, Paa. 4.3 Compliant,
cortficato DE-MMPOA-3EY

T. A Depretss, Metallurgist

TR

DEFRIOI0 1714 AM

Figure B-27. Concrete Anchor Cont., Test Nos. NYCC-2 and NYCC-3
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February 19, 2013
MwRSF Report No. TRP-03-263-12

From: Steve Fisher 3046888230 To: Elderlee Dale: 8/17/2011 Time: 8:52:08 Page 1 of 1

_STEEL OF WEST VIRGINIA
HUNTINGTON, WEST VIRGINIA 25726-2547

DATE: June 17, 2011

SOLD TO: Elderlee Inc. SHIP TO:
729 Cross Road Same
Oaks Cornex, NY 14518

CUSTOMER ORDER: P003617 SWY ORDER: 50104
MATERIAL SPECIFICATION
37 X 5.7 1b/ft I-Beam. SWV Section 2658.
LENGTH: 42'. GRADE: ASTM A36-08.

All manufacturing processes for these materials occurred in the U.8.A.

|¥ield| Tensile|Elon|
Heat| psi | psi [|% 87| C | Mn | P | 8 | 8i| Cul Cr| Wil Mol V | Cb |

This is to certify that the above is
a true and correct report as contained Steve Fisher
in the records of this company. Metallurgist
304-696-8200

ELLEHLEE, 1nC,
CERT RECEIVED:_
PURCHASE ORDER # L3/ 7

SALES ORDER # .50/27
SHIPPED FROM: S¢elits

Figure B-28. Galvanized Wire, Test No. NYCC-2
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February 19, 2013
MwRSF Report No. TRP-03-263-12

: Steve Ficher 3046068230 Te: DI Dateo: 51111201@ Time: 12:37:16- . Pago 1 of 1- - —
u
=
"
STEEL OF WEST VIRGINIA
HUNTINGTON, WEST VIRGINIA 25726-2547
DATE: May 11, 2011
SOLD TO: D I Hwy Sign Corp SHIP TO: DI-Highway Sign Corp. j
P.O. Box 123 40 Greenman Ave.
New York Mills, WY 13417 New York Mills, NY
CUSTOMER ORDER: 26867 SWV ORDER: 31188 |
i
MATERIAL SPECIFICATION l
3" ¥ 5.7 1b/ft I-Beam. SWV Section 2658.
LENGTH: 637 & 42/, GRADE: ASTM A36-08B. |

All manufacturing processes for these materials occurred in the U.S.A.

[¥Yield|Tensile|Elon| i
|Heat| psi | Ppsi |% B8] C | Mn | P | &8 | Si| Cu| Cr| Ni| Mo| V | Cb | !

This is to certify that the above is
a true and correct report as contained Steve Fisher
in the records of this company. Metallurgist
304-696-8200

Figure B-29. Galvanized Wire Cont., Test No. NYCC-2

198



February 19, 2013
MwRSF Report No. TRP-03-263-12

STEEL OF WEST VIRGINIA
HUNTINGTON, WEST VIRGINIA 25726-2547

DATE: Octcker 5, 2007

SOLD TO: D I Hwy Sign Corp SHIP TO: DI-Highway Sign Coxrp.
P.0O. Box 123 40 Greenman Ave. ’
New York Mills, NY 13417 New York Mills, NY
CUSTOMER ORDER: 24159 SWV ORDER: 82951
MATERIAL SPECIFICATION
37" ¥ 7.5 1b/ft I-Beam. SWV Section 2663.
LENGTH: 4176". GRADE: ASTM A36-05.

All manufacturing processes for these materials occurred in the U.S.A.

|¥ield|Tensile|Elon| ’
|Heat| psi | psi 1% 87| C | Mn | P | 8 | 8i] cu] Cr| Ni| Mo|] V | Cb |

12237|48000| 78000}20.6].19]|0.78]|.025].029].27|.281.17|.09/.02].011|.001}

o 5 A S S o S o B S P P B B

12237148000] 78000121.6]1.19(0.78(.025|.029(.271.28(.17].081.02|.011].001|

This is to certify that the above is
a true and correct report as contained |
in the records of this company. Steve Fisher i

‘ Metallurgist '

Figure B-30. Galvanized Wire Cont., Test No. NYCC-2
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February 19, 2013
MwRSF Report No. TRP-03-263-12

BENNETT BOLT WORKS, INC.

12 Elbridge Street
P.O. Box 922 PH 315-689-3981

" Jordan, New York 13080 FX 315-689-3999

CG 1241 -H CABLE SPLICE - MEETS 25,000# TEST
3 PIECE CASTING #1W482/1W483/1W484 HDG A153 CLASS A
MATERIAL - ASTM A536-72 DUCTILE IRON #64-45-12
MADE BY VICTAULIC CO OF AMERICA #963352-001
GALVANIZED BY KORNS GALV.
2 WEDGES PART #W 1

MATERIAL - ASTM A47 GRADE 32510 MALLEABLE IRON
MADE BY BUCK CO. # 187

ALL PRODUCTS WERE MELTED AND MANUFACTURED IN THE U.S.A.

a P
P Qb Aédorenes

e

Figure B-31. Cable Wedge, Test No. NYCC-2
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INSPECTION CERTIFICATE .

Customer - 1. -~ -Specification }-o-size .= f.  LotNo.- “Date - ’ UNYTITE, INC.".
ASTM A-563 H.D.G: ., 7% T v One Unytite Drive o
i GRADE DH 3/4-10 UNC sce42 Oct. 28,10 Peru, lllinois 61354
et e ohosie | .7 HEAVY HEX NUT 0.020" BLUEJDYE . . ... | .. . . . 815-224-2221 — FAX# 815-224-3434
Mechinical properies tested in accodance to ASTM F606/F606M, ASTM A370, ASTM E18 NS
Chemical Composition (%) Shape & Dimension
Mill Maker | Maedal |Hex NSpe. | C | Si [ Mn | P | § [ Cu | Ni | Cr | Mo “Inspection « BRRL B1R.2:3
2ize He. 0. 20 MIN.| Max.| max. |- : ‘ GoOD
. MCSTEEL "."|. CARBON. [. " "'“\(""0‘.55 < 70:60/0,040/0:05q - | . - - = - ) ST :
© STEEL | M37945 |- 0.44 0,25)-.0;80|0.017 0.031 0.31| 0.09| .0.16] :0.03 :- : .- -aNSI Bi.1
Mechanical Property Inspection - Inapoction ... x-::.ggggs e
toom | Proof Load | Cone siripping | Hardness . [ %" Hed Treatment Absorbed Energy Heat Treatment -
N .
S
— Inspection
: 50,100 - 24-38 A : .
T R R B A _;f‘.?‘ o o LR G i
I M I6f . | kN-kgf-Ibf HC HrB-HB | lekgfmefiibf ¢ t
e ] — - 5-Plece Average After 3
- : Heat Treament ., ] 1 #
n .o ; - : :
i 3 o P o ' ’ :
£ $28.5 L2 i Q:PHRGING Q am NE w :
4'28.5 : 3?5@ [ W " pH U®
5 - 28.8 : EE al -
29.0 FEbUE~ o s a syt
: 28.17 i o= % i Tyi211 " F/45M, Production Quantity
Results g g g a (w.c. 74,545 -, pcs,
Results Results = ) E; % . i
- 5% ¢ Q|  Q: Quenching
Q00D 2 | T: Tempering
A = Hardness Treatment . ST:-Salution Treatment
. = wo |
After 24 Hr X "K'Q :
Material used for the nut was melted and manufactured in the USA. The nut was manufactured in the USA to the above specification.

We hereby certify that the material described has been manufactured and inspected satisfactorily with the requirement of the above specification.

Figure B-32. Cable Hook Nuts, Test Nos. NYCC-2 and NYCC-3

' _ml‘nyMWm Section

v7A

T1-€97-€0-d L "ON Hodoy JSYMN
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NUCOR STEEL - BERKELEY CERTIFIED MILL TEST REPORT 4/07/08 17:36:09

P.O. Box 2259 100% MELTED AND MANUFACTURED IN THE USA
Mt. Pleasant, S.C. 29464 All beams produced by Nucor-Berkeley are cast and
Phone: (B843) 336-6000 rolled to a fully killed and fine grain practice.
Sold To: STEEL & PIPE SUPPLY CO., INC. Ship To: STEEL & PIPE SUPPLY CO., INC. Customer #.: 472 - 3
PO BOX 1688 310 SCUTH SMITH RD Customer PO: 4500104078
B.o.L. #...: 683949
MANHATTAN, KS 66505 JONESBURG, MO 63351

SPECIFICATIONS: Tested in accordance with ASTM specification A6/ASM and A370.
ARSHTO : M270-36-05/M270-50-05
ASME : SA-36 07a
ASTM : A992-06a://A36-05/R572-06-50/A709-06a36/A709-07 50/A709-345M
CSA : CSA-44W/G40.21-50W

Heat# Yield/ Yield Tensile B2 P s Cu Ni CE1l
Grade(s) Tensile (PSI) (PSI) Elong Ccr sn Al v Nb LA CE2
pescription Test Ratio (MPa) (MPa) % Pb Ca B N ! Zr cI Pcm
53X7.5 2710536 .81 56700 70000 25.89 .0590 .0066 .0243 .202a L1100 .0450 .2106
040' 00.00" A992-06a 391 483 e .0270 .0180 .0067 .0017 .0031 .0266 2496
S75X11.2 -81 56900 70100 24.768 .0013 .0013 .0000 .0009 .0058. | - .0000 3.0403 1187
| 012.1920m 392 483 il 35 Piece(s) : Invit: (]
\—38118.4 2804528 .84 56800 68000 .0660 .8250 .0083 L0276 .2000 -1380 [ L0430 | 2272
040' 00:00" A992-06a 392 469 .0360 .01%0 -0083 .0o17 0032 .0264° | .2658
S200X27.4 .83 56500 67800 .0018 .0018 .0000 ,~0016 .005¢..[70 .0000 | 3.5585 | .1328
012.1820m 390 467 ur v B PieCe(s) a0 = = Inv#: o]
58X18.4 2804637 .83 56100 68000 -24.351- .0650 .8530 .0080 | -3 .2020:0.10 . 0880 | .0340 | L2279
050' po.oo" A992-06a 387 469 AL “o..0440 7| T L0160 .0087 .0031: .0254 2675
5200X27.4 .83 56200 67800 ZWiEE 7| ' .0017 .0016 .0003 | =3 .00527.).. .00007 | 2.6374 .1300.
015.2400m 387 467 = 8 Piece(s) Inv#: o
58X23 1804632 .78 52800 67400 -'24.55 -06870 - ;80860 .01zx1 . 0285 .2210:..° . 0870, T .0310 .2209.F.
040" 00.00" A992-06a 364 465 Sl .0340 .0210 .0081 0032 L0033 . 0256 . 2628
5200X34 =19 §3300 67100 21.51 .0064 .0020 .0005 .0o00 .0058 .0o00 2.6695 | .122%9
012.1920m 368 463 5= 8 Piece(s) Invi: 0
W1l0x19 1800626 .82 55900 67800 27.74 .0670 .8470 .0099 .0232 .2250 -1210 .039%0 | 2291
040' 00.00" A992-06a 385 487 .0290 .0190 . 0059 .0021 .0032 .0252 | 2716
W250X28 .4 .82 55200 67400 28B.24 .0025 .0018 .0000 .0024 .0048 .0000 3.3129 | .1385
012.1920m g1 465 8 Piece(s) Invé: 0
Elongation based on B" (20.32cm) gauge length. 'No Weld Repair' was peformed. Hg free and no contact with Hg during manufacture.
CI = 26.01Cu+3.88Ni+1.20Cr+1.495i+17.28P-(7.29Cu*Ni)-(9.10Ni*P)-33.39(Cu*Cu) CEl= C+(Mn/6)+{(Cr+Mo+V)/5)+((Ni+Cu)/15)
Pem = C+({Si/30)+(Mn/20)+(Cu/20)+(Ni/60)+(Cr/20)+(Mo/15)+(V/10)+5B CE2 = C+((Mn+5i)/6)+((Cr+Mo+V+Ch)/5)+{(Ni+Cu)/15)
I hereby certify that the contents of this report are accurate and (State of South Carolina
correct. All test results and operations performed by the material (County of Berkeley
manufacturer are in compliance with material specifications, and Bruce A. Work Sworn and subscribed before me
when designated by the Purchaser, meet applicable specifications. Metallurgist
. day of

Figure B-33. Anchor Post Assembly, Test No. NYCC-3
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GERDAU AMERISTEEL

JACKSON STEEL MILL
801 AMERISTEEL ROAD

. JACKSON TN 38305 USA

Chemical and Physical Test Report
MADE IN UNITED STATES

Page 4 of 6

V-691084

(731) 424-5600
SHIP TO INVOICE TO SHIP DATE
STEEL AND PIPE SUPPLY CO. INC. STEEL AND PIPE SUPPLY CO. INC. 02/28/11
4750 WEST MARSHALL AVENUE PO BOX 1688
| 785-587-5119 CUST. ACCOUNT NO

LONGVIEW, TX 75604

MANHATTAN, KS 66505-1688

40130833

PRODUCED IN: JACKSON TN

SHAPE + SIZE — [GRADE | SPECIFICATION [ SALES ORDER [ CUST P.O. NUMBER
FiRX512 - A35 | ASTM A36-08; ASME 5A-36-08; ASTM A709-36-08; C.5 A (40,2108 44W [ mnams—m | 4500154801-01

HEAT 1D. [c M PP s [ s [cCu | NJC Mn]v—[Nh]B_I *lzr Ca [CEgv | | | |
V509279 |76 [ 78 [ 013 | 033 | 20 | 35 | 09 | 11 | 026 | 020 | 001 | 0005 | 0120 2 omlomoo =1 | |

Mechanical Test. Yielkd 57420 PSI, 395.9 MPA  Tensie: 76200 PSI, 525.38 MPA  %EL 28.0/8in, 28.0/200MM DefHT: 0, OMM %Jh OL . Red R 12 73
Comment ASTM A36-05 & ASTM A709 GR36

Mechanical Test: Yield 56500 PS|, 38955 MPA  Tensile: 76120 PS1, 524.83MPA  %El: 27.0/8in, 27 0/200MM DefHT: 0, OMM %Uh OL Red R 1273
Commant ASTM A36-05 & ASTM A709 GR36

PRODUCED IN: JACKSON TN

SHAPE + SIZE GRADE ‘SPEGIFICATION i SALES ORDER [ GUST P.O. NUMBER
Fuax2 A36 ASTM A36-08, ASME SA- 36-03 ASTM A709-36-08; C.S.A. G40.21-98 4aW 1012737-01 14500151814-01
HEATID. [+ Mn P Ca |C Eqv
V910172 a5 | 70 on 027 003 001 MS 00%0 0'\2 001 omnn OCO 00000| 353

_,Menhamoa Test: Yield 47060 PSI, 324.47 MPA  Tensile: 71570 PSI, 493 46 MPA  %El: 29.5/8in, 20.5200MM DefHT: 0, OMM %Vh OL Red R 1B.12

"= Comment ASTM A36-05 & ASTM A709 GR36

Mechanicat Test: Yield 45743 PSI, 31539 MPA  Tensile: 70480 PSI, 485.94 MPA  %EL 28.5/8in, 28.5200MM DefHT. 0, OMM %ih OL Red R 18.12
Comment ASTM A36-05 & ASTM A709 GR36 -

Customer Notes
NO WELD REPAIRMENT PERFORMED. STEEL NOT EXPOSED TO MERCURY.
This matenal, including the billets, was melled and rnam!amir_ed in the Unfted

THE ABOVE FIGURES ARE CERTIFIED CHEMICAL AND PHYSICAL TEST RECORDS AS CONTAINED IN THE

States of America PERMANENT RECORDS OF COMPANY.
/ Bhaskar Yalamanchiki
a‘,q Quality Director ' Metallurgical Services Manager
i Gerdaw Ameristeel JACKSON STEEL MLL
Seller warrants that al material furnished shall comply with il subject to NO OTHER WARRBANTIES, EXPRESSED OR IMPLIED, ARE MADE BY THE

SELLER, AND SPECIFICALLY EXCLUDED ARE WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.
In no event shall saller be liable for indirect, of punitive ages ansing out of or related 1o the malerals furnished by seller.

Any claim for damages for materials that de not emtorm o specll»catn'ns must be made from buyer o seller immediately after delivery of same in order 1o allow the seller the opportunity fo inspect the material in

question.

R

e

Figure B-34. Anchor Post Assembly Cont., Test No. NYCC-3
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k Chemical and Physical Test Report
. GERDAU MADE IN UNITED STATES

JACKSON STEEL MILL
801 AMERISTEEL ROAD

JACKSON TN 38305 USA

Page 3 of 5

V-704512

(731) 424-5600
SHIP TO INVOICE TO SHIP DATE
STEEL AND PIPE SUPPY CO INC STEEL AND PIPE SUPPLY CO. INC. 101311
401 NEW CENTURY PARKWAY PO BOX 1688
785-587-5185 CUST. ACCOUNT NO
NEW CENTURY, KS 68031 MANHATTAN, KS 66505-1683 40130833
PRODUCED IN: JACKSON TN
SHAPE + SIZE GAADE | SPECIFICATION [ SALESORDER | CUST P.ONUMBER
F5/16 X3 A35 AS‘I'M A36-08, A709-10-36 ASME SA-36,CSA G40.21-44W-04, _I 1076250-01 I 4500166902-01
HEAT 1.D. | © | M Plsl_ Pl_;lj_imzlv]wb|aisfnlm T [ & [ ca [CEqv] | | |
V12683 | 72 [ 75 [ 017 | 028 [ 24 09 | 12 | 818 | 001 | 0604 | 610 | o1 |,omoo 000 [00000| 343 | | | ] [
Mechanical Test:  Yield 51670 PSI, 356.25 MPA  Tensile: 73050 PSI. 503.66 MPA  %EL 26.0/8in, 26.0/200MM
Cuslomer Requitements CASTING: STRAND CAST
Mechanicai Test Yield 52760 PS1, 36377 MPA  Tensile: 70730 PS), 487.67 MPA  %El: 27.0/8in, 27.0/200MM
Customer Requirements CASTING: STRAND CAST
/ PRODUCED IN: JACKSON TN
SHAPE + SIZE GRADE SPEGIFICATION [ SALES ORDER CUST P.O. NUMBER
FI/B X 4 A36 ASTM A36-08, A709-10-36 ASME 5A-36,C5A GAD.21-44W-04, | 263876324 lmoonza
[ FEAT 1D, jc [m]P S | 5 [Cu | N [C [M]| V[ N]|B[sa]a T [CEaev] i i | | [ | | |
V913909 | 15 [ 76 [o1a | o2¢ | 24 [ 30| o9 | .11 [ 030 [ 015 [ 001 [ 0004 | 010 [ 001 |oowoo| 377 | | | | | 1 |
" Mechanical Test  Yield 51173 PS1, 35283 MPA  Tensile: 73130 PSI, 504.21 MPA  %E): 28.0/8in, 28.0/200MM Red R 23.18
Customer Regquirements CASTING: STRAND CAST
Mechanical Test.  Yield 53951 PSI, 371.98 MPA  Tensile: 74200 PSI, 511.50 MPA  %El. 28.0/Bin, 28.0/200MM  Red R 23.18

Customer Reguirements CASTING: STRAND CAST
CUST ITEM NUMBER: 000000000101240020

Customer Noles
NO WELD REPAIRMENT PERFORMED. STEEL NOT EXPOSED TO MERCURY.
This matenal, including the billets, was melied and manulactured in the United

Stales of America PERMANENT RECORDS OF COMPANY.
Bnaskar Yalamanchili
a Quality Director Melallurgical Services Manager
Gerdau JACKSON STEEL MILL

Seller warrants that all matenal furnished shall comply wilh specifications subject lo standard published manufacturing variations. NO OTHER WARRANTIES, EXPRESSED OR IMPLIED, ARE MADE BY THE

SELLER, AND SPECIFICALLY EXCLUDED ARE WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
In no evenl shall seller be liable for indirect, consequential or punitive damages ansing out of or related to the malenals furnished by seller.

Any claim lor damages for materials that do net conlorm to specifications must be made from buyer lo seller immediately aler delivery ol same in order 1o allow the selier the opportunily to inspect the malerial in

question.

Figure B-35. Anchor Post Assembly Cont., Test No. NYCC-3

THE ABOVE FIGURES ARE CERTIFIED CHEMICAL AND PHYSICAL TEST RECORDS AS CONTAINED IN THE
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Page 3 of 3
- mical and Physical Ti
P cerpavu AMERISTEEL e Tt Ciapert

J CALVERT CITY STEEL MILL Y-057407
1035 SHAR-CAL ROAD
CALVERT CITY KY 42029 USA
{270} 385-3100

SHIP TO INVOICE TO SHIP DATE

STEEL AND PIPE SUPPY COINC STEEL AND PIPE SUPPLY CO. INC owoene
401 NEW CENTURY PARKWAY PO BOX 1658
785-587-5185 CUST, ACCOUNT NO
NEW CENTURY, KS 68031 MANHATTAN, KS 665051688 40130833

PRODUCED IN: CALVERT CiTY .
SHAPE + SIZE GRADE SPECIFICATION [ SALES ORDER EUST PO NOMBER
FasXxa A35 ASTM A28-08, ASTM A708 GA36 G177199-00 | 450012500203
REATID. [Clwn [P |5 ool v G me v m BTN e[ tleew [ | T T T T T 7
V013646 |76 [ 87 | o1 | 016 | 25 | 20 | 08 | D4 | 022 | <.0B | «G0a | 0002 | 00aa | 009 |ooioa| 4 | | | T | | | | T
Mechanical Test: Yiedd 52000 £5I, 358 53 MPA  Tensile: 71000 PS1, 488,53 MPA  WEL 24.0/in, 24.0/2032mm Corrosion Index: $ 48
Cusiomar Requiremnents CASTING. STRAND CAST

Comment: ASTM AJ6-05 & ASTM AT0R GRIZ
Mechanical Tast: Yiald 51000 PSL 351,83 MPA  Tensile: 71000 PSI, 48953 MPA  %EL 24.0/8in, 24 W203.2mm  Comosion Index: 548

Customer Requirements CASTING: STRAND CAST

Commant ASTM AJ6-05 & ASTM AT09 GR38

PRODUCED IN: CALVEAT CITY

[SHAPE + SI2E GRADE [SPECIFICATION | SALES ORDER [ CUSTP.O RUMBER
Fiz X1z A% [ ASTM AZ8-DE_ A700 GRob, ASMIE BASS [BiT7i98-17 | *E00125602-17
HEAT 10, T€C W] F s 5 Jcu] ™ G- [Mm] v | M ] B ] N] s8] T [CEn T T T 1 T T T T
V013672 —| 15 | 70 | Ow | oar | 2e | @8 | o8 | of 007 | <008 | 0002 | 0073 | 010 |D0100] 34 | T | | | I [ | i
Machancal Test:  Yield 480COPSI, 337.84 MPA  Tensie: 69000 P51, 475.74 MPA  %EI 24.0v8in, 24.0/203.2mm Comosion Index: § 35

Customer Requiremants CASTING: STRAND CAST

Comment: ASTM AS!—-?%S ASTM A706 GR35

Mechanica Tast Yiald 49000 PSH 337 84 MPA  Tensie: 70000 P8I, 48283MPA  %EL 24,0/, 24.02002mm Comrosion Index: 5.35
Customar Requiraments CASTING: STRAND CAST = =

Comment ASTM A35-05 & ASTM AT0O GRS

This materal, includirg tha biligis. was meRad and manufaciured in 1@ Unilad
States of America
Bhaskar Yalamanchill

Fhadhoy 2=, P

Mataluigical Sarvicas Maneger
CALVEAT CITY STEEL MiLL

Saltar warrants ihat al maledal kurished shall comply with Spa01CaNENS Sub 0t 1 Standasd i
SELLER, AND SPECIFICALLY EXCLUGED ARE WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
In no event shall seler ba able for indirect, consequaniial or punitva damages adsing oul of or relaled 1o the matanals furmshed Dy seltar.

NO OTHER TES,

0 OR IMPUED, ARE MADE BY THE

Any claim lor damages ko matenials nat 29 nal contorm 1o spacheaions myst 2 mads rom buyer (o seller imenedialely afier delivery of same in order (0 alow e selier Ine opportuntly to inspect the materal in

question.

Figure B-36. Galvanized Wire, Test No. NYCC-3

THE ABOVE FIGURES ARE CERTIFIED EXTRACTS FROM THE ORIGINAL CHEMICAL AND PHYSICAL TEST RECOADS
AS CONTAINED IN THE PERMANENT RECORDS OF COMPANY.
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Appendix C. Soil and Calibration Tests
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MwRSF Report No. TRP-03-263-12

Static Load Test
\ inch or -
ot i
\ H i
- <. 4 ‘; 72"
36" Diameter b
Gronular Fill T
72 | - 17 [ 4 * : 40" 43"
Wl e i Static Test ’
| - T T DynamicTestInstallfon Details lnslallaﬁcun Ie)setails | & 2
Soil Gradation for Baseline Fill 5ol
100
920
y 80 \
= 70
[T
» OO
g 50
)
& 30 \
20 ~———
10 >-—
0
100 10 01 0.:01
Grain Size, D {mm)
16000 Comparison of Load vs. Deflection
14000 Dynamic Test
12000 o ———— (Ac)
F 100 77/ 77\ e Dyniamic Test
- R (L)
E 8000 ‘-----I----I-----\ [— DvnamicTest
6000 ,’ - Required Min.
4000 /""'_f Static Test
2000 7
o] \ -
0 5 10 15 20 25 30 35 40
Deflection {in.)
Date - 32872011
Test Facility & Site Location.........._......... Midwest Roadside Safety Facility
In situ soil description (ASTM D2487). ... Well Graded Grawel (GW)
Fill matenal description (ASTM D2487)...... Well Graded Gravel (GW) (see sieve analyses abowe)
Description of fill placement procedure._... 8-in_ Lifts, High Compaction, Pnuematic Tamper
Bogie Weight - 1,727 b
Impact Velocity._.... 18.81 mph

Figure C-1. Soil Strength, Initial Calibration Tests, Test No. NYCC-1
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Static Load Test Setup

Post-Test Photo of Post

9000
8000
7000
6000
5000
4000
3000
2000
1000

Force (Ib)

Baseline Static Test

Minimum Load

[90% Baseline)

— nycc-1- Load Cell 1

nycc-1- Load Cell 2

10

20 30 40 50
Deflection {in.}

100
90
80
70
60
50
40
30
20
10

Percent Finer

SOIL GRADATION

100 10

1 01
Grain Size, D {mm}

0.01

--& -- Baseline Soil

—3¥— nycc-1 Soil

Test Facility & Site Location
In situ soil description (ASTM D2487)...
Fill material description {ASTM D2487).
De scription of fill placement procedure

...... Well Graded Gravel (GW) (see sieve analyses above)
..... 8-inch lifts tamped with a pneumatic compactor

Midwest Roadside Safety Facility
... Well Graded Gravel (GW)

Figure C-2. Static Soil Test, Test No. NYCC-1
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%,

Static Load Test

Winch or 2"

Hydraulic
Cylinder \

36" Diameter
Gronular Fill T~

S i-en——
iR ORNG g

TN 11 "‘3" Dymamic TestIn stallfion Details Static Test

.
Lo

Installation Details * < 4

Soil Gradation for Baseline Fill Soi

40 h N
30 \

Percent Finer
W gh ~J B0
(== = =]

100 10 1 01 001
Grain Size, D {mm)

Comparison of Load vs. Deflection

18000
16000 Dynamic Test
14000 —- (Acc)
= 12000 — a0 Dynamic Test
= lewo | TV \ V' N\ A Al m (L)
E 8000 ——— \ = = = Dynamic Test
/ e \ Required Min.
0000 B
2000 | s \- \ T SticTes
'4
2000 4 ~\
" I\
T T
0 5 10 15 20 25 30 35 40
Deflection {in.)
Date - T82011
Test Facility & Site Location.........._......... Midwest Roadside Safety Facility
In situ soil description (ASTM D2487). ... Well Graded Grawel (GW)
Fill matenal description (ASTM D2487)...... Well Graded Gravel (GW) (see sieve analyses abowe)
Description of fill placement procedure..... HE.-8
Bogie Weight ...-1,726 b
Impact Velocity._.... 22.03 mph

Figure C-3. Soil Strength, Initial Calibration Tests, Test No. NYCC-2
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Static Load Test Setup Post-Test Photo of Post

Comparison of Load vs. Deflection
12000
10000 - : Baseline Static
Test
—_ \\\"\ Minimum Load
o 8000 )
2 f J— \ \\ {90% Baseline]
- 6000 . " T~ ", —— NYCC-2 Static 3 -
o ¥ — e
w | / \ \‘:{ Load Cel 1
||: \\ -
4000 — S NYCC-2 Static 3 -
;/ \3:3.\‘ Load Cel 2
Moy
2000 ( j
0 -
0 5 10 15 20 25 30 35 40
Deflection {in.}
SOIL GRADATION
100
s \\
£
[T
t AN
I \\
30 —
10
[+]
100 10 1 01 0.01
Grain Size, D {mm}
- & -- Baseline Soil —¥— NYCC-2 Static 3 Soil
Date. ... e 11172011
Test Facility & Site Location..................... Midwest Roadside Safety Facility
In situ soil description (ASTM D2487)......... Well Graded Grawel (GW)

Fill material description (ASTM D2487)...... Well Graded Gravel (GW) (see sieve analyses above)
Description of fill placement procedure..... 8-inch lits tamped with a pneumatic compactor

Figure C-4. Static Soil Test, Test No. NYCC-2
210



February 19, 2013

MwRSF Report No. TRP-03-263-12

| J
T 1
2
D |
| il
v e |
Dynamic Set up Dyn amic Test Installfion Details Post-Test Photo of Post
Saoll Gradation for Baseline Fll Sol
100
90
5 80 ~N
2 70 \
60
£ 5o N
8 w0 )
20 —
10
0
100 10 1 01 0.01
Grain Size, D (mm}
20 Comparison of Load vs. Deflection
Dynamic Test
15 A ek o = —\Vf\ (DTSSLICE]
B \'\1
-
= s Dy namic Test
g 10 (EDR:3]
IE l
P A -
5 ” == == Dynamic Test
, - -
Required Min.
7’
, /
4]
0 5 10 15 20 25
Deflection {in.}
[ 0 = 1 N 4/25/2012
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 siewe analyses abowe)
De scription of fill placement procedure.... HE. -8
Bogie Weight...........ooeemeeeeas 1,726 1b
ImpactVelocity. ... 22 03 mph

Figure C-5. Dynamic Soil Strength Test, Test No. NYCC-3
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Appendix D. Vehicle Deformation Records
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TEST: NYCCA
VEHICLE: 2270P/Ram

VEHICLE PRE/POST CRUSH
FLOORPAN - SET 1

Note: If impact is on driver side need to

enter negative number for Y

X Y F3 x Y r AX AY .74

PONT {in) {n) (n) {n) {n) (n.) {in) {n) {n)
1 25 12 3/4 ~1/4 25 12 Y4 ~1/4 0 0 0

2 29 1/4 19 1/4 -4 1/4 291/4 19 1/4 -4 0 0 1/4
3 29 24 3/4 4 29 2512 -4 0 34 0
4 27T 34 29 1/4 2 34 273/ | 2934 2374 0 12 0
5 21 10 1174 21 10 174 1174 0 14 0
6 22 15 1/4 4 22 15 1/4 -4 0 0 0
7 23 1/4 20 3/4 T 2314 | 21 T 0 14 0

3 23 291/4 E 231/4 | 2934 T4 174 12 -1/4
9 12 4 214 12 4 2174 0 0 0
10 15112 7 -1 3/4 1512 7 134 0 0 0
11 19 13 3/4 5142 19 14 5172 0 1/4 0
12 20 172 18 1/4 8 34 20 1/2 18 172 8374 0 1/4 0
13 20172 24 1/4 8 34 2012 | 2412 EET] 0 1/4 0
14 20 172 28 1/2 83/ 2012 | 2834 EE7] 0 14 0
15 1014 434 2142 10 41/2 2172 -1/4 -1/4 0
16 17 14 3/4 83/ 17 14 4 EERT] 0 0 0
17 17 2134 83/ 17 2112 EE7] 0 -1/4 0

18 17 29 8 3/ 17 28 34 9 0 -1/4 -1/4
19 3174 214 2 34 31/2 2 234 174 -1/4 0
20 11 12 1/4 83/ 11 12 1/4 EE7] 0 0 0
21 11114 18 8 3/ 11 1/4 18 834 0 0 0
22 11 1/4 24 174 8 34 1114 | 24 EEZ] 0 -1/4 0
73 11 29 174 8 34 11 29 1/4 8374 0 0 0
24 6 1/4 14 1/2 9 6 1/4 14 172 9 0 0 0
25 6 1/2 25 E:) 61/2 25 E:) 0 0 0

26 112 7 21/ 112 7 2172 0 0 -1/4
27 1 18172 5 1 18 12 5 0 0 0
28 34 27 1/4 5 374 27 5 0 -1/4 0
29 0 0 0
30 0 0 0
E1] 0 0 0

\\ DASHBUOARD

DUUR\\\

//fDDDR

Figure D-1. Floor Pan Deformation Data — Set 1, Test No. NYCC-1
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TEST: NYCCA
VEHICLE: 2270P/Ram

VEHICLE PRE/POST CRUSH

FLOORPAN - SET 2

Note: If impact is on driver side need to

enter negative number for Y

X Y z X Y r AX AY .74

PONT {in) {n) {n) {n) {n) (n) {in) {n) {n)

1 40 ¥4 19 0 40 3/4 19 0 0 0 0

2 45 12 25114 4 45 3/4 2512 4 1/4 1/4 0

3 45 12 3M1/4 -4 45 1/4 M2 4 -1/4 1/4 1]

4 44 1/4 B 12 212 44 B 23/ -1/4 1/4 -1/4

5 3r14 16 3/4 -4 Ir14 16 12 -1 0 -1/4 -1/4

6 3514 22 3314 3B 1/4 2112 33/ 0 -1/2 1]

T 40 27 114 T 393/4 27 172 ¥ -1/4 1/4 0

] 39 3534 -7 393/ 3dB 12 - 0 -1/4 0

9 26 1/4 10 1/2 -13/4 286 1/4 10 12 -13/4 0 0 1]

10 My 1312 -112 334 1312 112 0 0 0

1 112 201/2 5 1/4 3 1/4 20 172 5 -1/4 0 1/4

12 37 24 34 812 37 25 172 B1/2 0 4 0

13 3r14 3012 S 12 Ir14 n 12 0 12 0

14 T 14 a5 812 ar1/4 B 12 $12 0 12 1]

15 26 1/4 111/4 2114 26 1/4 11 1/4 21/4 0 0 0

16 3312 21114 S 12 3314 2114 12 -1/4 0 0

17 3312 281/4 812 3312 28 1/4 $12 0 0 1]

18 3312 334 831 333/ B 112 83/ 1/4 4 0

19 24112 8§34 214 24 142 8§34 214 0 0 0

20 2T ¥4 19 812 2T 112 18 V4 $12 -1/4 -1/ 1]

21 2T ¥4 24 34 812 2T 172 25 B1/2 -1/4 1/4 0

22 2T ¥4 30 3/4 812 2T 34 M $12 0 1/4 1]

23 2T ¥4 36 812 2T 172 36 172 B1/2 -1/4 12 0

24 23 21 S 12 23 2112 12 0 12 0

25 2314 3M1/4 834 231/4 M3 83/ 0 12 1]

26 17 172 133/ 2 17 3/4 1334 2 1/4 0 0

27 17114 24 3/4 412 17 142 24 1/4 412 1/4 -12 0

28 17 172 33314 412 17 1/4 3334 412 -1/4 0 1]

29 0 0 0

30 0 0 0

M 0 0 1]

\ DASHBOARD /
2

DUUR\\\

G

//fDDDR

Figure D-2. Floor Pan Deformation Data — Set 2, Test No. NYCC-1

214



February 19, 2013

MwRSF Report No. TRP-03-263-12

TEST: NY CCA1
VEHICLE: 2270P/Ram

VEHICLE PRE/POST CRUSH

INTERIOR CRUSH - SET 1

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

X Y Z b3 Y 7 aX Ay aZ
POINT m.) {in) {n) {in.) {in.) mn) {in) {in.) {in.)
Al 3994 | M 2 W4 | M 22U4 | 0 0 14
AZ 3912 | 83 | 2 W2 | 84 | 2 0 0 0
z A3 39 5814 | 2112 | B 5814 | 2114 | 0 0 “1M4
Pl Ad 341 | 2212 | 15142 | M4 | 2142 | 1512 | 0 0 0
A5 341 | 50 B2 | M 50 BY2 | 14 | o 0
AB 3414 | 5914 | 1512 | 314 | 5914 | 1512 | 0 0 0
i B1 2304 | 2102 | 134 | BU2 | 2012 | A2 144 0 4
Oz B2 21 2714 | 0 21 2012 | 0 0 14 0
o B3 20%1 | 2134 | 414 | A 28 A4 174 174 0
o C1 27 W01V | 18 %34 | 014 | 18 “14 | 0 0
o o 17 994 | 1BYZ | W 20 1BY%a | 0 14 _14
I 5U2 | 014 | 7714 | 534 | 012 | 1712 174 174 74
29 23%1 | 34 _34 | 23314 | 34 E7I 0 0
a c5 1812 | 3314 | 234 | 1812 | 3314 | 234 | 0 0 0
- C6 412 | 3412 | 1 412 | 3412 | 1 0 0 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
bt D8 0 0 0
v D9 0 0 0
D10 0 0 0
D1 0 0 0
D12 0 0 0
D13 0 0 0
D14 0 0 0
D15 0 0 0
\ DASHBUOARD

DOOR \

DOOR
A

Figure D-3. Occupant Compartment Deformation Data — Set 1, Test No. NYCC-1
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February 19, 2013

MwRSF Report No. TRP-03-263-12

TEST: NY CCA1
VEHICLE: 2270P/Ram

VEHICLE PRE/POST CRUSH

NTERIOR CRUSH - SET 2

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

DOOR \

X Y Z b3 Y 7 aX Ay aZ
POINT m.) {in) {n) {in.) {in.) mn) {in) {in.) {in.)
Al 53 M| 211 | @ n 2U2 | 0 14 14
AZ 53 RS ) 49 72 0 174 0
z A3 5512 | 5814 | 2112 | %12 | 5812 | 21142 | 0 14 0
Pl Ad 812 | 13 1534 | 4812 | B 153 | 0 0 0
A5 4812 | 501 | 1534 | 812 | 50142 | 15142 | 0 14 “1M4
AB 51%4 | 5914 | 1534 | 5134 | 5912 | 1534 | 0 174 0
i B1 3912 | 30 34 | 3912 | 30 112 | 0 0 4
Oz B2 6% | 2914 | 0 %34 | 2914 | 0 0 0 0
o B3 37 2912 | 414 | & 212 | 4 0 0 74
o C1 0U4 | 4534 | 1814 | 014 | 4534 | 1812 | 0 0 4
o o 2014 | 46 1834 | 2012 | 614 | 1812 144 14 _14
I 914 | 46 1734 | 914 | 4614 | 17%4 | 0 174 0
29 2914 | M 12 | 2914 | 0% | 42 | 0 “14 | 0
a c5 24 0% | 212 | 24 0% | 212 | 0 0 0
- C6 934 | M1 | 142 | 934 | M1 | 1wz | 0 0 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
bt D8 0 0 0
v D9 0 0 0
D10 0 0 0
D1 0 0 0
D12 0 0 0
D13 0 0 0
D14 0 0 0
D15 0 0 0
\ DASHBUOARD

/ DOOR

Figure D-4. Occupant Compartment Deformation Data — Set 2, Test No. NYCC-1
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February 19, 2013

MwRSF Report No. TRP-03-263-12

322012

Make: Dadge

Test Number:

Madel:

NYCC1

2270F/Eam

Year:

2005

G
Cz
Cs
Cy
Cs

Canx

Distance from C.G. in reference lme - Ly 10525 (2673)

‘Width of contact and induced crush - Fied L: 78 (1931)
Crush measurement spacmg lerval (L5) -1 156 (3%%)
Distance frem center of vehade i center of Field L - Dyy- L [4]
‘Width of Centad Da 73 (1981)
Distance frem cester ef véhicle te ceater of d -Dg L 4]
NOTE: Enter "NA" for crush if & can not be d (_e_, side of vehicle has been pushed imward)

Crush Lateral Original Prefle Dist. Between Refl

Measwrement Lacation Measarement Limes Adual  Cruzh
im () in () im () i () in ()
NA -3 (™) 2980 (737) -7.56 {192) NA NA
€5 (165) -234 (5%) 13.47 (342) 6 [(ED]
4 ae) 1.3 (198 10.50 Q6D 11 [r3)]
4 (162) 7.3 (198) 1048 (QQé6) 11 (3]
675 (A7) 234 (5% 13.3% (349) . 23)
ma NA 3 on) 290 (73D NA NA
15 (381) 37 (94e) 2550 (648) 29 «{75)

Figure D-5. Exterior Vehicle Crush (NASS) - Front, Test No. NYCC-1

217



February 19, 2013
MwRSF Report No. TRP-03-263-12

Date: 3nzne12 Test Number: NYCC-1
Make: Dadge Madel: 2270F/Ram Year 2005
+

Comax

in )
Distance fram centerlme in reference inme - Lgge: 4525 (114%)

‘Width of contact and mduced oush - Field L: 227.75  (5785)

Crush measwrement spacmyg isterval (L/5)-1: 4555 (1157)

Disiance from véhicle c.x in cemter of Field L. - D 9875 -(251)

Width of Contact Damapge: 227.75 (5785)

Distance from vehide c.£. te center of d -Dg 10.375 2ed)

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

Crush Leagitudinal Original Prefle Dist. Belween
Measurement Lecation Measarement Ref. Limes Actul Creh

in () in () in () im () im ()
Cy NA 1238 (3143) 15338 (391) 475 (121) NA NA
Cz 85 (216) 732 (1936) 1850 (267) 28 (70)
C3 8 e3) 3265 (329 1156 M) 12 ()]
C, 7.7 (%D 12.% (328) 11.25 (286) 13 (32)
Cs 875 Q) 5845 (1485 1050 267) 30 (76)
Cs ma NA 164 (Z6d2) 37.00 (948) NA NA
Crax 375 (Q22) 5845 (1485 1058 (267) 30 (76)

Figure D-6. Exterior Vehicle Crush (NASS) - Side, Test No. NYCC-1
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February 19, 2013

MwRSF Report No. TRP-03-263-12

TEST:

NYCC-2

VEHICLE: 2270P

VEHICLE PRE/POST CRUSH
FLOORPAN - SET 1

Note: If impact is on driver side need to

enter negative number for Y

X Y F3 x Y r aX AY .74
PONT {in) {n) (n) {n) {n) (n.) {in) {n) {n)
1 24 1/2 12 1/2 0 24 1/4 13 172 0 ~1/4 1 0
2 26 112 18172 5 26172 19 1/4 4344 0 7 1/4
3 26 172 24 5 1/4 2614 | 24172 51/4 -1/4 12 0
4 25 34 29 1/2 6 253/4 | 2934 6 0 14 0
5 138 912 -13/4 138 10 2 0 12 -1/4
6 19 1/4 1412 5 1/4 19 1/4 15 1/4 5172 0 34 -1/4
7 20 172 213/4 B 12 2012 | 212 8172 0 4 0
3 20 1/4 2834 9 201/4 | 2934 EERT] 0 1 1/4
9 1314 414 1 1/4 13 1/4 4174 11/4 0 0 0
10 15 10 -3 34 15 10 -4 0 0 -1/4
11 16 4 14 E] 16 3/4 14 34 8174 0 34 -1/4
12 16 34 20 174 8 1/2 1634 | 20172 8374 0 1/4 - 1/4
13 16 34 251/4 8 34 1634 | 2512 9 0 1/4 -1/4
14 16 172 20172 9 1/4 1612 | 2034 091/4 0 14 0
15 8172 7 1 3/ §1/2 7 2 0 0 -1/4
16 1 1112 3 11 1/4 12 8174 174 12 -1/4
17 11 17 1/4 81/ 11 1/4 17 172 8172 174 14 -1/4
18 11 23174 B 12 114 | 23114 834 174 0 -1/4
19 1 29172 9 1 29 34 E) 0 14 0
20 5 3 13/4 5 23/4 EE7] 0 -1/4 312
21 5374 FET] 2142 5374 8 2172 0 14 0
22 6 174 15 812 6 1/4 15 34 8172 0 34 0
73 6 1/2 20 3/4 8 34 61/2 21 8374 0 1/4 0
24 6 1/2 28 9 61/2 28 14 9 0 1/4 0
25 112 6 1/4 112 112 6 1/4 1172 0 0 0
26 4 13 1/4 4 1/4 374 13 174 4172 0 0 -1/4
27 12 21 4142 34 21 4344 174 0 -1/4
28 12 27172 4 3/4 12 27 14 5 0 -1/4 -1/4
29 0 0 0
30 0 0 0
E1] 0 0 0
DASHBOARD
2 3

DOOR-
NN

' 1 —
| AN
7

| |

|

6

1"
0

12 13 14

-

8

/ - DOOR

Figure D-7. Floor Pan Deformation Data — Set 1, Test No. NYCC-2
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February 19, 2013

MwRSF Report No. TRP-03-263-12

TEST:

NYCC-2

VEHICLE: 2270P

VEHICLE PRE/POST CRUSH
FLOORPAN - SET 2

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

4
|

N

N I‘l
L
DOOR ll’ ’ P
NN —

4

17

X Y z X Y £ AX AY %4
PONT {n) {n) m) ) {n) m) {n) ) {n)
1 40 152 18 3/4 - 1/4 40 1/4 19 -1/4 -1/4 1/4 0
2 42 A 25 -5 42 3i4 25 1/4 5174 0 1/4 -1/4
3 42 A 30 172 51/4 42 3i4 30 1/4 512 0 -1/4 -1/4
4 42 1/4 35 34 6 42 1/4 35 ¥4 6 0 0 0
5 3414 15 3/4 2 34 16 34 -2 144 -1/4 1 -1/4
6 35 WA 20 3/4 5172 35 1i2 21 12 534 -1/4 B -1/4
i 37 27 3i4 8172 37 28 1/4 83/4 0 12 -1/4
8 3714 35 3/4 -8 3/4 37 35 172 9 -1/4 -1/4 -1/4
9 29172 10 1/2 -11/4 29 1/4 10 172 1142 -1/4 0 -1/4
10 3114 16 -4 31 1/4 16 172 -4 1/4 0 12 - 1/4
1 33 1/4 20 8 33 21 8 1/4 -1/4 1 -1/4
12 33 14 26 1/4 -8 1/2 33 1/4 26 34 -8 3/4 0 12 -1/4
13 33172 3174 -8 3/4 33172 Ny 9 0 12 -1/4
14 3312 35 3i4 9 3312 36 1/ 91/4 0 12 -1/4
15 24 172 13172 2 24 1i2 13 W4 21/4 0 1/4 -1/4
16 27172 17 1/4 4 27 172 18 ¥A -8 1/4 0 1172 -1/4
17 27 JA 23 81/4 27 1i2 24 8172 -1/4 1 -1/4
18 27 3a 29 8172 27 3i4 30 83/4 0 1 -1/4
19 27 A 3172 -8 3/4 27 172 36 114 9 -1/4 A -1/4
20 21 9 2 21 9172 2 0 12 0
21 21 34 14 1/4 2172 22 14 W4 234 1/4 12 -1/4
22 23 21 1/4 -8 1/2 22 3i4 22 12 83/4 -1/4 11/4 -1/4
23 2312 26 3/4 -8 3/4 23 27 34 -8 3/4 -1i2 1 0
24 23112 34 -9 23 1/4 35 -9 -1/4 1 0
25 17 12 12172 1172 17 172 13 -13/4 0 12 -1/4
26 17 1/4 19 1/2 -4 1/4 17 19 ¥4 -4 12 -1/4 1/4 -1/4
27 17 27 174 -4 1/2 17 27 12 -43/4 0 1/4 -1/4
28 17 33 3/4 -43/4 17 1i4 34 5 1/4 1/4 -1/4
29 0 0 0
30 0 0 0
3 0 0 0
DASHBUOARD 2 3

Figure D-8. Floor Pan Deformation Data — Set 2, Test No. NYCC-2
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February 19, 2013

MwRSF Report No. TRP-03-263-12

TEST: NYC(C-2
VEHCLE 2270P

VEHICLE PRE/POST CRUSH

INTERIOR CRUSH - SET 1

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

X Y Z X Y 7 aX a¥ aZ
PONT {in) {n) {in.) {in) {in.) {n) m.) {in) {in.)
Al 3912 | M 2234 | 3912 | M1 | 23 0 174 1
Fe) 391 | B2 | 2 3912 | 4834 | 72214 14 174 14
z A3 /Y | U2 | 2 39 5812 | 2134 14 0 4
Pl A4 3 o34 | 16 3414 | 13 16174 14 14 14
A5 3 5014 | 1512 | 34 5014 | 1534 | 0 0 14
AB 34 6012 | 1514 | 34 6012 | 1512 | 0 0 14
i B1 2034 | 2714 | U2 | 2012 | 2714 | -2 14 | o 0
oz B2 2 HUZ | 1142 | 214 | 2134 | 112 144 14 0
o B3 1912 | 2142 | 412 | 1912 | 2734 | 412 | 0 174 0
o C1 26102 | 3714 | 1734 | 2612 | 3634 | 18 0 _12 14
o v [ e | W 18 W2 | 3612 | 18 0 12 | 0
bl .4 C3 234 | 3712 | 1834 | 212 | 37¥4 | 18314 | -1 174 0
28 ca 73 3034 | 2 234 | 3034 | 2 “14 | o 0
a C5 1812 | 20 W2 | 1812 | 3014 2 0 174 0
- 6 312 | @ 414 | 312 | B0 q14 | o 0 0
D1 0 0 0
o2 0 0 0
D3 0 0 0
D4 0 0 0
D5 0 0 0
D6 0 0 0
w o7 0 0 0
bt D8 0 0 0
v D9 0 0 0
D10 0 0 0
D1 0 0 0
D12 0 0 0
D13 0 0 0
D14 0 0 0
D15 0 0 0

DASHBOARD

Figure D-9. Occupant Compartment Deformation Data — Set 1, Test No. NYCC-2
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February 19, 2013

MwRSF Report No. TRP-03-263-12

TEST:

NYC(C-2

VEHCLE 2270P

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 r X ay al
PONT {in) {in.) (in.) (in) {in.) {in.) {m.) (in) {in.)
Al 52 34 112 22 34 53 42 23 174 12 14
A2 53 48 3/4 221i4 53 1/4 49 174 221i4 174 12 0
% A3 56 172 58 112 21 56 172 58 W4 2112 0 1i4 12
g Ad 48 172 43172 16 48 172 44 16 0 12 0
A5 48 W4 50 34 15 34 48 34 51 153i4 0 1i4 0
AB 52 34 60 1/2 151i2 52 3i4 60 34 151/2 0 1/4 0
w i B1 37 26 1i2 - 142 36 34 26 112 - 142 -1/4 0 0
% é B2 38 34 27 -11/4 38 34 27 112 0 0 -1/4
n B3 36 172 26 1/2 -4 1/4 36 3/4 26 172 4172 1/4 0 -1/4
w 1 29 34 45 1/4 18 1/4 29 34 44 34 17 3i4 0 - 12 -12
% o L4 20 34 45 34 18 1/4 20 34 45 172 18 0 - 14 -1/4
O C3 5 34 46 172 19 1/4 5 34 46 34 18 3/4 0 1/4 -12
2 8 C4 27 174 40 3/4 21i2 27 1/4 40 172 2 0 - 14 -12
% ChH 23 1/4 40 1/2 1 23 1i4 40 3/4 142 0 1/4 -12
B 6 8172 Lal 1 9 A1 174 1 1/4 12 1i4 -1/4
(1] 0 0 0
D2 0 0 0
D3 0 0 0
D * * 10 34 * * 18 3i4 0 0 8
D5 0 0 0
D6 0 0 0
w D7 0 0 0
bt D8 0 0 0
ir D9 0 0 0
D0 |Maximum crush was taken only. 0 0 0
D11 0 0 0
D12 0 0 0
D13 0 0 0
D14 0 0 0
D15 0 0 0

DASHBOARD

* the vertical measurements obtained were from a similar reference vehicle m order to obtain the maximum roof deformation

/ DOOR

Figure D-10. Occupant Compartment Deformation Data — Set 2, Test No. NYCC-2
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February 19, 2013
MwRSF Report No. TRP-03-263-12

Date: a72e12 Test Number: NYCC-2
Make: Dadge Eam Madd: 2270F Year: 2005

n [ ]
Distance frem C.G_tn rdaescelme - Ly 106 172 z7e5)

Width of contact and mduced crush - Field L: 77 34 1975

Crash measwrement spacimg miterval (L5 -1 1555 (395)
Distance from cenier of vehicle in center of Fidd L - Dy L) 4]
‘Width of Cantact I 77 344 (1975)
Distance from center of vehicle tw cender of d -Dez @ 4]
NOTE: Enter "NA" for crush if & can notbe d (iLe_, side of vehirle has been pashed inward)
Crush _ Origmal Prefile Dist. Between Rel
Measarement Lateral Lecaiisn Mexsarement Limes Agtwal Crush
in () i (—) in () n (—) in ()
Cy NA NA -337/8 -(987) 29 737 -7 L7 (131) NA NA
C, 16172 (419) -231/13  (592) 1312  (342) 18116 (258)
Cs 14 (356) 178 (%) 1012 Q&7 180213 276
Cy 712 (19) T7° (197 1012 (266) 41f6 (106)
Cs 4172 (114) 23153 (5%2) 1325 (346) -134 (i)
Cs NA NA 38783 (87 29 737 NA NA
Cppx 14 (356) 77 (198) 1012 Q&7 1023 276

Figure D-11. Exterior Vehicle Crush (NASS) - Front, Test No. NYCC-2
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February 19, 2013

MwRSF Report No. TRP-03-263-12

Date: @z

Make: Dadge Ram

T est Number:

Madd:

NYCC2

227eF

Year:

2005

Comaxt

Distamce from vehicle c.g in center of

NOTE: Enter "NA” for crush

Disiance from cenierime in reference Ime - Lgyy:

‘Width of centact and indeced crush - Fidd L:
Crush measurement spacmg mterval (L/5)- I
Distance from vehide c.x_in center of Field L - Dy-

in ()
50172 1283)
278 (5788)
45575 (1158)
104375 (&5)
Width of Contact I 2778 (5788)
a -Dg_ 1048 265)

can not be measwred (1e_, front of vehicle hac been pushed inward or tire has bem remeoved)

C':"_ﬂt Langitadinal Lacaiian o’l Dist M[_.:ﬂ Rel Actwal  Crash
n Em n () n = n () n ()
C, NA NA 12433 (3159 1% (496) 12 a3 NA NA
C; 1314 (337) 785455 _(20eD) 1012 2D 214 57
C; 1212 (318) 3328 (BH) 11 558 295 38 ae)
c, 1112 (2%2) 1213 GL) 114 286) 7] (®
C; 1014 (269) 58 471 012 26D 3id an
Ce NA NA 10312 (262%) 35 14 @95) NA NA
Caax 1314 (33T) T8455 _Qee) w12 @D 214 (e

Figure D-12. Exterior Vehicle Crush (NASS) - Side, Test No. NYCC-2
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February 19, 2013

MwRSF Report No. TRP-03-263-12

TEST:

NYCC3

VEHICLE: 2270P

VEHICLE PRE/POST CRUSH
FLOORPAN - SET 1

Note: If impact is on driver side need to

enter negative number for Y

X Y z X Y £ AX AY %4

PONT {n) {n) m) ) {n) m) {n) ) {n)

1 24 34 11 0 24 1i2 10 ¥4 0 -1/4 -1/4 0

2 2534 15 3/4 -2 3/4 25 3i4 15 ¥4 234 0 0 0

3 29 34 21172 4172 29 1/2 21 5 -1/4 -12 -1/2

4 29 26 172 3172 29 27 334 0 12 -1/4

5 28 26 3/4 -3 28 26 1/2 -3 1/4 0 -1/4 -1/4

6 21 1/4 94 -11/4 21172 10 -11/4 1/4 1/4 0

i 2214 15 1/4 -4 1/4 22 1i4 15 W4 -4 12 0 12 -1/4

8 23172 2 -1 172 23172 2114 - 142 0 -¥4 0

9 23172 26 - 172 23 1/4 26 -73/4 -1/4 0 -1/4

10 23 XA 29 3/4 - 1/2 23172 29 34 -T 142 -1/4 0 0

1 18 9172 -3 18 10 -3 0 12 0

12 19 1/4 14 3/4 6 1/2 19 1/4 15 142 -6 3/4 0 34 -1/4

13 20172 2 9 20 1/4 22 /4 9 -1/4 1/4 0

14 20172 26 1/4 9 20 1/2 26 34 9 0 12 0

15 21172 30 9 21 1/4 30 1/4 91/4 -1/4 1/4 -1/4

16 1234 3¥A 2 12 3i4 334 -2 144 0 0 -1/4

17 14 94 -6 13 3i4 91/4 -6 -1/4 -12 0

18 1434 153/4 9 14 172 15 91/4 -1/4 -4 -1/4

19 15 213/4 9 14 3i4 21 91/4 -1/4 -¥4 -1/4

20 15 27 3i4 91/4 15 27 112 91/4 0 -1/4 0

21 §1/4 i 2172 §1/4 i 234 0 0 -1/4

22 10 11 1/4 -8 1/2 10 1/4 11 1/4 8172 1/4 0 0

23 10 1/2 15 3/4 -8 3/4 10 3i4 16 -8 3/4 1/4 1/4 0

24 10 1/2 22 -8 3/4 10 3/4 22 /4 -8 3/4 1/4 1/4 0

25 10 172 28 83/4 10 3i4 28 9 1/4 0 -1/4

26 1 12 1/4 -4 1/2 1 12 -4 12 0 -1/4 0

27 11/4 19172 -4 3/4 11/4 19 172 -43/4 0 0 0

28 11/4 26 172 4172 11/4 26 1/2 -43/4 0 0 -1/4

29 0 0 0

30 0 0 0

3 0 0 0

DASHBUOARD

DOOR

/* DOOR

Figure D-13. Floor Pan Deformation Data — Set 1, Test No. NYCC-3
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February 19, 2013

MwRSF Report No. TRP-03-263-12

TEST: NYCC3
VEHICLE: 2270P

VEHICLE PRE/POST CRUSH

FLOORPAN - SET 2

Note: If impact is on driver side need to

enter negative number for Y

X Y z X Y r AKX AY .4

poRT | ) | @) | e | o e | e | | e |

1 40 17 1/4 0 40 17 0 0 -1/ 0

2 1M 12 22341 231 1M 172 2234 212 0 0 114

3 45 12 28 5 45 1/2 28 w4 43/4 0 34 1/4

4 44 34 331/ -4 44 172 3314 -4 -1i4 0 0

5 44 36 3 142 43 3/4 36 312 -1/4 0 0

6 a7 16 1/4 -11/4 a7 16 -1 0 -1/4 1/4

T 38 2 -4 142 38 22 14 -4 1/4 0 14 1/4

3 3912 28 3/ - 34 391/4 284 142 -1/4 0 114

9 3912 323/4 3 391/4 33 F3/4 -1i4 14 1/4

10 3912 36 1/ 3 39172 36 172 -3/ 0 14 114

11 3334 16 1/4 3 333/4 16 12 3 0 14 0

12 314 2112 6 3/ 35 22 14 63/ -1i4 34 0

13 36 172 28142 9 142 36 1/2 284 91/4 0 14 114

14 36 12 331/4 912 36 1/2 312 a1/2 0 14 0

15 3r14 36 1/2 9 142 37174 36 172 912 0 0 0

16 2812 10 142 2 286 1/2 10 172 2 0 0 0

17 20 3/4 16 1/2 6 29 3/4 16 12 6 0 0 0

18 3012 22 142 9 142 301/2 22 12 a91/4 0 0 1/4

19 30y 28142 9 142 30 3/4 284 912 0 14 0

20 1] 312 9 3/4 1] M 12 93/4 0 0 0

21 24 14 23/ 24 14 172 23/ 0 12 0

22 26 1/4 18 1/4 3 3/4 26 18 83/4 -1i4 -1/4 0

23 26 172 22 3/ 9 26 1/2 2 9 0 -3 0

24 26 172 29 9 1/4 26 1/2 284 91/4 0 -1/4 0

25 26 12 34 3/4 9 1/4 26 3/4 3M 4 91/4 1/4 0 0

26 17 19 5 17 18 4 5 0 -1/ 0

27 17 114 26 1/4 5H1/1 17 26 112 5144 -1/4 14 0

28 17 174 331/4 51/4 17 3314 5H1/4 -1i4 0 0

29 0 0 0

30 0 0 0

1] 0 0 0

DASHBOARD
45

4

|
L‘L]UR\l Y ‘

28

/* DOOR

Figure D-14. Floor Pan Deformation Data — Set 2, Test No. NYCC-3
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February 19, 2013

MwRSF Report No. TRP-03-263-12

TEST: NYCC3
VEHCLE 2270P

VEHICLE PRE/POST CRUSH

INTERIOR CRUSH - SET 1

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

X Y Z X Y 7 aX a¥ aZ
PONT {in) {n) {in.) {in) {in.) {n) m.) {in) {in.)
Al 4014 | 3634 | 2314 | 4014 | 3634 | 2314 | 0 0 0
Fe) 3931 | 8 2214 | 40 18 72 14 0 "4
z A3 391 | o 212 | 3912 | 57 2112 14 0 0
Pl A4 3331 | 38 16 33%4 | 38 16 0 0 0
A5 312 | 0 16 31412 | 50 16 0 0 0
AB 3412 | 5814 | 1534 | 3412 | 581 | 1512 | 0 0 _14
i B1 23U2 | U2 | ANW2 | 2312 | 2912 | 112 | O 0 0
oz B2 20%4 | 2914 | 514 | 2034 | 2914 | 514 | 0 0 0
o B3 2 29174 w2 | 2 29 114 2 0 0 0
o C1 24 ) 7 24 38 17 0 0 0
o v [ 14174 | B4 | 7U2 | 1414 | 3614 | 1712 | © 0 0
bl .4 C3 6 £l 1734 | 6 37 1734 | 0 0 0
28 ca 2312 | 214 | 134 | 2312 | 32 134 | 0 “14 | 0
a C5 1712 | 3034 | 414 | 1712 | 3034 | 4 0 0 _14
- 6 734 | 3114 | 3z | 8 1| 3e 14 0 0
D1 0 0 0
o2 0 0 0
D3 0 0 0
D4 0 0 0
D5 0 0 0
D6 0 0 0
w o7 0 0 0
bt D8 0 0 0
v D9 0 0 0
D10 0 0 0
D1 0 0 0
D12 0 0 0
D13 0 0 0
D14 0 0 0
D15 0 0 0
DASHBUOARD
Al

Figure D-15. Occupant Compartment Deformation Data — Set 1, Test No. NYCC-3
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TEST: NYCC3
VEHCLE 2270P

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 7 aX a¥ aZ
PONT {in) {n) {in.) {in) {in.) {n) m.) {in) {in.)
Al 5234 | % 2314 | 5212 | 36 2314 | 14 | 0 0
Fe) 5314 | 4734 | 2134 | 53 e | 2 14 R 14
z A3 55 5634 | 21 5412 | 5634 | A 2 | o 0
Pl A4 e | w 16 aT1a | 37 16 14 | o 0
A5 4831 | 914 | 1534 | 4834 | 4914 | 1512 | 0 0 “1M4
AB 5034 | 58 15174 | 5034 | 58 514 | 0 0 0
i B1 39 24 | 2 3914 | 2114 | 2 144 0 0
oz B2 B2 | 2o 534 | 3634 | 27 534 144 0 0
o B3 371 | o 0 3712 | 27 0 174 0 0
o C1 2134 | 514 | 1614 | 2712 | 4512 | 1614 | - 14 14 0
o v [ 1714 | B2 | 1634 | 1714 | 4534 | 1634 | 0 14 0
bl .4 C3 9 534 | 1714 | 914 | 46 17104 174 174 0
28 ca 2814 | M 1 212 | M 1 174 0 0
a C5 214 | MUz | 312 | 2 M2 | 312 | 14 | 0 0
- 6 212 | muz | 3 212 | M2 | 3 0 0 0
D1 0 0 0
o2 0 0 0
D3 0 0 0
D4 0 0 0
D5 0 0 0
D6 0 0 0
w o7 0 0 0
bt D8 0 0 0
v D9 0 0 0
D10 0 0 0
D1 0 0 0
D12 0 0 0
D13 0 0 0
D14 0 0 0
D15 0 0 0

DASHBOARD

/ DOOR

Figure D-16. Occupant Compartment Deformation Data — Set 2, Test No. NYCC-3
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Date: @/52012 Test Namber: NYCC-3

Make: 185.5 Madel- 227eP Year: 2005

Distance rom C.G. in referencelme - Ly 105172 (Z2&30)

‘Width of contact and mdeced crush - FiddL: 78 14 (1938)

Crush measarement spacmg mtaval (LB) - 1565 (398)
Distance frem cenier of velicle in cender of Field L. - Dyy: L) 4]
Width of Contact Damage: 78 144 (1938)
Distamce from center of vehicle to center of & -Dez @ 4]
NOTE: Enter "NA" for crush if die can not be d @Le_, side of vehicle has been pushed inward)
Crush - Origmal Preflle Dist. Belween Ref
remecnt Lateral Lacatinn Measarcment Limes Actmal Crush
in () n () im () im (—) i ()
Cy ma NA -39 173 (294) 29 737 & «(151) NA NA
C, 634 (17D -23 112 (5%6) 13172 (342) -3/d -(28)
Cs 7 (178) -75/6 (199 1912 (260 24P (62)
Cy 834 (222) 75K (199 1012 (266) 425 (187)
Cs 712 (1%1) 2312 (596) 132/5 (348) L) )
Cs ma NA 39113 o) 29 73N NA NA
Cppx 10 (254) 2 (1 4] 1014 (260) 5 517 145

Figure D-17. Exterior Vehicle Crush (NASS) - Front, Test No. NYCC-3
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Date: w5202 Test Namber: NYCC3
Make: Duedse Ram 2270F Year: 2005
i
i e e— ©
N T i
e Ll o s
|
v

Cuax

NOTE: Enter "“NA” for crosh measarement i distance can not be measured (1e_, front of wehicle has been pushed inward or tire has bem remeoved)

Distance from vehicle g in center of

Distance from cenierime tn reference Ime - Lgyy: 49374

‘Width of contact and mduced crush - Field L: 223 12
Crush measurement spacmg isterval (L5) -1 457
Distance from vehicle c.g v cemier aof Field L. - Dy 115
Width of Contact Damage: 223 172

3

_Dg_ 1117

()
2e4)

(5884)
(1161)
Q%)
(5864)
Q%)

Crush I - Origmal Prefle Dist. Between
ot Laagitndmal Lacatisn Measaroment Ref Li Acimal Crush

n () i () n () [ ) im ()

ma NA -102 3/4 (2610) 12 1/5 (318) -14 &) NA NA
12 (3e5) -57 {1449) 2 (393) 14 &)
1134 (298 -1113 288) 111/4 (286) 34 [4L)]
12 (305) 34183 372 11 1/4 (286) 1 25)

ma NA 30 (2033) 11 1/4 (286) NA NA

ma NA 125 34 (31M) 37 (M) NA NA
12 (385) 3418 373 111/4 (288) 1 25

Figure D-18. Exterior Vehicle Crush (NASS) - Side, Test No. NYCC-3
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Appendix E. Accelerometer and Rate Transducer Data Plots, Test No. NYCC-1
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Figure E-1. 10-ms Average Longitudinal Deceleration (DTS), Test No. NYCC-1
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Figure E-2. Longitudinal Occupant Impact Velocity (DTS), Test No. NYCC-1
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Figure E-3. Longitudinal Occupant Displacement (DTS), Test No. NYCC-1
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Figure E-4. 10-ms Average Lateral Deceleration (DTS), Test No. NYCC-1
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Figure E-5. Lateral Occupant Impact Velocity (DTS), Test No. NYCC-1
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Figure E-6. Lateral Occupant Displacement (DTS), Test No. NYCC-1
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Figure E-7.

Acceleration Severity Index (DTS), Test No. NYCC-1
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Figure E-8. 10-ms Average Longitudinal Deceleration (EDR-3), Test No. NYCC-1

T1-€92-€0-d¥.L "ON Modoy ASYMIN

€102 ‘61 Arenigog



0¥¢

Velocity (m/s)

-10

Longitudinal Change in Velocity - EDR-3

T,
m‘"m
\mm
\\
AN
'y
W\’R‘”\,_
TN

Time (sec)

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

35

Figure E-9. Longitudinal Occupant Impact Velocity (EDR-3), Test No. NYCC-1
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Figure E-10. Longitudinal Occupant Displacement (EDR-3), Test No. NYCC-1
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Figure E-11. 10-ms Average Lateral Deceleration (EDR-3), Test No. NYCC-1
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Figure E-12. Lateral Occupant Impact Velocity (EDR-3), Test No. NYCC-1
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Figure E-13. Lateral Occupant Displacement (EDR-3), Test No. NYCC-1
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Figure E-15. Vehicle Angular Displacements (EDR-4), Test No. NYCC-1
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Appendix F. Accelerometer and Rate Transducer Data Plots, Test No. NYCC-2
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Figure F-1. 10-ms Average Longitudinal Deceleration (DTS), Test No. NYCC-2
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Figure F-2. Longitudinal Occupant Impact Velocity (DTS), Test No. NYCC-2
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Figure F-3. Longitudinal Occupant Displacement (DTS), Test No. NYCC-2
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Figure F-4. 10-ms Average Lateral Deceleration (DTS), Test No. NYCC-2
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Figure F-5. Lateral Occupant Impact Velocity (DTS), Test No. NYCC-2
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Figure F-6. Lateral Occupant Displacement (DTS), Test No. NYCC-2
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Figure F-7. Vehicle Angular Displacements (DTS), Test No. NYCC-2
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Acceleration Severity Index (DTS), Test No. NYCC-2
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Figure F-9. 10-ms Average Lateral Deceleration (EDR-3), Test No. NYCC-2
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Figure F-10. Longitudinal Occupant Impact Velocity (EDR-3), Test No. NYCC-2
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Figure F-11. Longitudinal Occupant Displacement (EDR-3), Test No. NYCC-2
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Figure F-12. 10-ms Average Lateral Deceleration (EDR-3), Test No. NYCC-2
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Figure F-13. Lateral Occupant Impact Velocity (EDR-3), Test No. NYCC-2
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Figure F-14. Lateral Occupant Displacement (EDR-3), Test No. NYCC-2
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Figure F-15. Acceleration Severity Index (EDR-3), Test No. NYCC-2
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Appendix G. Accelerometer and Rate Transducer Data Plots, Test No. NYCC-3
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Figure G-1. 10-ms Average Longitudinal Deceleration (DTS), Test No. NYCC-3
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Figure G-2. Longitudinal Occupant Impact Velocity (DTS), Test No. NYCC-3

T1-€92-€0-d¥.L "ON Modoy ASYMIN

€10T ‘61 Areniqoq



99¢

Displacement (m)

-10

Longitudinal Change in Displacement - DTS
NYCC-3

e

05 1 15

Time (sec)

——CFC-180 Extracted Longitudinal Displacement (m)

25

Figure G-3. Longitudinal Occupant Displacement (DTS), Test No. NYCC-3
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Figure G-4. 10-ms Average Lateral Deceleration (DTS), Test No. NYCC-3
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Figure G-5. Lateral Occupant Impact Velocity (DTS), Test No. NYCC-3
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Figure G-6. Lateral Occupant Displacement (DTS), Test No. NYCC-3
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Figure G-7. Vehicle Angular Displacements (DTS), Test No. NYCC-3
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Figure G-8. Acceleration Severity Index (DTS), Test No. NYCC-3
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Figure G-9. 10-ms Average Longitudinal Deceleration (DTS SLICE), Test No. NYCC-3
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Figure G-10. Longitudinal Occupant Impact Velocity (DTS SLICE), Test No. NYCC-3
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Figure G-11. Longitudinal Occupant Displacement (DTS SLICE), Test No. NYCC-3
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Figure G-12. 10-ms Average Lateral Deceleration (DTS SLICE), Test No. NYCC-3
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Figure G-13. Lateral Occupant Impact Velocity (DTS SLICE), Test No. NYCC-3
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Figure G-14. Lateral Occupant Displacement (DTS SLICE), Test No. NYCC-3
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Figure G-15. Vehicle Angular Displacements (DTS SLICE), Test No. NYCC-3
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Figure G-16. Acceleration Severity Index (DTS SLICE), Test No. NYCC-3
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Figure G-17. 10-ms Average Longitudinal Deceleration (EDR-3), Test No. NYCC-3
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Figure G-18. Longitudinal Occupant Impact Velocity (EDR-3), Test No. NYCC-3
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Figure G-19. Longitudinal Occupant Displacement (EDR-3), Test No. NYCC-3
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Figure G-20. 10-ms Average Lateral Deceleration (EDR-3), Test No. NYCC-3
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Figure G-21. Lateral Occupant Impact Velocity (EDR-3), Test No. NYCC-3
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Figure G-22. Lateral Occupant Displacement (EDR-3), Test No. NYCC-3
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Figure G-23. Acceleration Severity Index (EDR-3), Test No. NYCC-3
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