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Administration, U.S. Department of Transportation. This report does not constitute a standard,

specification, regulation, product endorsement, or an endorsement of manufacturers.

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

Highway Administration.

The Independent Approving Authority (IAA) for the data contained herein was Mario

Mongiardini, Ph.D., Post-Doctoral Research Assistant.
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1 INTRODUCTION
1.1 Problem Statement

The Midwest Guardrail System (MGS) is a non-proprietary, strong-post, W-beam
guardrail system consisting of standard steel or wood guardrail posts, 12-gauge (2.66-mm) W-
beam rail, and a 12-in. (305-mm) deep blockout [1-3]. The MGS has been successfully full-scale
crash tested according to the Test Level 3 (TL-3) safety performance evaluation criteria of the
National Cooperative Highway Research Program (NCHRP) Report No. 350 [4] and the Manual
for Assessing Safety Hardware (MASH) [5]. Subsequently, the Federal Highway Administration
(FHWA) has deemed the MGS eligible for reimbursement under the Federal-Aid Highway
Program [6-7]. Unfortunately, the roadway space required to install a blocked guardrail system is
not always available. Three propriety, strong-post, non-blocked W-beam guardrail systems have
been recently developed and successfully crash tested. One was developed by Trinity Industries
and was called the T-31 Guardrail [8]. The second was developed by Gregory Industries and was
called the Gregory Mini Spacer (GMS) Guardrail [9]. The third was developed by Nucor Steel
Marion Inc. and was called Nucor Strong Post W-Beam Guardrail System [10]. Since a non-
proprietary, non-blocked alternative did not exist, states utilized one of the proprietary systems in
areas where space was limited.

The proprietary, non-blocked W-beam guardrail systems use unique components, such as
post-rail attachment hardware or variations to the standard guardrail post [8-10]. State
Departments of Transportation (DOT) would be required to maintain an inventory of specialized
components for replacement. Thus, these proprietary components would create maintenance
problems, especially if multiple proprietary systems were permitted to be used in a given
jurisdiction. Improper repairs could create tort liability issues if a serious accident occurred in an

area where proprietary components were omitted during repair. A non-proprietary alternative to

1
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the existing non-blocked W-beam guardrail systems could eliminate and/or reduce these
concerns. Based on the historical performance of the standard MGS and the proprietary systems
outlined in the preceding section, the MGS should function satisfactorily without a blockout.
1.2 Objective

The objective of this research was to evaluate the performance of a non-blocked version
of the MGS. The barrier system was to be evaluated according to the TL-3 full-scale safety
performance criteria set forth in MASH.
1.3 Scope

The research objective was achieved through the completion of several tasks. First, two
full-scale vehicle crash tests were performed on the non-blocked MGS. The crash tests utilized a
pickup truck and a small car, weighing approximately 5,000 1b (2,268 kg) and 2,425 1b (1,100
kg), respectively. The target impact conditions for both tests were an impact speed of 62 mph
(100 km/h) and an impact angle of 25 degrees. Next, the test results were analyzed, evaluated,
and documented. Finally, conclusions and recommendations were made that pertain to the safety

performance of the non-blocked MGS.
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2 DESIGN DETAILS

The test installation consisted of 181 ft-3 in (55.25 m) of standard 12-gauge (2.66-mm
thick) W-beam supported by steel posts, as shown in Figure 1. Anchorage systems similar to
those used on tangent guardrail terminals were utilized on both the upstream and downstream
ends of the guardrail system. Design details are shown in Figures 1 through 10. Photographs of
the test installations are shown in Figures 11 and 12 . Material specifications, mill certifications,
and certificates of conformity for the system materials are shown in Appendix A.

The system was constructed with twenty-nine guardrail posts spaced 75 in. (1,905 mm)
on center, as shown in Figures 1 and 2. Post nos. 3 through 27 were galvanized ASTM A992
steel W6x8.5 (W152x12.6) sections measuring 6 ft (1.8 m) long with a soil embedment depth of
40 in. (1,016 mm). Post nos. 1, 2, 28, and 29 were breakaway cable terminal (BCT) timber posts
measuring 5% in. wide x 7% in. deep x 46 in. long (140 mm x 191 mm x 1,168 mm) and were
placed in 6-ft (1.8-m) long foundation tubes, as shown in Figure 6. The BCT timber posts and
foundation tubes were part of anchor systems designed to replicate the capacity of a tangent
guardrail terminal. All posts were placed in a compacted coarse, crushed limestone material as
recommended in MASH. For post nos. 3 through 27, 12-in. (305-mm) long, 12-gauge (2.66-mm
thick) back up plates were used to block the rail away from the front face of the steel posts, as
shown in Figure 3.

Standard 12-gauge (2.66-mm thick) W-beam rails with additional post bolt slots at half
post spacing intervals were placed between post nos. 1 and 29, as shown in Figures 1, 2, and 9.
Standard slice bolts, 5/8 x 1 2 in. (M16x38) long guardrail bolt and nuts, were used to attach the
rail to the posts. The top mounting height of the W-beam was 31 in. (787 m) above the ground
with a 247/ in. (632-mm) center mounting height. Rail splices were placed at the midspan

locations between guardrail posts as shown in Figures 1and 2. All lap splice connections between

3
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the rail sections were configured with the upstream segment in front to reduce vehicle snag at the
splice during the crash test.

The installation for test no. MGSNB-2 was only raised 1 in. (25 mm) such that the height
to the top of the guardrail was 32 in. (813 mm) as shown in Figures 13 through 22. Photographs

of the test installations for test no. MGSNB-2 are shown in Figure 23.
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Midwest Roadside

MGS Without Blockouts

Bill of Materials

Item No. QTY. Description Material Specifications and/or Grade Hardware Guide

b1 25 |W6x8.5 6 [W152x12.6 1829] Long Steel Post ASTM A992 [345 MPa] (W6x9 A36 [248 Mpa]) —

b2 1 [6'—3" W—Beam MGS Section 12 gauge [2.7] AASHTO M180 RWMO 1a
b3 12 [12°—6" W—Beam MGS Section 12 gauge [2.7] AASHTO M180 RWMO4a
b4 2 12'—6" W—Beam MGS End Section 12 gauge [2.7] AASHTO M180 RWMO4a
[+153 4 |5/8" Dia. x 10" [M16x254] long Guardrail Bolt and Nut ASTM A307 FBB03
b6 137 |5/8" Dia. x 1 1/2" [M16x38] Long Guardrail Bolt and Nut ASTM A307 FBBO1
b7 44 [5/8" [16] Dia. Flat Washer ASTM A153 FWC16a
b8 25 |(W—Beam Backup Plate 12 ga. [2.7] AASHTO M180 RWBO1a
c1 4 BCT Timber Post — MGS Height SYP Grade No. 1 or better PDFO1
c2 4 72" [1829] Long Foundation Tube ASTM A53 Grade B PTEOS
c3 2 Strut and Yoke Assembly ASTM A36 Steel Galvanized -

c4 2  [8xBx5/8" [127x203x16] Anchor Cable Bearing Plate ASTM A36 Steel FPBO1
c5 2 BCT Anchor Cable Assembly @3/4” [19] 6x19 IWRC IPS Galvanized Wire Rope FCAC1—-02
c6 2 Anchor Bracket Assembly ASTM A36 Steel FPAO1
c7 2 2 3/8” [60] 0.D. x 8" [152] Long BCT Post Sleeve ASTM A53 Grade B Schedule 40 FMMO2
c8 4 |5/8” Dia. x 10" [M16x254] Long Hex Head Bolt and Nut ASTM A307 FBX16a
c9 16 |5/8" Dia. x 1 1/2” [M16x38] Long Hex Head Bolt and Nut ASTM A307 FBX16a
cl10 4 7/8" Dia. x 7 1/2" [M22x191] Long Hex Head Bolt and Nut ASTM A307 FBX22qa
cl11 8 [7/8” [22] Dia. Flat Washer ASTM A153 FWC22a
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Figure 11. Test Installation Photographs, Test No. MGSNB-1
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Figure 12. Test Installation Photographs, Test No. MGSNB-1
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Item No. QTY. Description Material Specifications and/or Grade Hardware Guide

b1 25 |w6x8.5 6 [W152x12.6 1829] Long Steel Post ASTM A992 [345 MPa] (W6x9 A36 [248 Mpa]) .

b2 1 6'—3" W—Beam MGS Section 12 gauge [2.7] AASHTO M180 RWMO1a
b3 12 [12’—8” W—Beam MGS Section 12 gauge [2.7] AASHTO M180 RWMO4a
b4 2 12'—6" W—Beam MGS End Section 12 gauge [2.7] AASHTO M180 RWMO4a
b5 4 |5/8" Dia. x 10" [M16x254] Long Guardrail Bolt and Nut ASTM A307 FBBO3
b6 137 |5/8" Dia. x 1 1/2" [M16x38] Long Guardrail Bolt and Nut ASTM A307 FBBO1
b7 44 |5/8" [16] Dia. Flat Washer ASTM A153 FWC16a
b8 25 |W—Beam Backup Plate 12 ga. [2.7] AASHTO M180 RWBC1a
cl 4 BCT Timber Post — MGS Height SYP Grade No. 1 or better PDFO1
c2 4 |72" [1822] Long Foundation Tube ASTM A53 Grade B PTEOG
c3 2 Strut and Yoke Assembly ASTM A36 Steel Galvanized -

c4 2 8x8x5/8" [127x203x16] Anchor Cable Bearing Plate ASTM A36 Steel FPBO1
c5 2 BCT Anchor Cable Assembly @3/4" [19] 6x19 IWRC IPS Galvanized Wire Rope FCAQ1—02
cb 2 Anchor Bracket Assembly ASTM A36 Steel FPAC1
c7 2 2 3/8" [60] 0.D. x 6" [152] Long BCT Post Sleeve ASTM A53 Grade B Schedule 40 FMMO2
c8 4 5/8" Dia. x 10" [M16x254] Long Hex Head Bolt and Nut ASTM A307 FBX16a
c9 16 |5/8" Dia. x 1 1/2" [M16x38] Long Hex Head Bolt and Nut ASTM A307 FBX16a
cl10 4 7/8" Dia. x 7 1/2" [M22x191] Long Hex Head Bolt and Nut ASTM A307 FBX22a
c11 8 7/8" [22] Dia. Flat Washer ASTM A153 FWC22a
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3 TEST REQUIREMENTS AND EVALUATION CRITERIA

3.1 Test Requirements

Longitudinal barriers, such as W-beam guardrails, must satisfy impact safety standards in
order to be accepted by the Federal Highway Administration (FHWA) for use on National
Highway System (NHS) new construction projects or as a replacement for existing designs not
meeting current safety standards. According to TL-3 of 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.

3.2 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 longitudinal barrier to contain and
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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.
Vehicle trajectory after collision is a measure of the potential for the post-impact trajectory of the
vehicle to result in a secondary collision with other vehicles and/or fixed objects, thereby
increasing the risk of injury to the occupant of the impacting vehicle and/or other vehicles. 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.

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.

3.3 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
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 is statically tested on the day of the full-scale crash test in the
same manner as used for the baseline static test. The full-scale crash test can be conducted only if

the static test results show a soil resistance equal to or greater than 90 percent of the baseline test
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at deflections of 5, 10, and 15 in. (127, 254, and 381 mm). Otherwise, the crash test must be

postponed until the soil demonstrates adequate post-soil strength.

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

Detached elements, fragments or other debris from the test article
should not penetrate or show potential for penetrating the occupant
compartment, or present an undue hazard to other traffic,
pedestrians, or personnel in a work zone. Deformations of, or
intrusions into, the occupant compartment should not exceed limits
set forth in Section 5.3 and Appendix E of MASH.

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 40 ft/s

Longitudinal and Lateral (9.1 m/s) (12.2 m/s)

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

Occupant Ridedown Acceleration Limits

Component Preferred Maximum

Longitudinal and Lateral 15.0¢g’s 20.49 g’s
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4 TEST CONDITIONS

4.1 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.
4.2 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 was 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 [11] 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.
4.3 Test Vehicles

For test no. MGSNB-1, a 2004 Dodge Ram Quad Cab 1500 was used as the test vehicle.
The curb, test inertial, and gross static vehicle weights were 4,955 1b (2,248 kg), 5,011 1b (2,273
kg), and 5,181 Ib (2,350 kg), respectively. The test vehicle is shown in Figure 24, and vehicle
dimensions are shown in Figure 25.

For test no. MGSNB-2, a 2005 Kia Rio was used as the test vehicle. The curb, test

inertial, and gross static vehicle weights were 2,375 1b (1,077 kg), 2,408 1b (1,092 kg), and 2,578
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Ib (1,169 kg), respectively. The test vehicle is shown in Figure 26, and vehicle dimensions are
shown in Figure 27.

The longitudinal component of the center of gravity (c.g.) was determined using
measured axle weights. The Suspension Method [12] 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 location of the final centers of gravity are shown in Figures 24 through 29. Data
used to calculate the location of the c.g. and ballast information are shown in Appendix B.

Square, black and white-checkered targets were placed on the vehicle to aid in the
analysis of the high-speed videos, as shown in Figures 28 and 29. 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 remaining targets were located so that they could be viewed from the high-speed
cameras and used as reference points for video analysis.

The front wheels of the test vehicle were aligned for camber, caster, and toe-in values of
zero so that the vehicles would track properly along the guide cable. A 5B flash bulb was
mounted under the right-side windshield wiper and was fired by a pressure tape switch mounted
at the impact corner of the bumper. The flash bulb was fired upon initial impact with the test
article to create a visual indicator of the precise time of impact on the high-speed 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.
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Figure 24. Test Vehicle, Test No. MGSNB-1

33



January 24, 2013
MwRSF Report No. TRP-03-262-12

Date: 5/17/2011 Test Num ber: MGSNB-1 Model: 2270P/Ram 1500
Make: Dodge Vehicle LD.#: 1D7THA18N44587364359
Tire Size: 265/70 R17 Year: 2004 Odometer: 107664
Tire Inflation Pressure: 35psi.
*(All Measurements Refer to Impacting Side)
T I _I_ Vehicle Geometry -- in. (mm)
t wheel wheel o a_773/4 (1975 b_7412 (1892
Track Track
L _l_ ¢ 227 (5766) d 4712 (1207
— c—1 e 14014  (3562) F 3014 (997)
Test Inertial CM. g 282/5  (721) h 63 (1600)
6 — i & i 15 (381) i 2514 (641
f [=— WHEEL DIA Kk 21 (533) 1 28172 (724)
b—r _; ° m 6818  (1730) n 6758 (1718)
T 5 : o 43 (1092) p 234 (70
; _l:: 0, p O/ _f_ ; q 3114 (794) r 1812 (470)
i f s 1618 (410) t_75 (1905)
Wheel Center Height Front 14 3/4 (375)
° vwrenr ‘ wrmnv 7 Wheel Center Height Rear 14 7/8 (378)
c Wheel Well Clearance (F) 35 (889)
Mass Distribution b (kg) Wheel Well Clearance (R) 371/2  (953)
Gross Static LF 1421 (645) RF 1443 (655) Frame Height (F) 17172 (445)
LR 1159  (526) RR 1158 (525) Frame Height (R) 24 1/2  (622)
Engine Type 8cyl gas
Weights
1b (kg) Curb Test Inertial Gross Static Engine Size 4.7L
W-front 2778  (1260) 2760 (1252) 2864 (1299) Transmition Type:
W-rear 2177 (987) 2251 (1021) 2317 (1051) 'Ianual
W-total 4955 (2248) 5011 (2273) 5181 (2350) FWD 4WD
GVWR Ratings Dummy Data
Front 3650 Type: Hybrid 11
Rear 3900 Mass: 170 1bs
Total 66350 Seat Position: passenger
Note any damage prior to test: dent in passenger side cab corner, front bumper dents in center

Figure 25. Vehicle Dimensions, Test No. MGSNB-1
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Figure 26. Test Vehicle, Test No. MGSNB-2
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Date: 6/15/2011 Test Number: MGSNB-2 Model: Rio
Make: Kia Vehicle I.D.#: KNADC125556380669
Tire Size: 175/65R14 Year: 2005 Odometer: 58668
Tire Inflation Pressure: 30 psi

*(All Measurements Refer to Impacting Side)

Vehicle Geometry - in. (mm)

r

a 6512 (1664) b 553/4 (1416)

c 166 1/2  (4229) d 37 (940)

e 951/4 (2419) f 3414 (870)

g 1612 (419) h 355/ (903)

i 9 (229) i 21 (533)
k 1114  (286) 1 2212 (572
m 563/4 (1441) n 57 (1448)
0 2712  (699) p 3 (76)

q 23 (584) r 1512 (394)
s 1212 (318) t 64 (1626)

Wheel Center Height Front 10 1/2  (267)

‘Wheel Center Height Rear 11 (279)

Wheel Well Clearance (F) 2412 (622)

Mass Distribution Ib (kg) Wheel Well Clearance (R) 24 3/4  (629)

Gross Static LF 771 (350) RF 797 (362) Frame Height (F) 734  (197)
LR 489 222 RR 520 (236) Frame Height (R) _16 1/4  (413)
Engine Type 4 eyl
Weights
Ib (kg) . Curb Test Inertial Gross Static Engine Size 1.6
W-front 1538  (698) 1478 (670) 1569 (712) Transmition Type:
W.rear 837 (380) 930 (422) 1010 (458) -Iamlal
W-total 2375 (1077) 2408 (1092) 2578 (1169) RWD 4WD
GVWR Ratings Dummy Data
Front 1808 Type: Hybrid IT
Rear 1742 Mass: 170 Ibs.
Total 3399 Seat Position: passenger
Note any damage prior to test: None

Figure 27. Vehicle Dimensions, Test No. MGSNB-2
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TEST #: MGSNB-1
TARGET GEOMETRY — in. (mm)

A T4 (1880) E 64 (1626) 13938 (1000)
B 101 (2565) F 39 (991) J 2825 (721)
C 4114 (1048) G 63 (1600) K 4134 (1060)
D 64 (1626) H 7714 (1962) L 611/4 (1556)

Figure 28. Target Geometry, Test No. MGSNB-1
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G

vehicle

TEST #: MGSNB-2
TARGET GEOMETRY-- in. (mm)
A 321/4 (819) E 39 (991) I 161/2 (419)
B 27172 (699) F 3612 (927) J 2834 (730)
C 393/4 (1010) G 35 (889) K 281/4 (718)
D 12 (305) H 95 (2413) L 42172 (1080)
M 50 3/4 (1289)

Figure 29. Target Geometry, Test No. MGSNB-2
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4.4 Simulated Occupant

For test no. MGSNB-1 and MGSNB-2, a Hybrid IT 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 Ib (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 weight of the dummy was not included in
calculating the c.g location.

4.5 Data Acquisition Systems
4.5.1 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 first accelerometer system was a two-arm piezoresistive accelerometer system
manufactured by Endevco of San Juan Capistrano, California. 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 and controlled using a system developed
and manufactured by Diversified Technical Systems, Inc. (DTS) of Seal Beach, California. More
specifically, data was collected using a DTS Sensor Input Module (SIM), Model TDAS3-SIM-
16M. 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. The module rack was
configured with isolated power/event/communications, 10BaseT Ethernet and RS232
communication, and an internal backup battery. Both the SIM and module rack were
crashworthy. The “DTS TDAS Control” computer software program and a customized Microsoft

Excel worksheet were used to analyze and plot the accelerometer data.
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The second 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.

4.5.2 Rate Transducers

An angular 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 sensor was 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 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 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.

4.5.3 Pressure Tape Switches
For test nos. MGSNB-1 and MGSNB-2, five pressure-activated tape switches, spaced at

approximately 6.56 ft (2 m) intervals, were used to determine the speed of the vehicle before

40



January 24, 2013
MwRSF Report No. TRP-03-262-12

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.

4.5.4 Digital Cameras

Three AOS VITcam high-speed digital video cameras, three AOS X-PRI high-speed
digital video cameras, four JVC digital video cameras, and two Canon digital video cameras
were utilized to film test no. MGSNB-1. Camera details, camera operating speeds, lens
information, and a schematic of the camera locations relative to the system are shown in Figure
30.

Four AOS VITcam high-speed digital video cameras, three AOS X-PRI high-speed
digital video cameras, four JVC digital video cameras, and two Canon digital video cameras
were utilized to film test no. MGSNB-2. Camera details, camera operating speeds, lens
information, and a schematic of the camera locations relative to the system are shown in Figure
31.

The high-speed videos were analyzed using the ImageExpress MotionPlus and RedLake
MotionScope software programs. Actual camera speed and camera divergence factors were
considered in the analysis of the high-speed digital videos. A Nikon D50 digital still camera was

also used to document pre-test and post-test conditions for the tests.
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5 FULL SCALE CRASH TEST NO. MGSNB-1

5.1 Static Soil Test

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

The 5,181-1b (2,350-kg) pickup truck impacted the non-blocked MGS at a speed of 62.7
mph (100.9 km/h) and at an angle of 24.7 degrees. A summary of the test results and sequential
photographs are shown in Figure 32. Additional sequential photographs are shown in Figures 33
through 34. Documentary photographs of the crash test are shown in Figures 35 and 36.
5.3 Weather Conditions

Test no. MGSNB-1 was conducted on May 17, 2011 at approximately 2:30 pm. The
weather conditions as per the National Oceanic and Atmospheric Administration (station

14939/LNK) were reported as shown in Table 3.

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

Temperature 71°F

Humidity 93%

Wind Speed 7.6 mph

Wind Direction 130° from True North
Sky Conditions Overcast

Visibility 10 miles

Pavement Surface Dry

Previous 3-Day Precipitation 0.00 in.

Previous 7-Day Precipitation 0.77 in.
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5.4 Test Description

Initial vehicle impact was to occur 13 ft — 3% in. (4.1 m) upstream of the centerline of
post no. 15, as shown in Figure 37, which was selected using the critical impact point (CIP) plots
found in Section 2.3 of MASH. The actual point of impact was the intended impact point. A
sequential description of the impact events is contained in Table 4. The vehicle came to rest
located 190 ft — 4 in. (58.0 m) downstream from impact and 51 ft (15.6 m) laterally behind the
traffic-side face of the rail. The vehicle trajectory and final position are shown in Figures 32 and

38.

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

Time EVENT
(sec)
0.000 The right-front corner of the vehicle impacted the traffic-side face of the guardrail at

the intended impact location.

0.008 | Post no. 13 deflected backward, and the right-front fender deformed.

0.014 The right-front quarter panel deformed inward, and post no. 14 deflected downstream
) and backward.

0.016 | Vehicle right front tire contacted backside of Post no. 13

0.022 A buckle point formed in the rail upstream of post no. 14, the rail began to deform
' downstream of post no. 13, and post no. 15 deflected downstream and backward.

The rail flattened at the midspan between post nos. 13 and 14, and the vehicle began to

0.028 redirect.

A buckle point formed in the rail at the midspan of post nos. 14 and 15 and
0.034 | downstream of post no. 14, post nos. 9 through 12 deflected downstream, and post nos.
16 through 18 deflected upstream.

0.044 | The rail deflected forward at the end terminal, and post no. 14 twisted upstream.

0.052 | A buckle point formed in the rail upstream of post no. 15.

0.066 | Post no. 14 separated from rail.

0.068 A buckle point in the rail downstream of post nos. 13 and 15 and post no. 15 twisted
' upstream.

0.076 | The right-side door contacted the rail.

0.080 | Vehicle right front tire overlapped Post no. 14

0.092 The right-front tire was contacting Post no. 14; a buckle point formed in the rail
) upstream of post no. 16, and the vehicle began to yaw away from the barrier.

0.100 | The right-front tire contacted with post no. 14 and snagged, causing disconnection.

0.112 | Post no. 14 bent to the ground as the right-front tire overrode it.

0.122 | The right-front door became ajar.
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0.128 | The right-front window shattered due to contact of the surrogate occupant’s head.

0.134 | Post no. 15 separated from rail.

0.138 | A buckle point formed in the rail downstream of post no. 16.

0.176 | The right-front tire contacted post no. 15 and the rail disengaged from post no. 15.

0.186 | The right-front tire disengaged from the vehicle.

0.192 | The right-rear quarter panel contacted the rail.

0.200 | The vehicle yawed away from the system.

0.224 | The left-rear tire became airborne as the vehicle rolled toward the barrier.

0.238 | The left-front tire was airborne.

0.248 | The vehicle became parallel to the system with a velocity of 47.9 mph (77.1 km/h).

0.300 | The vehicle continued to yaw away from the barrier.

0.400 | The tires on the left side remained airborne as the vehicle began to exit the system.

0.500 | The vehicle ceased ds yaw and began to roll away from the barrier.

0.504 The vehicle exited the system at a speed of 47.4 mph (76.3 km/h) and at an angle of
' 14.4 degrees.

0.600 | The vehicle pitched downward.

0.646 | The left-front tire contacted the ground.

0.792 | The left-rear tire contacted the ground.

5.5 Barrier Damage

Damage to the barrier was moderate, as shown in Figures 39 through 42. Barrier damage
consisted of deformed W-beam rail, deformed posts, and contact marks on sections of guardrail
and posts. The length of vehicle contact along the barrier was approximately 23 ft — 6 in. (7.2 m)
which spanned from 21 in. (533 mm) upstream of the centerline of post no. 13 to 41% in. (1,060
mm) downstream of the centerline of post no. 16.

Deformation, flattening, and kinking of the W-beam guardrail occurred between post nos.
12 and 16. The splices located between post nos. 12 and 13 and post nos. 14 and 15 encountered
slip of /5 in. (10 mm) and less than '/ in. (3 mm), respectively. The W-beam guardrail was
detached from post nos. 14 and 15 as the bolt head was pulled through the rail. Vertical tears
occurred on both the upstream and downstream sides of the post bolt slots at post nos. 14 and 15.

The post bolt slot at post no. 16 yielded around the post bolt.
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Post nos. 12 through 17 rotated backward. Post no. 14 also bent downstream, and post no.
15 rotated downstream. Tire marks and scratches were observed on the front face of post nos. 13
and 14 just below the rail. The front flange of post no. 14 buckled 15 in. (381 mm) from the top,
and the post twisted such that the front flange faced upstream. The upstream edge of the front
flange of post no. 15 encountered tire marks and buckle points at 15 in. (381 mm) and 24 in. (610
mm) from the top of the post. The front flange of post no. 16 twisted upstream. A gouge was
found on the upstream edge of the front flange of post no. 16 at 22 % in. (578 mm) from the top
of the post.

The W-beam backup plate at post no. 14 disengaged and the top corrugation was
deformed. The bottom corrugation of the W-beam backup plate at post no. 15 was buckled. A
17-in. (32-mm) gap between the top of the backup plate and the rail section was formed at post
no. 16. A "2-in (13-mm) gap between the backup plate and the top of the rail section was found at
postno. 17.

The maximum lateral permanent set rail and deflections were 19 % in. (492 mm) at the
midspan between post nos. 14 and 15 and 19 % in. (492 mm) at post no. 15, respectively, as
measured at the test site. The maximum lateral dynamic rail and post deflections were 34.1 in.
(867 mm) at the midspan between post nos. 14 and 15 and 30.5 in (775 mm) at post no. 14,
respectively, as determined from high-speed digital video analysis. The working width of the
system was 43.2 in. (1,097 mm), also determined from high-speed digital video analysis.

5.6 Vehicle Damage

Damage to the vehicle was moderate, as shown in Figures 44 and 45. 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. None of the MASH
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established deformation limits were violated. Complete occupant compartment and vehicle

deformations and the corresponding locations are provided in Appendix D.

Table 5. Maximum Occupant Compartment Deformations by Location

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) 72 (13) <12 (305)
Side Door (Above Seat) 174 (32) <9 (229)
Side Door (Below Seat) 1(25) <12 (305)
Roof NA <4 (102)
Windshield NA <3 (76)

The majority of the damage was concentrated on the right-front corner and right side of
the vehicle. The right-front tire was detached from the vehicle at the ball joint. The right-front
tire was torn, and the steel rim was scratched and deformed. The right-front lower control arm
fractured at the tie rod. The right-front tie rod and sway bar linkage were bent. The right-front
wheel well was deformed inward and downward, and the right-front fender was bent inward. The
right-side headlight was disengaged from the vehicle and fractured. The right-side of the front
bumper was deformed inward toward the engine compartment. The left side of the front bumper
was scraped, and a 1%-in. (44-mm) gap was found between the front bumper and the left-side
headlight. The lower portion of the center of the grill was fractured. The left side of the hood was
ajar 1 in. (25 mm). The left-front wheel well was torn. The right side of the rear bumper was
deformed and deflected downward 3% in. (89 mm). The right side of the box rotated outward at
the top and crushed inward at the bottom. The right-rear tire was torn and deflated. Deformations

and contact marks extended along the entire right side of the vehicle. Both right-side doors were
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ajar at the top. The right-front door was crushed inward at the bottom. The right-front door
window was shattered, and the mirror glass was disengaged. All other window glass remained
undamaged.
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
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, the EDR-4 unit did not collect acceleration data, but

the EDR-4 did collect angular data from the rate transducer.

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

Transducer

Evaluation Criteria M.AS.H
EDR-3 DTS Limits

oIV Longitudinal | -19.40 (-5.91) | -17.13 (-5.22) | <40 (12.2)

f's (m/s) Lateral | -17.22 (-5.25) | -18.67 (-5.69) | <40 (12.2)
ORA Longitudinal -11.20 -11.49 <20.49
gs Lateral -8.51 -12.91 <20.49

THIV )

ft/s (m/s) NA 24.09 (7.34) | not required

Pgl_,lsl:) NA 14.0 not required

ASI 0.86 0.90 not required
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5.8 Discussion

The analysis of the test results for test no. MGSNB-1 showed that the non-blocked MGS
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. After impact, the vehicle exited the barrier at an angle of 14.4 degrees and its
trajectory did not violate the bounds of the exit box. Therefore, test no. MGSNB-1 conducted on
the non-blocked MGS was determined to be acceptable according to the MASH safety

performance criteria for test designation no. 3-11.
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THICKNESS. .ttt 12 gauge (2.66 mm) Dynaljmc SR A 34-'1 in. (867 mm) 20"
Top Mounting Height.............ccoo.coovvervveoreeoreesreeresenees 31 in. (787 mm) Working Width........ccocovveinieiniiiiieiece 43.2 in. (1,097 mm) [1016]
. Key Component — Steel Posts . Maximum Angular Displacements
Post Type.....ccovevvriciiieiiinne W6x8.5 by 6° (W152x12.6 by 1,829 mm ) Rpll ................................................................................ 15.7: < 75:
POSt SPACING ..o 75 in. (1,905 mm) Pitch. ..5.3%< 750
e Key Component — Steel W-beam Backup Plates Yaw ..................................... e 50.6
ThICKINESS ....vovvereieeisisiesie et saesees 12 gauge (2.66 mm) e Impact Severity (IS).............. 115.1 kip-ft (156.1 kJ) > 106 kip-ft (144 kJ)
Len@th..c.vooceeieeeeeeeee e 12 in. (305 mm) e Transducer Data
®  SOUTYPC e Grading B - AASHTO M 147-65 (1990) Evaluation Criteria Transducer MASH
e Vehicle Make /Model......c..cccoeueverenrurerennnce 2004 Dodge Ram 1500 Quad Cab EDR-3 DTS Limit
curd...... - 49551b (2,248 ke) OIV | Longitudinal | -19.40(-5.91) | -17.13 (-5.22 =40
Test Inertial . . 5,011 1b (2,273 kg) s ¢ A0S 1362 | (20
Gross SFatlc ................................................................ 5,181 1b (2,350 kg) (m/s) Lateral 17.22(-525) | -18.67 (-5.69) <40
. Impact Conditions (12.2)
SPEEA .. 62.7 mph (100.9 km/h) Longitudinal 1120 11.49 <20.49
ANEIE oottt 24.7 deg ORA ongrtucina ) ) -
) Impact Location ................. 14 ft - 3 in. (4.3 m) upstream of Post No. 15 g’s Lateral 851 1291 <20.49
e  Exit Conditions
Speed ..................................................................... 47.4 mph (76.3 km/h) THIV — ft/s (m/s) NA 24.09 (7.34) nqt
ANGLE ittt 14.4 deg required
. Exit Box Criterion... PHD — g’s NA 14.0 nqt .
e Vehicle Stability.....cccooveuviiiriiieinieiccrieeccnece et Satisfactory require
e Vehicle Stopping Distance...........cccooevuene 197 ft — 11 in. (60.3 m) downstream ASI 0.86 0.90 not
33 ft— 6 in. (10.2 m) laterally behind required

Figure 32. Summary of Test Results and Sequential Photographs, Test No. MGSNB-1
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Figure 33. Additional Sequential Photographs, Test No. MGSNB-1
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Figure 34. Additional Sequential Photographs, Test No. MGSNB-1
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Figure 35. Documentary Photographs, Test No. MGSNB-1
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Figure 36. Documentary Photographs, Test No. MGSNB-1
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Figure 37. Impact Location, Test No. MGSNB-1

56



January 24, 2013
MwRSF Report No. TRP-03-262-12

Figure 38. Vehicle Final Position and Trajectory Marks, Test No. MGSNB-1
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Figure 39. System Damage, Test No. MGSNB-1
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Test No. MGSNB-1

b

Figure 40. Guardrail Damage between Post Nos. 13 and 17
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Figure 41. Guardrail Damage between Post Nos. 13 and 17, Test No. MGSNB-1
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. 13 and 15, Test No. MGSNB-1

Figure 42. Post Damage between Post Nos

61



January 24, 2013
MwRSF Report No. TRP-03-262-12

Figure 43. Post Damage between Post Nos. 16 and 17, Test No. MGSNB-1
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Figure 44. Vehicle Damage, Test No. MGSNB-1
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Figure 45. Vehicle Damage, Test No. MGSNB-1
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6 FULL SCALE CRASH TEST NO. MGSNB-2

6.1 Static Soil Test

Before full-scale test no. MGSNB-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.
6.2 Test No. MGSNB-2

The 2,578-1b (1,169-kg) small car impacted the non-blocked MGS at a speed of 63.0 mph
(101.4 km/h) and at an angle of 25.5 degrees. A summary of the test results and sequential
photographs are shown in Figure 46. Additional sequential photographs are shown in Figures 47
through 49. Documentary photographs of the crash test are shown in Figures 50 and 51.
6.3 Weather Conditions

Test no. MGSNB-2 was conducted on June 15, 2011 at approximately 5:00 pm. The
weather conditions as per the National Oceanic and Atmospheric Administration (station

14939/LNK)) were reported and are shown in Table 7.

Table 7. Weather Conditions, Test No. MGSNB-2

Temperature 86° F

Humidity 93 %

Wind Speed 8.3 mph

Wind Direction 310° from True North
Sky Conditions Sunny

Visibility 10 miles

Pavement Surface Dry

Previous 3-Day Precipitation 0.12 in.

Previous 7-Day Precipitation 0.21 in.
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6.4 Test Description

Initial vehicle impact was to occur 9 ft — 3% in. (2.8 m) upstream of the center line of
post no. 15, as shown in Figure 52, which was selected using the CIP plots found in Section 2.3
of MASH. The actual point of impact was 4% in. (108 mm) downstream of the intended impact
point. A sequential description of the impact events is contained in Table 8. The vehicle came to
rest in contact with the barrier system 78 ft — 9 in. (24.0 m) downstream of the impact point. The

vehicle trajectory and final position are shown in Figure 53.

Table 8. Sequential Description of Impact Events, Test No. MGSNB-2

Time EVENT
(sec)

The right-front fender impacted the bottom corrugation of the W-beam 4% in. (108
0.000 . ) .

mm) downstream of the intended impact location.

Post no. 14 and the rail deflected backward at the point of impact, and the right-front
0.008 )

corner of the hood protruded over the rail.
0.01% Post no. 13 deflected backward, and the right-front bumper contacted the upstream

edge of the front flange of Post no. 14.

0.024 | Post no. 15 deflected laterally backward.

0.028 | Right side of the bumper shroud tore.

0.030 The right-front corner of the hood crushed inward, and Post no. 12 deflected

downstream.
0.036 Post nos. 9 through 11 deflected downstream, and the right-front tire contacted the
’ upstream edge of the front flange of Post no. 14.
0.046 Post no. 14 twisted upstream, and the right-front wheel rotated such that the front of

the tire moved out and the rear of the tire moved in.

The rail disengaged from Post no. 14, the rail flattened at impact, the right side of the
0.054 | vehicle’s roof dented inward, the right front tire contacted the rear of the wheel well,
and the right-front quarter panel deformed outward behind the right-front wheel well.

0.064 | The right-front tire became airborne.

0.074 | The vehicle pitched downward and rolled away from the barrier.

0.080 | Post no. 16 deflected laterally backward.

The center of the front bumper contacted the front flange of Post no. 15, and the left

0.092 headlight disengaged.

0.096 | Post no. 16 separated from rail; vehicle rolled toward the barrier.
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The vehicle yawed away from the barrier. The rail disengaged from Post no. 15;

0.102 vehicle right front tire was overriding Post no. 15.
0.112 | Post no. 15 bent downstream.
0.120 | The left side of the bumper shroud contacted the ground.
0.126 | Post no. 17 deflected backward.
The right-rear tire became airborne, Post no. 16 began to be pulled out of the ground,
0.134 and the vehicle pitched upward.
0.148 | The right side of the windshield cracked.
0.176 | The upper-right corner of the front windshield separated from the liner.
0.182 | Post no. 18 deflected backward.
0.190 | The left side of the bumper shroud lost contact with the ground.
0.208 | The right side of the bumper contacted the upstream side of Post no. 16.
0.236 | The vehicle ceased pitching, and Post no.16 was pulled out of the ground.
0.308 | The right-rear tire contacted the ground.
0.336 The right-front corner of the vehicle contacted Post no. 17, and Post no. 17 twisted
upstream.
The right-front tire contacted the ground, the vehicle ceased rolling, and the rail
0.358 disengaged from Post no. 17.
The vehicle exited the system at a speed of 25.7 mph (41.4 km/h) and at an angle of
0.404 | 19.1 degrees as the right-front corner of the vehicle lost contact with the rail between
Post nos. 17 and 18.
0.448 | The vehicle yawed toward the barrier.
The right-front corner of the hood contacted the rail during a secondary impact just
2.290 upstream of Post no. 25.
2.532 | The vehicle yawed away from the barrier.
2.630 | The right-front tire contacted Post no. 26 and disengaged from the vehicle.
2.736 | The right-front quarter panel behind the right-front tire contacted the ground.
4.000 The vehicle came to rest 78 ft-9 in. (24.0 m) downstream of impact while still in

contact with the barrier.

6.5 Barrier Damage

Damage to the barrier was moderate, as shown in Figures 54 through 56. Barrier damage

consisted of deformed W-beam rail, deformed posts, and contact marks on sections of guardrail

and posts. The length of vehicle contact along the barrier was approximately 20 ft — 7% in. (6.3

m) which spanned from 2 ft — 8% in. (0.8 m) upstream from the center of post no. 14 to 10 in.

(254 mm) upstream from the center of post no. 17. Secondary vehicle contact was 9 ft — 10 in.
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(3.0 m) long which spanned from 22 in. (559 mm) upstream of the centerline of post no. 25 to 21
in. (533 mm) downstream of the center line of post no. 26.

Deformations and flattening of the guardrail occurred between post nos. 12 and 18. The
bottom corrugation of the rail was deformed upward between post nos. 14 and 17. The top
corrugation was flattened between post nos. 14 and 16.

The W-beam guardrail was detached from post nos. 14 through 17. The guardrail bolt
head was pulled through the rail at post nos. 14 through 16. However, the guardrail bolt at post
no. 17 disengaged from the post and remained attached to the rail. Tears occurred on the
downstream side of the post bolt slots at post nos. 14 and 16. The splices located between post
nos. 12 and 13 and post nos. 14 and 15 encountered slip of % and % in. (19 and 6 mm),
respectively.

Post nos. 11 and 12 twisted slightly downstream. Post no. 13 rotated backward leaving a
2'-in. (64-mm) wide soil gap at the front face of the post. The guardrail bolt tore through the
front flange of post nos. 15 through 17. Post nos. 14 and 16 pulled completely out of the ground.
Post no. 14 bent downstream to 60 degrees, encountered a 1'2-in. (38-mm) long tear in the front
flange, and came to rest against the base of post no. 15. Post no. 15 bent downstream to lying flat
on the ground. Post no. 16 came to rest near the base of post no. 17. Post no. 17 bent and twisted
downstream.

The W-beam backup plate at post nos. 14 through 16 disengaged from the system. The
W-beam backup plate from post no. 14 was deformed about the middle of the corrugations. The
W-beam backup plate from post no. 15 twisted. The bottom corrugation of the W-beam backup
plate from post no. 16 was deformed and buckled. The W-beam backup plate at post no. 17
remained attached to the rail with the bottom corrugation buckled. The flange of post no. 17 tore

and was found between the guardrail bolt head and the W-beam backup plate.
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The maximum lateral permanent set rail and post deflections were 13"/ in. (352 mm) at
post no. 15, and 137/ in. (352 mm) at the midspan between post nos. 14 and 15, respectively as
measured at the test site. The maximum lateral dynamic rail and post deflections were 29.1 in.
(740 mm) at post no. 15, and 23.0 in. (584 mm) at the midspan between post nos. 14 and 15,
respectively as determined from high-speed digital video analysis. The working width of the
system was 34.5 in. (8§77 mm), also determined from high-speed digital video analysis.

6.6 Vehicle Damage

Damage to the vehicle was moderate, as shown in Figures 57 and 58. The maximum
occupant compartment deformations are listed in Table 9 along with the deformation limits
established in MASH for various areas of the occupant compartment. None of the MASH
established deformation limits were violated. Complete occupant compartment and vehicle

deformations and the corresponding locations are provided in Appendix D.

Table 9. Maximum Occupant Compartment Deformations by Location

MAXIMUM MASH ALLOWABLE
LOCATION DEFORMATION DEFORMATION
in. (mm) in. (mm)
Wheel Well & Toe Pan ¥4 (19) <9 (229)
Floor Pan & Transmission Tunnel 1(25) <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) ¥ (13) <12 (305)
Roof 174 (32) <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. The right-front wheel assembly remained attached by only the brake line. The right-

front steel rim was dented and encountered a 5-in. (127-mm) long tear on the inside. The right-
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front tire was torn. The right-front fender was crushed inward, gouged, and buckled. Contact
marks, 35-in. (889-m) long, extended along the right side of the vehicle beginning at the right-
front door. The right-front corner of the hood folded underneath itself. The right-side headlight
was disengaged from the vehicle. The right-side A-pillar was buckled at its base. The right-side
of the roof was crushed downward 1% in. (32 mm). The right-front door was ajar at the top. The
front bumper cover was partially disengaged. The left-side headlight was only attached by its
power cord. The radiator and right-side floor pan were dented. The lower-right corner of the
windshield was cracked. All other window glass remained undamaged.
6.7 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
10. 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 10. The results of the occupant
risk analysis, as determined from the accelerometer data, are summarized in Figure 46. The
recorded data from the accelerometers and the rate transducers are shown graphically in

Appendix F.

70



January 24, 2013
MwRSF Report No. TRP-03-262-12

Table 10. Summary of OIV, ORA, THIV, PHD, and ASI Values, Test No. MGSNB-2

, T Transducer MASH
Evaluation Criteria .
EDR-3 DTS Limits
oIV Longitudinal | -31.17 (-9.81) | -31.26 (-9.53) | <40 (12.2)
f's (m/s) Lateral | -15.46 (-4.71) | -15.83 (-4.82) | <40 (12.2)
ORA Longitudinal -10.47 -10.20 <20.49
gs Lateral -6.03 -6.30 <20.49
THIV .
ft/s (m/s) NA 34.65 (10.56) | not required
Pgl_,lsl:) NA 10.21 not required
ASI 0.97 1.04 not required

6.8 Discussion

The analysis of the test results for test no. MGSNB-2 showed that the non-blocked MGS
adequately contained and redirected the 1100C vehicle with controlled lateral displacements of
the barrier. There were no detached elements or 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
F, were deemed acceptable because they did not adversely influence occupant risk safety criteria
nor cause rollover. After impact, the vehicle exited the barrier at an angle of 19.1 degrees and its
trajectory did not violate the bounds of the exit box. Therefore, test no. MGSNB-2 conducted on
the non-blocked MGS was deemed acceptable according to the MASH safety performance

criteria for test designation no. 3-10.
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® TSt ALEIICY vttt MwRSF e  Vehicle Damage
. Test Number. .MGSNB-2 VDS e 01-RFQ-5 =
o Date 6/15/2011 CDCM e 01-RYEW-4 (331)
®  MASH Test DeSIZNation. ........c.cueueuriueurimeeririeeenieeeeeeeeseeeeeseeesseeseeseseseeeeees 3-10 Maximum Interior Deformation 1% in. (32 mm)
. TSt ATHCIE oo Non-Blocked MGS . Test Article Damage.........cocoveueueeerininieriicininieieiecneneeeteieeese e senenens Moderate
@ TOtal LeNGtH wooooooooeeeoeeeeeeeeeeeeeeeeeeee e 181 ft - 3 in. (55.3 m) e Test Article Deflections
e Key Component — Steel MGS Permanent Set.........cooeeerninniecinnneeccnneecceenenes 13 7/8 in. (352 mm)
ThiCKNESS ..o 12 gauge (2.66 mm) Dynamic ... --29.1in. (740 mm)
Top Mounting Height............vveeereeeereeereeeerseneeeesesnennes 32 in. (813 mm) Working Width.........ocociiniiiiiicirneecceseeee 34.5 in. (877 mm)
e Key Component — Steel Posts e  Maximum Angular Displacements
G T W6x8.5 by 6° (W152x12.6 by 1,829 mm) Roll.. - 8.27° <75
POSt SPACING ..o 75 in. (1,905 mm) Pitch. .3.98°< 750
° Key Component — Steel W-beam Backup Plates Yaw S s 14.24
THICKNESS .....vovevieeevceeee et 12 gauge (2.66 mm) e Impact Severity (IS)......ccoovvnrvnrinrinniens 59.3 kip-ft (80.4 kJ) > 51 kip-ft (69.7 kJ)
LGN eeeeeeeeeeeeeeeeeeeeeee e eseessesse s 12 in. (305 mm) e Transducer Data
. SOIL TYPC v Grading B - AASHTO M 147-65 (1990) 5
° 2005 Kia Rio Evaluation Criteria Transducer MASH
CUID e 2,375 1b (1,077 kg) EDR-3 DTS Limit
Test INertial .....c.oceveveereieeeeinereeresceeeceeeees 2,408 1b (1,092 kg) orv Longitudinal | -31.17 (-9.81 3126 (-9.53 <40
GOS8 STAHC wrreereees oo e 2,578 Ib (1,169 kg) o onefudina 1798 200959 | (129
*  Impact Conditions (m/s) Lateral 1546 (-4.71) | -15.83 (-4.82) =40
SPEEA ..o 63.0 mph (101.4 km/h) (12.2)
25.5 deg S
L tudinal -10.47 -10.20 <2049
Impact Location ............. 8 ft - 11% in. (2.7 m) upstream of Post No. 15 ORA ongitudina =
*  Exit Conditions s Lateral -6.03 -6.30 <20.49
SPEEA e 25.7 mph (41.4 km/h)
ANGIE oot 19.1 deg THIV - ft/s (m/s) NA 34.65 (10.56) not d
®  EXit BOX CIteriON ..ovurveieieieieeceiieieeiniesieseessssse e s snanns Pass require
®  Vehicle Stability.....coooceveieeriiieeiieieieieeiese et sesnens Satisfactory PHD - g’s NA 10.21 not d
. Vehicle Stopping Distance...........ccoceevveereennene. 76 ft-9 in. (23.4 m) downstream require
10 in. (0.3 M) laterally in front ASI 0.97 1.04 not
required

Figure 46. Summary of Test Results and Sequential Photographs, Test No. MGSNB-2
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Figure 47. Additional Sequential Photographs, Test No. MGSNB-2
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Figure 48. Additional Sequential Photographs, Test No. MGSNB-2
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Figure 49. Additional Sequential Photographs, Test No. MGSNB-2
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Figure 50. Documentary Photographs, Test No. MGSNB-2
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Figure 51. Documentary Photographs, Test No. MGSNB-2
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- MwRSF

Figure 52. Impact Location, Test No. MGSNB-2
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Figure 53. Vehicle Final Position and Trajectory, Test No. MGSNB-2
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54. System Barrier Damage, Test No. MGSNB-2
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Figure 55. Guardrail Damage between Posts 13 and 17, Test No. MGSNB-2
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Figure 56. Post Damage between Posts 15 and 17, Test No. MGSNB-2
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Figure 57. Vehicle Damage, Test No. MGSNB-2
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Figure 58. Vehicle Damage, Test No. MGSNB-2
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Figure 59. Vehicle Damage, Test No. MGSNB-2
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7 COMPARISON BETWEEN BLOCKOUT AND NON-BLOCKOUT MGS TESTING

A comparison between the blocked and non-blocked MGS for both the 2270P truck and
1100C small car is presented in Table 11. Rear-view sequentials for the 2270P and 1100C tests
are shown in Figures 60 and 61, respectively. Barrier damage and vehicle damage are shown in
Figures 62 and 63, respectively. Longitudinal and lateral change in velocity plots are shown in
Figure 64.

Each test successfully passed all criteria set forth by MASH. In fact, all data, photos, and
videos showed that none of the conducted tests were in any danger of failing any of the criteria.
However, there were some noteworthy differences between the blocked and non-blocked results
for the respective vehicles.

For the 2270P vehicle, the non-blocked test when compared to the blocked test had
significantly reduced rail deflections, a roll into the barrier as opposed to away from the barrier,
fewer posts detached from the rail, and fewer posts snagged by the tire. The ORDs and OIVs
were, percentage wise, much higher for the non-blocked system; these differences are also
somewhat evident by examining the change in velocity plots. However, the occupant risk
measures for both systems were small enough to not cause undue concern. In general, the
blocked MGS had higher rail deflections and lower occupant risk numbers.

For the 1100C vehicle, the non-blocked test as compared to the blocked test had
significantly reduced rail deflections, a yaw that was essentially stopped due to wheel snag, more
posts detached from the rail, and more posts snagged by the tire. The ORDs were much lower for
the non-blocked system. But the longitudinal OIV was significantly higher for the non-blocked
system due to a large wheel snag early in the non-blocked test. Again, these occupant differences

are somewhat evident by examining the change in velocity plots. In general, the blocked MGS
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had higher rail deflections and prevented an early wheel snag that essentially controlled the
occupant risk measures for the non-blocked system.

Much of the rail deflection differences can probably be attributed to the soil conditions.
The more recent non-blocked MGS testing was performed in soil that used a relatively new
compaction method, which has been determined to provide a somewhat stiffer soil condition.
This, most likely, reduced dynamic deflections. Soil conditions for all tests were well within
MASH recommendations.
7.1 Discussion

Based on the full-scale testing results, the main advantages of using a blockout for the
MGS are threefold: (1) there is improved stability for both vehicles, lower roll and pitch for the
pickup truck partially due to an effective rail height increase during post rotation, and smoother
redirection for the small car as seen by the consistent/smooth yaw motion; (2) reduced snag on
posts which provides for lower longitudinal velocity change for the small car, smoother yaw
motion of the small car, and lower longitudinal decelerations for both vehicles, and (3) reduced
occupant risk measures, all are better for the truck, while the small car’s longitudinal OIV is
much better. Additionally for the small car, the non-blocked test did have lower lateral ORD but
that was due to lack of yaw caused by wheel snag, and its lower longitudinal ORD was due to
high initial longitudinal decelerations, as seen in the early steep drop of longitudinal change in
velocity (see Figure 64). Overall, it was concluded that the blocked system performed better than

the non-blocked system.
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Table 11. Test Comparisons

MASH Test 3-11 MASH Test 3-10
Comparison of Results
Standard MGS Non-Blocked MGS Standard MGS Non-Blocked MGS
Test Number 2214MG-2 MGSNB-1 2214MG-3 MGSNB-2
Reference Number [2] [this report] [3] [this report]
Designation 2270P 2270P 1100C 1100C
Vehicle
Test Inertial, 1b (kg) 5,000 (2,268) 5,011 (2,273) 2,423 (1,099) 2,407 (1,092)
Speed, mph (km/h) 62.8 (101.1) 62.7 (100.9) 60.8 (97.8) 63.0 (101.4)
Impact Conditions
Angle, deg 25.5 24.7 25.4 25.5
Speed, mph (km/h) 39.6 (63.7) 47.4(76.3) 30.1 (48.4) 25.7 (41.4)
Exit Conditions
Trajectory Angle, deg 13.5 144 14.1 19.1
Longitudinal 8.2 11.5 16.1 10.2
ORD, g's
Lateral 6.9 12.9 8.4 6.3
Longitudinal 15.3 (4.7) 17.1 (5.2) 14.8 (4.5) 31.3(9.5)
O1V, ft/s (m/s)
Lateral 15.6 (4.8) 18.7 (5.7) 17.1(5.2) 15.8 (4.8)
Dynamic 3.6(1.1) 2.8(0.9) 3.0(0.9) 2.4(0.7)
Test Article
Deflections, ft (m) Permanent 2.6(0.8) 1.6 (0.5) 1.7 (0.5) 1.2(0.4)
Working Width 4.1(1.2) 3.6(1.1) 4.0(1.2) 2.9(0.9)
Impact Severity, kip-ft (kN-m) 122 (166) 115 (156) 55(75) 59 (80)
Max. Occupant Compart. Deformation, in. 0.8 (19) 13 (32) 0.2 (6) 13 (32)
(mm)
Max. Yaw Angle, deg -46 51 -29 -14
Max. Roll Angle, deg -5 16 -13 8
Max. Pitch Angle, deg 2 -5 -6 4
. 18" upstream 10" upstream post 46" upstream post 32" upstream post
Impact Point post 12 13 14 14
Posts detached from rail during impact posts 13-16 posts 14-15 posts 15-17 posts 14-17
Posts hit by leading tire (wheel snag) posts 13-15 posts 14-15 posts 15-16 posts 14-17
Posts pulled out of ground none none none posts 14 and 16
Leading tire/wheel disengaged mostly yes tire debeaded yes

88



January 24, 2013
MwRSF Report No. TRP-03-262-12

&9



January 24, 2013
MwRSF Report No. TRP-03-262-12

2 -

Figure 61. Rear View of 1100C Car Tests — 2214MG-3 (left) and MGSNB-2 (right)
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Figure 62. Barrier Damage
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Figure 63. Vehicle Damage
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7.2 Rail-Post Attachment

During test nos. MGSNB-1 and MGSNB-2, the locations of the post bolts were varied
within the rail slots in order to investigate rail release away from the posts, as indicated in Figure
1 and shown in Figure 65. Post no. 15 was most likely the worst case scenario if the rail did not
release from the post during impact. As a result, the post bolt was located at the downstream end
of the rail slot. For both the pickup and small car tests, the guardrail detached from post no. 15 as
the bolt head was pulled through the rail. Slight tearing of the rail was evident around the rail
bolt hole, but nothing of significance was observed to cause concern for rail rupture. Video
analysis also showed that the release of the rail occurred considerably before the post could pull
the rail down as the posts rotated in the soil.

Further, for both tests, the post bolt at post no. 16 was initially in the center of the slot.
For the truck test, test no. MGSNB-1, post no. 16 rotated in the soil, the rail did not release from
the post, and the tire did not snag on the post. Although in the impact zone, release of the rail for
this post was not required for good redirection performance. For the small car test, test no.
MGSNB-2, the rail slipped along the bolt, causing the bolt to butt up against the end of the slot.
The bolt head was then pulled through the rail in a timely manner, this time without any tearing
of the rail around the bolt hole.

Similar behavior for rail release under worst case scenarios occurred during testing of the
non-blocked MGS for MSE walls. That performance was documented in Reference 14.

In order to prevent the rail from being pulled down as a post rotates in the soil as well as
a possible vehicle override of the barrier during an impact event, the rail may need to detach
away from the post. Fortunately, it has been shown that the bolt attachment mechanism used for
the MGS, the same one used for standard W-beam guardrail systems for several decades,
provides for satisfactory rail detachment.
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Still Occurred

101

(b) MGSNB-2

Figure 65. Bolt Located in Worst Case Location — Pull-Through Behav
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7.3 Importance of the Blockout

The 31-in. (787-mm) mounting height is only one component which contributes to the
enhanced performance of the MGS. It is well acknowledged that blockouts serve two primary
purposes in the strong-post system. The first, and most important, is causing the rail to rise
during an impact. As illustrated in Figure 66, during an impact, the rotation of the posts in
conjunction with the blockout causes the rail to rise in the MGS (as well as in Standard W-Beam
Guardrail Systems). This is not the case for the 31-in. (787-mm) W-Beam guardrail system
without blockouts; where the rail immediately begins to drop as the post rotates in the soil. The
deeper blockout on the MGS has significantly improved performance in concert with the

increased mounting height.
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Figure 66. Blockout Holds Rail Up

A comparison of the rotated rails in the schematic above would not lead one to conclude
that the non-blocked MGS system is unsafe; since, successful crash testing was performed. Even
though the rail is dropping upon post rotation in the non-blocked system, it is not dropping below

a critical height during the initial 25 degrees of rotation. In fact, the rail of the 31-in. (787-mm)
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height MGS with no blockout after 25 degrees of rotation is approximately at the initial height of
standard metric W-beam guardrail system. Post-in-soil rotation of 25 degrees is considered a
reasonable amount for absorbing a significant amount of energy of the impacting vehicle.
However, the larger blockout depth clearly increases the effective guardrail height.

The second function of the blockout is to keep vehicles away from the posts, thus
reducing both the potential for wheel snag and the amount of wheel snag if it were to occur.
Although in all of the testing of the MGS and its’ variations over the past decade, wheel snag has
never proven to be a problem. However, it is prudent to avoid unnecessary impacts of major
components. While our surrogate test vehicles may allow the MGS to function without
blockouts, many other vehicles on the road may suffer from degraded guardrail performance
when interacting with a no-blockout system.

A significant wheel snag occurred at post 14 during test no. MGSNB-2, which did not
occur during test no. 2214MG-3, as shown in Figure 67. Initial impact for both tests was just
upstream of post no. 13, and each vehicle easily cleared post no. 13 without tire-post overlap.
The wheel snag at post no. 14 during test no. MGSNB-1 was the cause for the relatively abrupt
change in longitudinal velocity (see Figure 64), as well as the relatively high OIV compared to
the blocked test, test no. 2214MG-3 (31.3 ft/s versus 14.8 ft/s). It also helped pull post no. 14

out-of-the-ground as well as helped disengage the tire/wheel during the test.
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Figure 67. 1100C Crash Tests at Post No. 14 — Blockout Reduces Wheel Snag
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8 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

A non-proprietary, non-blocked, strong-post, W-beam guardrail system was developed
and crash tested according to MASH. The non-blocked MGS system consisted of a 12-in. (305-
mm) W-beam backup plate instead of blockouts at each post location to prevent rail tearing. Two
full-scale crash tests were performed according to the TL-3 safety performance criteria, as
defined in MASH. Test no. MGSNB-1 (test designation no. 3-11) consisted of a 5,181-1b (2,350-
kg) pickup truck impacting the non-blocked MGS at a speed of 62.7 mph (100.9 km/h) and at an
angle of 24.7 degrees, resulting in an impact severity of 115.1 kip-ft (156.1 kJ). The vehicle was
contained and smoothly redirected. Test no. MGSNB-2 (test designation no. 3-10) consisted of a
2,578-1b (1,169-kg) small car impacting the non-blocked MGS at a speed of 63.0 mph (101.4
km/h) and at an angle of 25.5 degrees, resulting in an impact severity of 63.5 kip-ft (86.1 kJ).
The vehicle was contained and smoothly redirected. Thus, the non-blocked MGS was judged to
be acceptable according to the safety performance criteria presented in MASH. A summary of
the safety performance evaluation is provided in Table 12.

The non-proprietary, non-blocked MGS as well as the proprietary, non-blocked, strong-
post W-beam guardrail systems have been developed and successfully crash tested according to
the safety performance criteria presented in MASH. Results of test designation nos. 3-10 and 3-
11 for each of the 31-in. (787-mm) tall W-beam guardrail systems are summarized in Tables 13
and 14. A summary of the test results and sequential photographs for each test is show in
Appendix G. As a result, any of the 31-in. (787-mm) tall W-beam (non-blocked) systems would
be a viable option for use in areas where the roadway space required to install a blocked
guardrail system is limited. However, the proprietary, non-blocked W-beam systems require the
State DOTs to maintain an inventory of specialized components for replacement. This, in turn,

may create maintenance issues, especially if multiple proprietary systems are permitted to be
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used in one area. Potential improper repairs could also create tort liability issues. Therefore, the
non-proprietary, non-blocked MGS would be an alternative to use when roadway space is limited
and would also eliminate tort liability concerns.

Previously, wood blockouts used in conjunction with the MGS greatly increases barrier
capacity, reduces occupant risk, and improves the vehicle’s post-impact trajectory. Thus, the
researchers recommend that 12-in. (305-mm) deep wood blockouts, or acceptable alternatives, be
used with the MGS when the roadside geometry can accommodate a guardrail system with

increased width.
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Table 12. Summary of Safety Performance Evaluation Results

Evaluation Evaluation Criteria Test No. Test No.
Factors MGSNB-1 | MGSNB-2
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 N 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
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
and pitch angles are not to exceed 75 degrees.
Occupant Impact Velocity (OIV) (see Appendix A, Section A5.3 of MASH for
0 calculation procedure) should satisfy the following limits:
ccupant
Risk Occupant Impact Velocity Limits S S
Component Preferred Maximum
Longitudinal and Lateral 30 ft/s (9.1 m/s) 40 ft/s (12.2 m/s)
The Occupant Ridedown Acceleration (ORA) (see Appendix A, Section A5.3 of
MASH for calculation procedure) should satisfy the following limits:
Occupant Ridedown Acceleration Limits S S
Component Preferred Maximum
Longitudinal and Lateral 15.0¢g’s 20.49 g’s
MASH Test Designation Number 3-11 3-10
Pass/Fail Pass Pass

S — Satisfactory

U — Unsatisfactory
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Table 13. 31-in. (787-mm) Tall Guardrail Systems Test Designation No. 3-10 Result Comparison

Test No. 3-10
Comparison of Results NU- Non-Blocked Standard Standard 8-in. Block
T-31 GMS O MGS MGS MGS MGS
Test Criteria NCHRP 350 | NCHRP 350 | NCHRP 350 MASH NCHRP 350 MASH MASH
Reference Number [8] [9] [10] [this report] [1] [3] [2]
Test Number 220570-4 GMS-2 057073101 MGSNB-2 NPG-1 2214MG-3 420020-5
Blockout depth, in. (mm) none none none none 12(305) 12(305) 8(203)
Designation 820C 820C 820C 1100C 820C 1100C 1100C
Vehicle . 2,434
Test Inertial, 1b (kg) | 1,819 (825) | 1,808 (820) | 1,845(837) | 2,408 (1,092) | 1,790 (812) | 2,423 (1,099) (1:104)
Impact Speed, mph (km/h) | 63.4 (102.1) | 66.0 (106.3) | 63.5(102.2) | 63.0(101.4) | 63.9(102.9) 60.8 (97.8) 60.4 (97.2)
Conditions | Angle, deg 20.3 18.8 20.3 25.5 20.0 25.4 25.6
ORD, g's Longitudinal** -12.9 -8.1 -6.3 -10.2 6.1 16.1 8.8
Lateral** 7.6 7.1 7.8 -6.3 8.0 8.4 6.8
OlV, ft/s | Longitudinal** 21.0 (6.4) 24.9 (7.6) 22.3(6.8) -31.3(-9.5) 11.5(3.5) 14.8 (4.5) 21.0(6.4)
(m/s) Lateral** 19.0 (5.8) -15.7 (-4.8) -11.5(-3.5) -15.8(-4.8) 18.6(5.7) 17.1 (5.2) 17.4(5.3)
Test Article | Dynamic 1.61(0.49) | 2.17 (0.66) (0.68) 2.43(0.74) 1.42(.44) 3.00 (0.91) 2.38(0.73)
Deflections, | Permanent 1.02 (0.31) 1.84 (0.56) (0.29) 1.16(0.35) 0.78(.24) 1.66 (0.51) 1.58(0.48)
ft (m) Working Width 4.40 (1.34) NA* NA* 2.88(0.88) 3.36(1.02) 4.03(1.23) | 2.38(0.73)
Impact Severity, kip-ft (kN-m) 29.5(39.9) | 27.4(37.1) NA* 59.2(80.3) 28.6(38.8) 55.0 (74.6) 55.4(75.1)
Max. Occupant Compartment
Defomaﬁofl’l o (mml; 3.3 (85) 0.0 (0) ) 1.3(32) NA* 0.2 (6) 0.0(0)
Max. Yaw Angle, deg. -35 -97.1 -164.7 -14.2 106.5 -28.6 49
Max. Roll Angle, deg. -3 7.8 -11.8 8.3 -8.1 -12.8 -16
Max. Pitch Angle, deg. -7 -5.2 14.5 4.0 -7.7 -5.8 -11

*NA: Not available
**Depending on sign convention of accelerometer data, magnitudes will be comparable
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Table 14. 31-in. (787-mm) Tall Guardrail Systems Test Designation No. 3-11 Result Comparison

Test No. 3-11
Comparison of Results T31 GMS NU-GUARD- Non-Blocked Standard Standard
31™ MGS MGS MGS
Test Criteria MASH MASH NCHRP 350 MASH NCHRP 350 MASH
Reference Number [8] [9] [10] [this report] [4] [5]
Test Number 220570-2 GMS-1 057073112 MGSNB-1 NPG-4 2214MG-2
Blockout depth, in. (mm) none none none none 12(305) 12(305)
Designation 2270P 2270P 2270P 2270P 2000P 2270P
Vehicle . 5,000
Test Inertial, Ib (kg) | 5,068 (2,299) 4,844 (2,197) 4,921 (2,232) 5,011 (2,273) 4,378 (1,986) (2:268)
Impact Speed, mph (km/h) 60.6 (97.6) 60.7 (97.7) 60.9 (98.0) 62.7 (100.9) 60.9 (98.1) 62.8 (101.1)
Conditions Angle, deg 26.8 25.9 24.5 24.7 25.6 25.5
, Longitudinal** -6.1 -10.7 -6.2 -11.5 9.5 8.2
ORD.£5 I eral* 74 11.5 6.4 12,9 6.9 6.9
OIV. ft/s (m/s) Longitudinal** 16.4 (5.0) 16.4 (5.0) 11.2(3.4) -17.1 (-5.2) 18.3 (5.6) 15.3 (4.7)
Lateral** 16.7 (5.1) -10.5 (-3.2) -13.8(-4.2) -18.7 (-5.7) 12.8 (3.9) 15.6 (4.8)
Test Article Dynamic 3.41(1.04) 2.92 (0.89) 3.6(1.1) 2.84(0.87) 3.60 (1.09) 3.65 (1.11)
Deflections, ft | Permanent 2.40 (0.73) 1.84 (0.56) 2.6(0.8) 1.61 (0.49) 2.14 (0.65) 2.63 (0.80)
(m) Working Width 3.67 (1.12) NA* NA* 3.60 (1.10) 4.13 (1.26) 4.05 (1.23)
Impact Severity, kip-ft (kN-m) 126.7 (171.8) 113.9 (154.4) NA* 115.0 (155.9) 101.6 (137.7) (}égg)
Max. Occupant Compartment
Deformatiolljl o (mmI; 0.0 (0) 0.0 (0) 0.03(1) 1.3 (32) 1.25(31.8) 0.8 (19)
Max. Yaw Angle, deg. 42 359 -30.7 50.6 31.8 -45.7
Max. Roll Angle, deg. -14 -12.3 -11.8 15.7 -4.9 -4.8
Max. Pitch Angle, deg. -22 -6.2 -8.6 -5.3 NA* -1.8

*NA: Not Available

**Depending on sign convention of accelerometer data, magnitudes will be comparable
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9 IMPLEMENTATION GUIDANCE

9.1 Background

As previously noted, the research detailed herein demonstrated that the non-blocked
version of the MGS with W6x8.5 (W152x12.6) steel posts performed in an acceptable manner
according to test designation no. 3-11 of the MASH impact safety standards. However, several
variations of the MGS system have been developed for special applications, which may be more
sensitive to the elimination of the blockouts. These special applications would include the MGS
long-span system, MGS adjacent to 2:1 fill slopes, MGS on 8:1 approach slopes, MGS adjacent
to curb, MGS stiffness transition to approach guardrail transitions, MGS with reduced post
spacing, and MGS with various wood posts. Since several MGS variations are available,
recommendations regarding the use of a blockout will likely vary depending on the nature and
behavior of the special applications listed above. Implementation guidance and/or
recommendations regarding the use or omission of blockouts in these special applications are
discussed below.
9.2 MGS Long-Span Guardrail

The MGS long-span guardrail system was successfully full-scale crash tested using an
unsupported length of 25 ft (7.62 m) and three CRT posts with 12-in. (305-mm) deep blockouts
adjacent to each end of the unsupported span. These CRT posts were incorporated into the
system in order to mitigate concerns for wheel snag on posts adjacent to the unsupported span
when traversing from the unsupported span to the downstream standard guardrail. Adjacent to
the CRT posts, the standard MGS utilized 12-in. (305-mm) deep blockouts. The MGS long-span
guardrail system was installed with the back of the CRT posts positioned flush with the front
face of the culvert headwall. The posts upstream and downstream from the culvert were installed

2 ft (610 mm) away from the slope break point of a 3:1 fill slope.
104



January 24, 2013
MwRSF Report No. TRP-03-262-12

Occasionally, it may be desirable to attach a non-blocked version of the MGS to the MGS
long-span guardrail system as there may be limited roadway width near concrete box culverts.
However, there are concerns regarding the removal of the blockouts in the MGS long-span
guardrail system. First, the removal of the blockouts on the six CRT posts would increase the
likelihood for wheel snag on these posts. In addition, removal of the blockouts adjacent to the
unsupported span would cause rail height to decrease immediately upon impact and through
subsequent lateral post deflections, which could potentially reduce vehicle containment within
the unsupported span. Finally, removal of the blockouts on the CRT posts would effectively
move the front face of the guardrail closer to the culvert, thus allowing an impacting vehicle to
deflect farther past the exterior edge of the headwall. This increased vehicle and barrier
deflection beyond the exterior face of the headwall could increase the potential for vehicle
instabilities upon redirection, promote excessive vehicle/wheel snag on the downstream
wingwall, allow for excessive vehicle decelerations, and/or reduce the safety performance of the
barrier system. Based on these concerns, it is recommended that 12-in. (305-mm) deep blockouts
be retained on the six CRT posts.

However, it is believed to be acceptable to allow for the removal of the blockouts away
from the steel support posts located adjacent to the CRT posts. The non-blocked version of the
MGS performed in an acceptable manner when (1) using the standard post spacing on level
terrain and (2) placed at the slope break point of a 3:1 fill slope positioned above a wire-face
mechanically-stabilized earth (MSE) wall. Both full-scale crash testing programs were successful
under the MASH TL-3 safety performance criteria using both the 1100C and 2270P vehicles.
Based on these test results, a non-blocked MGS installed with the back of the posts positioned 2
ft (305 mm) laterally away from the slope break point of a 3:1 fill slope should not cause safety

concerns. As such, the non-blocked MGS system would not be expected to significantly degrade
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the safety performance of the MGS long-span guardrail system when attached to guardrail
beyond the upstream and downstream CRT wood posts. Therefore, it would seem reasonable to
allow for the non-blocked MGS to be attached to the MGS long-span guardrail system as shown
in Figure 68.

9.3 MGS Adjacent to 2:1 Fill Slopes

Previously, the 31-in. (787-mm) tall Midwest Guardrail System with 9-ft (2.74-m) long
W6x8.5 (W152x12.6) steel posts was successfully crash tested under the MASH TL-3 criteria
when installed at the slope break point of a 2:1 fill slope using standard post spacing and
blockouts. However, similar crash testing was not successful for the minimum recommended
MGS mounting height of 27% in. (705 mm). As such, the minimum recommended top mounting
height is unknown for the MGS adjacent to 2:1 fill slopes.

As noted previously, full-scale crash testing was successful on a non-blocked MGS
installed at the slope break point of a 3:1 fill slope positioned on top of an MSE wall. This testing
program was performed under the MASH TL-3 safety criteria for both the 1100C and 2270P
vehicles.

Using the results from these successful crash testing programs, it is believed that
satisfactory performance would also be provided by a non-blocked version of the MGS when
installed adjacent to a 2:1 fill slope as shown in Figure 69. Thus, the use of non-blocked MGS
guardrail installed adjacent to a 2:1 slope would likely be acceptable. However, it should be
noted that no crash tests have been performed on this exact variation and that the minimum
recommended top mounting height would likely be affected, similar to the blocked version of the
MGS adjacent to 2:1 fill slopes. As such, it is highly recommended that a non-blocked version of
the MGS adjacent to 2:1 fill slopes utilize a minimum top mounting height of 31 in. (787 mm) in

combination with longer steel posts.
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Allowable Non—Blocked Wood CRTs with
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Note: (1) Posts can be installed at the slope break point of a 2:1 or
flatter fill slope and a minimum rail height equal to 31 in.
(787 mm).
(2) Back of post must be installed on level or mostly level soil
grading 2 ft (0.6 m) away from the slope break point of a
3:1 or steeper fill slope. The back of the CRT posts can be
flush with the headwall. The headwall cannot extend higher

than 2 in. (51mm) above the ground line. The wingwall must
match the fill slope.
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9.4 MGS on 8:1 Approach Slopes

Previously, full-scale crash testing was successfully performed on the MGS installed on
an 8:1 approach slope with the steel posts positioned 5 ft (1.52 m) laterally behind the slope
break point. This testing program was conducted according to the NCHRP Report No. 350
impact safety standards using both an 820C small car and a 2000P pickup truck. From the crash
testing program, the mounting height of the blocked MGS relative to the airborne trajectory of
the front bumper and impact-side wheels was deemed critical for satisfactorily containing the
2000P pickup truck. Arguably, the test results may have also demonstrated that the 31-in. (787-
mm) top railing height greatly contributed to adequate vehicle containment and stable
redirection. Historically, blockouts have been shown to improve the safety performance of
strong-post, W-beam guardrail systems by providing increased rail height through the initial
stages of barrier deflection and reduced wheel to post contact.

MwRSF researchers have concerns that the removal of the blockout may negatively
affect the ability for the MGS on 8:1 approach slopes to adequately contain and redirect high
center-of-mass vehicles when considering the known dynamic motion of a non-blocked rail
section during post rotation. Therefore, a non-blocked MGS on an 8:1 approach slope is not
recommended for use without further analysis and crash testing.

9.5 MGS Adjacent to Curb

The MGS was successfully crash tested and evaluated with the front face of the W-beam
rail placed 6 in. (152 mm) behind the front face of a 6-in. (152-mm) tall concrete curb according
to the NCHRP Report No. 350 TL-3 criteria using a 2000P pickup truck. However, vehicular
impacts into guardrail placed adjacent to curbs may contact the barrier face with an increased
bumper height and trajectory. As noted above, the mounting height of a blocked MGS can be

critical for satisfactorily containing and redirecting a 2000P pickup truck, especially when the
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front bumper and impact-side wheels become airborne early in the impact event. Further, it has
been noted that a non-blocked guardrail system will allow the top rail height to decrease
immediately after post rotation. Therefore, a non-blocked MGS adjacent to a concrete curb is not
recommended for use without further analysis and crash testing.

9.6 MGS Stiffness Transition to Approach Guardrail Transitions

Historically, spacer blocks have been used in approach guardrail transition systems to
laterally offset the face of the support posts away from the face of the stiffened guardrail
sections. This lateral offset has been used to reduce or eliminate severe wheel snag on the
closely-spaced, deeply-embedded, transition posts. Severe wheel snag on transition posts can
contribute to vehicular instabilities and/or rapid vehicle decelerations. In addition, these
transition posts often utilize increased section size in conjunction with thicker gauge rail
segments or nested rail. Based on these factors, it is very difficult to anticipate the effect of
blockout removal for the transition posts within approach guardrail transitions. Thus, MwRSF
researchers do not recommend the removal of the blockouts in the transition region without
further analysis and crash testing.

While removal of blockouts is not recommended in common approach guardrail
transition systems or within the MGS stiffness transition, it is believed that blockouts can be
removed from the posts in locations farther upstream from the stiffness transition. However, it is
recommended that a minimum of 25 ft (7.62 m) of standard MGS with spacer blocks be placed
adjacent to the new stiffness transition prior to transitioning to any of the non-blocked, 31-in.

(787-mm) tall, W-beam guardrail systems, as shown in Figure 70.
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Note: (1) See report TRP-03-210-10 for general details for adapting the MGS stiffness transition to various thrie beam
approach guardrail transitions. However, it should be noted that not all specific details are reported there in.
Instead, additional details should be obtained from the research reports corresponding with the desired approach
guardrail transition.
(2) A recommended minimum length of 25 ft (7.62 m) of MGS is to be installed between the upstream end
of the asymmetrical W-beam to thrie beam transition section and the interior end of an acceptable, 31-in.
(787-mm) tall, non-blocked steel-post MGS.

Figure 70. Use of Non-Blocked Steel-Post MGS with the MGS Stiffness Transition
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9.7 MGS with Reduced Post Spacing

A blocked version of the MGS with quarter post spacing was successfully full-scale crash
tested and evaluated using a 2000P pickup truck according to the TL-3 criteria found in NCHRP
Report No. 350. The noted blockouts were incorporated to serve the same function in the Y4-post
spacing design as well as in the standard MGS. As observed in the crash testing of the MGS with
Ya-post spacing, the blockouts helped to reduce and/or mitigate wheel snag on the closely-spaced
steel posts, thus reducing the potential for vehicle instabilities or rapid vehicle decelerations. In
addition, no crash tests have been performed on a non-blocked version of a 31-in. (787-mm) tall,
W-beam guardrail system supported by steel posts at a reduced spacing. Based on these facts, it
is not recommended to remove the blockouts from the MGS systems with reduced post spacing
without further analysis and crash testing.
9.8 MGS with Various Wood Posts

Over the years, MwRSF has crash tested several wood-post MGS systems with
blockouts. Round wood posts were manufactured from Ponderosa pine (PP) and Douglas fir
(DF). Rectangular posts were fabricated from White pine (WP) and Southern Yellow pine
(SYP). The round wood-post MGS was successfully evaluated according to the NCHRP Report
No. 350 criteria using 2000P vehicles. Another wood-post MGS was configured with 6-in. x 8-
in. x 72-in. (152-mm x 203-mm x 1.83-m) rectangular WP posts and successfully evaluated
according to the MASH impact safety standards using a 2270P pickup truck. Finally, MwRSF
successfully evaluated the wood-post MGS with 6-in. x 8-in. x 72-in. (152-mm x 203-mm X
1.83-m) rectangular SYP posts according to the MASH impact safety standards using both the
1100C and 2270P vehicles. Similar to the steel-post MGS, these wood-post MGS systems
provided acceptable safety performance without concerns for vehicular instabilities, excessive

occupant ridedown decelerations, or critical occupant impact velocities.
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Based on the similar performance observed for the wood- and steel-post MGS systems
with blockouts, there may be a desire for end users to install a non-blocked, wood post MGS.
Unfortunately, no crash tests have been performed on non-blocked versions of the wood-post
MGS.

Wood and steel guardrail posts can provide slightly different behaviors when loaded
through the W-beam rail and about the strong and weak axis of bending. Typical steel guardrail
posts may rotate in soil, bend about one of the strong and weak axes near the ground line, or
plastically deform from a combination of eccentric loading and/or lateral torsional buckling.
Typical wood posts may also rotate in soil or fracture near the ground line. Based on these slight
differences in post-soil behavior, there are some concerns that the removal of the blockout from
the wood-post MGS may potentially lead to: (1) increased propensity for wheel snag on wood
posts; (2) increased vehicle decelerations; and/or (3) greater risk of vehicular instabilities upon
redirection. Thus, these outcomes could potentially result in degraded barrier performance. As
such, it is not recommended to remove the blockouts from the wood-post MGS without further

analysis and crash testing.
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Appendix A. Material Specifications
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ltem No.| QTY. Description Material Specifications and/or Grade Hardware Guide Mat Certs
W6x8.5 x 6' long [W152x12.6 1829 long] Steel Post ASTM A992 [345
bl 25 MPa] (W6x9 A36 [248 Mpal]) - 002/100142-1/100144-2
b2 1 6'-3" W-Beam MGS Section 12 gauge [2.7] AASHTO M180 RWMO1a 100142-5
b3 12 12'-6" W-Beam MGS Section 12 gauge [2.7] AASHTO M180 RWMO04a 4614
b4 2 12'-6" W-Beam MGS End Section 12 gauge [2.7] AASHTO M180 RWMO04a 4614
b5 4 5/8" [15.9] Dia. x 10" [254] long Guardrail Bolt and Nut ASTM A307 FBBO3 090453-2/100144-3
b6 137 5/8" [15.9] Dia. x 11/2" [38] Guardrail Bolt and Nut ASTM A307 FBBO1 100144-1/100144-3
b7 44 5/8" [15.9] Dia. Flat Washer ASTM A153 FWC16a 090453-15
b8 25 W-Beam Backup Plate 12 ga. [2.7] AASHTO M180 RWBO01a 4614, 3390
cl 4 BCT Timber Post - MGS Height SYP Grade No. 1 or better PDFO1 10-0282(White)
c2 4 72" [1829] Foundation Tube ASTM A53 Grade B PTEO6 09-0468
c3 2 Strut and Yoke Assembly ASTM A36 Steel Galvanized - 090453-8
_ c4 2 5x8x5/8" [127x203x15.9] Anchor Bearing Plate ASTM A36 Steel FPBO1 090453-9
> BCT Anchor Cable Assembly 3/4" [19] 6x19 IWRC IPS Galvanized Wire
c5 2 Rope FCA01-02 090453-6/10-0142-3
cb 2 Anchor Bracket Assembly ASTM A36 Steel FPAO1 090453-10
23/8"[60] O.D. x 6" [152] Long BCT Post Sleeve ASTM A53 Grade B
c7 2 Schedule 40 FMMO2 09-0458
c8 4 5/8" [15.9] Dia. x 10" [254] Long Hex Head Bolt and Nut ASTM A307 FBX16a 090543-11/090-0452
c9 16 5/8" [15.9] Dia. x 11/2" [38] Long Hex Head Bolt and Nut ASTM A307 FBX16a 090453-1/09-0452
cl10 4 7/8" [22.2] Dia. x 71/2" [191] Long Hex Head Bolt and Nut ASTM A307 FBX22a 100259-3/100259-1
cll 8 7/8" [22.2] Dia. Flat Washer ASTM A153 FWC22a 100259-2
Soil 5052010

Figure A-1. Bill of Materials, Test No. MGSNB-1
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Item No. QTy. Description Material Specifications and/or Grade Hardware Guide Mat Certs
W6x8.5 x 6' long [W152x12.6 1829 long] Steel Post ASTM A992 [345
b1 25 MPa] (W6x9 A36 [248 Mpal) . 002/100142-1/100144-2
b2 1 6'-3" W-Beam MGS Section 12 gauge [2.7] AASHTO M180 RWMO1la 100142-5
b3 12 12'-6" W-Beam MGS Section 12 gauge [2.7] AASHTO M180 RWMO4a 4614
b4 2 12'-6" W-Beam MGS End Section 12 gauge [2.7] AASHTO M180 RWMO4a 4614
bS5 4 5/8" [15.9] Dia. x 10" [254] long Guardrail Bolt and Nut ASTM A307 FBBO3 090453-2/100144-3
b6 137 5/8" [15.9] Dia. x 1 1/2" [38] Guardrail Bolt and Nut ASTM A307 FBBO1 100144-1/100144-3
b7 44 5/8" [15.9] Dia. Flat Washer ASTM A153 FWC1l6a 090453-15
b8 25 W-Beam Backup Plate 12 ga. [2.7] AASHTO M180 RWBO1la 4614, 3390
cl 4 BCT Timber Post - MGS Height SYP Grade No. 1 or better PDFO1 10-0282(White)
c2 4 72" [1829] Foundation Tube ASTM AS53 Grade B PTEO6 09-0468
c3 2 Strut and Yoke Assembly ASTM A36 Steel Galvanized - 090453-8
c4 2 5x8x5/8" [127x203x15.9] Anchor Bearing Plate ASTM A36 Steel FPBO1 090453-9
BCT Anchor Cable Assembly 3/4" [19] 6x19 IWRC IPS Galvanized Wire
c5 2 Rope FCA01-02 Black Paint
- cb 2 Anchor Bracket Assembly ASTM A36 Steel FPAOL 090453-10
O 2 3/8" [60] O.D. x 6" [152] Long BCT Post Sleeve ASTM A53 Grade B
c7 2 Schedule 40 FMMO2 09-0458
c8 4 5/8" [15.9] Dia. x 10" [254] Long Hex Head Bolt and Nut ASTM A307 FBX16a 090543-11/090-0452
c9 16 5/8" [15.9] Dia. x 1 1/2" [38] Long Hex Head Bolt and Nut ASTM A307 FBX16a 090453-1/09-0452
cl0 4 7/8" [22.2] Dia. x 7 1/2" [191] Long Hex Head Bolt and Nut ASTM A307 FBX22a 100259-3/100259-1
cll 8 7/8" [22.2] Dia. Flat Washer ASTM A153 FWC22a 100259-2
Soil 5052010

Figure A-2. Bill of Materials, Test No. MGSNB-2
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Figure A-3. W6x8 [W152x12.6] Steel Post Material Specifications, Test Nos. MGSNB-1 and MGSNB-2
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Figure A-4. W6x9 [W152x13.4] Steel Post Material Specifications, Test Nos. MGSNB-1 and MGSNB-2
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Figure A-5. 6-ft 3-in. (1,905-mm) Long W-Beam MGS Section Material Specifications, Test Nos. MGSNB-1 and MGSNB-2
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Figure A-6. 12-ft 6-in. (3.8 m) Long W-Beam MGS Section and End Section Material Specifications, Test Nos. MGSNB-1 and
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8900 58X 108 7281134 BS204  120266BR74
Y1{5 43500 58X 108" 7281814 34 85217 126266BR74

2550 5/ X 10W-6". 7261286 85180  126266BR84 L
4,500  &/B X 14-8" 7366618 85199 128256BRBE
BOO0  5/8X 186" 7368618 85157  126266BRE4
1,536 5/8 X 186" 7366618 85157  126266BR74

180 58X 188" 7365618 85156  126266BR74 iy
2964 5BX186" 7368618 85140  126266BR74
4370 58X 18-6" 7261511 BE146  126266BR74 -

400  5BX35° 5078501 B80S 126268BRE2

Signature GGk L. M

TITLE: QUALITY CONTROL
DATE: 11/8/2008

117 Mo Ishing Sreet s Amaneta, Ohio 43102 » 74008T 4410 » FAX: 740/969-4433

Figure A-7. 10-in. (254-mm) Long Guardrail Bolt Material Specifications, Test Nos. MGSNB-1

and MGSNB-2
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= i ? 2z ar HL &R

¢, a8 2.52 B.O008 G 853 §.28 Delid o.98 LA
Id o &% BL om 4

5. Ge2 H.04 . b.o0% b.g4ag f.603 R ]

T T o —— #sammmmmunwernsen CATLEUTATED TIETE o o v o e o o o o o o e e 0 e e A . —— -
EDUCTLOR RASTO 1R7.2 10 L

;::Rﬂmtﬂ CRAIM STIE 5 CR FMNER BASED W A TOTAL ALTMNSDY COMTENT BC0UAT 70 R GHTATER TH2Y .020% SEp
Aas.

EMMOR AR EA A Ge EDER O AR —muanasras STHST a

e T R 0 e 8 8 3 3 o8

RS
ENICHL ENALYSIE CORFORME I0 ARTLITABLE SEECS: ASTM FA15, LELI0LEY, -BLI0LIR,
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SOTHALIC PrNPewEh PROTICTS pERewy ORPOSe thoe 7308 MIERRIAD LISTED AERECW FAS BuRN CNERECEED M
mmmmnmmmmmmmmmmmwmmﬂwm
HULTE OF SUCHE INSrECTI SN0 TESTING ERS SHES APPROVED JOR CUNFORMANGE TH THE SPECIEZIUATIONG .

EVIFICATE OF TE872 SEARL ROT PR AEPROINCEC SXOHRT IN FULL-

ASTH ERBAS,

& EEYTING SAE cEEY PERFOMMED TSING I7R commewr BEVIRICS oF THE TEETING SEPCLFICATIONS.
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WELD Cp WEnp REPRIR HAE PENFORMED Om TEIS WASERIAL.
£ ESEULTY WERORNTED RELATE GIWEY 20 IBE ¥y TEETED

OF INFORMATION -ec-——-vn= A 8 e T8 8 55 8 ey T O e
LT BduRcE: LCERTR BILIET HECT COUNERY: .85 EOT ROLD mczs TARARIR B,/10. T.S.A
I‘-'Eﬂman HOY BILLET PED, A0 137.3

~-—- --------- m OF DRTH ==-—-- v e moman D mmanapommemaemaanas BG OF GRTA --rossscowan e
ATTENTICH TR yTBMRRT Laandenanes
msmm i c:mr FRIVTED AT SHIFFZNS ARsh
1 COBY
1 &, SEBELIGH. : AT SREDT ¥. JARTINE
SHAmR

TELH. SERVIVES

T4

O s

Figure A-8. 10-in (254-mm) Long Guardrail Bolt Material Specifications (cont.), Test Nos.

MGSNB-1 and MGSNB-2
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B6/0d/ 2003 16238

4p2-761-3268

MIDWEST MACHINERY ~ 77

Mid West Fabricating Company
Rockmill Division
3115 Waest Fair Avanue
Lancaster, OH 43130 Lab Test Report
{740} 6B1-4411
Data Results
Pate: 24-5ep-08 Somple 3: 65
Part Momber; 10-6 Sample 284 .
Deseription: 16" POST BOLT W/6" THRD Senlibe Ao S
ﬂ' Sample 4 2.95
{qx‘ﬁqmbm 85217 5 3,28
Customer: Trinity Sampla & 5,49
Test fype: Permiscope Ewmiphe 7 3.12
Hest fomber: 7261813 Semple 8: 2,64
Processor: Columbus Swmphe 51 .59
Sample 38 371
Yesting Standard: ASTM=A1B3-A153/98 pe %3
Requirementy L.47 Mil Sumple 12: 2738
Sample Qly: %0 Swmpie 130 %01
Dlepositfon: Ship Sanwoie 147 70
Sisfp Iy KBS Bamigre 15 2.88
Sampie 16 %26
Soeple 17t 243
Sample 26: 2.35%
Sampie 19: 244
Sample 20¢ 2.58
AverEge: 2.84

¥ Conformance -

Men-Conformance

Thig repert shall aok be reproduced, Sxcepl in fuli, withaut the verfttsn mpproval of

Mid West Pabrieating Company's Quality

Performed By:  D.Emith

January 24, 2013
MwRSF Report No. TRP-03-262-12

Figure A-9. 10-in (254-mm) Long Guardrail Bolt Material Specifications (cont.), Test Nos.

MGSNB-1 and MGSNB-2
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£ 11702
432 751 -3288 WMIDWES F"ACHIN\.‘RI AGE

fAc/04/ 2809

Midl West Fabiricating Compeny
Rockmil! Division ,
3115 Wast Fair Avenus
Lancaster, OH 43130 Lab Test Report
{745} sR1-4411
Bata Results
rer 24-Sep-08 Semiple i: Z1E
Part Mumber: 30-6 Sample 2: . 2B2
Description: 10 POST BOLT W/E° THRD e 22 58
' J Ssmpls & 2158
@Nmﬂm 85227 - i
Customar: Trinity Sumple & 237
Test Type: Pormivcope Sample # A.54-
Hoat Mumbary 7381811 Eample & 2401
; i A7
Broesssore Golumbus Somple 2 2
Sampis 26y 2.47
Tagbing Stondard: ~AA53-A153798 Sasngle 1t .40
Reguivament: 277 Ml Sasminle 12 2,40
Swinple Qty: 26 Somplz 25 4.00
Dieposidon: Ship sy 14 2.79
Ship ID: X9 Ezmple 15 3.50
Sample 167 3,28
Samiple 17 248 .
Sarmple 188 273
Sempie 187 282
Semple 20 322
Average: 2,78
7 Conformance
Mon-Conformance Performed Byr  D.Smith
shall not be reproduced, wreept in full, without the writter approval of
ks Hi: West Fabricating Company's Quality Deparbment

Figure A-10. 10-in (254-mm) Long Guardrail Bolt Material Specifications (cont.), Test Nos.
MGSNB-1 and MGSNB-2
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AG/ B4/ 2089 16236 4p2-761-3288 MIDWES! MALMLNEN:

Mid West Fabricating Cezmpany ‘

Rockmill Division .
5

f‘:ﬁumfgf."&"fﬂ" Lab Test Report

{740) 682-4413

Date Results

Dater 24-Sep-08 Sampie As 218

Part Number: 10-6 Sample 2: 2,68
Homple 3r 2,29

Description: 10" POST BOLT W/6" THRD Semple 4 290
Lot Menmler? 8.521?’ Sample & .09
Quetomer: Trinky Sample & 3.8
Tast Type? Parmiscope Sample 75 2,39
Heat Number: 7261811 Semple 8: 312

Sampie 87 372 B
S 2dr 82 '

Frocessar; Golumbus

Tasiing Standard: ASTM=RA1563-A153/98 a e 13 5.006 ]’
Reguirement: 1.77 Wil Samte 12 i .
Sample Qty: 10 T Somple 18 .00
Disposition: Swip , Sampie 14: o.00
Sl ID¢ K00 SEmple 15¢ 0.00
Sompie 16: 2,06
Sompis 17t Q.00 |
Sampia 18 2,00
Sampie 29! G.00
Sampls 20: 0.90 -
Aversge: 276

Y Conformance

fon-Conformance Barformed By DSt

be raproduced, axcapt in mn. wlwm 'Ehe wﬁm approval of
s mﬂ: ahall nat ﬁﬁ Eabiticating Company's Qualily Department.

Figure A-11. 10-in (254-mm) Long Guardrail Bolt Material Specifications (cont.), Test Nos.
MGSNB-1 and MGSNB-2
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Mic West Fabricating Compary
% Rockomiil Division

3115 West Ealr Avenue

Lancaster, O8 43130

{740) 621~4411

MIDWEST MACHINERY

Datey 248-Sep-iE

Part Nugiber:
D&ﬂlx'l’m;::
Lot umbers
Customes:
Test Type
Heal Anber:
Frooassor:

| Tasting Slandawdt
Ragiirainent:
Sawipie gty
Disposttion:
Shyip 702

106 ‘
10" POST BOLT W/6" THRD
SISZ‘M?
Trinity
Rociovell
- F2EL81LL
Columbus
ASTM=ELE-88
69-160 8"
8
Serap

Y Conformance

Non-Conformancs

Lab Test Report
Data Resulls
Sample 1: 85,20
Saimple 2 RE.80
Soimpie 5 B85.40
Sample 4 85,80
Sampin 5 85,650
Sampie 6 G.00
Fample v 0.00
Samipie &5 G000
Sample Br @.00
Sagmipe L6 B.00
Sample 212 0,00
Sampia 33 0.460
Sample 18: .60
B 14: .80
Soymple 15: 0,00
Sepgpie 26: 4,00
Sasmpie 17 Gaon
Smmpale 28: 2.00
Sampia 29; .60
Sampie 20; a,00
Svarsga £5.60

Ferfarmed By D.Emith

" “Tiiha report shall wok e reproducnd, sxcept in full, without the writhen opproval of
il West Babricating Compeny's Guality Depsrtmeant,

January 24, 2013
MwRSF Report No. TRP-03-262-12

ey —

P

Figure A-12. 10-in (254-mm) Long Guardrail Bolt Material Specifications (cont.), Test Nos.

MGSNB-1 and MGSNB-2
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(R I

MIDWEST MACHINERY

ac/aasoeng  16:36 4g9-761-3268

Mid West Fabricating Company
Roclomill Division
F145 West Fair Avenua
Lancaster, OF 43130 Lab Test Report
{7480) 683-4444
Dalxn Results
Dofer 24-Bap-08 Smppafe 1 A8,858.00
Parp Mumber: 10-8 Sample 2 17378.00
beseription: 19" POST BOLT W/6" THRD Sample 3 17590.00
o ) Semple 4: 17,508.00
Lot Mumber; BE23T P —
LCustomery Trinky Semple 6 8.00
Test Type: Rotkwedl Sarhpin 7 o.00
Hept Numbers 7EELBLY Sampie 8: G.00
Processor: Columbius Sample 9 G.09
EBample 16G; o008
Tasting Slanderd: ASTMeFL0H6-558 325 0.00
Regeirement: 13,590 bf 22 0,00
Sample Gty: 5 Sample 12: .00
Dispogitier: Sorap Sampie 1400 000
Sl 20: Sample 15 BOG
Snitrie 16: .09
Fample A7 5,00
Sampds 187 .08
Somye 28 0.80
Sample 20 8.00
Aversge: 17,242.00
¥ Conformance
Hor-Conformance . By: D.Smith

This raport ehall not ba roproduced, exceat In fufl, Withost the wiitten appvowal of
) Mid West Fabricnting Company's Quality Depariment. |

Figure A-13. 10-in (254-mm) Long Guardrail Bolt Material Specifications (cont.), Test Nos.

MGSNB-1 and MGSNB-2
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11/p4/2003 B6:18 482-761-3288 MIDWEST MACHINERY o PAGE B3/18

M
Rand 5.9 "N

. m ubilc 3049 LIXESHORE-GATE A BUFEALO, WY 14219
- PHORE: 330-4308-38694 FAX: 330-430-5695

| 007 R B RGE L
CERTIFICATE OF TESTS REPUBLIC ENGINEERED PRODUCTS Tung 3, 2009
PAGE 1
Or2
PURCHASE ORD: 130869M ' S PURCHASE ORDER. DATE: 4/15/2008 -
DART NUMBER: 100944B ACCOUNT NUMBER: 5550-3007-02
ORDBR NUMBER: 1405650 - 01 SCHEDIOLE: 5e77-6R
HEAT: . B072080 REVISION: 1
====n CHARGP ADDRESS o - wrar SHIP TO —ewsans=ss=scsss-—reru
TRINITY INDUSTRIES INC TRINITY IMOUSTRIES INC
HIGHWAY SAGETY PRODUCES INC €/0 BCA METALS PREP
P O BOX 56RB87 ATH FLOOR 5800 STERLING AVE
PALLAS, TX 75356-0887 MARLR HEIGHTS, OM 44137
MATRRIAL DESCRIPTAON ~--~--sseimc e e da s m s ae e dian o,

ROT ROLLED' STRBL CO) X 5 A% AL, KILLED FINE GRATN cm.u mm QUALTTY "TRET REPORTS' or "
MECIANTCAL PROPERTIES FOR INFO ONLY EXTRA TESTING
GIEB: RDS 1,2190 DIAM X COIL

APR 30, 962¢MM DIAM X COIL

............. mvmmeeremusas s aneameesn GADURE CHEMISTRY & -c-c-ocrevdmur-—=—cacsassmme=--—=ssacaaion
© ] P & T, CR
0.24 0.45 0.013 0,002 0.14 0.0% ¢.05 a.07
v N Al cB N

0.002 0.02 0,006 0.037 0.000 0.0060

remsdn e ————— e T mmman nr CALCOULATED TESTS ~-=v== B el B i T PP -

REDOCTTON RATID 38.1 TO A
o
AUVSTENLTLC GRAIN 5X%8 5 OR FINER BASED QN A TOTAL ALUMTINUM CONTENT EQUAL TO OR GRRATER THAN .020¥ BRR

ASTM Az9.
Ammmmmmssmmmeean aawmmemmme—sssuasnans SBMX - FINISHED RBEOLTE -«vannmrrro-mccsua—rme—oooonacacaaannr
e e e e o i o e A% FINISHRD 8IZE RESULTY r---=rm-=mar—a--o=s-s A mE A ——————
TENSILE TEST ETANDARD PORMAT

TENSILE YIRLD(B.2%) RA =

PSI PSL L] ¥
kCE 01 64510 34910 §4.2 33.0
HARDNESS TEST ASTM ELO/ASTM AJT0 HEW A9-RLD/CD HBW

MID-RADIUZ
AVG 112

REPUBLIC RNMOINEERED PRODUOCTS RERBBY CRRTLFY THAT THE mﬂ\b LISTED m:u HAS BERN INSFECTED AND
TESTED IN ACCORDANCE WITH THE METRODS PRESCRIBED IN THE GOVERNING SPRCIFICATIONS AND BASED UPON THE
RESULTS OF BUCH INSPECTION AND TESTING HAS REFN APPROVED FOR CONFORMANCE TO THE SPRCIFICATIONS.
CERTIFICATE OF TESTS SHALL NOT BE REPRODUCER EXCEFT IN FULL,

ALL TESTING HAS BFEN PRRFORMED USING THE CURRRWT RAEVIAION OF THE TRSTING SPECIFICATIONS.

RECORDING OF FALSE, FICTITIODS QR FRAUDULENT STATEMENTS OR BNTRIES ON THI.“; DOCUMENT MAY BR FONISHED
RS A FELONY UNDER FED STATUES TITLR 18 CHAPTER 47.

THE MATERIAL WAS HOT RXPOSED TO MBRCURY OR ANY METAL ALLOY THAT IS LIQUID AT AMBIENT mmn
TUAING FROCRSSING OR WHILE IN OUR POSSEHITON,

NO WELD OR WELD REPAIR WAS PERFORMED ON THIS MATERIAL.
THE RESULTS REPORTED RELATE ONLY 70 THZ 11EMS TRSTED

MELTED AND MANURACTURRED IN THE U.S.A,

R. A. RULLOCK BY HILDA BEGUE
DIRECTOR QUAL. ASSURANCE L
b -

Figure A-14. 5/8-in (16-mm) Diameter Guardrail Nut Material Specifications (cont.), Test Nos.

MGSNB-1 and MGSNB-2
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11/@442889 ©@5:18  482-761-3268 MIDWEST MACHINERY e
— .2 : ﬂi% ’

Trinity Metals Laboratory “

R A S e W

4001 IRVING p -PO. ' ey

DALLAS, TX 75366-8567 MLAPLAG cate

Phona: 214.569.7591 FAX: 214.585.7694

Lab No: 5080059F Received Date: 08/07/2009 Complatien Date: 08102000

SUE HENLINE " Hﬂ;&uﬂod!! Mmgm

TRINITY PRODUCTS. leat Number: 5072080, Materiel 3 A

ABLLACAE WALC PG or Work Crder: 55-50083 Materiol Sizo: S/ GR Nuts 33408

LIMA, OB 45801 Test Spoc: FEO6 ASTM METHODS

Othor Information:  Lot# 090717N2

PASSED

Hardnoss Typs: HARDNESS ROCKWELL BW Measured Value | Measured Amt

Hatdnesa Lacation: SURFACE of WRENCH FLAT - B Measured Value &
Heninaas Avarage: 83 Moacurod Valie 88
OTHER TEST:

Quantity amount; §

Typa: NUT PROOF LOAD
Samples PASSED proof loads of 16,850 LBS.

L Type: HEAD MARKINGS Quantity amount: 1
TRN L : -
mwﬁmmmuusmm P ‘.aumofl o partial
report will vold certification. NVLAP Cetfifivate of Accraditation effe mughtz-m-us.mammwmhw«hnhlmpm
cartification, epproval, or endorsemant by NVLAP, NIST, or any agency of the federal govommant,

L8 Dievetor, Michet 5, Baskon, PE Tt

Page 2 of2

Figure A-15. 5/8-in (16-mm) Diameter Guardrail Nut Material Specifications (cont.), Test Nos.

MGSNB-1 and MGSNB-2
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MIDWEST MACHINERY

Trinity Metals Laboratory ARG E\ﬁ
ATIVISION OF TRINITY INDUSTRIES %;:’ $
4001 IRVING BLVD. 75247 - P.0. BOX 568887 — e
DALLAS, TX 75358-6987 ¥ LAaGooR
Phone: 214.580.7501 FAX; 214.588.7594 ;
Lab No: 9080059F Recsived Date; 08/07/2009 Gomplotion Dinim: 0BMO/2009
SUE HENLINE . Code: Weld Spec: Ams3A
Ry ARSI PO or Work Order: 55-50083 "Maierial Sizo: 58~ GR Nuta 33408
LIMA, OH 45601 Tont Spec: 606 ASTM METHODS
i Othpr Informetion: Lot # DBOT1TNZ
HARDNESS TEST:
Moasured Value | MeasuredAmt | 'AoSED
Hatdness Typa: HARDNESS ROCKWELL BW
Hardness Location: SURFAGE of WRENGH FLAT - A Massiired Value had
Hardness Average: 88.5 Measurad Velue 88
) PASSED
Herdnees Typs: HARDNESS ROCKWELL 8W Meazured Value Measured Amt
Hardness Location: SURFACE ot WRENCH FLAT - B Meagured Value o2
w Avarage: 82 Measured Valua a2
) PASSED
Hardnoss Type: HARDNESS ROCKWELL BW Moasured Valpe . Measured Amt
Hardnoss Location; SURFACE of WRENGH FLAT - C Measured Value 88
Hardness Average: 87.5 d P
i PASSED
. Hordness Typo: HARONESS ROCKWELL BW- - - . Measured Value | . Measured Amt S
Herdtiass Location: SURFAGE of WRENGH FLAT - B Messured Value 50
Hardnoss Avarsge: 89.5 Measursd Value ™
We eortify the above results to be a rve and of the subrritted. b w‘p:llhl of this
raportwill vald eoification, NVLAP Certificats of Accredfietion affective through 12-37-09. Thia rapost may not bo used 1o clalm product
cerification, approval, o endorsement by NVLAP, NIST, or sny sgency of the federsl govammon).
m.m&m 1o
Page1of 2

Figure A-16. 5/8-in (16-mm) Diameter Guardrail Nut Material Specifications (cont.), Test Nos.

MGSNB-1 and MGSNB-2
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TRINITY HIGHWAY PRODUCTS, LLC.
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PAGE B6/18

AN
| 4

s 425 E. O'CONNOR AVENUE
LIMA, OHID 45801
419.227-1296
MATERIAL CERTIFICATION
CUSTOMER: STOCK
DATE: JULY 27, 2009
| INVOICE #:
L LOT#: 09071742
PART NUMBER: 3340G QUANTITY: 62,000
) ON: 5/8” GRNUT | DATE SHIPPED
SPECIFICATIONS: )
ASTM AS63-A/A153 HEAT 5072080
MATERIAL CHEMISTY

Ci|MN|¥® | § | 8T |COINI(CR| V |MO| SN

AL
Jd [ .45 | 013 ]|.003 (.14 |08 | .05 .07 | 002 | .02 | .0D6 | .037 | .000 | .006

PLATING AND/OR PROTECTIVE COATING

HOT DIP GALVANIZING (OZ PERSQ.FT) | 181 AVG.

—

w*2*xTHIS PRODUCT WAS MANUFACTURED IN THE UNITED STATES OF AMERICA***
THE MATERIAL USED 1N THIS PRODUCT WAS MELTED AND MANUFACTURED IN THE U5.A.
'WE HEREBY CERTIFY THAT TO THE BEST OF OUR KNOWLEDSE MA. INFORMATIO

CONTAINED HEREIN IS CORRECT, /

STATE OF OHIO, COUNTY OF ALLEN
SUBSCRIBEp BEFORE ME

NOTARY PUBLIC

425 E. O°CONNOR AVENUE LIMA, OHIO 45801

419-227-1296

Figure A-17. 5/8-in (16-mm) Diameter Guardrail Nut Material Specifications (cont.), Test Nos.

MGSNB-1 and MGSNB-2
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=~ 1009418

uad a0

-
@) RePUb]l 1807 Easy 2ami sr. LORMOL, OH 45055
PHONE: 338-438-5694 FEX: 330-438-5695

AREIA R @b N e dbe e

CERTFICATE OF TESTS REFUBLIC ENGINEERED PRODUCTS May 6, 2009
: PAGE {

CF2
FURCHASR ORD: 130863M FURCHASR ‘ORDER DATE: 4/1/2008
PART NUMBER: 1009418 ACCOUNT NUMRER : 5550-3007-01
ORDER HIMBER : 1409019 ~ 01 . SOEDILE; 5061-86 F
HEATY 5072004 REVISION: 1 -
==een (HARGE NODRESE - SHIP TO meampeeswowzso=mawsars

ARAMIYY INDOSTRIES INC TRINXITY INDUBTRIES INC

WIGRWAY SMGETT PRODUCTS INC ¢/ BC8 METALS PREP

P O BOX 568087 47H FLOCR 5800 STERLING AVE

DOALLAS, TX 75356-0487 MAPLE HREIGHTS., OH 44137
e MATERIAL DESCRIPKION s-vm-mmmsrmsmem e asmans = v om m oot

HOT ROLLED STERL COILS CARDON AISI-10158 AX AL XILLED PINR ORAIN QOLD WORKING QUALITY TSE'P‘BB-PM op
MBCHANICAL PROPERTIES FOR INFO ORLY EXTRA TRSITNG
§1#8: R®DZ .6350 DIAM X COIL

m 16.2306M8 DIAM ¥ COTL

mesenmmmrrmes——remisdmussamsERcsnEewe- mr.m:.n CHEMIBTRY & = ---mm-smm-mimmasnar-am==—m—rommsneamian

c MY ? 34 o . NI [

D.15 0.47 0.006 a.ﬂus a.08 0.05 §.086 0.05

v MO an AL [s::1 N

1.000 8.02 5.005 0,046 0.000 0.bogs
----------------------------------- CALOTLATED TESTS <msmssss - s s m e e e e A A A G s Al A =

N AEDOCTION RATO 113.1 10 1

mmﬂcmma:m5mmnmmmamma&mmnwmmmmnmm .020% PER

ASTHM K29,
sAs-mbmsruremeemymmame———sn- SEMI - PINISHED RESULTS --

sesmecvnness PINISHED SIZE RESULTS ---
ﬂmm.s THIT BTANDARD FORMAT

TRNSILE m::.u(o W R E
PsI ® ¥

PCE 2728 £3100 uzon 65.4 39.0

HARDNESS TRST ASTM E10/ASTH A370 HEW AS-RLL/CD KBW
MIN-RADIVS i

PCR 2723 116

CHEMICAT, ANAGYSIS CONFORMS TO AFPLICABLE SPACS: AST™M E41S, L[BL10123, LAL1OA30, ASTa E1019,
LBL10150, LBL1DX14, AND ASTM Ei0a5, L8L1olad, LBL101D6.

REPUBLIC RWGINEERED PRODUCTS HEREBY CERTIFY THAT THP MATRRIAL LESTED HEREIN NAS BEEN INSPECTED AND
TESTED IN ACCORDANCE WITH THE METHOOR PRESCRIDED IN THE GOVERNING SPECIFICRTIONS AND BASED UPCN THE
RESULTS OF SUCH FNSPECTION AND TESTING MAS BEEN APPROVED FOR CONFORMANCE TO THE GPECIPICATIONS.

CERTIFICATE OF TRSTS SHALL NOT BE REFRODUCED EXCEPT IN FULL. |

ALL TESTING HAS BERN 7 MED USING THE C REVISION OF THE TRETING SRRECIFICATIONS.

' RECONDING OF PALSE, FXCHTTIOUS OR PRAUDULENT GTATEMENTS OR RTRIES OM THIS DOCUMENT MAY BE PUNISHRD
AS A FELONY ONDER FEU STATORS TITLE 18 CHAPTER 47.

THE MATERIAL WAS NOT BXPOSED TO MERCURY OR ANY METAL ALLOY THAT 12 LIOUID AT AMBIENT TRMPERATIRE
DURDMG PROCRSSTNG OR WNILE IN ODUR POSSESSIGN.

MO WELD OR WELD REDAIR WAS FEAPORMED ON TRIS MATERIAL.
R. A. SZELIGM . BY MILDA RESUR
MAGER

Figure A-18. 5/8-in (16-mm) Diameter x 1 }5-in (38-mm) Guardrail Bolt Material Specifications

(cont.), Test Nos. MGSNB-1 and MGSNB-2
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11/94/2009 @6:1@ 402-761-3288 MIDWEST MACHINERY PAGE @3/18@
—
. e, :
Trinity Metals Laboratory R l A p
ADIVISION OF TRINITY INDUSTRIES % JRM & !
4001 mmsmmmﬂ-r.u.soxmm Spay, JLAS LA o S
Phone: 214.580.7581 FAX: 214.588.75%4
Lab No: 9080115F Reoelved Dala: 08122009 Campletion Date: 08/13/2008
SUE HENLINE mmw e mmwu
L PO er werk Orvor: LOTH 007038 Matartal Stre: S X 1-1/4* GR B
LiMA, OH 42801 Test Spoc: F§06 ASTM METHODS

OTHER TEST:
Type: HARDNESS ROCKWELL BW Quantity amount: 20
A)  B7-87-87-88
B) 87-86-87-88
C) 85-87-86-87
D) B8-86-83-89
E) &r-a7-88-87

Type: HEAD MARKINGS Quantiy amount: 1
TRN USA 307A M

We fhe sbova results fo be o troe end of the submitiod. partal yof thie
repar will void oorfification. NVLAR Ceriificate of Attreditation effective through 12-37-09.This report may nof be used o elalm produet
certification, povamIment.

1, ppreval, or endersament by NVLAP, NIST, or any agency of tha feders!
Vb A~

Lt Dirmelor, Michant 5. Resden, PE

Pege 7 of 1

Figure A-19. 5/8-in (16-mm) Diameter x 1 }5-in. (38-mm) Guardrail Bolt Material Specifications

(cont.), Test Nos. MGSNB-1 and MGSNB-2
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11/84/2099 ©6:18 482-761-3288 MIDWEST MACHINERY PAGE ©2/1v
~ TRINITY HIGHWAY PRODUGTS, LCGC.- -&

Plant #55 ‘(3?

425 E. 0" CONNOR AVENUE
Lima, OH 45801 .
419-227-1296
MATERIAL CERTIFICATION
CUSTOMER: STOCK DATE: JULY29, 2008
1
INVOICE ##

.| LOT NUMBER: 0307038

PART NUMBER: 3360G QUANTITY: 110,765

DESCRIPTION: 58"x1 %" GR BOLT DATE SHIPPED:

SPECIFICATIONS: ASTM A307-A, /A153 REATH: 5072014

MATERIAL CHEMISTRY

c|lmv| p | s |si|{m |cR {Mojou {shn | v |a| N

w
d

NB

A5 | A7 (006 (003 |09 D6 (OS5 J.02 |05 |.005 | 00D |.046 | 0063 | 00D | .000 | .000

I

N

PLATING AND/OR PROTECTIVE COATING
Luo-r DIF GALVANIZED (O%Z. PERSQ. FT) J_ 125 Avg "1

#4++THIS FRODUGT WAS MANUFACTURED IN THE UNITED STATES OF AMERICA™*"*

THE MATERIAL USED IN THIS PRODUCT WAS MELTED AND MANUFACTURED IN THE
LER

425 E. O *CONNOR AVENUE LIMA, OB 45801 © 419:227.1296

Figure A-20. 5/8-in (16-mm) Diameter x 1 }42” (38 mm) Guardrail Bolt Material Specifications

(cont.), Test Nos. MGSNB-1 and MGSNB-2
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11/p4/2003 B6:18 482-761-3288 MIDWEST MACHINERY o PAGE B3/18

M
Rand 5.9 "N

. m ubilc 3049 LIXESHORE-GATE A BUFEALO, WY 14219
- PHORE: 330-4308-38694 FAX: 330-430-5695

| 007 R B RGE L
CERTIFICATE OF TESTS REPUBLIC ENGINEERED PRODUCTS Tung 3, 2009
PAGE 1
Or2
PURCHASE ORD: 130869M ' S PURCHASE ORDER. DATE: 4/15/2008 -
DART NUMBER: 100944B ACCOUNT NUMBER: 5550-3007-02
ORDBR NUMBER: 1405650 - 01 SCHEDIOLE: 5e77-6R
HEAT: . B072080 REVISION: 1
====n CHARGP ADDRESS o - wrar SHIP TO —ewsans=ss=scsss-—reru
TRINITY INDUSTRIES INC TRINITY IMOUSTRIES INC
HIGHWAY SAGETY PRODUCES INC €/0 BCA METALS PREP
P O BOX 56RB87 ATH FLOOR 5800 STERLING AVE
PALLAS, TX 75356-0887 MARLR HEIGHTS, OM 44137
MATRRIAL DESCRIPTAON ~--~--sseimc e e da s m s ae e dian o,

ROT ROLLED' STRBL CO) X 5 A% AL, KILLED FINE GRATN cm.u mm QUALTTY "TRET REPORTS' or "
MECIANTCAL PROPERTIES FOR INFO ONLY EXTRA TESTING
GIEB: RDS 1,2190 DIAM X COIL

APR 30, 962¢MM DIAM X COIL

............. mvmmeeremusas s aneameesn GADURE CHEMISTRY & -c-c-ocrevdmur-—=—cacsassmme=--—=ssacaaion
© ] P & T, CR
0.24 0.45 0.013 0,002 0.14 0.0% ¢.05 a.07
v N Al cB N

0.002 0.02 0,006 0.037 0.000 0.0060

remsdn e ————— e T mmman nr CALCOULATED TESTS ~-=v== B el B i T PP -

REDOCTTON RATID 38.1 TO A
o
AUVSTENLTLC GRAIN 5X%8 5 OR FINER BASED QN A TOTAL ALUMTINUM CONTENT EQUAL TO OR GRRATER THAN .020¥ BRR

ASTM Az9.
Ammmmmmssmmmeean aawmmemmme—sssuasnans SBMX - FINISHED RBEOLTE -«vannmrrro-mccsua—rme—oooonacacaaannr
e e e e o i o e A% FINISHRD 8IZE RESULTY r---=rm-=mar—a--o=s-s A mE A ——————
TENSILE TEST ETANDARD PORMAT

TENSILE YIRLD(B.2%) RA =

PSI PSL L] ¥
kCE 01 64510 34910 §4.2 33.0
HARDNESS TEST ASTM ELO/ASTM AJT0 HEW A9-RLD/CD HBW

MID-RADIUZ
AVG 112

REPUBLIC RNMOINEERED PRODUOCTS RERBBY CRRTLFY THAT THE mﬂ\b LISTED m:u HAS BERN INSFECTED AND
TESTED IN ACCORDANCE WITH THE METRODS PRESCRIBED IN THE GOVERNING SPRCIFICATIONS AND BASED UPON THE
RESULTS OF BUCH INSPECTION AND TESTING HAS REFN APPROVED FOR CONFORMANCE TO THE SPRCIFICATIONS.
CERTIFICATE OF TESTS SHALL NOT BE REPRODUCER EXCEFT IN FULL,

ALL TESTING HAS BFEN PRRFORMED USING THE CURRRWT RAEVIAION OF THE TRSTING SPECIFICATIONS.

RECORDING OF FALSE, FICTITIODS QR FRAUDULENT STATEMENTS OR BNTRIES ON THI.“; DOCUMENT MAY BR FONISHED
RS A FELONY UNDER FED STATUES TITLR 18 CHAPTER 47.

THE MATERIAL WAS HOT RXPOSED TO MBRCURY OR ANY METAL ALLOY THAT IS LIQUID AT AMBIENT mmn
TUAING FROCRSSING OR WHILE IN OUR POSSEHITON,

NO WELD OR WELD REPAIR WAS PERFORMED ON THIS MATERIAL.
THE RESULTS REPORTED RELATE ONLY 70 THZ 11EMS TRSTED

MELTED AND MANURACTURRED IN THE U.S.A,

R. A. RULLOCK BY HILDA BEGUE
DIRECTOR QUAL. ASSURANCE L
b -

Figure A-21. 5/8-in (16-mm) Diameter Guardrail Nut, Material Specifications (cont.), Test Nos.

MGSNB-1 and MGSNB-2
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MIDWEST MACHINERY

N 2 : ‘“%-

Trinity Metals Laboratory «
ADIVISION o#mmrrg:m o 4
4001 IRVING BLVD. 75247 - P.O. BOX 568887 &M % o ..
DALLAS, TX 75356-8887 v e
Phena: 214,680.7591 FAX: 214,580,7654 -
Lab No: 50BD059F Recaived Dete: 08/07/2009 Complstion Date: 08/10/2008
SUE HENLINE — Heat Cado: %”fg Ades

eal Number: 5072080, Material 4 A
;RNTY!-MPWODUET&.LLG#&G PO of Work Order: 55-50003 Materiol Size! 5/%* GR Nuts 33408
LIMA, OH 45801 Tost Spoc: FE06 ASTM METHODS

Othor Information:  Lot# 090717h2

Hardnoss Typs: HARDNESS ROCKWELL BW
Hardnesa Lacalion: SURFACE of WRENCH RLAT -E
Hardneas Average: 88

OTHER TEST:

Typa: NUT PROOF LOAD

PASSED
Measured Valua Measured Amt -
Measured Value [ ]
Measurod Vakie oe

Quantity amount; §

Samples PASSED proof loads of 16,950 LBS.

Quantity amount: 1

L Type: HEAD MARKINGS
TRN L : - n
mwmmmnuamm of the of partial
raport will void cerfiication. NVLAP Cerfificate of Accraditation effe mtiwuugmz-awﬂhllmmaymlbomtuhhnwmu
appeoves, or mmwmaﬁ NIST, or any agency of the federal govomment,

ot/

mmm-ﬂ&mu

Page2of2

Figure A-22. 5/8-in (16-mm) Diameter Guardrail Nut Material Specifications (cont.), Test Nos.

MGSNB-1 and MGSNB-2
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11/84/2003 ©6:19  402-761-3288 MIDWEST MACHINERY PAGE BrrIos ———

S— A ‘sﬂ% )
Trinity Metals Laboratory 4! Bﬂ
ADNVISON OF TRINITY NOUSTRIES %;:’ _‘?
4001 IRVING BLVD. 75247 - P.0. BOX 56868 o .
DALLAS, TX 75358-8887 4 L8 ook
Phone: 214,589.7501 FAX: 214.588.7594 :
Lab No: 95080059F Recsived Date; G8/07/2009 Gomplotion Date: 08/10/2008
SUE HENLINE m:-:t Coda: " Weld Spec: AssaA
Dy e i PO or Work Order: S5-50083 "Material Sizo: 578° GR huka 33408
LIMA, OH 45801 Test Spoc: F606 ASTM METHODS
_ Ofher information:  Lot# DSOT1TNZ
HARDNESS TEST:
- PASSED
. Measured Value Measured I
Hatdness Typa: HARDNESS ROCKWELL BW i
Hardness Location: SURFAQE of WRENGH FLAT - A Messtied Valuo e
Herdness Average: BE.5 Measured Velue 88
_ PASSED
Herdnees Typs: HARDNESS ROCKWELL BW Measyred Value Measured Amt
Hardness Location: SURFACE of WRENCH FLAT-B Measured Value a2
Herdness Avetage: 52 ‘ Mogsured Valum P
\/
. PASSED
Hardnoss Typs: HARDNESS ROCKIVELL BW Monsurgd Malps .| ; Measured Amt
Hartdness Logation: SURFAGE of WRENCH FLAT - C Measured Value 88
Hardness Average: B7.5 Mesaured Valuo a7
; PASSED
- Hardriess Typo: HARDNESS.ROCKWELL BW. ... .. |. MeasuredValue | Measured Amt .| .
Hardness Locatian: SURFACE of WRENCH FLAT - D Measured Value 90
Hardnoss Average: 88.5 - Measursd Valus P
We coriy the above results to be 2 iruo and ofthe subritted. or partial rep of this
report will vold corlification, NVLAP Cerlificate of Accreditation offective fhrough 12-21-09.This raport may not bo used 10 clalm product
cartification, approval, or andorsement by NVLAP, NIST, or any agency of the fedetal govemmonl.
Lals Divacior, Michan] B Bantorn, PE
“— . Paget of 2

Figure A-23. 5/8-in (16-mm) Diameter Guardrail Nut Material Specifications (cont.), Test Nos.

MGSNB-1 and MGSNB-2
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TRINITY HIGHWAY PRODUCTS, LLC.

~— 425 E. O°CONNOR AVENUE
LIMA, OBIO 45801
410-227-1296
MATERIAL CERTIFICATION
CUSTOMER: STOCK
DATE: JULY 27, 2009
| INVOICE #:
LLOT #: 090717N2
PART NUMBER: 3340G QUANTITY: 62,000
DESCRIPTION: 5/8” GRNUT | DATE SHIPPED
SPECIFICATIONS: :
ASTM AS63-A/A1S53 HEAT 5072080
MATERIAL CHEMISTY

ClMN| ¥ | 8 | ST|COINI|CR| V |MO| SN | AL
.14 | 45 | 013 | .003 | .14 | .05 | .05 | .07 |.002 | .02 |.0D6 | .037 | .000 | .006

PLATING ANIV/OR PROTECTIVE COATING

HOT DIP GALVANIZING (OZ. PER SQ. FT.) | 2.81 AVG. ]

#*a*THIS PRODUCT WAS MANUFACTURED IN THE UNITED STATES OF AMERI
THE MATERIAL USED IN THIS PRODUCT WAS MELTED AND MANUFACTURED IN THE U.5.A.

WE HEREBY CERYIFY THAT TO THE BEST OF OUR KNOWLEDGE 7
CONTAINED HEREIN IS CORRECT. /

STATE OF OHIO, COUNTY OF ALLEN
SWORN AND SUBSCRIBEP BEFORE ME

NOTARY PUBLIC

425 E. O'CONNOR AVENUE LIMA, OHIO 45801 419-227-1296

Figure A-24. 5/8-in (16-mm) Diameter Guardrail Nut Material Specifications (cont.), Test Nos.

MGSNB-1 and MGSNB-2
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e S NG
Lima,GH * °

& A | 4
S Costomer: MIDWESTMACH.& SUEPLY CO. Sales Order: 1003407 Print Date: 6/30/08
P. 0. BOX 82097 Customer PO; 2030 Project: RESALE
§ . BOL# 4307 Shipped To: NE
& Document# 1 Use State: KS
LINCOLN, NE 68501-1087
Trinity Highway Products. LLC
Certificate Of Compliance For Trinity Industries, Inc, ** SLOTTED RAIL TRRMINAL **
NCHRP Report 350 Compliaut
E Pieces Description
2 32 12A2'6/S SRT-1
§ 32 12/250/SPEC/S SRT-2
g 32 16X12.5X16 CAB ANC BRKT
- 32 2 X 5 12" PIPB (LONG) -
64 0 TUBE SL/.138X8X6
2 32 $/8 X 6 X 8 BEARING PLATE
=k . 12/BUFFER/ROLLED
32 CBL 3/4X6'6/DBL SWG/MNOIWD
— 640 5/8° RD WASHER 1 3/4 OD
~ 1,728 5/3* GR HEX NUT
&} 1,152 5/8"X1.25" GR BOLT
256 5/8°X1,5° HEX BOLT A307
k54 5/8"X9.5" HEX BOLT A307

Upan delivery, all materials subject to Trinity Highway Products , LLC Storage Stain Policy No. LG-002.

07612908

L
<

ALL STEEL USED WAS MELTED AND MANUFACTURED IN USA AND COMPLIES WITH THE BUY AMERICA ACT
ALL GUARDRAIL MEETS AASHTO M-180, ALL STRUCTURAL STEEL MEETS ASTM A36

ALL OTHER GALVANIZED MATERIAL CONFORMS WITH ASTM-123, ‘ .

EBDL’ES COMPLY WITH ASTM A-307 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
INUTS COMPLY WITH ASTM A-563 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
nlﬁ-" DIA CABLE 6X19 ZINC COATED SWAGED END AISIC-1035 STEEL ANNEALED STUD 1°DIA  ASTM449 AASHTO M30, TYPEN BREAKING
JTRENGTH - 49100 LB

3 RTI0G .
Trinity Highway Broducts, LLC
Certified By: ;

Figure A-25. 5/8-in (16-mm) Diameter Flat Washer Material Specifications, Test Nos. MGSNB-1 and MGSNB-2

T1-79C-€0-d 4L 'ON Hoday] ISYMIN

€10¢ ‘vz Arenuer



Customer:

HEAT #
3350

vl

Test Report .
UNIVERSITY OF NEBRASKA-LINCOLN BOL.# 15808 DATE SHIPFED:©  08/27/05
401 CANFIELD ADMIN BLDG Cuslomer P.O.: VERBAL JOHN ROHDE
P OBOX 880439 Shipped to: UNIVERSITY OF NEBRASKA-LINCOLN
LINCOLN, NE. 68588-0439 Project: STOCK
GHP Order No.: 44822
C. Hn. P. S, Si. Tensile Yiald Efong. Quantily Class Typa
0.21 0.8 0.013 0.007 0.01 B1660 62520 20.78 160 " 2
Bolts comply with ASTM A-307 sp: and are g in d with ASTM A-152, untess otherwise stated.
Nuts comply wilh ASTM A-563 spacificalions and are gaivanized in accordance wilh ASTM A-153, uniess otherwise stated.
All olher galvanized material conforms with ASTM:] ASTM-526
All steel usad In the manufaciure i of mm%?-%n. Fatlp {id Mgited In the United States”
All Guardrall and Taminal Sections meats D ficiural steel meets AASHTO M-183 & M270
Al Bofts snd Nuts are of Domeslic Orgin el
3 v STATE OF OHIO: COUNTY OF STARK
=1 } Swom ta and subscibed befars

By:
Andreiv Artar
Vics Presidenl of Sates and Markeling

GREGORY HIGHWAY PRODUCTS, INC.
4100 13th St. P.O. Box 80508
Canton, Ohio 44708

Gregory Highway Products, Inc.

Figure A-26. W-Beam Backup Plate Material Specifications, Test Nos. MGSNB-1 and MGSNB-2

m [——1
e = . 93}
5= C—’Ea: Dawn R. Balfon
& A Notary Public, Stste of Ohia
J.i My Commission Explres. February 24, 2008

RECEIVED
0CT 05 205

UNLFMP

Descriplion
12GA 12FTGIN/3FT1 1/2IN W8 T2

, & Notary Public, by
2005

my
DINY
Rl

12:pT 60B8Z/6B/£0

ZZpzLvzey

18 3ovd

T1-792-€0~-d 4L "ON Hodoy ISUMN

€102 ‘vz Arenuer



GREGORY HIGHWAY PRODUCTS, INC.
4100 13th St. P.O. Box 80508

MAY 14 2000

Canton, Ohio 44708
Test Report
Customer: * UNIVERSITY OF NEBRASKA-LINCOLN BOL # 39963 DATE SHIPPED: osp?m
401 CANFIELD ADMIN 8LDG Customer P.O. 4500204081/ 04/06/2009
P O BOX 850439 Shipped to: UNIVERSITY OF NEBRASKA-LINCOLN
LINCOLN, NE_ 68588-0439 Project : TEST PANELS
GHP Order No 105271
HT # code C. Mn. P. S. Sk Tensile Yield Elong. Quantity Class Type Description
4814 o021 0.84 0.011 0.003 0.03 89432 67993 188 160 A 2 12GA 12FTEINGFTT 1/2INWB T2
—_—
S
.h
Bolts comply with ASTM A-307 i and are g ed in with ASTM A-153, unless otherwise stated
Nuts comply with ASTM A-563 jons and are g; ized in with ASTM A-153. unless otherwise stated

All other galvanized material conforms with ASTM-123 & ASTIM-525
All steel used in the manufacture is of Domestic Origin, "Made and Meilted in the United States™

STATE OF OHIO: COUNTY OF STARK

AR COnETORe D 3 ari o o0 (ST SECUONS DS, A1 e D00, 1 TS or STARK
% Z % Swom to and subscribed before me, a Notary Public, by
By Anar this 8th day of May, 2009,

Gregory

Highway Products. Inc. State of Ohio

s -ﬁiﬁ\\\""‘-&-
TR T
Notary Public, State of Ohio

" 0
BT /\(y’ Commission Expires 09-16-2012

Figure A-27. W-Beam Backup Plate Material Specifications (cont.), Test Nos. MGSNB-1 and MGSNB-2

T1-297-€0-dYL "ON Hodoy ISYMIN

€10T b Arenuer
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P

FORMERLY MIDWESTERN

a ﬁ HIBI.!SII.IHS. INC.

This is to certify that the materials shipped, as indicated, conform to the State of Nebraska specifications.

Order Number: 89198
Project Number:
QUANTITY DESCRIPTION CHARGE TREATMENT | TREATER
NO.
]
50 6x8-46" DSS SYP S4S BCT Post 38040 CCA MWT
I
5 ﬂ
| o 0 |
\ |
| ‘({J(" %3 '\[
| | |
| o ‘
'_ \O -~ \b ~ |
oy |
1 +w hife to J’ g ‘ |
| il
L 1 | |

MWT - MIDWEST WOOD TREATING, INC., NORWALK, OH
MWT-OK - MIDWEST WOOD TREATING, INC., CHICKASHA, OK

Made & Treated in the USA. Megts AASHTO Spees M133 & M168.

o

AMERICAN TIMBER A.ND STEEL / - NOTARIZED

By___ Heather L. Sewa:‘ci / 4/ / ( I _}@’42 4 Sworn to and subscribed before me

Title_ Sales Assistant - this _ 13th dayof April 2010.
Date___April 13,2010 I 4 / /,54/0

Hope Wiheln

. 6-,.;%;1-* ] Ao o
American Timber And Steel Corp 4832 Plank Rd / PO Box 767  Norwalk, OH 44857  Ph: df%cm Fax: 4198630077570

“THE TIMBER SPECIALISTS?™

Figure A-28. BCT Timber Post — MGS Height SYP Grade No. 1 or Better, Test Nos. MGSNB-1

and MGSNB-2
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MATERIAL TEST REPORT
\TE: 09/25/07

PAGE:
BILL OF LADING:

CUST: STEEL & PIPE SUPPLY - CATOOSA OK

1050 FORT GIBSON ROAD

CATOOSA

ATTN: * Test Report Desk

106201 8027185

ITEMNO. PIECES SIZE, GAUGE.LENGTH
1 7 B.625-322HRB 252
2 6 12X2-188HRB 480
3-4 28 8.625-322HRB 504
5 9 8X6-188HRB 480

ITEM NQ.
COIL NO.
HEAT NO.

CORRECTED COIL
CARBON

MANGANESE
PHOSPHORUS
SULFUR

ALUMINUM

SILICON

WELD TESTING

YIELD STRENGTH (PS3I)
TENSILE STRENGTH (PSI)
ELONGATION IN 2" (%)

Item(s}- 12345 Are

Made and Melted
In The U.S.A.

LEAVI‘I( JBE COMPANY, LLC

TUBING MANUFACTURED IN USA
|

QTy. CUSTOMER
SHIPPED P.O,
147 4500088611
240 4500088813
1,176 4500091471
360 4500092386
1 2
395453 395532
722562 722551
210 210
.820 860
004 .006
.006 .004
047 050
020 -030
FLATTEN FLARE
47,297
62,162
29.0

ORDER
NUMBER
1015580 1.000
1016034 1.000
1025579 1.000
1029189 1.000

3
395813

722564

2210
820 -
.004
1006
{04?
020

FLATTEN

CUSTOMER
PART NBR

4
395460
722564

210
.820
004

.006
047

.020
FLATTEN
52,000

70,666
31.0

VHEREBY CERTIFY T
AS CONTAINED

Laavitt Tube Co., LLC
1717 W. 115th St.
Chicago, IL 60643

Phone: 773-239-7700
Phone: 1-800-LEAVTIT
Fox: 773-239-1023
www. leavitt-tube.com
QAI002-0003 Rew, 0

ASTM
SPECIFICATION GRADE
A500-03b B
AS500-03b B
A500-03b B
A500-03b B

5
391232
A13386

220
700
.006

.003
.024

030
FLARE
55,056
70,787

27.0

A ABOVE IS CORRECT
QFDS OF THE COMPANY.
e

i i - NB-2
Figure A-29. Foundation Tube Material Specifications, Test Nos. MGSNB-1 and MGS

T1-T97-€0-ddL "ON Hoday ISYMIN

€107 ‘pg Arenuep



i D‘Conmr
e | WV

\
( Customer: MIDWEST MACH & SUPPLY m. Sales Order: 1003497 Print Date: 6/30/08
| P, 0. BOX B1057 Customer PO: 2030 Projest; RESALE
| BOL# 43073 Shipped To: WE
‘ Document# 1 Use State: KS
, LINCOLN, NE 685011097
| Trinitv Highwav Products. LLC
’\ : Certificate Of Complisnce For Trinity industries, Inc, ** SLOTTED RAIL TERMINAL *#
,' NCHRF Report 350 Compliant
|
|
| Bleces Descripfion
7 5/8"X10" GR. BOLT A307
102 5/4"X18" GR BOLT A307
32 1" ROUND WASHER F844
L 64 1" HEX NUT A563 \
j 192 WD 6 POST 6X8 CRT : MESPR
1192 . WD BLK 6X8X14 DR
4 NAIL 16d SRT
S ¢4 WD 39 POST 5.5K7.5 BAND
b33 STRUT & YOKE ASSY
128 SLOTGUARDYS - : Grownd Sio
2 3/8 X 3 X 4 PL WASHER vowd  Séeuct

Lyl

CHCHs 3~ g

Jpon delivery, all materials subject to Trinity Highway Products , LLC Storage Stain Policy No. LG-002.

2-761-3288

$\LL STEEL USED WAS MELTED AND MANUFACTURED IN USA AND COMPLIES WITH THE BUY AMERICA ACT
LL GUARDRAIL MEETS AASHTO M-180, ALL STRUCTURAL STEEL MEETS ASTM A36
o' OTHER GALVANIZED MATERIAL CONFORMS WITH ASTM-123.
r‘? IOLTS COMPLY WITH ASTM A-307 SPECIFICATIONS AND ARE GALVANIZED [N ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
@ WIUTS COMPLY WITH ASTM A-563 SPECIFICATIONS AND ARE GALVANIZED I ACCORDANCE WITH ASTM A-153, UNLESS OTHRRWISE STATED.
™4~ DIA CABLE 6X19 ZINC COATED SWAGED END AISI C-1035 STEEL ANNEALED STUD 1° DIA ASTM449 AASHTO M30, TYPE Il BREAKING

%IWG’JH 491001LB .

& tate of Ohi, County of Allen. Swom and Subsciibed before sfe dey of June, 2008
e O 1S, I
~ ..

Certified By:

~mmiosinn Rynirae Sar /[ 2 of 4

Figure A-30. Strut and Yoke Assembly Material Specifications, Test Nos. MGSNB-1 and MGSNB-2
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B Certified Analysis Y
a ;
o Trinity Highway Products, LLC ‘ V
o] ISA8NE, 28t St Order Nomber: 1095199
o ’ -
it Worth, TX Customer PO: 2041 Asof G208
Custerser: MIDWEST MACH.& SUPPLY CO. BOL Number: 24481 :
P. 0. BOX 81097 Document #: 1
Shipped To: NE
LINCOLN, NE 68561-1087 ‘ Use State: ES :
Profest: WEBSALR
i
inj
&
5 Qty Part# Description ) Spec CL TV Hest Codef Heat# leld ]
g = & T VAT A EZe Lov i) T30
= )
u =70 7014 .25X11.75X16 CAB ANC A6 4153005 44,500 60,000 3460 9.240 0750 0OLF 0083 0.020 0020 0000 0040 COIZ 4
g
s 10 762G 60 TUBE 51183386 A-500 ABPIISD T4{R00 37,000 252 0050 0.670 0O} 0.005 0050 0230 0000 0060 GO 4
- ) 7RG SAKAXE" BEAR PLIOF A36 SI06195 46,700 §9.900 735 0.520 0.830 GOI0 0,005 0020 0.330 0060 0070 0406 4
h) 507G 12BUFFER/ROLLED M-180 A LO04S 54,200 73,500 250 160 0700 0011 G.008 0020 0200 0000 0.00 OO0 4
o
a3
o
P
E Upan delivery, ail materials subject to Trinity Highway Products , LLC Storsgs Stain Policy Mo, LG-002.
] 5
) ALL STEEL, USEN HAS MELTEDR AND MAMUPACTURED IN USA AND OOMPLIES WITH THE BUY AMERECA ACT.
= ALL GUARDRATL MEETS 4 ASHTO M-180, AL STRUCTURAL STEEL MEETS ASTM A36 )
ALL OTHER GALVANIZED MATERIAL CONFORMS WITH ASTRM-123.
e BOLTE COMPLY WETH ASTM A-307 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, TNLEBSS OTHERWISE STATEIL
e WUTS COMPLY WITH ASTM A-563 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
- 32" DIA CABLE sX19 ZINC COATED SWAGED END AISIC-1035 STEEL ANNEALED BTUD 1" DIA  ASTM 449 AASHTO M10, TVPE I BREAKING
@ STRENGTH- 49100 LB
=
L Staie of Texas, County of Tatrant. Swomn and subscribed before me this 20th day of fune, 2008
- .
2 Motary Putic: -
. . o .
< Commission Exp Trinity Highway Products , LLC

5'-“?{' “ngm’
N

Sswed! W Omoissney Gty %ﬁﬂi&m.:n Ornmsll. 2

Figure A- 31 Anchor Bearing Plate Material Specifications, Test Nos. MGSNB-1 and MGSNB-2
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| | Certifiec \nalysis <

‘ Trinity Highway Products, LLC

425 E. O'Connor Order Number: 1114174 | I

Lima, OH Customer PO: 2213 Asof: 9/16/09
Customer: MIDWEST MACH.& SUPPLY CO. BOL Number: 51169
P. 0. BOX 81097 Document #: 1
| Shipped To.: NE
LINCOLN, NE 68501-1097 Use State: NE

Project: RESALE

Qty Part# Deseription Spee  CL TY Heat Code/ Heat # Yield TS Elg C  Mn P S S§i Cu Cb Cr Vo ACW
,4— 750 545G 6'0 POST/DB:DDR A-J6 J86489 50,565 68,830 26.1 0.090 0.950 0.010 0.040 0.200 0290 0.00 0.160 0.003 4
50 14662G 6'6 POST/E S#/DB:DDR NB  A-36 J86489 50,565 68,830 26.1 0.090 0930 0.010 0.040 0200 0290 0.00 0.160 0.003 4

4!

Upon delivery, all materials subject to Trinity Highway Products , LLC Storage Stain Policy No. LG-002.

ALL STEEL USED WAS MELTED AND MANUFACTURED IN USA AND COMPLIES WITH THEBUY AMERICA ACT.

ALL GUARDRAIL MEETS AASHTO M-180, ALL STRUCTURAL STEEL MEETS ASTM A36

ALL GALVANIZED MATERIAL CONFORMS WITH ASTM-123, UNLESS OTHERWISE STATED.

BOLTS COMPLY WITH ASTM A-307 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
NUTS COMPLY WITH ASTM A-563 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.

f 3/4" DIA CABLE 6X19 ZINC COATED SWAGED END AISI C-1035 STEEL ANNEALED STUD 1" DIA  ASTM 449 AASHTO M30, TYPE Il BREAKING
STRENGTH -49100LB

State of Ohio, County of fbed before me this 16th day of September, 2009 Trinity Highweyy

Notary Public: =22 Certified By:
Commission Expires/ / 1 222/ 2—

‘ 1 of 1

Figure A-32. BCT Anchor Cable Assembly 3/4-in. (19-mm) Galvanized Wire Rope Material Specifications, Test Nos. MGSNB-1 and

MGSNB-2
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January 24, 2013
MwRSF Report No. TRP-03-262-12

o

Jun=15-2008 D8:12am  From-Portsous Denver 1 303 676 0533 T-510  P.002/003 F-ddd
B i W W | ——— — e - s = mia=
Cerification provided by:PFC, To;NEBRASKA BOLT Order:124841 —— o ———
FASTENER DIVISION . Yolephooe280/337-4800
CUSTOHER )
267 PORTEQUS FASTEMER CD. MUCOR ORDER ¥ 60R9T4
TEST REFORT SCRIALS FBZE5188 CUST PART @ $0219-4009-00%
TEST REPORT ISSUE DAFE  4/20/07
DATE SMIPPED 10/06/07 CUSTOHER P.O, @ 17078232
MAME OF LAD SANPLER: SHIRRY STANTZ, LAD TECHNICIAN
ELTTTTRY L e i IFIED HMATERTAL TEST REFORTKMNMNSNRNRXRAMESN
NUCOR PART NO NTITY  LOT NO. RIPTION
175807 7208 2224454 1-8  CR DH HV M.D.C.
FACTURE DATE 9707 . HEX NUT n.D.G.
==CHENISTRY . MATERIAL GRADE - 1045L .
MATERIAL HEAT WMCHENISTRY COMPOSITION (WTZ MEAY ANALYSIS) BY MATERIAL SUPPLIER
NUNSER NUMBER c L] L s sT HUCOR, STEEL - NEBRASKA
RHO2345E NU &388. 45 6% L0153 .bh21 .18 ' AZLa Ma: T8D0,.01 EXP: 2z008-11-39

20 .60 FOR CHEMICAL TESTING
Wi §38F 28 |nan s .0 .50 ,

- =MECHANICAL PROPERTIES IN ACCORDAMCE WITH ASTH AS63-04A

SURFACE  CORE FROOF LOAD TENSILE STREMETH

HARDNESS  HARDMNESS 40900, LBS DEG-WEDSE

[RBON)Y (RE) es) STRESS (PSI)

N/A 28.1 PASS NZA /A k

N/A 0.8 PASS NZA © WA

HZA .0 PASS N/A W

HZA .5 PASS N/A /A

N 28,0 PASS NZA WA

AVERAGE VALUES FROM [TESTS PRODVUCTION LOT SIZE &700Q PLS

. 9.5 :
ROTATIONAL CAPACITY [TESTED IN ACCORDANCE WITH ASZ5, A563 AND Féob TO 360 DEGREES OF ROTATION.
-SAMPLE R1 PASSED [SAHPLE ®2 PASSED "

--WISUAL INSPECTION [IN ACCORDANCE WITH ASTH AS63-04a B0 PCS. SAMPLED LOT PASSED

© --COATING = Hot Dip|Galvanizad. . y

. 000435 2. G.03404 3. ©,00EE6 L 0.00%X S. 0.00354 6. 0.00488 7. @,00607
8. o.0a367 9. 0.08341 10, ©.00637 . 11.. 0.0042¢ 12, 0.08495 13, 0.00387 1s. @.003%9
15. 3.00395 Lé. [0.80344 17, 0.004649 1B, 0.08342 19, 0.003468 20. 0.8035%
AVERAGE TMICKNESS FRON 20 TESTS .90ALS .
HEAT TREATHENT - AUSTENITIZED, OTIL QUENCHER & TEHPERED (MIM 880 DEC F)

- “DINENSIONS PER ASRE 818.2.6-2003
CHARACTERTSTIC| - -MSAMPLES TESTED HINTHUM HaxT
wiath scross Cernars B 1.8190 1.8300
Thickmess: 32 R 0.9830

ROANCE WITH THE LA REVISIONS OF THE METHODS PRESCRXBED IN THE APPLICABLE si! ASTH
ml;m TO THE SPECIFICATIONS AS DESCRIBED/LISTED ABOV rﬁlﬂ WERE M ACTURED

MANUFACTURED IN THE U.S.A: D FRO S . FANUF ACTURED m TESTED IN T BLAL
Mm*.l Is A‘?m! nmzsma’r:u: o?:&giﬂrlﬁq#mn BY THE m‘\'zum.‘wruxsa. :'lﬂu %
'QRY. THIS CERTIFIED MATERIAL TEST REFORT WELATES OMLY TO THE ITEMS LISTED ON THIS
BE REPRODVCED EKTEPT IN FULL. )
NUCOR FASTENER
A DIVISION CF RATION
.
CERTIFICATE NO. APLA 139-01 L )
EXPIRATION DATE 12/31/47 | SUALITY ASSURANCE SUPERVISGR
Page 1 of 1
g-d XH4 130¥3sg dH 22:6 B0DZ LT unr

Figure A-33. BCT Anchor Cable Assembly 3/4-in. (19-mm) Galvanized Wire Rope Material

Specifications (cont.), Test No. MGSNB-1
150



B Certified Analysis Y
a ;
o Trinity Highway Products, LLC ‘ V
o] ISA8NE, 28t St Order Nomber: 1095199
o ’ -
it Worth, TX Customer PO: 2041 Asof G208
Custerser: MIDWEST MACH.& SUPPLY CO. BOL Number: 24481 :
P. 0. BOX 81097 Document #: 1
Shipped To: NE
LINCOLN, NE 68561-1087 ‘ Use State: ES :
Projectt  WESALE
i
inj
]
5 Qty Part# Description ) Spec CL TV Hest Codef Heat# leld ]
g = & T VAT A EZe Lov i) T30
= )
% - 7014 .25K11.15X16 CAB ANC A6 4153005 44,500 60,000 3460 9.240 0750 0OLF 0083 0.020 0020 0000 0040 COIZ 4
S 0 782G 60 TUBE 5L/, 189486 A-500 ABPLLST T4{R00 37,000 252 0050 0.670 0O} 0.005 0050 0230 0000 0060 GO 4
; -2 TR SN BEAR PLIOF 436 SI06195 46,700 §9.900 235 03520 0.830 0.GE0 0.005 0.020 0230 0000 0070 0006 4
ut : ) .
an 507G I2BUFFER/ROLLED M-180 A LO04S 54,200 73,500 250 160 0700 0011 G.008 0020 0200 0000 0.00 OO0 4
o
o3
o
P
E Upan delivery, ail materials subject to Trinity Highway Products , LLC Storsgs Stain Policy Mo, LG-002.
P mmu&anwasmmnmmmmmmmmwméwmmswmm.
R ALL GUARDRATL MEETS AASHTO M-186, ALL STRUCTURAL STEEL MEETS ASTM A36 )
ALL OTHER GALVANIZED MATERIAL CONFORMS WITH ASTRM-123.
e BOLTE COMPLY WETH ASTM A-307 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, TNLEBSS OTHERWISE STATEIL
e WUTS COMPLY WITH ASTM A-563 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
- 372" DIA CABLE 6X19 ZINC COATED SWAGED BND AISIC-1035 STEEL ANNEALED STUD 1" DIA ASTM 449 AASHTO M30, TYFE I BREAKING
@ STRENGTH- 49100 LB
=
g Strie of Texas, County of Tacant. Swor end subscaibed bsfore me this 20th day of fune, 2008
& HMotary Public: -
. . o .
< Commission Exp Trinity Highway Products , LLC

5'-“?{' “ngm’
N

Sswed! W Omoissney Gty %ﬁﬂi&m.:n Ornmsll. 2

Figure A- 34 Anchor Bracket Assembly Material Specifications, Test Nos. MGSNB-1 and MGSNB-2
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January 24, 2013
MwRSF Report No. TRP-03-262-12

H KANSAS CITY, MO 841
i } - 1
{ Customar | sizs: | Spec na: E Oizte: i
i H N T
lsps - New Century | 02378 : W ABO0-07, ABSE-DT | 052212008 i
i
|4(}1 New Cantuiy Parkway 1 i I TR
i Gaug Grocs: } Customer Order Ne: H
New Cantury kS 88021 j oo i G | FERER SRS ko
!oisa | ABOUB,L, ABSENT i 45001C4138 i
; : i ey
I | | = be
{ |
| I 87152893
I ! B S N — {
i

Heat Mo

280638

Hast No c P 3 St Cu Ml CcR WAQ Vv
. 280638 044G ¢.010 C 0000 £.084 0.088 0.0638 0.042 0.016 G.003

riify that the sbove matsrial was manut
ids of owr company. Al i 3
scopa af the spegifications denoied in the specification and grade tilas sbove.

d in the U.S.A and that ail test results shown in this report are
amelsrs encompas

BNT=Grade B not iested - msets fansiles propartiss OMLY.

! < A
; \‘:)__,:_ d,‘; A

P

e e

|

Figure A-35. 6-in. (152-mm) Long BCT Post Sleeve Material Specifications, Test Nos.

MGSNB-1 and MGSNB-2
152
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Figure A-36. 5/8-in. (16-mm) Diameter Hex Head Nut Material Specifications, Test Nos. MGSNB-1 and MGSNB-2
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25 E. 0'Connor

S
. .?A‘@-

o Lime,GH ; "
¥ Costomer: MIDWESTMACH.& SUEPLY CO0. Sales Order: 1003467 Print Date: 6/30/08

P. 0. BOX 82097 Customer BO; 2030 Project: RESALE
§ . BOL# 4307 Shipped To: NE
& Document# 1 Use State: KS

LINCOLN, NE 68501-1057

Trinity Highway Products. LLC
Certificate Of Compliance For Trinity Industries, fnc, %* SLOTTED RAIL TERMINAL **

NCHRP Report 350 Compliaut
E Pieces Degeription
Z 32 12/12'6/S SRT-1
§ 32 12/25'0/SPEC/S SRT-2
g 2 H16X12.5X16 CAB ANC BRKT
o3 2" X 5 1/2" PIPE (LONG) -
64 0 TURE SL/.188X8X6
2 32 $/8 X 6 X 8 BEARING PLATE
o 32 - 12/BUFFER/ROLLED
32 CBL 3/4X6'6/DBL SWG/MNOHWD
— 640 5/8" RID WASHER 1 3/4 OD
W 1,728 5/3" GRHEX NUT
~ 1,152 5/8"X1.25" GR BOLT
256 5/8"X1,5° HEX BOLT A307
k54 5/8"X9.5" HEX BOLT A307

Upan delivery, all materials subject to Trinity Highway Products , LLC Storage Stain Policy No. LG-002.

07612908

ALL STREL USED WAS MELTED AND MANUFACTURED IN USA AND COMPLIES WITH THE BUY AMERICA ACT
ALL GUARDRAIL MEETS AASHTO M-180, ALL STRUCTURAL STEEL MEETS ASTM A36

ALL OTHER GALVANIZED MATERIAL CONFORMS WITH ASTM-123, ‘ .

EBDL’ES COMPLY WITH ASTM A-307 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
INUTS COMPLY WITH ASTM A-563 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
nlﬁ-" DIA CABLE 6X19 ZINC COATED SWAGED END AISIC-1035 STEEL ANNEALED STUD 1°DIA  ASTM449 AASHTO M30, TYPEN BREAKING
STRENGTH -

2 4910018 : .
Y
Trinity Highway Broducts, LLC BK}
Certified By: ;

Figure A-37. 10-in. (254-mm) Long Hex Head Bolt Material Specifications, Test Nos. MGSNB-1 and MGSNB-2
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January 24, 2013
MwRSF Report No. TRP-03-262-12

A&/ Be/ 2009 16:36 4@2-761-3288

N4

TRINITY HIGEWAY PRODUCTS, LLC.

425 E. O'CONNOR AVENUE
LM, OB 45851
419-237-1296
. MATERIAL CRRTIFICATION
TOSTOMER: STOCK DATD: JANUARY 7, 2608
INVOICE
LOT § 0612098 ' 3
| PARY NUMBER: 33356 QUANTITY: 103,152
DESCROPTION:
5/8™ X 1 % HE BOLT -
_ DATE SHIFFED:
SPECIFICATION: ,
AT AS0T-AIALES HEAT #: AG327) & 445650
MATERIAL. CHEMISTY
Clmu|» |8 |8 |CUiM|CRIMOJAL| YV | N [CBiSN| B |Th B
99 [ 38 |04 | 009 | 00 | 09 |56 | 05 | G2 | 033 | 007 | 00GD | Wt | GRS | 000% | 001 | HOT
.99 | 29 | 007 | .one | 090 | .08 {06 ] .67 | b2 | 823 | 001 | 0a70 | 000 | 006 { 0001 | 001 | om
PLATING AND/OR PROTECTIVE COMTING
| WOT DI® GALVANIZING (OF. PERSQ. FT) | 125 AVG |

#ERTHIE PRODUCT WAS MANUFACTURRD IN THE UNJTED STATES CF AMBRICA®™
THE MATERLAL USED IN THIS PRODUCT WAS MELTED AND MANUFACTURED I THE U84,

STATE OX OBIO, COUNTY OF ALLEN

SWORN, AND SUBSCRISED BEFORE ME
THIE 2/~ DAY OF JA 'V, 2008
HOTARY PUBLAC
v f'l
428 B, O'CONNOR AVENUE LIRAA, OITID 45801 F18.227-1196

Figure A-38. 5/8-in (16-mm) Diameter x 1 2-in (38-mm) Long Hex Head Bolt Material

Specifications, Test Nos. MGSNB-1 and MGSNB-2
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January 24, 2013
MwRSF Report No. TRP-03-262-12

BE,,:!/ZBQQ 16236 4a2-7€el -3268 MLUWESS | msonsimes s
Frop TRRATVMETALT LABIRATIRY T2 'I‘-WJ\ M 13254 Pay vi0R007 Fage o 12
TRINITY METALS LABORATORY Pags 1 of 1
A DIVISION OF TRINITY INDUSTRIES
4007 IRVING BLVD 75247 - .0, BOX 558887 Rectived Dete ; 39190007
DALLAS, TX 75385.8887 e ot
 Phane: 214-588-7891  PAX, 214-588-7584 Heat Nuvber 849270 & 64355
LABORATORY TEST CERTIFICATE P-mmoﬂf Order : gﬁ:nsm;!f
. ermation ; BN 55.231
wb.No,:  TI104E0F
CHERITY A, MASON Tast Spechisetion : FaRG-ABTH METHODS
TRINITY HWY PRODUGTS, LLC #55 Wintarial Typs : A 387 A
ROLLFORM - 425 B, O'CONNOR AVENUE Materlal $ize | SR 42" HHY
. Wigld Speblication :
LA, OH 45801 Coropiction Date © 49.202007

TESTS/ADDITIONAL INFORMATION

Test TypalAdditions| iInformation: HARDNESS ROCKWELL BW Guantity; 5.00
Findings: A} 81 -88-80-90

B) 91-51-91-91
T} $1.90-91.90
D} 8 .98 .69 - 88
) 62-51-91-9%

Tost TypafAdditional Information; HEAD MARKINGS © o Quantity : .60
Findinge: TRM  USA 3074

ph e wen e e e e G e e e MM e e mer me e S e WA e fam e e

wamﬂ!ytmsbmms;ﬂswmamm e represenipfion of the somplels) subriited. Alleration or partial rep of tls repart wii veid
eeriificstion. .
LAB DIRECTOR : Michael 5, Beatﬁh. PE.

.-'1 e,
u,( <o e
M ni vL"" t‘?“ '} /( i '

Figure A-39. 5/8-in (16-mm) Diameter x 1 /2-in (38-mm) Long Hex Head Bolt Material

Specifications (cont.), Test Nos. MGSNB-1 and MGSNB-2

156



January 24, 2013
MwRSF Report No. TRP-03-262-12

i i et e S s -
=4 MIDWEST MACHINERY PAGE 3
ac/04/2003 16:36 4B2-761-322¢
GHARTER STEHL 8ALE BE0:02  1ocomoes g
CHARTER e

s 5 !ﬁﬂcufdws e
EEL - Savkolia, Wisconsin 3080
. (262) 268 2400
A Didon o CHARYER STEEL TEST REPORT 1- 200-437- 578g

Charisr Manutesiudng Gompsny, Inc. Aeverie Hes Tout And Codes

Telnly Indusifias, ine,
2.0, Box 855887

2575 Stemimuons
Daflas, T 7H358- SR8
Aty Avin: ChediCasol

FAX {282) 288- 2570

[ hesraby cadify the mnnwlmluwhemhlwsumnmmu?amminmmm @
and sh!naams Hated bajow and on the raveiss side, and ihat i satifles thess roguirements. MR EpRIEI

Hemt foe AAGST0
b e ] 'nsﬂ?zusmn ﬂﬂm
c Ll & 3 = L L ou o v
Wi .68 k) n00F G002 OO0 ROS ﬂ.w bz (e 4065 soot
Ak b <] T He
Bioaz lﬁm aoopt  gent 0460
SHEM, DEVIATISN 0T BREEN = F
o % o ﬁuﬁvzxu! [F5 "
ROCHWELL B (RER 2 < R LAY = 0288- 02
ﬁmﬂu- © (MRS B B 3 ] BT LA e HF
CEVIARDN EXT.- GREER = «
T s of Proceceing Lot &
S DEVIATIGN EXT. PROCESSED = NI e et =
- Speaillcations: Tioeis aumennnr BperIFEAHGTS With 37y BEpIBkin GRETAr STom ErplIGT 15t (e T RGWIng SUSISTD: Gectmanrs:
cqunqw Datunent Fleulgiag = Dred =
Achileioned Commenn: MELTED AN MARUFAETURED 1M YHE LR
Crreay Sigal
Sefils, WE USA
; Tira L=ahy
— ' : : . of Qutality A
For rmber (19 307 00g8  Hem Losn,Mato Freie Pamat it {oio8m008

Figure A-40. 5/8-in (16-mm) Diameter x 1 2-in (38-mm) Long Hex Head Bolt Material

Specifications (cont.), Test Nos. MGSNB-1 and MGSNB-2
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EHARTER -STEEL BALE 8:09:95  10-10-2008 1 5
FAX
CHARTER 1688 Cott prigs R
STE E L Sessalle, Wisconsin 52080
CHARTER STEEL TEST REPORT {263} 2682400
b A bivision of Reversa fios Taxt And Codes 18004378759
g Compeny: e FAX 12621 2682570
' EELTR
Trisity Industrios, ine. 03? |
2.4 Box 568887 22
e e
s, TX 7EQBE-0007
n: iin: Cheri 1010 & AKFG RHO.
Atin: St Cheri/Cars!
i[-iFi
‘.k&\— T

§ hevaby canify thet th matarial daseribed horein has betin monulsaiured In pecodanas with sha spasffications
ardl yronddrds Rsted b d an the reversa side, and that it'satlsfies thoge reauiramen
Tryt Ao 448580

Lok Qoaie; 7280 b Hai Lat#
Chomaery © N B 5 a o 2] MG oy Sk v

DO8 639 B0DT DO LOID 20F 007 002 @80 M0os  0.40%

AL ) -] T ]

Q025 00070 00007 5007 D.O08Y
CHEN, DEVIATION BXT ~BREEN - MR . :

. 7 tﬂnndﬂaiﬂdﬂgl.‘ﬂﬂsﬁﬂﬂs
- o of Tests ?e;in\!dm it Yahth . Migan Volus
RECEWELL 2 HHEW 3 62 ] a2 P LAR = ONSS-02
e -] a o RCLAS o WIR

ROCKWYEL, © (MRE)
QF DEVIATION EXT-GREEN » W/

Toegt Rosults of Frosassing Lot &
0 DENATEN BXT-PROCEISED = R

g : o Stoal for iha feliowile Jmm:
oo Erre R S .

Abdtons! Commaniz: MELTED AMD MATUFRCTUHED ¥ THE US)
Thrriar Supel
Sryfailo, W, USA
Tim Leshy
Manager of Ouslity Asstrancs
Fai mambern {418) 237-08482 Arm: Loog ], Malit, Faz 1O/ 52006

Figure A-41. 5/8-in (16-mm) Diameter x 1 2-in (38-mm) Long Hex Head Bolt Material

Specifications (cont.), Test Nos. MGSNB-1 and MGSNB-2
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EET $OCE . z5/52
MIDWEST MACHINERY PAGE

262 264 2570

CHARTER STERL GALE 18:05:58  19-18.2008 50y

The lellowing statements are appilcable to fhe materal deseribed on the Ili‘om of this Tast Report:.
: 0
1. Exgapt 8 noted, the steed supplied for this ardar was melted, rotied snd procaseed in t}'rapummd Siatss,

2

Mercury was pot used during the manulacture of this product: for was tha steel i
g processing, cartaminated with mercury

3. Unless dirscted by the customer, there &rs no welds in any of the aolls produsad for his order.
4. The Isboratory that generated the analylical or test results can be dentified by the following key:
Ty .
| Wumper | Langode | Levoratory address |
oot | 7 | osmp Chartr Stea! | 1688 Cold Springs Poad, Savkvile, W1 82080 |
oasstz | 89T ‘,’gg i Sl g"’!"ﬁ” 1858 Cold Sorings Rozs, Saukville, W1 53080
| osse-00 _!_ 125858 Ba b odinted 5;;?“:; 285 US Highway 23, Risingeun, OH 43457 |
0366-D4 | 126544 $BC | Charter Stee! Cleveland :34235% ;g 8t Cuyahoga feights, OH
v e - Sulicentmeted 158 parfarmad by laborstary not in Gharler Siee) systen

. This sarlification I8

. Whan run by & Charter Sigal labaratary, the following tests wera perfoimen aecording lo the latest

revigions of the speciiicalions isted below, aa nutad In the Cherler Stee! Laboretory Quallty Manusk
FosTbe [ehomisry S

chigton ..
; ASTM E1078

Tost -C ]
emisly Analls | C8M ASTIM Ed4 .
S %ﬁ—s T TASIM ﬁ%
J ] _)% AZES; JIS

Girgin Sizp 112
—— T L RN T TS .
3 Fockwel Hatdneas P4, G3C | ASTM E18; A
| Migegatrysiuo jsphoroldizalion) | P

[+ CIRES EdE

Oharter Steal has heen aceredited to perorm all of the above tests by the American Assbsistion for
Laboratory Accreditation {AZLA). These accradiiations explre 01/31/M07

All other test results associnted with a Charter Stesl laboratory thal appsar on the front of this report, Fany,
wers patformed acpording to documentad procedures developed by Charier Stoel and are not ascrediled

by AZLA.

The tost reaults & the front of his repont are the true valves measuied on the samples aken from the
roduction lok. They do not apply to any oiher sample. '

ghls test repan sannot be reprodussd or disidbuted exoept in full withoul the wiltten permission of Charter

Stesl, The primary custemer whose neme and address appaar on the front of this farm may repradues this

test rapart, subject to tha following restrictions:

= it may be distthuted only to their customers

& Both sides of all pages must be reproduged in ful . )

n subjeci o the 1ema ana canditions of sale pyovided in Charter Steal's

atknewledgment [designatad by our Purchase Order number) th the customer's purchase order. Both

Purchass Order numbers appear an the front page of this Rey

poit
. Whete (e quatomer has provided a epecification, the reaults on the frent of this teat regort conform to

thet spesiication unieas otherwise noted on this iest report.

Figure A-42. 5/8-in (16-mm) Diameter x 1 2-in (38-mm) Long Hex Head Bolt Material

Specifications (cont.), Test Nos. MGSNB-1 and MGSNB-2
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PK-25

3/4-10 ZC J895 5 HEX NUT
ZINC-CLEAR CHROMATE

Made in: TAIWAN
Heat no: 1N489

. -. Lot No:  A801-8C0501 - é
: Earnest
N Iﬂf o e

Figure A-43. 7/8-in. (22-mm) Diameter Hex Head Nut Material Spemﬁcatlons Test Nos.

MGSNB-1 and MGSNB-2

 E—

o Wiﬂim -

I Pk-20-

| H#8200453 ch 1PZ8.20 @ g:

| Made inHecho T aiwan RS
F LDT#HD1E?!ID3'!

T

Figure A-44. 7/8-in (22-mm) Diameter x 7 Y4-in. (191-mm) Long Hex Head Bolt Material

He Cap Screws Grade 5 USS
n Cabeza Hex Grado 5 USS
3f4 10 ? 112

Specifications, Test Nos. MGSNB-1 and MGSNB-2

-

“'m&uuﬁmmnmm

Flat Washers USS
Arandelas Planas uss
3/4
M19.0

Pk-45

H#8270027 PCSJPZS 45
Made in/Hecho en China
r_om-lmsnou

R

23873
Figure A-45. 7/8-in. (22-mm) Diameter Flat Washer Material Specifications, Test Nos. MGSNB-

1 and MGSNB-2
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Certiﬁedl Analysis

Teinity Highway Products, LLC

550 East Robb Ave. Order Number: 1145215
.- . 2
Lima, OH 45801 Customer PO: 244} Asof- 4715711
Customer: MIDWEST MACH.& SUPPLY CO, BOL Number: 41905
P.0O.BOX 703 Documenm #: 1

Shipped To: N
MILFORD, NE 68405 Usg¢ State: K$
Project:  RESALE

m

Qty Partd Deseription Spee CL TY Heat Codef Heaty Yield s Eiz C Mn P s Si Ce Cb Cr VaACW

25 9sG '[}_C:F_E:(D SHOESLANT A-1011-SS 49,000 63,500 348 Q080 0.350 0018 0005 0020 0050 0.00 0060 0,001

Upon delivery, ali materials subject to Trinity Highway Products , LLC Swrage Stain Policy No. LG-002,

ALL STEEL USED WAS MELTED AND MANUFACTURED [N USA AND COMPLIES WITH THE BUY AMERICA ACT.

ALL GUARDRALIL MEETS AASHTO M-180, ALL STRUCTURAL STEEL MEETS ASTM A3é

ALL COATINGS PRCCESSES OF THE STEEL OR IRON ARE PERFORMED TN USA AND COMPLIES WITH THE "BUY AMERICA ACT"

ALL GALVANIZED MATERIAL CONFORMS WITH ASTM-123, UNLESS OTHERWISE STATED.

BOLTS COMPLY WITH ASTM A-307 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.

NUTS COMPLY WITH ASTM A-563 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITE ASTM A-133, UNLESS OTHERWISE STATED.
WASHERS COMPLY WITH ASTM F-436 SPECIFICATION AND/OR F-844 AND ARE GALVANIZED IN ACCORDANCE WITH ASTM F-2329.
E _COATED SWAGED END AIS] C-1035 STEEL ANNEALED STUD 1" DIA
e b nicnbiding

191

TR

[-49100LB

State of Otio, Coupty ef .-\nz::i?\?wo c subseribed before me this 15th day of April, 2011

ADNS eest,

snentan,

S e, e TA
ELA Care-, s,
._.zc;f“‘_?g. o’

Notary Public: r\
Commission Expires

vty x

Figure A-46. Cable Anchor Assembly Black Paint, Test No. MGSNB-2
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Appendix B. Vehicle Center of Gravity Determination
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Test: MGSNB-1 Vehicle: 2270P/Ram 1500

Vehicle CG Determination
Weight LongCG LatCG VertCG LongM Lat M Vert M

VEHICLE  Equipment (Ib) (in.) (in.) (in.) (Ib-in.) (Ib-in.) (Ib-in.)
+ Unbalasted Truck(Curb) 4955| 61.62333| -0.34931| 28.59149| 305343.6 -1730.81 141670.8
+ Brake receivers/wires 9 107 0 52 963 0 468
+ Brake Frame 5 36 -17 26 180 -85 130
+ Brake Cylinder (Nitrogen) 27 69 -23 25.5 1863 -621 688.5
+ Strobe/Brake Battery 4 78.5 0 30.5 314 0 122
+ Hub 27 0 -43[ 14.8125 0 -1161 399.9375
+ CG Plate (EDRS) 8 60 0 32 480 0 256
- Battery -46 -7 -25 41 322 1150 -1886
- Oil -15 10 2 16 -150 -30 -240
- Interior -45 50 0 23 -2250 0 -1035
- Fuel -142 112.5 -11 19 -15975 1562 -2698
- Coolant 0 0 0 0
- Washer fluid -7 -15 18 36 105 -126 -252
BALLAST Water 200 112.5 -11 19 22500 -2200 3800

Misc. 0 0 0

Misc. 0 0 0

313695.6| -3241.81| 141424.3

TOTAL WEIGHT Ib CG location (in.)| 62.99109| -0.65097| 28.39844
wheel base 140.25 [Calculated Test Inertial Weight |

MASH Targets Targets CURRENT Difference

Test Inertial Weight (Ib) 5000 + 110 4980 -20.0

Long CG (in.) 63 +4 62.99 -0.00891

Lat CG (in.) NA -0.65 NA

Vert CG (in.) 28 28.40 0.39844

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) Actual test inertial weight (Ib)
(from scales)
Left Right Left Right

Front 1410 1368 Front 1410 1350
Rear 1093| 1084 Rear 1135 1116
FRONT 2778 Ib FRONT 2760 Ib

REAR 2177 b REAR 2251 Ib

TOTAL 4955 |b TOTAL 5011 Ib

Figure B-1. Vehicle Mass Distribution, Test No. MGSNB-1
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Test: MGSNB-2

VEHICLE

+ + + + + o+ 4+

BALLAST

wheel base

Vehicle: Rio

January 24, 2013
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Vehicle CG Determination

Weight Long CG Lat CG Long M Lat M

Equipment (Ib) (in.) (in.) (Ib-in.) (Ib-in.)

Unbalasted Car 2375 33.57 -0.28 79724.25| -654.063

Brake receivers/wires 6 130.5 0 783 0

Brake Frame 6 27 -12.25 162 -73.5

Brake Cylinder 22 63 14.5 1386 319

Strobe Battery 5 56.5 0 282.5 0

Hub 20 0 -36 0 -720

CG Plate (EDRs) 7 0 0 0

DTS 18 61 -13.5 1098 -243

Battery -34 -9 -15 306 510

oil -6 -5 9 30 -54

Interior -30 39 0 -1170 0

Fuel 0 0

Coolant -9 -19.5 0 175.5 0

Washer fluid 0 0

Water 40 82 -4 3280 -160

Misc. 0 0

Misc. 0 0
86057.25| -1075.56

TOTAL WEIGHT Ib CG location (in.)| 35.56085| -0.44445

95.25 in.

MASH targets CURRENT Difference

Test Inertial Wt (Ib) 2420 (+/-)55 2420 0.0

Long CG (in.) 39 (+/-)4 35.56 -3.43915

Lateral CG (in.) N/A -0.44 NA

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

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

Dummy = 166lbs.
Curb Weight (Ib) Actual test inertial weight (Ib)
(from scales)
Left Right Left Right

Front 737 801 Front 749 729

Rear 462| 375 Rear 467| 463

FRONT 1538 Ib FRONT 1478 Ib

REAR 837 Ib REAR 930 Ib

TOTAL 2375 Ib TOTAL 2408 b

Figure B-2. Vehicle Mass Distribution, Test No. MGSNB-2
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| a IC Loa Test

\‘WFnch or
Hydraulic
Cylinder

B

36" Diameter i
Granular Fill _“\

ooa

Static Test P
Installation Details < 4

Soil Gradation for Baseline Fill Soil

Percent Finer

10 Gra}n Size, D (mm) 01 0.01
14000 Comparison of Load vs. Deflection
12000 =f—: Dynamic Test
(Acc)
10000 == - )
§ e Dynamic Test
E 8000 !ﬁh—; (L.c)
E’ 6000 / oo Dynar.nicTe.St
Required Min.
4000 \ e Static Test
2000 \F
0
0 5 10 15 20 25 30 35 40
Deflection (in.)
DAt ..ttt 6/23/2005
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 siewve analyses abowve)
Description of fill placement procedure..... pnumatic tamper

Bogie Weight........ccocooiiiiii e, 1,605 Ib

Impact VeloCity..........cocovveiiii i, 19.7 mph

Figure C-1. Summary Sheet for Strong Soil Test Results, Test No. MGSNB-1
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Post-Test Photo of Post
2000 Comparison of Load vs. Deflection
6000 - Baseline Static
Test
__ 5000 - ~— @ Minimum Load
2 (90% Baseline)
o 4000 A —
g / e IGSNB-1- Static
“ 3000 - - - - Load Cell 1
/ MGSNB-1- Static
2000 | e | - Load Cell 2
1000 -I( ———"~
0 -
0 10 15 20 25 30 35 40 45
Deflection (in.)
SOIL GRADATION
100
]
£
'S
t
8
o
a
Grain Size, D (mm)
==@==Baseline Soil == MGSNB-1- Static Soil
Date .. 5/17/2011
Test Facility & Site Location..................... Midwest Roadside Safety Facility
In situ soil description (ASTM D2487)......... Well Graded Gravel (GW)
Fill material description (ASTM D2487)...... Well Graded Gravel (GW) (see sieve analyses abowe)
Description of fill placement procedure..... 8-inch lifts tamped with a pneumatic compactor

Figure C-2. Test Day Static Soil Strength, Test No. MGSNB-1
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Dynamic Set up Static Load Test Post-Test Pt"é‘nbf Pos
o i
83" g D
W6115~\ 9 d. -
3%' Di:‘nmel;:" \__:-\‘ 4 4 .
32" 7 ranular Fi
I T i & .
. [ | 32 ’ a : 45
40"| 4 4 |43 . i i Static Test ‘
{ IR l Dynamic Test Installtion Details Installation Details < a4
Soil Gradation for Baseline Fill Soil
100
@
£
[TH
-
[=
8
o
a
100 Grain Size, D (mm)1 01 0.01
16000 Comparison of Load vs. Deflection
14000 Dynamic Test
12000 [ ——— (Acc)
= 10000 __/ o e Dynamic Test
3 | (LC)
2 8000 .
° ! ddendendad S LT L Lo X1 X4 P DynamlcTest
* , \ Required Mi
\ equire n.
Static Test
0 5 10 15 20 25 30 35 40
Deflection (in.)
D7 L PP 3/28/2011
Test Facility & Site Location..................... Midwest Roadside Safety Facility
In situ soil description (ASTM D2487)......... Well Graded Grawvel (GW)

Fill material description (ASTM D2487)...... Well Graded Grawel (GW) (see sieve analyses abowe)

Description of fill placement procedure..... 8-in. Lifts, High Compaction, Pnuematic Tamper
Bogie Weight.......cccoooiiii e, 1,727 Ib

Impact VeloCity.........coveviiiiiiiii e, 18.81 mph
Figure C-3. Summary Sheet for Strong Soil Test Results, Test No. MGSNB-2
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Post-Test Photo of Post

9000

8000 -

Baseline Static
Test

B Minimum Load

6000

N {(90% Baseline)
= MIGSNB-2 Static4

5000

Force (Ib)

-Load Cell1

v MGSNB-2Z Staticd

[
3000 '!—/

2000 -

- Load Cell 2

1000

10 15 20 25

Deflection {in.)

30

100

SOIL GRADATION

90

70

50

Percent Finer

30
20

10

100

10 1
Grain Size, D {mm)

01 0.01

-~&-- Baseline Soil —%— MGSNB-2 Static4 Soil

Date

Test Facility & Site Location..................... Midwest Roadside Safety Facility

In situ soil description (ASTM D2487)......... Well Graded Gravel (GW)

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

.............................. 6/15/2011

Figure C-4. Test Day Static Soil Strength, Test No. MGSNB-2
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Appendix D. Vehicle Deformation Records

170



January 24, 2013

MwRSF Report No. TRP-03-262-12

TEST:

MGSNB-1

VEHICLE: 2270P/Ram 1500

VEHICLE PRE/POST CRUSH
FLOORPAN - SET 1

Note: If impact is on driver side need to

enter negative number for Y

DDDR\

X Y z X Y z ax ay Az

POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
1 24 1/4 834 0 25 83/4 0 3/4 0 0
2 25 1/4 12 3/4 112 251/4 12 1/2 -11/2 0 -1/4 0
3 26 1/2 18 1/2 -6 314 26 1/2 18 1/2 -6 3/4 0 0 0

4 27 26 -6 314 26 1/2 26 1/4 -61/2 -1/2 1/4 1/4

5 16 1/2 1 -31/4 16 1/2 1 -31/2 0 0 -1/4
6 17 172 81/2 -31/2 17172 834 -31/2 0 1/4 0
7 18 3/4 12 1/4 -5 112 18 1/2 12 1/2 -5 112 -1/4 1/4 0
8 20 1/2 18 3/4 -10 20172 1812 | 10 0 -1/4 0
9 20172 26 1/4 9314 20172 26 1/4 -93/4 0 0 0
10 12 3/4 1 -3 112 13 1 -3 1/2 1/4 0 0
11 13172 81/4 414 13172 812 -4 1/4 0 1/4 0
12 15 111/4 -91/2 15 11 -91/2 0 -1/4 0
13 15 1/4 18 1/4 -10 15 1/4 1814 | -10 0 0 0

14 15 1/2 253/4 -10 15 1/4 25 3/4 -93/4 -1/4 0 1/4
15 8172 1 -334 8112 1 -33/4 0 0 0

16 9 8314 412 9 9 434 0 14 -1/4
17 10 1/4 11172 -93/4 10 1/2 11 -93/4 1/4 -1/2 0
18 10 1/4 18 934 10172 17 1/2 934 1/4 -1/2 0
19 10 1/4 25 3/4 912 10 1/2 25172 -91/2 1/4 -1/4 0
20 43/4 3/4 4 434 3/4 4 0 0 0
21 534 9 -5 5314 8314 -5 0 -1/4 0
22 61/4 113/4 -934 61/4 11.1/2 -93/4 0 -1/4 0
23 61/2 18 3/4 912 61/2 18 9172 0 -3/4 0
24 61/2 26 -91/2 61/2 25 1/2 -91/2 0 -1/2 0
25 114 3/4 -3 1/4 11/4 34 -31/4 0 0 0
26 11/2 9 4 11/2 9 4 0 0 0
27 1 113/4 -5 112 1 11172 -51/2 0 - 14 0
28 1 18 1/4 -5 1/4 1 18 -51/4 0 -1/4 0
29 11/4 25172 -51/4 11/4 25 1/2 -51/4 0 0 0
30 0 0 0
3 0 0 0

\ DASHBOARD /

/DDEIR

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

VEHICLE: 2270P/Ram 1500

VEHICLE PRE/PQOST CRUSH
FLOORPAN - SET 2

Note: If impact is on driver side need to

enter negative number for Y

X Y Z X b z ax ay aZ
POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
1 40 15 -1/2 40 15 -1/2 0 0 0
2 40 3/4 18 3/4 -2 40 1/2 18 3/4 -2 -1/4 0 0
3 42 3/4 24 14 -7 112 42 172 24 -7 112 -1/4 -1/4 0
4 43 3112 -11/2 42172 3114 -71/2 - 172 -1/4 0
5 32172 714 -31/4 3212 714 -31/2 0 0 -1/4
6 33142 14 1/2 -33/4 3314 14 1/4 -31/2 -1/4 -1/4 1/4
7 34 314 18 1/2 -6 34172 18 1/4 -6 -1/4 -1/4 0
8 36 314 2434 | 101/2 | 3634 2412 | 1034 0 -1/4 -1/4
9 36 3/4 3112 [ 101/2 | 361/2 3112 [ 10172 - 1/4 0 0
10 29 7 -31/2 28 112 7 -31/2 -1/2 0 0
11 29112 14 1/4 412 291/4 14 1/4 4112 -1/4 0 0
12 3114 17 172 -93/4 31 16 3/4 -93/4 -1/4 -3/4 0
13 31172 2412 [ 1012 | 3114 2334 | 10172 - 1/4 -3/4 0
14 31142 3214 | 1034 [ 31102 3112 | 10172 0 -3/14 1/4
15 24112 7 -33/4 24112 7 -33/4 0 0 0
16 25 15 -4 3/4 25 14 3/4 -4 3/4 0 -1/4 0
17 25 3/4 1734 | -10 2534 1712 | 10 0 -1/4 0
18 2534 24112 -10 25314 24 1/4 -10 144 0 -1/4 -1/4
19 2534 3214 | -101/4 | 25314 3134 | 1014 0 -1/2 0
20 2034 7 -33/4 20314 7 -33/4 0 0 0
21 21314 15 -51/4 21314 14 172 -51/4 0 -1/2 0
22 2214 18 1/4 -9 3/4 2212 18 -9 3/4 1/4 -1/4 0
23 22 3/4 2412 | -10 22 34 2414 | 10 0 -1/4 0
24 22 3/4 3214 | 101/4 | 2234 3134 | 1014 0 -1/2 0
25 17172 7 -3 17172 7 -3 0 0 0
26 17172 15 1/2 4 17172 15 1/2 4 0 0 0
27 17 1/2 18 1/4 -5 3/4 17 1/2 18 1/4 -53/4 0 0 0
28 17 1/2 24 1/2 -53/4 17 1/2 24112 -53/4 0 0 0
29 17 1/2 32 -6 17 1/2 32 -6 0 0 0
30 0 0 0
31 0 0 0
\ DASHBOARD /

DDDR—\ .

/—DDDR

Figure D-2. Floor Pan Deformation Data — Set 2, Test No. MGSNB-1
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TEST:

MGSNB-1
VEHICLE: 2270P/Ram 1500

VEHICLE PRE/POST CRUSH

INTERIOR CRUSH - SET 1

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

DDDR\

6 C3

X Y 2 X Y Z aX av oz
POINT |  (in) (in.) {in.) {in.) {in.) {in.) (in.) in.) (in.)
Al 3912 | 3212 | 2234 | 3934 | 3212 | 23 114 0 114
A2 3912 45 1/4 21112 39 1/4 45 1/4 21172 -1/4 0 0
% A3 38314 | 57 2034 | 38314 | 57 21 0 0 114
3 Ad 33 3534 | 15 33 3534 | 1514 | 0 0 114
A5 3334 | 4612 | 1434 | 3334 | 4612 | 15 0 0 114
AB 333/4 | 58 15 34 58 15 /4 114 0 114
w i B 4414 | 2814 | -12 | 44 28 12 - 114 - 114 0
oz B2 3814 | 2714 | 112 | 3814 | 27 112 | 0 14 | 0
o B3 403/4 | 28 63/4 | 4012 | 2712 | 612 | -1/ 172 174
" ci 293/4 | 3734 | 1214 | 291/4 | 3814 | 1212 | -112 112 114
2 c2 2012 | 3814 | 1212 | 20 3912 | 1212 | -2 114 | 0
LS c3 234 | 3814 | 1312 | 212 | 3912 | 14 -1/4 11/4 112
22 c4 28 3414 | 0 2712 | 3412 | o 112 114 0
g c5 1914 | 3414 | 0 1812 | 3514 | 0 - 314 1 0
- C6 2314 | 3434 3l 212 | 3514 | 1 -1/4 112 174
D1 0 0 0
D2 0 0 0
D3 0 0 0
D4 0 0 0
D5 0 0 0
D6 0 0 0
" D7 0 0 0
38 D8 0 0 0
= D9 0 0 0
D10 0 0 0
D11 0 0 0
D12 0 0 0
D13 0 0 0
D14 0 0 0
D15 0 0 0
\ DASHBOARD /
Ad

Figure D-3. Occupant Compartment Deformation Data — Set 1, Test No. MGSNB-1
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VEHICLE PRE/POST CRUSH
INTERIOR CRUSH - SET 2
TEST: MGSNB-1 Note: If impact is on driver side need to
VEHICLE: 2270P/Ram 1500 enter negative number for Y
X Y Z X Y z ax ay J.v4
POINT (in.) (in.) (in.) {in.) (in.) {in.) (in.) (in.) (in.)
A1 52 37 22314 | 52 37 22314 0 0 0
A2 53 1/2 49172 21 53172 49172 211/4 0 0 14
é A3 55 34 611/4 19 3/4 56 611/2 20 1/4 1/4 1/4
a Ad 46 1/2 39 1/4 14 3/4 46 1/2 3914 15 0 0 1/4
A5 481/2 | 5014 141/4 | 481/2 | 50172 | 1412 0 1/4 1/4
AB 51 1/2 62 14 1/4 513/4 62 1/4 14 1/2 1/4 1/4 1/4
w ﬁ.l‘ B1 49 1/4 30 3/4 -11/4 49 1/4 30 1/2 -11/2 0 -1/4 - 1/4
g 5 B2 43 1/4 29 1/4 -2 12 43 1/4 29 -21/2 0 -1/4 0
o B3 45 1/2 30 1/4 -7 3/4 45 1/2 30 -7 1/2 0 -1/4 1/4
w Cc1 331/4 42 3/4 11172 32 3/4 43 11172 -1/2 1/4 0
% Cc2 24 43 11172 231/2 44 11 3/4 -1/2 1 1/4
- % C3 6 1/4 43 12172 B 44 1/4 12 3/4 -1/4 11/4 1/4
28 [t |3 4014 | A 3212 | 4012 | A T | o
= C5 2334 40 1/4 -1 231/2 411/4 -1 -1/4 g 0
— C6 712 40 3/4 0 7172 411/2 0 0 34 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
2 D8 0 0 0
£« D9 0 0 0
D10 0 0 0
D11 0 0 0
D12 0 0 0
D13 0 0 0
D14 0 0 0
D15 0 0 0

\ DASHBOARD /

Al

B1
A4

B2

DDDRX . /DDDFZ

Figure D-4. Occupant Compartment Deformation Data — Set 2, Test No. MGSNB-1
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Date: 6/1/2011 Test Number: MGSNB-1
Make: Dodge Model: 2270P/Ram 1500 Year: 2004
A
|
I 1
| ‘ —— EQUAL
= | / DISTANCE
-] /
n |
R e 13 v 2
1
/
1 ‘
| A
. O
REF i
in. (mm)
Distance from C.G. to reference line - Lggy:  104.75 (2661)
‘Width of contact and induced crush - Field L: 38.875 (987)
Crush measurement spacing interval (L/5) -I:  7.775 (197)
Distance from center of vehicle to center of Field L - Dg;: 19.4375 (494)
‘Width of Contact Damage: J38.873 (987)
Distance from center of vehicle to center of contect damage - D¢t 19.4375 (494)
NOTE: Enter "NA" for crush measurement if distance can not be measured (i.e., side of vehicle has been pushed inward)
Crush I.atelial Original Profile Dist. Bet.ween Ref. kil Criili
Measurement Location Measurement Lines
. (mm) . (mm) m. (mm) . (mm) in. (mm)
C 275 (70) 0 0 10.25  (260) -7.99 -(203) 0.5 (12)
Cs 3 (76) 7775  (197) 10.48  (266) 0.5 (13)
C; 3.5 (89) 15.55 (395) 11.66 (296) -0.2 -(4)
Cy 6.5  (165) 23.325 (592) 13.39  (340) 1.1 28)
Cs NA NA 311 (790) 16.81  (427) NA NA
Cs NA NA 38.875 (987) 29.00 (737) NA NA
Caax 7 (178) 22 (559) 13.00 (330) 2.0 (51)

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

6/1/2011 Test Number: MGSNB-1

Make:

Dodge Model: 2270P/Ram 1500

Year: 2004

Ci

Distance from centerline to reference line - Lgyg:

Width of contact and induced crush - Field L:

Crush measurement spacing interval (L/S) - I:

Distance from vehicle c.g. to center of Field L - Dy

Width of Contact Damage:

Distance from vehicle c.g. to center of contect damage - D¢t

55.5

227
45.4
-11.5

227
11.75

(mm)

(1410)

(5766)
(1153)
(292)
(5766)

(298)

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

Crush Longitudinal Original Profile Dist. Between
£ 5 Actual Crush
Measurement Location Measurement Ref. Lines
in. (mm) in. (mm) in. (mm) in. (mm) in. (mm)
C NA NA 125 (3175) 15.38 (391) 5.5 (140) NA NA
C; 16.5 (419) -79.6 -(2022) 10.50 (267) 0.5 (13)
C; 155 (394) 342 -(869) 11.56 (294) -1.6 -(40)
Cy4 19 (483) 11.2 (284) 11.25 (286) 23 (57)
Cs NA NA 56.6 (1438) 10.50 (267) NA NA
Cs 39 (991) 102 (2591) 35.25 (895) -1.8 -(44)
Cuax 26 (660) 77 (1956) 10.69 (271) 9.8 (249)
Figure D-6. Exterior Vehicle Crush (NASS) - Side, Test No. MGSNB-1
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TEST: MGSNB-2

VEHICLE PRE/POST CRUSH
FLOORPAN - SET 1

MNote: If impact is on driver side need to

VEHICLE: Rio enter negative number for Y
X Y Z X ¥ z ax ay fLv4

POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
1 28 3/4 41/4 -2 28 1/2 41/2 -2 -1/4 1/4 0
2 30 83/4 -2 1/4 29 3/4 8 3/4 -2 -1/4 0 1/4
3 30 14 1/2 -13/4 29 1/2 14 -13/4 -1/2 -1/2 0
4 26 20 172 0 26 3/4 19 3/4 0 314 -3/4 0
5 27 4 1/2 -4 1/4 26 3/4 4 1/4 <4 1/4 -1/4 -1/4 0
6 27 3/4 8 3/4 4 1/4 27 1/2 834 4 1/4 -1/4 0 0
7 27 3/4 14 1/4 4 27 1/4 14 1/4 -33/4 -1/2 0 1/4
38 251/4 20 3/4 2 24 1/2 20 1/4 -2 -3/4 -1/2 0
9 24 4 -5 1/2 24 4 -51/2 0 0 0
10 25 1/4 9 -7 25 1/4 8314 -7 0 -1/4 0
11 25 14 3/4 -6 1/4 25 14 1/2 -6 1/4 0 -1/4 0
12 23172 20 1/4 -5 2334 19 1/2 -51/4 1/4 -3/4 -1/4
13 17 3/4 33/4 -8 17 3/4 334 -8 0 0 0
14 18 91/2 -13/4 18 91/2 -8 0 0 -1/4
15 18 14 1/2 -7 18 14 1/2 7172 0 0 -1/2
16 18 1/2 20 172 -6 3/4 18 1/4 20 1/4 -7 - 1/4 -1/4 -1/4
17 13 1/4 312 -8 13 1/4 3 1/2 -8 0 0 0
18 15 10 -73/4 15 934 -8 0 -1/4 -1/4
19 15 1/4 14 172 -7 1/4 15 1/4 14 1/2 -7 172 0 0 -1/4
20 14 3/4 20 1/2 -6 3/4 14 1/2 20 1/4 -6 3/4 -1/4 -1/4 0
21 10 31/2 -8 10 312 -8 0 0 0
22 8 1/2 1114 -7 1/4 8 1/2 11.1/2 -7 1/2 0 1/4 -1/4
23 73/4 16 1/4 -7 1/4 8 16 1/2 -7 1/4 1/4 1/4 0
24 8 20 3/4 -7 8 21 -7 0 1/4 0
25 11/4 4 -4 3/4 11/4 334 4 1/2 0 -1/4 1/4
26 11/4 7172 -51/4 11/4 714 -5 0 -1/4 1/4
27 1 13 1/4 -5 1 13 -5 0 -1/4 0
28 1 19 1/2 4 1 19 1/2 4 1/4 0 0 - 1/4
29 0 0 0
30 0 0 0
3 0 0 0

\ DASHBOARD /
2 2

DDDR\

/ DOOR

Figure D-7. Floor Pan Deformation Data — Set 1, Test No. MGSNB-2
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TEST: MGSNB-2

VEHICLE PRE/POST CRUSH

FLOORPAN - SET 2

Note: If impact is on driver side need to

VEHICLE: Rio enter negative number for Y
X Y F4 X Y ol ax oy aZ

POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) {in.) (in.)
1 34 1/4 91/2 -2 34 91/2 -2 - 1/4 0 0
2 35 3/4 14 -2 1/4 35 1/4 13 3/4 -2 1/4 -1/2 -1/4 0
3 353/4 19 3/4 -2 34 3/4 19 1/4 -2 -1 -1/2 0
4 311/2 26 -3/4 30 172 25 -1/2 =1 -1 174
5 32 1/2 9 3/4 -4 1/4 3212 91/4 -4 1/4 0 -1/2 0
6 331/2 14 4 1/2 33 13 1/2 41/2 -172 -1/2 0
7 33 1/2 19 3/4 -4 1/4 323/4 19 4 1/4 - 3/4 -3/4 0
8 31 26 212 30 25 1/2 2 1/2 -1 -1/2 0
9 29 3/4 91/4 -51/4 29 1/2 9 -5 1/2 -1/4 -1/4 -1/4
10 31 14 1/4 -7 30 3/4 13 3/4 -7 1/4 -1/4 -1/2 -1/4
11 30 3/4 20 -61/2 303/4 20 -6 1/2 0 0 0
12 29 1/4 25 1/4 512 29172 251/4 -6 1/4 -0 -1/2
13 23 1/2 9 -8 23 1/2 8 1/2 -8 0 -1/2 0
14 24 14 3/4 -8 24 15 -8 0 14 0
15 233/4 19 3/4 -7 1/2 233/4 19 1/2 -7 3/4 0 -1/4 -1/4
16 24 26 -71/4 24 25 1/2 -7 1/4 0 -1/2 0
17 19 8 3/4 -7 3/4 19 9 -8 0 1/4 -1/4
18 21 15 1/2 -8 21 15 -8 0 -1/2 0
19 21 19 3/4 -7 172 21 19 1/2 -7 3/4 0 -1/4 -1/4
20 20 1/4 25 3/4 -7 1/4 20 1/4 25 1/2 -7 1/4 0 -1/4 0
21 15 3/4 83/4 -8 15 1/2 8 3/4 -8 -1/4 0 0
22 14 1/2 16 3/4 -7 1/2 14 1/4 16 1/2 -7 3/4 -1/4 -1/4 -1/4
23 13 3/4 21172 =7 1/2 13 3/4 21172 -7 1/2 0 0 0
24 13 3/4 26 -7 1/4 13 172 26 1/4 -7 172 -1/4 14 -1/4
25 7 9 1/4 4 1/2 7 91/4 4 1/2 0 0 0
26 7 12 1/2 -5 7 12 3/4 -5 1/4 0 1/4 -1/4
27 6 3/4 18 1/2 5 6 3/4 18 1/2 -5 1/4 0 0 -1/4
28 £ 24 3/4 4 1/4 63/4 24 3/4 4 1/2 -1/4 0 -1/4
29 0 0 0
30 0 0 0
31 0 0 0

DASHBOARD

DDDR\

//r*DDDR

Figure D-8. Floor Pan Deformation Data — Set 2, Test No. MGSNB-2

178



January 24, 2013

MwRSF Report No. TRP-03-262-12

VEHICLE PRE/POST CRUSH

INTERIOR CRUSH - SET 1

DEIEIR—\

TEST: MGSNB-2 Note: If impact is on driver side need to
VEHICLE: Rio enter negative number for Y
X Y F X Y z ax ay aZ
POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
Al 33 32 1/2 20172 33 3212 21 0 0 172
A2 33 40 20 3/4 33 40 211/4 0 0 112
% A3 33 45 3/4 21 33 45 1/2 211/4 1] -1/4 1/4
g Ad 26 33 1/2 15 26 33 1/2 15 1/4 0 0 1/4
A5 26 39 15 1/4 26 39 15 1/2 0 0 1/4
Ab 26 1/4 45 3/4 15 1/2 26 45 1/4 15 3/4 -1/4 -1/2 1/4
w o B1 20 3/4 25 1/4 13/4 20 1/2 25 2 -1/4 -1/4 1/4
Sz B2 193/4 | 2434 | -34 | 1912 | 2414 | -1/4 - 1/4 -12 1/2
L B3 22 3/4 25 3/4 - 3/4 22 1/4 24 172 -1/2 -1/2 -11/4 1/4
w Cc1 27 3/4 33 17 3/4 27 172 3314 18 -1/4 1/4 1/4
g N c2 18 3/4 33 18 1/4 18 1/2 3314 18 1/4 -1/4 1/4 0
58 C3 73/4 34 18 3/4 7172 34 174 18 3/4 -1/4 1/4 0
= c4 20 26 -3/4 19 3/4 25 3/4 -3/4 -1/4 -1/4 0
= C5 13 26 - 3/4 13 25172 -1/2 0 -1/2 1/4
— C6 6 1/4 26 0 6 25 3/4 1/4 -1/4 -1/4 1/4
D1 0 0 0
D2 0 0 0
D3 0 0 0
D4 0 0 0
D5 0 0 0
D6 0 0 0
L D7 0 0 0
2 D3 0 0 0
&= D9 0 0 0
D10 0 0 0
D11 0 0 0
D12 0 0 0
D13 0 0 0
D14 0 0 0
D15 0 0 0
\ DASHBOARD ,5/ A

A5

/ DOOR

Figure D-9. Occupant Compartment Deformation Data — Set 1, Test No. MGSNB-2
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VEHICLE PRE/POST CRUSH
INTERIOR CRUSH - SET 2

DEIDR—\

TEST: MCSNB-2 Note: If impact is on driver side need to
VEHICLE: Rio enter negative number for Y
X Y Z X Y z ax ay az
POINT fin.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
Al 52 34 20 1/2 51 1/2 34 21 1/4 - 12 0 3/4
A2 52 40 3/4 20 1/2 513/4 40 3/4 21 - 174 0 1/2
% A3 513/4 46 1/4 20 1/2 511/4 46 1/4 21 -2 0 12
é A4 45 1/2 34 3/4 15 45 1/4 34 1/2 15 1/4 - 14 -1/4 1/4
A5 46 39 3/14 15 1/4 45 3/4 39 1/2 15 1/4 - 14 -1/4 0
Ab 45 3/4 45 3/4 15 1/4 45 1/2 46 15 1/2 - 14 1/4 1/4
w B1 26 24 1/2 1 25 1/2 24 1/2 11/4 - 12 0 1/4
=z B2 2 24 A1/4 | 2434 | 2334 | - 14 - 114 1/4
s B3 28 1/4 24 1/2 -11/2 27 3/4 23 1/2 -11/4 - 12 -1 1/4
w Cc1 3 36 1/2 17 1/4 31 36 3/4 17 1/4 1] 1/4 1]
g c2 22 1/4 37 18 22 37 14 17 3/4 - 14 1/4 -1/4
= % C3 11172 37172 18 1/4 11.1/4 38 18 1/2 -1/4 1/2 1/4
% 8 c4 27 1/4 31 -11/4 27 30 3/4 -11/4 - 174 -1/4 0
= C5 20 1/2 31 -11/4 20 1/4 30 3/4 -11/4 -14 -1/4 0
— C6 13 3/4 31 -1/4 13 1/2 31 - 1/4 - 14 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
L D7 0 0 0
g D8 0 0 0
& D9 0 0 0
D10 0 0 0
D11 0 0 0
D12 1] 0 0
D13 0 0 0
D14 0 0 0
D15 0 0 0
\ DASHBOARD /

Figure D-10. Occupant Compartment Deformation Data — Set 2, Test No. MGSNB-2
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Date: 7262011 Test Number: MGSNB-2

Make: Kia ModelL: Rio Year: 2005

n ()
Distance from C.G: fo reference kine - Lgyy: 69 1753)
‘Width of contact and induced crush - Fied L= 655 (1664)
Crush measurement spacing imerval L5)-1:  13.1 333)
Distance from cenfer of vehicle fo center of Fiel L - Dy - o [1]
‘Wiidth of Contact Damage: 655 (1664
Distance from center of vehicle fo center of contect damage - D= o 0

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

Crush Lateral Original Profile Dist. Between Rel

Measurement Location Measurement Lines e

L () i () in () i () n ()

C, 225 (7Y -32.75 -(832) 2950 (749 -8.81 -2249) 18 “6)
Cy 6.75 Q@70 -19.65 -(499) 1167 (296) 39 09
C; 1175 (299 655 -(166) 242 239 111 2853
Cy 17 432 655 (166) 941 239 164 417
[+ 1825 (469 19.65 (499) 1159 2949 155 @93

Cg NA NA 3275 (332) 2950 (749 NA NA
Cuax 17 {432) 655 (166) 941 239 164 417

Figure D-11. Exterior Vehicle Crush (NASS) - Front, Test No. MGSNB-2
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Date:

7/26/2011

Make:

Kia

Test Number:

MGSNB-2

Rio

2005

Gy
C:
Gy
Cy
Cs

Cs

Caax

Distance from centerline to reference line - Lgss:

‘Width of contact and induced crush - Field L:
Crush measurement spacing interval (L/5) - It
Distance from vehicle c.g. to center of Field L - Dgg:
Width of Contact Damage:
Distance from vehicle c.g. to center of contect damage - D¢: 43.875

in, (mm)

33 (838)

69.75  (1772)
13.95 (354)
34875  (886)
53.75  (1365)
(1114)

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

Crush Longitudinal Original Profile Dist. Between Ketaal  ‘Criish
Measurement Location Measurement Ref. Lines

in. (mm) in. (mm) in. (mm) in. (mm) in. (mm)
1 (25) 0 0 3.13 (79) 3 (76) 0.9 22)
1.25 (32) 13.95 (354) 3.13 (79) 1.1 (29)
NA NA 27.9 (709) 4.50 (114) NA NA
13 (330) 41.85 (1063) 4.00 (102) 12.0 (305)
NA NA 55.8 (1417) 4.69 (119) NA NA
Na NA 69.75 (1772) 23.50 (597) NA NA
13 (330) 41.85 (1063) 4.00 (102) 12.0 (305)

Figure D-12. Exterior Vehicle Crush (NASS) - Side, Test No. MGSNB-2
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MGSNB-2 Comparative Roof Crush Measurement

Reference vehicle is a 2004 Kia Rio with no damage
Note that the model year is one year different between the
two vehicles but the body style is identical.

MGSNB-2 roof damage was located at one point on the right front quarter of the roof panel.

Pre-crush Post Crush Total Crush
Max Crush Point 6.25 75 1.25

Figure D-13. Roof Crush Measurement, Test No. MGSNB-2
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Appendix E. Accelerometer and Rate Transducer Data Plots, Test No. MGSNB-1
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Figure E-1. 10-ms Average Longitudinal Deceleration (DTS), Test No. MGSNB-1
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Figure E-2. Longitudinal Occupant Impact Velocity (DTS), Test No. MGSNB-1
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Figure E-3. Longitudinal Occupant Displacement (DTS), Test No. MGSNB-1
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Figure E-4. 10-ms Average Lateral Deceleration (DTS), Test No. MGSNB-1
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Figure E-5. Lateral Occupant Impact Velocity (DTS), Test No. MGSNB-1
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Figure E-6. Lateral Occupant Displacement (DTS), Test No. MGSNB-1
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Figure E-7. Vehicle Angular Displacements (DTS), Test No. MGSNB-1
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Figure E-8.

Acceleration Severity Index (DTS), Test No. MGSNB-1
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Figure E-9. 10-ms Average Longitudinal Deceleration (EDR-3), Test No. MGSNB-1
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T1-297-€0-d L "ON Hodoyg JSYMIN

€107 ‘¢ Arenuef



Longitudinal Change in Displacement - EDR-3
MGSNB-1

0.5

0

-0.5
E

= -1
O
IS
[}
Q
©

= -1.5
2
=)

o 2

(9}

2.5

-3

-35

-4

0 0.1 0.2 0.3 0.4 0.5 0.6
Time (sec)
——CFC-180 Extracted Longitudinal Displacement (m)

Figure E-11. Longitudinal Occupant Displacement (EDR-3), Test No. MGSNB-1
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Figure E-12. 10-ms Average Lateral Deceleration (EDR-3), Test No. MGSNB-1
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Figure E-14. Lateral Occupant Displacement (EDR-3), Test No. MGSNB-1

T1-297-€0-d L "ON Hodoyg JSYMIN

€107 ‘¢ Arenuef



0.9

0.8

0.7

0.6

ASI

0.5

0.4

061

0.3

0.2

0.1

-0.1

Acceleration Severity Index (ASI) - EDR-3

MGSNB-1

Maximum AST =

).60/7/0/0220

U Y

0.1

0.2

0.3

Time (sec)

0.4

0.

5

0.6

Figure E-15. Acceleration Severity Index (EDR-3), Test No. MGSNB-1
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Appendix F. Accelerometer and Rate Transducer Data Plots, Test No. MGSNB-2
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Figure F-1. 10-ms Average Longitudinal Deceleration (DTS), Test No. MGSNB-2
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Figure F-2. Longitudinal Occupant Impact Velocity (DTS), Test No. MGSNB-2
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Figure F-3. Longitudinal Occupant Displacement (DTS), Test No. MGSNB-2
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Figure F-4. 10-ms Average Lateral Deceleration (DTS), Test No. MGSNB-2
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Figure F-5. Lateral Occupant Impact Velocity (DTS), Test No. MGSNB-2
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Figure F-6. Lateral Occupant Displacement (DTS), Test No. MGSNB-2
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Figure F-7. Vehicle Angular Displacements (DTS), Test No. MGSNB-2

T1-79T-€0-ddL "ON Hodoy ISYMN

€107 ‘v Arenuef



80¢

AccelerationSeverityilndex (ASl) -DTS

MGSNB-2
12 |
MaximumASI = 1.044110766
1 0
08
E 06
04 M
i \w \”AW
0 WWA\\.N /_’,_,,\,
02
0 01 0.2 03 04 05 05 07 08 03
Time (sec)
—AS|

Figure F-8.

Acceleration Severity Index (DTS), Test No. MGSNB-2
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Figure F-9. 10-ms Average Longitudinal Deceleration (EDR-4), Test No. MGSNB-2
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Figure F-10. Longitudinal Occupant Impact Velocity (EDR-4), Test No. MGSNB-2
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Figure F-11. Longitudinal Occupant Displacement (EDR-4), Test No. MGSNB-2
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Figure F-12. 10-ms Average Lateral Deceleration (EDR-4), Test No. MGSNB-2
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Figure F-13. Lateral Occupant Impact Velocity (EDR-4), Test No. MGSNB-2
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Figure F-14. Lateral Occupant Displacement (EDR-4), Test No. MGSNB-2
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Figure F-15. Vehicle Angular Displacements (EDR-4), Test No. MGSNB-2
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Figure F-16. Acceleration Severity Index (EDR-4), Test No. MGSNB-2
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Figure F-17. 10-ms Average Longitudinal Deceleration (EDR-3), Test No. MGSNB-2

T1-792-€0-d¥.L "ON Moday ASYMIN

€107 ‘v Arenuef



5
0
» 5
E
2
‘©
°
(]
> -10
[\
—
oo
-15
-20
-25

Longitudinal Change in Velocity - EDR-3

MGSNB-2

_h\w——\..\wﬁ______,__—-—-——"—_'——————_’

0.1

0.2 0.3 0.4 0.5 0.6

Time (sec)

0.7

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

0.8

0.9

Figure F-18. Longitudinal Occupant Impact Velocity (EDR-3), Test No. MGSNB-2
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Figure F-19. Longitudinal Occupant Displacement (EDR-3), Test No. MGSNB-2
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Figure F-20. 10-ms Average Lateral Deceleration (EDR-3), Test No. MGSNB-2
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Figure F-21. Lateral Occupant Impact Velocity (EDR-3), Test No. MGSNB-2
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Figure F-22. Lateral Occupant Displacement (EDR-3), Test No. MGSNB-2
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Figure F-23. Acceleration Severity Index (EDR-3), Test No. MGSNB-2
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General Information
Test Agency..
Test MNo.
Date.........
Test Article
Type..
Name
Inslallalion Lenglil (rrl)
Materal or Key Erements

Soil Type and Condition ..

Test Vehicle
Twpe..... ;
Designation...
Maodel
Mass (kg)

Curb. e
Test Inemal
Dummy

Gross Stafic

Figure G-1. Summary of Test Results and Sequential Photographs, Test No. 220570-4 (T-31), NCHRP 350 Test 3-10 [8]

Texas Transportation Institute
2205704
10-19-2005

Guardrail

T-31

68 6

WW-Beam Guardrail on Steel Yielding Line
Posts with Splices at Mid-Span

Standard Soil, Dry

Production
820C
1997 Geo Metro

805
825

75
800

Impact Conditions
Speed (km/h) ...
Angle (deg) ...............

Exit Conditions
Speed (km/h) ...

Angle (deg) ...........

Occupant Rlsk Values
Irmpacl Velocily (im/fs)

Longitudinal
Lateral e T
THIV (km/h) -
Ridedown Acce&eratlons (g S)
Longitudinal
) | [
PHD (g's)
L
Max. 0. OSO—&. Aveldge (g !:)
Longitudinal i
| ateral
Vertinal

1021
203

58.0
114

-102
68
24

Test Article Deflections (m}
Dynamic ...
Permanent.......

Working Width

Vehicle Damage

Exterior
VDS

o R Ry

Max. Exterior
Vehicle Crush (mm]) ...
Interior
QCDI

Max. chpantcbmpamnem

Deformation (mm).
Postdimpact Behavior
{dunng 1.0 sec after impact)

Max. Yaw Angle {(deyg)..................

Max. Pitch Angle (deg)...
Max Roll Angle {deg)

049
0.31
134

11LFQ5
11LFEW3
290
LF0013000
85
-35

-3
-7
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24 23| 22 21 20 19 18 17 13 12 11
168 m (55 Ft)r—
General Information Impact Conditions Test Article Deflection
Test AZENCY ..cooovivvviviennenn. Southwest Research Institute Speed (km'hr) ..........106.3 DYNamic ........cvevivereisiees
o LestNUMBEr .. onmcnassedd GMS-2 Angle (degrees)........18.8 Permmafienti s ss
R TEtDRR s 09/13/2006 Exit Conditions Vehicle Damage
Test Category..........ou..... 3-10 Speed (km'hr) ..........30 (calculated) Exterior
Test Article Angle (degrees)........13.5 D T
TREE s comsommmmmanont Longitudinal Barrier Occupant Risk Values WD st smhaanams
Installation Length........... 57.15m (187.5 ft) Impact Velocity (m's) Interior
Nom. Barrier Height......... 787 mm (31 in) x-direction .........7.6 (@, 21 ) (T
Type of Primary Barrier.. Modified G4-18 Longitudinal Barrier y-direction..........-4.8 Max. Deform. (mm) ..............
Soil Stable, Moist —**Standard” Soil Ridedown Accelerations (g’s)
Test Vehicle x-direction ......... -8.1
TV Ennmamenmninima Small Car y-direction .........7.1
Designation..................... 820C Post Impact Vehicular Behavior (limited to events <1.000 seconds)
Model.....coum mmmmmn 2001 Suzuki Swift Maximum Roll Angle (degrees) ............... 7.8 @ 0.265 sec.
AT [ ) — 820 Maximum Pitch Angle (degrees) ...............-5.2 @ 0.998 sec.
Inertial Mass (Kg)............. 820 Maximum Yaw Angle (degrees)...............-97.1 @ 0.998 sec.
Dummy Mass (kg) ....
Gross Static Mass (kg) .....

Figure G-2. Summary of Test Results and Sequential Photographs, Test No. GMS-2, NCHRP 350 Test 3-10 [9]
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LTC

0.000 sec 0.067 sec 399-133 sec 0.167 sec 0.234 sec

32'-10" [10.0 m] xit
] [~ _ _

I 3

4% ﬁl%w 03 m) (813) (838)
25.5 — 5

1 2 3 4 5 68 7 B 9 10\” 12 13|14 15 16 17 18 19 20 21 22 23 24 25 Eiz? 28 29

76'-9" [23.4 m) 3

® TSt ALEIICY vttt MwRSF e  Vehicle Damage
. Test Number. .MGSNB-2 VDS e 01-RFQ-5 =
o Date 6/15/2011 CDCM e 01-RYEW-4 (331)
®  MASH Test DeSIZNation. ........c.cueueuriueurimeeririeeenieeeeeeeeseeeeeseeesseeseeseseseeeeees 3-10 Maximum Interior Deformation 1% in. (32 mm)
. TSt ATHCIC oo Non-Blocked MGS . Test Article Damage.........cocoveueueeerininieriicininieieiecneneeeteieeese e senenens Moderate
o Total Length ..ococuueeeceiiciiecineireieceneereeceseieeeeeee s 181 ft - 3 in. (55.3 m) e Test Article Deflections
. Key Component — Steel MGS Permanent Set............ccocveeeievieeiiieieereeeeeee et 13 7/8 in. (352 mm)
THICKNESS.....vevieietiieieieereeeee e 12 gauge (2.66 mm) Dynalpic ..29.1 1n (740 mm)
Top Mounting Height.............coo.coovvereveeereiereeseesererennns 32 in. (813 mm) Working Width.........cooooiiiiiiinirieieeeeeeeee 34.5 in. (877 mm)
e Key Component — Steel Posts e  Maximum Angular Displacements
POSt TYPE.orrvvoee oo W6x8.5 by 6° (W152x12.6 by 1,829 mm) Roll.. - 827° <75°
POSt SPACING ...t eeeeeenes 75 in. (1,905 mm) Pitch. 3.98°< 750
e Key Component — Steel W-beam Backup Plates Yaw..A‘...A...A. e e 14.24
THICKIESS ...vveereieririeieiie et seeneen 12 gauge (2.66 mm) e Impact Severity (IS)......coocevuevvrinriinncns 59.3 kip-ft (80.4 kJ) > 51 kip-ft (69.7 kJ)
LENZN.viieriiieieieiieiee ettt 12 in. (305 mm) e Transducer Data
®  SOUTYPC oo Grading B - AASHTO M 147-65 (1990) : I Transducer MASH
. 2005 Kia Rio Evaluation Criteria EDR3 DTS Limit
CUID oo 2,375 1b (1,077 kg) OV | Loneitudinal | -31.17 (9.81) | -31.26 (953 <40
P 2,408 1b (1,092 kg) s ¢ 17980 20095 | (120
Gross .S.tatlc ................................................................ 2,578 1b (1,169 kg) (ms) Lateral J15.46 (-4.71) | -15.83 (-4.82) <40
e Impact Conditions (12.2)
SPEEA .t 63.0 mph (101.4 km/h) o ) )
25.5 deg ORA Longitudinal 10.47 10.20 <20.49
. Impa.ct Location ............. 8 ft - 11% in. (2.7 m) upstream of Post No. 15 g’s Lateral 6.03 6.30 <20.49
. Exit Conditions
SPEEA e 25.7 mph (41.4 km/h) THIV - ft/s (m/s) NA 34.65 (10.56) no't
ADGLE oo 19.1 deg required
®  EXit BOX CIIEIIOMN ..ottt ettt eeeeteee e ee e eeeaeeeeeseeeseneeeeeeeeeaeseeeaes Pass PHD — g’s NA 1021 not .
o Vehicle Stability.......ccoceveiriiieinieieieneeceeeeeee s Satisfactory require
e Vehicle Stopping Distance.............ccccccvrerrenrene. 76 -9 in. (23.4 m) downstream ASI 0.97 1.04 not
10 in. (0.3 M) laterally in front required

Figure G-3. Summary of Test Results and Sequential Photographs, Test No. MGSNB-2, MASH Test 3-10
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0.000 sec 0.088 sec 0.147 sec 0.189 sec 0.251 sec
44.04 m T }-PDE = .
41.53 m | .‘:::-::::_:57.
A ' 'S A A ' A ' A A A A A A | |
20.0° £3% mm i - ‘.‘2‘\ 3 wen
Right—rear Ti '
L T
| |
® TestNumber................... NPG-1 e
® Dale ... 6/29/01 ‘
® Appurtenance .................. Midwest Guardrail System \ |
Key EICEntS «: ¢ o oo 5o s increased mounting height, blockout depth, | n
and bolt slot length, mid-span splices ® Vechicle Angle
® TotalLength........c.coivununn 5525 m Impact (trajectory) ................. 20.0 deg
[\ @ Steel W-beam Exit (trajectory) ................... 9 deg
2 Thickness ................. 2.66 mm ® Vehicle Stability ...................... Satisfactory
Top Mounting Height ........ 813 mm ® Occupant Ridedown Deceleration (10 msec avg.)
Bolt Slot Length . ........... 102 mm LOOEUNaL .o v o5 a0 5 5o 565 5 6.13g's<20¢g’s
® Steel Posts Lateral (not required) . .. ............ 797g’s
PostNos. 3-27 ............. WI152 x 13.4 by 1.829-mm long ® Occupant Impact Velocity
SSPACIND e s awn wnass vawss s e 1,905 mm Longitudinal .. ... acw sem o an s sooms s 3.52m/s <12 m/s
® Wood Posts Lateral (not required) ... ............ 5.68 m/s
Post Nos. 1-2,28-29(BCT) . 140 mm x 190 mm by 1.080-mm long ® Vehicle Damage . ..................... Moderate
® Wood Spacer Blocks TADY ... 11-LFQ-3
PostNOE: 3:=27: son von 5o s 152 mm x 305 mm by 356-mm long . T 11LFEW3
® SO TYPE: 5 sois sss s wnas s e wowa Grading B - AASHTO M 147-65 (1990) @ Vehicle Stopping Distance .. ............ 41.53 m downstream
® Vehicle Model ................. 1994 Geo Metro 0.71 m traffic-side face
Cub ... .. ... . 740 kg ® BarrierDamage .. ..................... Moderate
Test Inertial .. .............. 812 kg ® Maximum Rail Deflections
Gross Static .. .............. 887 kg Permanent Set .................... 238 mm
® Vehicle Speed DYHamich; ¢ #ua v ves avp o s von 443 mm
DPACE we e e woass v s w0 102.9 km/h ® Working Width ....................... 1.023 mm
Exit (resultant) ............. 92.3 kivh

Figure G-4. Summary of Test Results and Sequential Photographs, Test No.

NPG-1, NCHRP 350 Test 3-10 [3]
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O Tet AgEeY: oo cmmmsanmetan .
O TestNumber :.....ovvssimmssvas
® Dae ....
® NCHRP 350 Uoc!ate Tes! Desnguahon
® Appurtenance ... .....
¢ TomlLengh ...cuvusw-vimasimas
® Key Elements - Steel W-B-am
o Thickness ....... .
% Top Mounting Hetgh: ...... ;
® Key Elements - Steel Post:
PostNos. 3-27 ... .ccvivuua-
Spacing ... ..
® Key Elements - Wood Posu
Post Nos. 1 - 2,28 - 29 (BCT) .

® Key Elements - Steel Foundation Tube .

® Key Elements - Wood Spacer Blocks
Post Nos. 3 -2

® TypeofSoil .........

® Test Vehicle
Type/Designation .
Make and Model ..
|51+ FURORSR SRR P e PR
Test Inertial . .
Gross Static

® Impact Conditions
Speed . X
BUPFIN . ooeasv0 uipjene £ e 50,008 0
Impact Location ... ...

. MwRSF

. 2214MG-3

. 11/8/04

. 3-10

. Midwest Guardrail System
. 5525m

. 2.66 mm
. 813 mm

. W152x13.4 by 1,829 mm long
. 1,905 mm

. 140 mm x 190 mm by 1,080 mm ong

1,829-mm long

. 152 mm x 305 mm by 362 mm loag
. Grading B - AASHTO M 147-65 (1990)

. 1100C
. 2002 KiaRio
. 1,026 kg
. 1,099 kg
1174 kg

. 97.8 km/h

254 degrees

. 2.11 m upstream splice between posts 14 & 15

Exit Conditions

Speed .

Angle .

Exit Box Criterion ... .........
Post-Impact Trajectory

Vehicle Stabality .. .......

Stopping Distance . ... .. ..

Occupant Impact Velocity (350 Update)

VAR

484¥kmh "™
14.1 degrees
Pass

Satisfactory
2246 m downstream
0.83 m traffic-side face

Longitudwnal . 452 m/s< 12 m/s
Lateral: oo vve. siiaesim v 522mis< 12ms
Occupant Ridedown Deceleration (350 Update)
Longitudinal .................. 16.14 Gs <20 Gs
e PR ey e 837Gs<20Gs
THIV (not required) cere. 1.26ms
PHD (not required) . ................ 1620Gs
Test Asticle Damage ... ............. Moderate
Test Article Deflections
PermaneatSet................. SbS mm
DIVORIIL . it e aisirarere wv e st am 913 mm
Working Width . . coseses 1,227 mm
Vehicle Damage .. ................. Moderate
D e R e A e 1-RFQ-6
CDE o vais 1-RYEWS6
Maximun Defonmnnn ......... 6 mm at right-front floorpan

Figure G-5. Summary of Test Results and Sequential Photographs, Test No. 2214MG-3, MASH Test 3-10 [3]
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0420 s

0.000 s 0.211s 0.631s
1850
| =
LENGTH OF CONTACT 3_
| 5
GROUND LINE
‘ W 4 I
256¢ -
\‘/ g B - 470"
EXIT BOX L B J &
166'2328
i
IMPACT PATH—
EXITPATH
8 General Information Impact Conditions Post-Impact Trajectory
o Test Agency......................... Texas Transportation Institute (TTI) T T | 60.4 mi/h Stopping Distance ......................... 185 ft dwnstrm
Test Standard Test No. ....... MASH Test 3-10 {1 |- PSRRI —— ....25.6 degrees 47 ft twd traffic
T o o [ O — 420020-5 Location/Orientation ...........38 inches upstrm Vehicle Stability
Date.....ccvvcreiicenniiinnnn. 2010-08-26 Exit Conditions Post 13 Maximum Yaw Angle........coeeeeee. 49 degrees
Test Article Speed Maximum Pitch Angle................... -11 degrees
Guardrail F15c| - E———————— Maximum Roll Angle..........c.ccc...... -16 degrees
31-inch W-Beam Guardrail with Occupant Risk Values Vehicle Snagging..........cccceiinninns No
standard offset blocks Impact Velocity Vehicle Pocketing........ccccccervvennene No
Installation Length ............... 181.25 ft Longitudinal ..................... 21.0fiis Test Article Deflections
Material or Key Elements .... 12-ga. \W-beam rail, 8-inch deep 15115 - | S 17.4 ftis DO o ot oo eSS 238 ft
routed wood blockouts Ridedown Accelerations Penfranent. . minansmmas 1.58
Longitudinal ............cccc..... 88G Working Width ........c.ccccoeveinninns 2.38 ft
Soil Type and Condition....... Crushed Limestone, Dry Lateral Vehicle Damage
Test Vehicle THIV...... VBB s o e
Type/Designation................. 1100C PHD...... CDB cssnammwumsasssss
Make and Model.... .. 2003 Kia Rio A8 rnttatm minae Max. Exterior Deformation
(1] — .. 2387 b Max. 0.050-s Average [ ] [
Test Inertial. .24351b Longitudinal....................-6.8 G Max. Occupant Compartment
Dummy ....... . 1741b Lateral Defavination.swwawsnmamis 0
Gross Static ........onenniinies 2609 Ib Vertieal s -1.8G Impact Severity ...........coeicncin. 1778 Kip-ft (-0.4%)

Figure G-6. Summary of Test Results and Sequential Photographs, Test No.

420020-5, MASH Test 3-10 [15]
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General Information
Test Agency.
Test No
Date ........

Test Article

L, R R T

Name ... i
Installation Length (m)

Matenal cr Key Elements .

Soil Type and Condition .
Test Vehicle
Type
Designation ...
Model
Mass (kg
CUrD;......
Test Inertial
Dummy
Gross Static.

Texas Transportation Institute
220570-2
08-02-2005

Guardrail

T-31

68 58

VW-Beam Gua-drail on Steel Yielding Lire
Posts with Sp ices at Mid-Span

Standard Soll Dry

Production
2270P
2002 Dodge Ram 1500

2207
2299
Mo dummy
2299

Impact Conditions

Speed (km'h) 9786
Angle ideq) . 2638
Exit Conditions
Speed (km'h) G386
Angleideg).....c.iimeseenine. 148
Occupant Risk Value
Impact Velocity (m/s)
Longitudinal 50
Lateral 5.
IHIV {(<m/h) B s 250
Ridedown Accelerations (g's)
Lonaitudinal -6.1
Lateral .. T4
PHD (g's) 5
ASl P 070
Max 0.050-s Average (g's)
Lonaitudinal -5.0
Lateral 5.5
Vertical 1.8

Test Article Deflections (m
Dynamic ki
Permanent .. :
Working Width .. .

Vehicle Damage
Exterior

vDS
CcDC
Max. Extenor

Vehicle Crush (mm).......

Intenor
OCDI

Max Occupant Corﬁpa”l‘t‘m'ént
Deformation (mm). ...........

Postdmpact Behavior
{during 1.0 sec after impact)
Max. Yaw Angle {deg).....

Max. Pitch Argle {deqg).......

Max. Roll Angle (deg) ...

Figure G-7. Summary of Test Results and Sequential Photographs, Test No. 220570-2 (T-31), MASH Test 3-11 [8]
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120"
General Information Impact Conditions Test Article Deflection
Test AGENCY ....ovverenenn s Southwest Research Institute Speed (km/hr) ..........97.7 DY RAMG «.osiiosisstinsiimsiiiiaiiin 0.89m (2.92 ft
) Test Number ..................GMS-1 Angle (degrees)........25.9 Permatient.i: i 0.56m (1.8 ft)
2 TestDate...oooonenennen.! 08/17/2006 Exit Conditions Vehicle Damage
Test Category ..........ee.ee.. 3-11 Speed (km/hr) .......... 65 (calculated) Exterior
Test Article Angle (degrees)........12.0 BB s R b 11LFEWS
TDE onscvimmsssaamsaspmmionss Longitudinal Barrier Occupant Risk Values WD v mssiamariswsrasysassssimssvsss 11-LFQ-3
Installation Length..........57.15 m (187.5 ft) Impact Velocity (m/s) Interior
Nom. Barrier Height .......787 mm (31 in) x-direction.........5.0 OCE L wnmanmummamnaasiins LF0000000
Type of Primary Barrier.. Modified G4-18 Longitudinal Barrier y-direction.........-3.2 Max. Deform. (mm) ..............0
Soil Stable, Dry —“Standard™ Soil Ridedown Accelerations (g’s)
Test Vehicle x-direction........ -10.7
T ¥ Ton Quad Cab Pickup y-direction......... 11.5
Designatiof ...................... 2270P Post Impact Vehicular Behavior (limited to events <1.000 seconds)
VIOAELL, ooy 2002 Dodge Ram 1500 Quad Cab Maximum Roll Angle (degrees) ................ -12.3 @ 0.506 sec.
Mass (K) ..vovevevioienernns 2197 Maximum Pitch Angle (degrees) ...............-6.2 @ 0.674 sec.
Inertial Mass (kg)............. 2197 Maximum Yaw Angle (degrees)................35.9 @ 0.542 sec.

Durnmy Mass (kg) .......... NA
Gross Static Mass (kg)....2197

Figure G-8. Summary of Test Results and Sequential Photographs, Test No. GMS-1, MASH Test 3-11 [9]
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0.000 sec 0.060 sec 0.120 sec 0.240 sec
—132'-10" [10.0 m] BN BOX | att Front Tire
P B .
1251957!5n\ouﬂ:“H—ﬁ’ulrmmnz‘nuununnn
33-6" [10.2 m) » 32:»
[787] [813]
197'=11" [60.3 m).
. TESt AEIICY ..ttt ettt MwRSF § . Vehicle Damage ........coceveireninieinieeeieesee et Moderate
@ TSt NUMDET ......oeoeeeeceeceeeeeeee et MGSNB-1 VDS e 01-RFQ-4
o Date oo, 5/17/2011 CDCM i ..0I-RYEW-3
. MASH Test DeSIZNAtioN...........cvevereeeeieerereeeeeeessseseeeeseesessseee e sesseseeseesensens 3-11 Maximum Interior Deformation 1% in. (32 mm)
. Test Article................. ..Non-Blocked MGS . Test Article Damage.........coovvveveueininieieeeinininieeeenseeie e Moderate
®  TOtal LENGth .ooovvoeeveeerieereiceieesssessss s ssssesnnen 181 ft - 3 in. (55.3 m) e Test Article Deflections .
. Key Component — Steel MGS Rail Permanpnt Sttt 19 3/8 in. (492 mm)
ThicKNeSS. .....coovviiiiicicieicee e 12 gauge (2.66 mm) Dynaljmc SR A 34-'1 in. (867 mm) 20"
Top Mounting Height.............ccoo.coovvervveoreeoreesreeresenees 31 in. (787 mm) Working Width.........cccccoeviiinniiiiiiiinns 43.2 in. (1,097 mm) [1016]
. Key Component — Steel Posts . Maximum Angular Displacements
Post Type.....ccovevvriciiieiiinne W6x8.5 by 6° (W152x12.6 by 1,829 mm ) Rpll ............................................................................... 15.7 : < 75:
POSt SPACING ..o 75 in. (1,905 mm) Pitch. ..5.3%< 750
. Key Component — Steel W-beam Backup Plates YaW ..................................... s 50.6
ThICKINESS ....vovvereieeisisiesie et saesees 12 gauge (2.66 mm) e Impact Severity (IS).............. 115.1 kip-ft (156.1 kJ) > 106 kip-ft (144 kJ)
Len@th..c.vooceeieeeeeeeee e 12 in. (305 mm) e Transducer Data
®  SOUTYPC e Grading B - AASHTO M 147-65 (1990) Evaluation Criteria Transducer MASH
e Vehicle Make /Model......c..cccoeueverenrurerennnce 2004 Dodge Ram 1500 Quad Cab EDR-3 DTS Limit
Curb...... - 4.9551b (2,248 ke) OIV | Longitudinal | -19.40 (-5.91) | -17.13 (-5.22 <40
Test Inertial . . 5,011 1b (2,273 ke) s ¢ A0C5D) B2 ()
Gross SFatlc ................................................................ 5,181 1b (2,350 kg) (m/s) Lateral 17.22(-525) | -18.67 (-5.69) <40
. Impact Conditions (12.2)
SPEEA .. 62.7 mph (100.9 km/h) Longitudinal 1120 11.49 <20.49
ANEIE oottt 24.7 deg ORA ongrtucina ) ) -
) Impact Location ................. 14 ft - 3 in. (4.3 m) upstream of Post No. 15 g’s Lateral 851 1291 <20.49
e  Exit Conditions
Speed ..................................................................... 47.4 mph (76.3 km/h) THIV — ft/s (m/s) NA 24.09 (7.34) nqt
ANGLE ittt 14.4 deg required
. Exit Box Criterion... PHD — g’s NA 14.0 nqt .
e Vehicle Stability.....cccooveuviiiriiieinieiccrieeccnece et Satisfactory require
e Vehicle Stopping Distance...........cccooevuene 197 ft — 11 in. (60.3 m) downstream ASI 0.86 0.90 not
..... 33 ft— 6 in. (10.2 m) laterally behind required
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Figure G-9. Summary of Test Results and Sequential Photographs, Test No. MGSNB-1, MASH Test 3-10
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® Appurtenance .. ... ............ Afidwast Guardrail Sysiem

Rey Blemicms - ...oxxnvs s increased mountng height, blockour depth.

and foundation fube length, nud-span splices

o Tobsl Tenwth . cnuuosmams ooame 5525 m .
® Steel W-beam

Thicknese: ... .ooipeaiasias 2 66 mm

Top Mountmg Heplt .. 787 unn .

BoltSlotLength ... ... ... 64 mm L]
® Steel Posts

PostNOs. 3-27 . . ..oeeeenenn WI152 x 13.4 by 1, 829-mm long

Spacing 1.905 mm .
® Wood Posts

Post Nos. 1-2. 28 -29(BCT) . 140 mm x 190 mm by 1.080-mxm long
® Steel Foundation Tube Length .. .. . 1.829 mm .
® Wood Spacer Blocks

Post Nos:3-2F .. ovivinsucin 152 mm x 305 mm by 356-mum long
BRI . oo rtess o ia mtaaid s Grading D - AASIITO M 147-€5 (1990) B
® VehicleModel . .. ... .. ..... 1995 GMUC 2500 *+-ton pickup

21 A —— 1913 kg &

TestIneatsal .. ... ... ..... 1.986 kg .

GO SHIC . oo v s 1986 kg
® Vehicle Speed

TP oo s e oo il 95.1 km/h .

Fxat (resultant) 55 1 km'h

0.51 m mic

Vchicle Angle ;

BOPACE OEMECIY) = oo cosnanynsmas 25.6deg

Bt {exectory) o sicssianasiia s 193 deg
e A T T 1 T O S GNE e Sausbaciny
Occupant Ridedown Deceleration (10 msec avg)

Yopptadieal .. .- oo s s s 950g’s<20g's

Lateral (notrequured) . . . . .. ... 0.94g’s
Qcenpant Tmpact Velocity

Longimdinal . . .. .. .. .. 558m/s <12 m's

Lateral (not requured) . ve..389mfs

TAD® . .. 1-RFQ<4

A T P T L R S 0IRFEWS
Vehicle Stopping Dustance ... ... .. .. ... 233! m downstream

0.51 m traffic-side face

BamerDanage . .. ... .. ... ... ___.... Moderate
Maxann Deflecions

Permanent Set ..o 652 mm

DVIRONE . oo oot e s s s Bisle 1.091 mm
WKW . .. coveminicimsmmsee s 1,260 mm

Figure G-10. Summary of Test Results and Sequential Photographs, Test No. NPG-4, NCHRP 350 Test 3-11 [1]
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Test ASENEy s immvavarsssivemmmg
TertINUPIBEr o s wlimati e oideceadbias
IREES . i, i o e S
NCHRP 350 Update Test Designation . .
APPUYIENAnce oo ca diea 3 W
Total EeApth: oo s ssessisn: v
Key Elements - Steel W-Beam
ThicRNess 0 & e o b R i
Top Mounting Height ...........

® Key Elements - Steel Posts

PORENOR AT o0t me s

Spaciiug: w e s ajaEn sy i e
® Key Elements - Wood Posts

PostNos. 1-2,28-29 (BCT) ....
® Key Elements - Steel Foundation Tube .
® Key Elements - Wood Spacer Blocks

PostNoSH3 -2 = ouetawodsimian
8 “TYREOESH s oo smtnpmtines
® Test Vehicle

Type/Designation . .............

Make and Model ..............

O oo s e v

TestTREFEIAL 5 s i s iz

(& prar il T T
® [mpact Conditions
] T i Ty = o
PRI i vwvapiins- i i
HOPAct TOCAION. . . omcies sisiasnsns

5525 m

W152x13.4 by 1,829 mm long
1,905 run

140 mm x 190 mm by 1,080 mm long
1,829 mm long

152 mm x 305 mm by 362 mm long
Grading B - AASHTO M 147-65 (1990}

2270P

101.1 km/h
25.5 degrees

5.25 m upstream splice between posts 14 & 15

Exit Conditions
Spell o on cpmm s 63 7kmm 7
BABIE o e ) S S s Rt 135 degrees
Exit Box Criterfon ............. Pass
Post-Impact Trajectory
Vehicle Stability . .............. Satisfactory
Stopping Distance .. ............ 47.18 m downstream
15.56 m laterally behind
Oceupant Impact Velocity (350 Update)
Lonpind il . s i g iy bs 4.67 /s <12 m/s
TRREPAY, avgiim oy susirdiinss asiish AT 476 m/s <12m/s
Occupant Ridedown Deceleration (350 Update}
LSl crstioor e tmisenpiocared 823 Gs<20Gs
Tl o b e 6.93 Gs< 20 Gs
THIV (nolreguitedy ... eivis savess 6.91 m/s
PHEY (ot tequired). . wacn srvmntemnis sy 10.76 Gs
Test Article Damage .. .. ............ Moderate
Test Article Deflections
PermanentBet. couiowiaiaaniag 803 mm
TISRBYAIET - oo s it Sl e e 1,114 mm
Working Width ................ 1,234 mm
WENICIE DERANE . o it i rsms s Moderate
DS v dr st SO ITH B S AT ok 1-RFQ-4
T0: 0] C LRI 1-RYEN2
Maximum Deformation ......... 19 mm at right-center tloorpan

Figure G-11. Summary of Test Results and Sequential Photographs, Test No. 2214MG-2, MASH Test 3-11 [2]
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