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DISCLAIMER STATEMENT
This report was completed with funding from the Federal Highway Administration, U.S.
Department of Transportation. The contents of this report reflect the views and opinions of the
authors who are responsible for the facts and the accuracy of the data presented herein. The
contents do not necessarily reflect the official views or policies of the state highway departments
participating in the Midwest States Regional Pooled Fund Program nor the Federal Highway
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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ltem No. Qry. Description Material Specifications and/or Grade Hardware Guide

b1 25 |WBxB.5 6' [W152x12.6 1829] Long Steel Post ASTM A992 [345 MPa] (WBx9 A36 [248 Mpa]) —

b2 1 6'—3" W—Beam MGS Section 12 gauge [2.7] AASHTO M180 RWMQO1a
b3 12 |12'—6" W—Beam MGS Section 12 gauge [2.7] AASHTO M180 RWMQ4a
b4 2 |12'—6" W—Beam MGS End Section 12 qauge [2.7] AASHTO M180 RWMO4a
b5 4 5/8" Dia. x 10" [M16x254] long Guardrail Belt 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 RWBO1a
cl & BCT Timber Post — MGS Height SYP Grade No. 1 or better PDFO1
c2 4 |72" [1829] Long Foundation Tube ASTM A53 Grade B PTEO6
c3 2 Strut and Yoke Assembly ASTM A36 Steel Galvanized -

c4 2  [BxBx5/8" [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
cb 2 Anchor Bracket Assembly ASTM A36 Steel FPAO1
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
c10 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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Figure 10. Bill of Materials, Test No. MGSNB-1
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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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ltem No. Qry. Description Material Specifications and/or Grade Hardware Guide

b1 25 |W6x85 8 [W152x12.6 1829] Long Steel Post ASTM AQ92 [345 MPa] (W6xQ A36 [248 Mpa]) =

b2 1 6'—3" W—Beam MGS Section 12 gauge [2.7] AASHTO M180 RWMO1a
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
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 RWBO1a
cl 4 BCT Timber Post — MGS Height SYP Grade No. 1 or better PDFO1
c2 4 72" [1829] Long Foundation Tube ASTM A53 Grade B PTEO6
c3 2 Strut and Yoke Assembly ASTM A36 Steel Galvanized -

c4 2 8x8x5/8" [127x203x16] Anchor Cable Bearing Plate ASTM A36 Steel FPBO1
(o153 2 BCT Anchor Cable Assembly @3/4” [19] 6x19 IWRC IPS Galvanized Wire Rope FCAD1—-02
cB 2 Anchor Bracket Assembly ASTM A36 Steel FPAD1
c7 2 2 3/8" [60] 0.D. x 8" [152] Long BCT Post Sleeve ASTM A53 Grode B Schedule 40 FMMO2
c8 4 5/8" Dia. x 10”7 [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
c10 4 7/8" Dia. x 7 1/2" [M22x191] Long Hex Head Bolt and Nut ASTM A307 FBX22a
c11 8 |[7/8" [22] Dio. 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
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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)

¢ 166 12 (4229)  d_37 (940)

e 951/4 (2419) f 341/4 (870)

g 1612  (419) h 355/ (903)

i 9 (229) i 2i (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) 24 12 (622)

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

Gross Static LF 771 (350) RF 797 (362) Frame Height (F) 73/4  (197)
LR __ 489 (222) RR__ 520 (236) Frame Height (R) 16 1/4  (413)
Engine Type 4 cyl
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) Iannal
W-total 2375 (1077) 2408 (1092) 2578 (1169) @R\VD 4WD
GVWR Ratings Dummy Data
Front 1808 Type: Hybrid 11
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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C

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

74 (1880) E 64 (1626) 13938 (1000)
101 (2565) F 39 (991) J 2825 (721)
411/4 (1048) G 63 (1600) K 4134 (1060)
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 4212 (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
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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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Figure 30. Camera Locations, Speeds, and Lens Settings, Test No. MGSNB-1
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Figure 31. Camera Locations, Speeds, and Lens Settings, Test No. MGSNB-2
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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

47



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

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 ¥ (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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. Key Component — Steel Posts . Maximum Angular Displacements
POSt TYPC ..o W6x8.5 by 6” (W152x12.6 by 1,829 mm ) Rpll ................................................................................ 15.7;’ < 7SZ
POSt SPACING ...t 75 in. (1,905 mm) Pitch. ..5.30< 750
e  Key Component — Steel W-beam Backup Plates Yaw ------------------------------------- s 50.6
TRICKNESS ... 12 gauge (2.66 mm) e Impact Severity (IS)............. 115.1 kip-ft (156.1 kJ) > 106 kip-ft (144 kJ)
LeNEHN.c.ivooceeeeeeeeeeeeee e 12 in. (305 mm) e Transducer Data
o SOl Type .coovvvviiiicccccccre Grading B - AASHTO M 147-65 (1990) Evaluation Criteria Transducer MAS.H
e Vehicle Make /Model...........ccooevvrrrrrenrennnnn. 2004 Dodge Ram 1500 Quad Cab EDR-3 DTS Limit
curd...... - 4.9551b (2,248 kg) OIV | Longitudinal | -19.40(-5.91) | -17.13 (-5.22 =40
Test Inertial . . 5,011 1b (2,273 kg) s ¢ A0S 3G | (29
Gross .SFatlc ................................................................ 5,181 1b (2,350 kg) (m/s) Lateral 17.22(-525) | -18.67 (-5.69) <40
. Impact Conditions (12.2)
SPEEA e 62.7 mph (100.9 km/h) Longitudinal 1120 11.49 <20.49
ANGLE oo 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
ANGIE e 14.4 deg required
. Exit Box Criterion... PHD — g’s NA 14.0 nqt .
o Vehicle Stability.......ccooeeieurieirieiriceeeneeeereeteee e Satisfactory require
e Vehicle Stopping Distance............cccceue... 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
54




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

0.000 sec 0.000 sec

0.130 sec 0.100 sec

0.400 sec 0.300 sec

0.670 sec 0.500 sec

Figure 36. Documentary Photographs, Test No. MGSNB-1
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Figure 37. Impact Location, Test No. MGSNB-1
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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
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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 13’/ 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.
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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 et MwRSF e  Vehicle Damage
. Test Number. .MGSNB-2 VDS e 01-RFQ-5 2
o Date e 6/15/2011 CDCM e 01-RYEW-4 (331)
e  MASH Test DeSIZNation.......coeuuruierimeereieeieeeeieeeiseeeeeesesseseeseesessseessesseenes 3-10 Maximum Interior Deformation 1% in. (32 mm)
. TSt ATEICLC oo e, Non-Blocked MGS . Test Article Damage.......c.coovvueueeeririnieeeicininieieiecenneeteieen e eeerenenens Moderate
@ Total Length ......coovvveeveeeeeeeoeeeeeeeseeeeeeeeeee e 181 ft - 3 in. (55.3 m) e Test Article Deflections
e Key Component — Steel MGS Permanent Set...........cccccoeueiiviiiniiiiiieieces 13 7/8 in. (352 mm)
THICKNESS ...ttt seesseseseesess s 12 gauge (2.66 mm) Dynamic ... --29.1in. (740 mm)
Top Mounting Height............vveeeeeeveereeereeessereeecesesneones 32 in. (813 mm) Working Width..........cccooiiiiiiiiiiiiiccce 34.5 in. (877 mm)
e Key Component — Steel Posts e  Maximum Angular Displacements
POSE TYPC.evvvvevvvvveveeeeerrrsrrsn W6x8.5 by 6° (W152x12.6 by 1,829 mm) Roll.. - 8.27° <75
POSE SPACINE ... veevervenerceaees e 75 in. (1,905 mm) Pitch. ~3.98°< 750
° Key Component _ Steel W-beam Backup Plates Yaw ................................. : .......... 14.24
THIiCKNESS ...t 12 gauge (2.66 mm) e Impact Severity (IS).......coocceuevivinriinncns 59.3 kip-ft (80.4 kJ) > 51 kip-ft (69.7 kJ)
LN 12 in. (305 mm) o Transducer Data
. SOIL TYPC et 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
TSt INEIHHAL w.oovresoeesresss s 2,408 1b (1,092 kg) orv Longitudinal | -31.17 (-9.81) | -31.26(-9.53) <40
GTOSS SEALC .vvvvvveeveeeeeresesesses s sssessssenes 2,578 1b (1,169 kg) fi/s (12.2)
*  Impact Conditions (m/s) Lateral 1546 (-4.71) | -15.83 (-4.82) =40
S 63.0 mph (101.4 km/h) (12.2)
25.5 deg -
L tudinal -10.47 -10.20 <20.49
Impact Location ............. 8 ft - 11% in. (2.7 m) upstream of Post No. 15 ORA ongitudina =
*  Exit Conditions &8 Lateral -6.03 -6.30 <20.49
SPEEA ot 25.7 mph (41.4 km/h)
ANGLE ittt enenes 19.1 deg THIV — ft/s (m/s) NA 34.65 (10.56) not d
®  EXit BOX CIteriON ..ocvuvveieieieieieieeiecisee et naes Pass require
®  Vehicle Stability.....c.cooeveverieeieeieieieeesieseisiesie e Satisfactory PHD - g’s NA 10.21 not d
. Vehicle Stopping Distance.............ccoeeerverereenene 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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Comparison of Results

MASH Test 3-11

MASH Test 3-10

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 24.7 254 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
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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.

o5e ——
k/ - - I
e : T

ok o ea.cool”

| ! ,

A

==

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 RV 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 20.0 254 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
ORD, g's Longitudinal** -6.1 -10.7 -6.2 -11.5 9.5 8.2
’ Lateral** 7.4 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 (mmr; 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.
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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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SECTION A-A

Figure 69. Non-Blocked Steel-Post MGS Adjacent to 2:1 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 Mpa]) - 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
cl1 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 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
bé 137 5/8" [15.9] Dia. x 1 1/2" [38] Guardrail Bolt and Nut ASTM A307 FBBO1 100144-1/100144-3
b7 . 5/8" [15.9] Dia. Flat Washer ASTM A153 FWC16a 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 - 72" [1829] Foundation Tube ASTM A53 Grade B PTEO6 09-0468
c3 2 Strut and Yoke Assembly ASTM A36 Steel Galvanized - 090453-8
cd 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
cS5 2 Rope FCAO01-02 Black Paint
- c6 2 Anchor Bracket Assembly ASTM A36 Steel FPAOL 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 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 71/2" [191] Long Hex Head Bolt and Nut ASTM A307 FBX22a 100259-3/100259-1
cl1 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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GREGORY HIGHWAY PRODUCTS, INC.
4100 13th St P.O. Box 80508
Canton, Ohlo 44708

Tast Roport
Cu T & SUPPLY CO. BOL# 3258 DATE SHIPFED: (06/20/08
2200 ¥ STREET Cuslomer PO, 2042
Shipped fox  MIOWEST MACHINERY & SUPPLY CO. g
LUINCCLM, NE. 68501 Project: = S§TOCK S e
GHP Ordar No 2455AB i ;
HT §cods c. Mn. P. s £ Tenslle Yield Biong. Quantity Class Type Description
Gao202 014 0T 0014 0027 021 78300 50800 ns 750 A EINWF AT &5 X 6FT 0IN GR POST
Geoz217 012 08 0014 0029 026 76400 58300 288 A BINWF AT 85 X 6FT 0IN GR POST
Geez13 013 07 00 03 023 78700 60000 248 A BIN'WF AT 8.5 X 6FT 0iN GR POST
Ge2203 013 074 004 002 02 TE600 9600 2ne A EIN'WF AT &5 X 8FT 0IM GR FOST
13715 D14 081 DO 003 Q2 71000 49000 247 A EINWF AT 8.5 X 5FT 0IN GR POST
28287 D14 Q71 0026 002 O 55000 48000 244 A i EINWF AT 8.5 X 8FT OIN GR FOST
56612 D03 083 0011 0028 02 75790 64460 24 A SINWF AT 8.5 X 55T 0N GR POST
S6F33 D08 079 001 DOX 018 79480 66600 2 A { BIN'WF AT 8.5 X 85T OIN GR POST
S8 Dos 083 00N DOE@ 02 75790 54850 24 A GIN'AF AT 8.5 X 8FT DIN GR POST
25105 012 086 0012 002 oR 65000 45000 25 A 6IN WF AT 8.5 X 6FT 0IN GR POST
4% 012 D8I 002 DOB 023 §3000 44000 204 A BINWF AT 85X 6FT 0IN GR POST
408 018 DE1 001 0035 Q19 68000 45000 72 A BIN'WF AT 8.5 X 5FT 0IN GR POST

Bokts comply with ASTM A07 and n
n

wih ASTM A-153, unfess otharwise sixied
with ASTM A-153, unloss otherwise stated

Al gisnl used in (he manutacture Is of Domastic Origin, "Made and Mefied In the United States”
All Guardral and Terminal Sections meets AASHTO M- 180, Afl structural steel meels AASHTO M-183 & L2TO
All Boks ard Nty are of Domestic Origin

STATE OF OHIO: COUNTY OF STARK

Al mmariz fabricated I with Department of Transportation
By.

Andrew

Vice Prasiden! of Sales and Markeling

Gragory Highway Producls, inc.

Swom 1o and subscibed belore me, @ Notary Public, by
d day of Junp, 2008,

Figure A-3. W6x8 [W152x12.6] Steel Post Material Specifications, Test Nos. MGSNB-1 and MGSNB-2
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Certifie¢ \nalysis RS N\

Trinity Highway Products, LLC

425 E. O'Connor Order Number: 1114174
Lima, OH Customer PO: 2213 Asof 9116109
Customer: MIDWEST MACH.& SUPPLY CO. BOL Number: 51169

P, 0, BOX 81097 Dommmt#- 1

Shipped To: NE

LINCOLN, NE 68501-1097 Uss State: NE

Project:  RESALE
Qty Portil Descripfion Spec CL TY Heat Code/ Heat # Yield . 18 Elg C Mn P S 8 Cu C Cr VnACW
A5 m FTF < Y T 530 0. » R o 2 -

'

50 14662 66 POSTASHDB:DDR NB  A36 186489 30,565 68,830 261 0090 0.950 0.010 0.040 0200 0290 0.00 4160 0co3 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 THE BUY 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.
3/4" DIA CABLE 6X19ZINC COATED SWAQGED END AISI C-1035 STEEL ANNEALED STUD I DIA. ASTM 449 AASHTO M30, TYPETI BREAKING
STRENOTH-49100LB ’ : ' \ .

State of Ohio, County of Sworn and me this 16th day of September, 2009 Trinity H

Notary Poblic:
ission Expires // / 12001 2—

Figure A-4. W6x9 [W152x13.4] Steel Post Material Specifications, Test Nos. MGSNB-1 and MGSNB-2
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Trinity Highw  soducts , LLC “a

£

25.'S N.E. 28th 51, e
Ft Worth, TX h | 4
Customer: MIDWEST MACH.& SUPPLY CO. Sales Order: 1112249 Print Date: 8/4/09
P. 0. BOX 81097 Customer PO: 2188 Project: RESALE
BOL # 28104 Shipped To: NE
Document # 1 Use State: KS

LINCOLN, NE 68501-1097

Trinitv Highway Products. LLC
Certificate Of Compliance For Trinity Industries, Inc.
NCHRP Report 350 Compliant

Pieces Description

L X 40 12/63/S

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 THE BUY AMERICA ACT

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

ALL OTHER GALVANIZED MATERIAL CONFORMS WITH ASTM-123.

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.
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 - 49100 LB
4th day of August, 2009 Trinity Highway Pro, , LLC -
Certified By: ..Q/V\Qgﬂ-ﬂ

State of Texas, County of T
Quality Assurarigé b

PR AT |
d SABHE{ bR MERIN Ane the
July 13, 2013

—
% Notary Public, State of Texas
My Commission Expires

/

Notary Public:

Commission Expires 1 of 1

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

eCl

Canton, Ohio 44708 :
=
Test Report =
Customer:  ° UNIVERSITY OF NEBRASKA-LINCOLN BOL # 39963 DATE SHIPPED. 0S/07/09
401 CANFIELD ADMIN BLDG Customer P.O. 4500204081/ 04/06/2009
P O BOX 830439 Shipped 1o UNIVERSITY OF NEBRASKA-LINCOLN
LINCOUN, NE 685850439 Project : TEST PANELS
GHP Order No 105271
HT # code C. Mn. P. S S, Tensile Yield Elong. Quantity Class Type Description
4614 021 084 0011 0003 003 62432 67993 198 160 A -1 12GA 12FTEINGFTT 12INWB T2
Bolts comply with ASTM A-307 ﬂun Tact i with ASTM A-153, uless ctherwise stated
Muts comply with ASTM A-563 specificaty ioed in with ASTM A-153. unbess otherwise stated
uﬁmﬂummminlm
All ol used in the mamufacture is of Comestic Origin, "Made and LMelted in the United States™
MWWTMWMNWE‘MMWMMMHJMBM
ANl Bolts and Nuts are of Domestic Origin
Mu—uwn Department of Transportation
3 T SECEONS T AS T AG0, Tros 4 STATE OF OHIO; COUNTY OF STARK
Swomn 1o and subscribed before me, a Notary Public, by
Antar this 8th day of May, 2009,
Y!.!*!EE“E'%SMM / / {
Gregory Highway Products. Inc.

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

MGSNB-2
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Y

& T MACHINERY
pe/Ba/2803 16:26 400-761-3288 MIDWES

MID WEST

FARRICATING LO.

GERTIFICATE OF COMPLIANCE
WE GERTIFY THAT ALL BOLTS ARE MADE AND MANUFACTURED IN THE UBA,

TO: TRINITY INDUSTRIES INC,
Plant #55
425 E, O'Connor 419-222-7398
Lima,Chio 48801
SHIP DATE:. 11/6/2008
MANUFACTURER: MID WEST FABRICATING CO.

ABTM; A307A
| GALVANIZERS: Columbus/Plolt TO A-153 GLASE C
ary PART NO, HEAT NG, LOT NG,  EO.NO.
3,524  5/BX 106" 7261134 85204  126266BRAD 1
1076 58X 10-6° 7261134 85204  126286BR7B g
8900  5/8X10-6" 7261134 BS204  1206266BR74
Yo 4300 sBX10.6° 7281814 85217 126266BR74

2550  5/8 X 10W-6" 7261286 85180  126286BR84 i
4,500  5/B X 148" 7366618 85199 128256BR68
BOO0 58X 188" 7366618 85157  126266BRE4
1536 5/8 X 18.8" 7366618 85157  126266BR74

130 5/8X186° 7365618 85156  126266RR74 »
2,084 5B X 186" 7368618 85140  126266BR74
4,370 6/8X 186" 7261511 85146 126266BR74 -

400  5/8X3.5° 5078891 BE018  126268BRE2

Signature G Bhudt. VA S—w%

TITLE: QUALITY CONTROL
DATE: 11/8/2008

N7 moreh Inhins Serect » Amainets, Ohio 43102 » 740065 4411 » FAX: 7401969-4433

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

and MGSNB-2
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Figure A-8. 10-in (254-mm) Long Guardrail Bolt Material Specifications (cont.), Test Nos.

MGSNB-1 and MGSNB-2
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Q s ek bty oy~
Rockwmili Division
2115 West Fal

% Lancastes, ON 43130 Lab Test Report

(740) 881-4411

MIDWEST MACHINERY ~ =

Data Resuits
Date: 24-Sep-08 Soaple 2 %65
Part Nomber: 05 s ndod T
Somple 3: 2.63
3 % |
Pescription: 10" POST BOLT W/6" THRD & 295
Lot Number: 85217 Sample 5t 3,28
Customer: Trinity Sumpla &° %i8
Test fype; Permiscope Ssmpla ¢ 3.12
Hest Number; 7261611 Semple 3¢ 264
Processor; Columbus ke & 0
N AL Sample 301 N
=,
Testing Standgrd: ASTM /98 Samphe 315 238
Reguirement: 1,77 Mil Somple 120 273
Sarnpie Qfy: %0 Sample X3¢ .01
Disposition: Ship Seniple 14; L7970
Bhlp ID; XBO Sample 15: 80
Sample 16; 326
Swmple 17f 312
sampla 18; 2,38
Sampig 28: 244
Sample 20: 258
Average: 284
¥ Conformance

Thig reperk shall agt be reprodirced, sxcept in fall, without the veritten approvel of
Mid Wast Plbﬁﬂt!ﬂﬂ’ Compeny's Quality Dopartmrsat.

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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Midl West Fabiricating Compeny

Rockmill Division

3115 Wast Fair Aven

Lancastar, R 43130 Lab Test Report

{749) 881-a421

Data Results
Diase: 24-Sep-0B Samiple i ALE
Part Mumbers 10-6 Sample 2: =88

Smmple 3 a3

Descripifon: 10" POST BOLT WIE" TH
trows ’ o Sampls & 2,15

Lot Nember: B5217 p i
 Customer: Trivity Sample & 2,37
Test Type: Permiccope Sample 7 254
Heat Mumbar: 7261811 Bamphe & 201

Processor: Golumbus Somple 9 217 -
Bampis 26 2.47

Tashing Stomdard: ~AAS3-A153 /08 oy R -

Reguirement: 177 Ml Sammbe 13 240 3
Swnple Qe 28 Sompie 237 4.00
Diepmositon: Ship Semple 16 2.79
Ship ID: %99 Somple 25 3.50

Samyple 260 3.38
Samiple 17 248
Sample 18¢ 73
S 19 2.82
Semyple 2 322 s

Average: 2,79
7 Conformance

Mon-Conformance Porformed Bz D.8mith

Thi shall not be repracuced, axeept in full, without the writter approvafl of
e sid Whast mabriczting Company's Qualiky bepartment.

Figure A-10. 10-in (254-mm) Long Guardrail Bolt Material Specifications (cont.), Test Nos.
MGSNB-1 and MGSNB-2
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Mid West Fabricating c'ampany
Rockmill Division
% Lancastor, O 43130 Lab Test Report
(749) 682-4443
Date Results
Date; 24-Sep-08 Sammpie X: 218
Part Numbsr: 10-6 SGample 2: 2,88
Bomple 3 2,29
pascription: 10" POST BOLT W/E" THRD gl vos
Lot Number: 35217 g e
Qestomer: Trinity Semole 5: 3.48
Tast Type?  Permiscope Sample s 2.39
Heat Number: 7261811 Fainple 8: .22
Processors Columbus Sample 8’ 372
Somple 20: 82
Tasting Standard: ASTM=A1S3-A153/98 L v \,
Reguirement: 1.77 ¥} oo 12 _— -
Samphe Qfy: 19 Sanmple 190 .00
Disposition: SWip Sotmpie 142 o500
Ship ID: X998 Sumpte 15¢ .00
Somple 16 0,06
Sampie 17 2.00
Sampla 18: .00
Sample 152 ¢.00
Sampie 200 0.00 o
Aversge: 278

¥ gonformance

hon-Conformance Parformed 8y:  D.Smith

b veproduced, ascapk s full, withow the wiitten approval of
Xouempnrt SHHIT Mt ﬁshmhug Company's Quality Depariment

Figure A-11. 10-in (254-mm) Long Guardrail Bolt Material Specifications (cont.), Test Nos.

MGSNB-1 and MGSNB-2
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Mid West Fabricating Company

Rocimil Division

3115 Eair Avetitie

Lancasten, O 43130 Lab Test Report

(740) Ga1-4411

Data Reswuits
Oste:r 2A-Sep-08 Sample 1: 85,20
Part Number: 10-6 Seqple 22 4%
. Sanple 3: 85.40
Deseription: 107 POST BOLT W/&" THRD & ot
Costomer: Tomity Sampla & 6.00
Test Type: Rockwell Sampls 7: 0.00
Heat Neambers - 7261813 Sample 3 9.00
: Sumple 55 0.00

) Ssmple 10! .00
Testing Standard: ASTM=EiZ-98 Sample 21: 0.00
Requrireient: 6%-150 8" Sarmyie 3.2 0.60
Sample @ty B Sappiple 18: .00
W_- Serap ﬁmx‘f 6,00
Ship ID? Swmple 16: 0,00

Sumnpie 162 0,00

Sainple 17: oot .

Sompls 14; 9.00
Sompla 19; .00
Sampie 20: 2,00

Avernge §5.80

Non-Conformancs Performed By:  ©.Smith

report shall mummmw!nmwmmmwmd
e m: Wwest Fabricating Company's Quality Department,

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

A, e =—

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

MGSNB-1 and MGSNB-2
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Mid West Fabricating Company
% Rockmill Division

3145 West Fair Avenua

Lancaster, OW 43130

(740) 684-4443%

MIDWEST MACHINERY -

Dafe: 23-Sep-08
Port Number: 10-8
Description: 18" POST BOLT W/6" THRD
Lot Number: 83217
Cugtomer: Trinky
Test Type: Rediowedl
Haat Nomber: 7251611
Procassor: Columbies
Tasting Sancard: ASTM=F606-958
Requiirement: 13,590 Ibf
Sample Qty: S
Disposition: Scrap
Ship X0

Non-Conformance

‘This réport shall not ba raproduced, oxcept
Mid West Fabricnting Company's

Lab Test Report
Data Rasulis

Sumple 1: A6,850.00
Sample 2r 17370.00
Sample 2 17,390.00
Semple 4: 17,500.00
Sompla 5 17,300.00
Semple 6: 0.08
Sample 7z .00
Sample 8: 0.00
Sompie 8: .05
Sampie 20; 0,08
Somple 14; o.08
Samyple 12; 0,00
Sample 33; 0.0
Smple 149; 0.60
Swraple 15 0,40
Swmpls 16 0.00
Swmple 37: 0,60
Samypis 18; 0.00
Samyrle 19: a.00
Sampie 20 0.00
Average: 17,242.00

Perfamed By: D.Smith

I fuli, Withots® tha writtan approval of
Quality Department.

January 24, 2013

MwRSF Report No. TRP-03-262-12
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e
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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/p4/209S ©6:18 482-761-3288 MIDWEST MACHINERY o PAGE B9/18

- .
Razd 5999

i | Ubhc 3049 LIKESHORE-CATE 6 BuFEALN, WY 14219
PHORE: 330-438-3694 FAX: 330-438-3695

. Ta. s B BEORGE L
CERTIFICATE OF TESTS REPUBLIC ENGINEERED PRODUCTS Tune 3, 2009
PAGE 1
OF2
PURCHASE ORD: 1308694 ‘ S PURCHASE QRDER. DATE: /1572009
PART NUMBER: 100944B ACCOUNT NUMBER: E550-3007-03
ORDBR NUMBER: 1405650 - 01 SCHEDILE: 5877-68
HENT: . 5072080 REVISION: 1
====n CHARG® ADDRESS Tmmal e wrmr SHID TO —sesussc=s=serssa——r=rs
TRINITY 'NDUSTRLES INC TRINITY IMDUGTRIES INC
HIGHWAY SAGETY PRODUCES INC €/0 BCA METALS PREP
P O BOX S6RBE7 ATH FLOOR 5800 STERLING AVE
PALLAS, TX 75356-0887 MAPLR HEIGHTS, OH 44137

BIER: HDS 1,2190 DIAM X COIL
"2 3o sﬁzum DIAM X COYt

........ “ewamememcncaccesn LADUE CHEMISTRY & =--cccr-cimur-c=css—sassmmr=-remssscaaian
we P >4 NI CR
0.24 0.45 0.013 0,003 0.14 .05 ¢.05 .07
v aN cB N
0.002 u.oi 0,006 0.037 0.000 0.0080

mucrronn‘non:.mz
AUVSTENLTLC GRAIN SX%R 5 OR FINER BASED QN A TOTAL ALUMINUM CONTENT EQUAL TO OR GRRATER THAN .020% PBR

ASTM A29.
PR e e e e - san- SEMI - FINISHED RBEULTI -vuwrunerrr-meeadun= B S R A “nsae
4 A e e ——— FINISHRD 8IRZE RESULTY r---=m-=mer—a----=eoa B e )
TENSILE TEST ETANDARD PORMAT
TENSILE KIRLD(0.2%) RA B
PSI ¥5L T k
kCE 01 64530 33930 64.2 33.0
HARDNESS TEST ASTM ELO/ASTM A370 HEW AS-RLD/CD H3W
MID-RADIUS
AVG i1z
------------------------ 7 g o s et . YT vt s e e 0, e T o e s

REPOBLIC RMOINEERED PRODUCTS RERESY CERTLFY THAT THE MATERIAL LISTED HERRIN KAS BERN INSFECTED AND
TESTED IN ACCORDANCE WITH THE METRODS FRESCRIBED IN THE GOVERNING SPRCIFICATIONS AND BASED UPON THE
RESULTS OF BCUCH INSPECTION AND TESTING HAS REFN APPROVED FOR CONFORMANCE TO THE SPRCIFICATIONS.
CERTIFICATE OF TESTS SHALL NOT BE REPRODUCER EXCEPT IN FULL.

ALL TESTING HAS EFEN PRERFORMED USING THE CURRRWT REVISION OF THE TRSTING SPECIFICATIONS.

RECORDING OF FALSE, FICTITIOUS OR FRAUDULENT STATEMENTS OR BNTRIES ON ‘!'HI.“; DOCUMENT MAY ER PONISHED
RS A FELONY UNDER FED STATUES TITLR 18 CHAPTER 47.

THE MATERIAL WA2 NOT FXPOSED TO MBRCURY OR ANY METAL ALLOY THAT IS LIQUID AT AMBIENT TEMPERATURR
FUAING FROCRSSING OR WHILE IN OUR POSSEHIION,

NO WELD OR WELD REPAIR WAS PERFORMED ON THIS MATERIAL.
THE RESULTS REDORTED RELATE ONLY 70 7HZ 11EMS TRSTED

MELTED AND MANUPACTURED IN THE U.S.A,

R. A. BULLOCK BY HILDA BEGUE
DIRECTOR QUAL. ASSURRNCE L
¥ G et

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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11/8442689 ©6:18  482-761-3288 MIDWEST MACHINERY e
Trinity Metals Laboratory wnl,
007 IRING BLVD. TEMT - P . BOX 09887 % § st
4001 [RVING BLVD. 76247 - P.O. g
BALLAS, TX 75366-8807 HRTnaE
Phanc: 214,680.7591 FAX: 214,589.7654
Lab No: S080059F Recoived Date: 0B/07/2009 Complation Date: D8MX/200
SUE HENLINE v ot ot e
PRODUGTS jest Number: 5072080, Materiel Type: A 863 A
oy e Po«wmmgs-mfma Materinl Sizo; 56 GR Nuta 33408
Tast ASTM METHODS
Sy v Ofhor Information; Lot # 0S0717N2
PASSED

Hardnoss Typs: HARDNESS ROCKWELL BW Measured Value | Measured Amt

Hardness Location: SURFACE of WRENCH FLAT - E Meesured Valuo )

Hacinses Averge: €1 Mesgurod Valo 8

OTHER TEST:

Typa: NUT PROOF LOAD Quantity amount; §

Samples PASSED proof loads of 16,850 LBS,

Type: HEAD MARKINGS Quantity amount: 1

TRNL ¢ - - o
We the above results o be 8 true and tation of the ) it or e of this
raport will void certiication. NVLAP Ceslifate of Accreditation effeative through 12-31-09.This report may nt be used to claim produet
cenification, epprovai, or endorsament by NVLAR, NIST, or any agency of the federal govormmant,

s Dirwetor, Michae! §, Baston, PE
Pagezof2

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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11/04/2008 B6:1p  4p2-761-3288 MIDWEST MACHINERY — PAGE Brie ———

Trinity Metals Laboratory A% N
ADIVISION OF TRINITY INDUSTRIES %;:‘ $
4001 IRVING BLVD, 78247 - P.O. BOX 568887 —— .
DALLAS, TX 75358-8887 ! i
Phone: 214.589.7561 FAX: 214.588.7594
Lab No: 5080059F Regsived Dats; 08/07/2009 :mnpnwm Data: mw:oua
SUE HENLINE o i Yyl pect
;nwwnhu'wmouucfs,u.cﬁs inwmmorutmugssma ‘Matorial Sizo: wenmua:ma
%uomﬂlm, Teat Spec: FE08 ASTM METHODS
) Other informetion: Lot # DEOT17MNZ
HARDNESS TEST:
Measured Value Measured Amt PASSED
Hardnegs Type: HARDNESS ROCKWELL BW
Hardness Location: SURFAGE of WRENGH FLAT - A Maanlited Valuo &
Herdness Average: 88.5 Meesurad Value 88
' PASSED
Hardness Typs: HARDNESS ROCKWELL BW Measured Value Weasured Amt
Hardness Location: SURFACE of WRENCH FLAT - B Measurad Valua 62
w Average: 82 ossured Valua 8z
) PASSED
Harinoss Typs: HARDNESS ROCKWELL BW Meoasured Vale | . Measured Amt
Hardness Location; SURFACE of WRENCH FLAT - C Measumed Value oo
Hardnens Average: B7.5 M | Valus &7
PASSED
- Hordness Typo: HARONESS ROCKWELL BW--~. . | . Measured Value | | Measured Amt. .| . .
Hardneas Location: SURFACE of WRENCH FLAT -D Measured Value ]
Hardness Avarage: 88.5 . Measured Vaive 88

Wo mmmkmh:mww the sample(s) submittad. Aftersttion or partiaf reproduction of this
raport will vold serification, NVLAP Cerlificsts of mnm:gMMT-m.Thhanymtwuudmwknm
certificetion, approval, or endorsemeént by NVLAR, NIST, or any sgency of the federel govammaont.

—
Lals Dirwior, Michw] B. Banton, P

Page1of2

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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AN

TRINITY HIGHWAY PRODUCTS, LLC.
425 E. O"CONNOR AVENUE ‘q ?
LIMA, OHIO 45801
419-227-1296

MATERIAL CERTIFICATION

T ——

CUSTOMER: STOCK

DATE: JULY 27, 2009

| INVOICE #:

-LOT # 03071782

PART NUMBER: 3340G QUANTITY: 62,000

D ON: 58" GRNUT | DATE SHIPPED 1
SPECIFICATIONS: _ g
ASTM AS63-A/A153 HEAT 5072080

MATERIAL CHEMISTY

ClMN|¥® | 8 | 8T |[CUNI|CR| V |[MO|SN| AL | CB
Jd4 [ .45 |.013 |.003 (.14 | .05 | .05 .07 | .002 | .02 | .0D6 | .37 | .000 | .006

PLATING AND/OR PROTECTIVE COATING

HOT DIP GALVANIZING (OZ. PERSQ.FT.) | 281 AVG. |

«*»*THIS PRODUCT WAS MANUFACTURED IN THE UNITED STATES OF AMERICA***
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 4
CONTAINED HEREIN IS CORRECT.

STATE OF OHIO, COUNTY OF ALLEN [
8

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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099418

823 0.2.09

© Republic uwe.am . s o

Ahdadi @b h ool e
CERTTFICATE OF TESTS REFUBLIC ENGINEERED PRODUCTS May 6, Z:I‘PGE "
OF2
PURCOSR ORD: 138A63M PURCHAST OROER DATR: 4/1/2008
PART MBMBER: 1009418 ACCOUNT NUMRER §380-3007-01
ORDER WIMNAR; 1409019 - 01 SODOULE S061-06
HERT: 507204 REVISION: 1
[——— ADURESS SHIP TO sresssmsesssscamIms ST
TRINTTY INDOSTRIES INC TRINITY INDUSTRIES INC
WIGRWAY SAGETY PRODUCTS INC C/O BC3 METALS PREP
P O BOX 55808T <TR FLOCR SA0¢ STERLING AVE
DALLAS, TX 75156-0487 MAPLE MEIGNTS, OH 44137
..................................... MATERTAL . S
WOT ROLLED STESL COILS CARRON AIET-1015 AX AL XIZLED FINR ORAIN WORKING CQUALITY TEST REPORTS OF
MACRANICAL PROPERTIES FOR INFO EXTRA TRSTING
SITE: WOS €190 DIAM X ColL
D8 16.3230064 OIAM X COTL
....................................... LADEE CHEMIBTRY & --c-ccc-scccms-sasmssssmmmmmnsesnsasmeaee
] ? 1 L1 cn
0.18 0.47 0.006 o.00 0.08 0.08 b.08 0.05
Mo an A
4,000 0.02 5.005 D048 0.000 0. 006>
------------------------------------- CALCTLATED P T T L L L T e ey

NWEDUCTION WATIO 113.1 TO 2

AUGTENITIC GRAIN SIRE S OR FINER BASED ON A TOTAL ALUMINUM CONTENT EQUAL TO ON GREATER TRAN .020% PER
ASTH A39. 4

Pax X
PCE 2738 63100 44200 65.4 239.0
WARDNESE TBST ASTH E10/ASTM A370 HBW AS-RLD/CD W
RADIVE

.............................................................................................

HOTES
CNEMICAL WNLYSIS CONFORMS TO APPLICABLE SPECS: ASTM B41S, CAL10129, LALIGAJO, ASTM E1019.
LOL10158, LALIOL14, AND ASTH Ex0a5, L&L10184, LOL101DG.

REPORLIC RNGIMEBRED PRODUCTS HEREEY CERTIPY THAT THD MATRRIAL DISTED KIMETH NAS BERN INSPRCTED ASD

TESTED IN ACCORDANCE WITH THE METHOOS PRRESCRINED IN THE GOVERNIMG SPACIFICATIONS AND BASED OPON THE
OF SUCH AND TESTING ¥AS BEEN APPAOVED FOR CONFORMANCE TO THE SPECTPICATIONS.

CERTIFICATE OF TRSTS SHALL NOT RE REFRODOCED EXCEPT IN FULL.
ALL TESTING KAS RETN PERFORMED USING THF CURRINT REVISION OF THE TRSTING SPRCIFICATIONS.

* RECONDING OF FALSE, FICTITIOUS OR FRAIDULENT STATEMENTS OR ENTEIRS ON 7315 DOCUMENT ¥AY BE PUNISEED
AS A PELONY DNDER FEC STATOES TITLE 18 COWTER 47.

THE MATTRIAL WAS NOT EXPOSED TO MERCURY OR ANT METAL ALLOY THAT Iff LIOUTD AT AMUIENT TRNPEXATIME
DURDSG PROCESSTNG OR WNILE IF OUR POSSESSION.

WO WELD OR WELD REEAIR WAS FERPORMED ON TRLS MATERIAL.

R. A, SEELIGA BY HILDA 15308
MAMGER TRON. SERVICES

8. ol

Figure A-18. 5/8-in (16-mm) Diameter x 1 72-in (38-mm) Guardrail Bolt Material Specifications

(cont.), Test Nos. MGSNB-1 and MGSNB-2
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. 58, :

Trinity Metals Laboratory N l A\

ADIVISION OF TRINITY INDUSTRIES % AR : 'p

401 RVING BLVD. 78217 -P.0. BOX 586887 Saasy S . L

MM1 FAX: 214.588.7534

Lab No: 9080115F Reoelved Dala: 081222009 Campletion Date: 08/13/2005

SUE HENLINE e SO Bt S

TR AN PROCUSTD LG 950 PO or Wiark Ordor: LOTH BS07038 ‘Mterial Stz: 5/ X 1-1/4° GR B

g Tost Spoc: FH0) ASTM METHODS

OTHER TEST:
Type: HARDNESS ROCKWELL BW Quantity amount: 20
A)  B7-87-87-88
B) B7-86-87-80
C) 85-87-86-87
D) 88-86-88-89
E) 87-87-88-87

Typs: HEAD MARKINGS Quantity amount: 1
TRN USA 307A M

We mmmuusmmmmmammm f thic
repart wil vold cerfification, NVLAR Cerifcate of Acreditation effective trough m‘nﬁmmm{hmfﬂdﬂm product
povamenent.

, appraval, or endorsament by NVLAP, NIST, or any agency of tha federal
Vb d G

Lii Drmelor, Nachae! 3. Rewion, PE

Pege 7 af 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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11/04/2009 86:18 482-761-3288 MIDWEST MACHINERY PAGE @2/1v
TRINITY HIGHWAY PRODUGTS, LCC. AN
o N[ 2
425 E. 0" CONNOR AVENUE
Lima, OH 48201 .
419-227-1296
MATERIAL CERTTFICATION
CUSTOMER: STOCK DATE: JULY24, 2000
INVOICE ##
LOT NUMBER: 0907038 i
PART NUMBER: 3360G: QUANTITY: 110,765
‘DESCRIPTION: 58"x1 %” GR BOLT DATE SHIFPED:
SPECIFICATIONS: ASTM A307-A /A153 HEATH: 5072014

MATERIAL CHEMISTRY

c|lmn| p | s |st|m |{cR [Mo|lew [sh | v | AL | N

w
d

Np

A5 |47 (006 (003 |09 (D6 (OS5 j.02 |05 |.005 | 00D |.046 | 0063 | 00D | .000 | .000

PLATING AND/OR PROTECTIVE COATING

| HOT DIPF GALVANIZED (OZ. PER SQ. FT.) L 125 Avg

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

THE MATERIAE USED IN THIS PRODUCT WAS MELTED AND MANUFACTURED IN THE
u.sA

WE HEREBY CERTIFY THAT TO THE BEST OF OUR KN
CONTAINED HEREIN 15 CO

RDGY. ALL INFORMATION

OV

STATE OF OHIO, COUNTY OF ALLEN
SWORN SUBSCRIBED RE ME
THIZ 207/DAY OF JULY,

425 E. 0 '"CONNOR AVENUE LIMA,OR 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/p4/209S ©6:18 482-761-3288 MIDWEST MACHINERY o PAGE B9/18

- .
Razd 5999

i | Ubhc 3049 LIKESHORE-CATE 6 BuFEALN, WY 14219
PHORE: 330-438-3694 FAX: 330-438-3695

. Ta. s B BEORGE L
CERTIFICATE OF TESTS REPUBLIC ENGINEERED PRODUCTS Tune 3, 2009
PAGE 1
OF2
PURCHASE ORD: 1308694 ‘ S PURCHASE QRDER. DATE: /1572009
PART NUMBER: 100944B ACCOUNT NUMBER: E550-3007-03
ORDBR NUMBER: 1405650 - 01 SCHEDILE: 5877-68
HENT: . 5072080 REVISION: 1
====n CHARG® ADDRESS Tmmal e wrmr SHID TO —sesussc=s=serssa——r=rs
TRINITY 'NDUSTRLES INC TRINITY IMDUGTRIES INC
HIGHWAY SAGETY PRODUCES INC €/0 BCA METALS PREP
P O BOX S6RBE7 ATH FLOOR 5800 STERLING AVE
PALLAS, TX 75356-0887 MAPLR HEIGHTS, OH 44137

BIER: HDS 1,2190 DIAM X COIL
"2 3o sﬁzum DIAM X COYt

........ “ewamememcncaccesn LADUE CHEMISTRY & =--cccr-cimur-c=css—sassmmr=-remssscaaian
we P >4 NI CR
0.24 0.45 0.013 0,003 0.14 .05 ¢.05 .07
v aN cB N
0.002 u.oi 0,006 0.037 0.000 0.0080

mucrronn‘non:.mz
AUVSTENLTLC GRAIN SX%R 5 OR FINER BASED QN A TOTAL ALUMINUM CONTENT EQUAL TO OR GRRATER THAN .020% PBR

ASTM A29.
PR e e e e - san- SEMI - FINISHED RBEULTI -vuwrunerrr-meeadun= B S R A “nsae
4 A e e ——— FINISHRD 8IRZE RESULTY r---=m-=mer—a----=eoa B e )
TENSILE TEST ETANDARD PORMAT
TENSILE KIRLD(0.2%) RA B
PSI ¥5L T k
kCE 01 64530 33930 64.2 33.0
HARDNESS TEST ASTM ELO/ASTM A370 HEW AS-RLD/CD H3W
MID-RADIUS
AVG i1z
------------------------ 7 g o s et . YT vt s e e 0, e T o e s

REPOBLIC RMOINEERED PRODUCTS RERESY CERTLFY THAT THE MATERIAL LISTED HERRIN KAS BERN INSFECTED AND
TESTED IN ACCORDANCE WITH THE METRODS FRESCRIBED IN THE GOVERNING SPRCIFICATIONS AND BASED UPON THE
RESULTS OF BCUCH INSPECTION AND TESTING HAS REFN APPROVED FOR CONFORMANCE TO THE SPRCIFICATIONS.
CERTIFICATE OF TESTS SHALL NOT BE REPRODUCER EXCEPT IN FULL.

ALL TESTING HAS EFEN PRERFORMED USING THE CURRRWT REVISION OF THE TRSTING SPECIFICATIONS.

RECORDING OF FALSE, FICTITIOUS OR FRAUDULENT STATEMENTS OR BNTRIES ON ‘!'HI.“; DOCUMENT MAY ER PONISHED
RS A FELONY UNDER FED STATUES TITLR 18 CHAPTER 47.

THE MATERIAL WA2 NOT FXPOSED TO MBRCURY OR ANY METAL ALLOY THAT IS LIQUID AT AMBIENT TEMPERATURR
FUAING FROCRSSING OR WHILE IN OUR POSSEHIION,

NO WELD OR WELD REPAIR WAS PERFORMED ON THIS MATERIAL.
THE RESULTS REDORTED RELATE ONLY 70 7HZ 11EMS TRSTED

MELTED AND MANUPACTURED IN THE U.S.A,

R. A. BULLOCK BY HILDA BEGUE
DIRECTOR QUAL. ASSURRNCE L
¥ G et

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

MGSNB-1 and MGSNB-2
138



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

11/8442609 ©6:18 482-761-3288

MIDWEST MACHINERY

Trinity Metals Laboratory 40ong,
ADVISION OF TRINTY INDUSTRES o £
4001 IRVING BLVD. 78247 - P.O. BOX 568887 %ﬂ 2
DBALLAS, TX 75256-8887 FRORES S
Phona: 214,580.7891 FAX: 214,585.7804
Lab No: S5080059F Recsived bete: 08/07/2009 Complation Dte: 0812008
SUE HENLINE Pt Code oz
eal Number: 5072080, Materlal Type: A
AL LIV PRODLCES,LLC fob PG o Work Order: 55-50063 Materiol Sizs: 546* GR Nuts 33408
LIMA, OH 45807 Tozt Spos: FE06 ASTM METHODS
Othor Information;  Lot# 090717N2
PASSED

Hardnoss Typs: HARDNESS ROCKWELL BW Measured Value | Measured Amt

Hardness Location: SURFACE of WRENCH FLAT - E Measured Valuo )

Fartneas fvomge: 21 Messurod Valio 88

I’
OTHER TEST:

Typa: NUT PROOF LOAD Quantity amount: §

Samples PASSED proof loads of 16,950 LBS,

Type: HEAD MARKINGS Quantity amount: 1

TIRNL : - .
Wa the above results i be a true and accurate of the sample(s) submitted. Alteration o paviial raprodustion
roport wi tmm:-g;-wmllmﬁmaywhmtumw

void certifieation. NVLAP
approv, or

Cerfificate of
or andorsatment by MVLAP, leT.crwmwoFmeM

V) G

Lab Dirsctor, Michas| 6, Baston, PE

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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MIDWEST MACHINERY

' A1
Trinity Metals Laboratory A N
ADNVISON OF TRINITY NOLSTRIES %": '\?
ADO1 IRVING BLVD. 7 - P.O. BOX 56888 2R
DALLAS, TX 753568-8887 H PAR LA
Phone; 214,589,7581 FAX: 214 588.7584 B
Lak No: 90B0059F Received Date: (8/0772009 Complotion Dte: 08M0£2008
SUE HENLINE *:-;wwr ” mmhm
ot PO or Work Order: "Material Sizo: 5/8* GR Nuta 33408
LMA, OH 25601 Test Spec: F506 ASTM METHODS
! Information:  Lot# DBOTATNZ
HARDNESS TEST:
. = - : 7 PASSED

Hargnega Typa: HARDNESS ROCKWELL BW st At

Hardness Location: SURFAQE of WRENGH FLAT - A Mansured Valuo »

Heriness Average: B8.5 Megsured Value a8

. PASSED

Herdnees Typs: HARDNESS ROCKWELL BW Measyred Value Measured Amt

Hardness Location: SURFACE of WRENGH FLAT-B Measured Valua -7}

Handness Average: 52 Mozsured Valua a2

: PASSED

Hariness Typs: HARDNESS ROCKWELL BW Moasuréd Valpe | . Measured Amt

Hardness Location: SURFAQE of WRENGH FLAT - € Messured Vaiue 28

Hardness Average: 87.5 Mesnured Value &

PASSED
 Hardness Type: HARONESS ROCIOVELL BW- - .. . Measured Value | = Measured Amt
Herdness Location: SURFACE of WRENCH FLAT - b Messured Valus 20
Hatdness Avarage: 8.5 T P

Wb:oﬁmﬂvomwhbmemmm
report will vold ceriification, NVLAP

of the submritted. or partial rep of this
offactive through 12-31-08.This rapost may not bo vsed {o claim product

i Certificate of Aocrediiution
certificetion, approval, or endorsement by NVLAP, NIST, or any agengy of the federal govammont.

Vol Gt

Lnls Divascton, Michwnd B Brnton, PE

Page1of2

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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11/94/2883 B6:19 482-761-3288 MIDWEST MACHINERY PAGE 86/18

AN

TRINITY HIGHWAY PRODUCTS, LLC,
425 E. O’CONNOR AVENUE q r
LIMA, OBIO 45801
419-227-1296

MATERIAL CERTIFICATION
CUSTOMER: STOCK

DATE: JULY 27, 2009

INVOICE #:

-LOT #: 0907T17N2

PART NUMBER: 3340G QUANTITY: 62,000
D : §/8” GRNUT | DATE SHIPPED ,
SPECIFICATIONS: L

ASTM ASG3-A/A1S3 B s :
MATERIAL CHEMISTY

C|MN| P | 8 | SI|COINI|CR| V |MO|SN | AL | CB
J4 [ 45 | 013 (003 .14 | .05 | .05 .07 | .002 | .02 | .006 | 037 (.000  .006

PLATING AND/OR PROTECTIVE COATING

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

##a*THIS PRODUCT WAS MANUFACTURED IN THE UNITED STATES OF AMERICA*#**
THE MATERIAL USED IN THIS PRODUCT WAS MELTED AND MANUFACTURED IN THE U.8.A.

WE HERERY CERTIFY THAT TO THE BEST OF OUR KNOWLEDGE A0
CONTAINED HEREIN IS CORRECT. /

STATE OF OHIO, COUNTY OF ALLEN

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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%5 E OComar ?m":-
Lims, GH

¥ Costomer: MIDWESTMACH.& SUPPLY CO. Soles Order: 1003497 Print Dabe: 6/30/08
P.0.BOX §1097 Customer PO; 2030 Project: RESALE
g BOL# 43073 Shipped To: NE
Document# 1 Use State: KS
LINCOLN, NE 68501-1097
Trinity Highwav Products. LLC
Certificate Of Compliance For Trinity Industries, Inc. ** SLOTTED RAIL TERMINAL **
NCHRP Report 350 Compliant

Pieces Description

32 12/12/6/S SRT-1

32 12/250/SPEC/S BRT-2

32 3/16X12.5X16 CAB ANC BRKT

32 2" X 5 1/2" PIPE (LONG)

64 60 TUBE SL/.188X8X6

32 5/8 X 6 X 8 BEARING PLATE

2 32 12/BUFFER/ROLLED

32 CBL 34X6'6/DBL SWG/NCEWD
— 640 5/2" RD WASHER 1 /4 0D
N 1,728 52" GR HEX NUT
) 1,152 5/8°X125" GR BOLT

256 5/3°X1.5* HEX BOLT A307

k54 5/2"X9.5" HEX BOLT A307

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

aa-761-29A7

~ALL STBEL USED WAS MELTED AND MANUFACTURED IN USA AND COMPLIES WITH THE BUY AMERICA ACT

ALL QUARDRAIL MEBETS AASHTO M-180, ALL STRUCTURAL STEEL MEETS ASTM A36
ﬂA[»l.. OTHER GALVANIZED MATERIAL CONFORMS WITH ASTM-123,

G30LTS COMPLY WITH ASTM A-307 SPECIFICATIONS AND ARE GALVANIZED IN Accomm WITH ABTM A-153, UNLESS OTHERWISE STATED.

"\IU'PB COMPLY WITH ASTM A-363 SPECIFICATIONS AND ARE GALVANIZED IN ACOCRDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.

14" DIA CABLE 6X19 ZINC COATED SWAGED END AISI C-1035 STEEL ANNEALED STUD I*DIA ASTM449 AASHTO M30, TYPE Il BREAKING
g*mmu'm -4910018

Mﬁmn.myﬂfﬂmSmaﬂ Sl

1 e
”s
E“‘
g
&
:
i
g
gE 8

T1-792-€0~-d 4L "ON Hodoy ISUMN

€10¢ ‘vz Arenuer

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



HEAT #
3350

vl

UNIVERSITY OF NEBRASKA-LINCOLN
401 CANFIELD ADMIN BLDG

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

Canten, Chio 44708
Test Report
BOL.# 15808 DATE SHIFFED:  09/27/06

P O BOX 880439 Shipped to:
LINCOLN, NE. 68588-0439 Praject :
GHP Qrder No.:
C. Hn. P. S. Si. Tensile Yiald
0.21 0.8 0012 0007 0.04 81680 52520

.

andareg in

Bolts comply with ASTM A-307 sp:

Cuslomer P.O.: VERBAL JOHN ROHDE

UNIVERSITY OF NEBRASKA-LINCOLN

STOCK

44822
Elong. Quantily Class Typa.
20.78 160 2

with ASTM A-163, unless othetwise staled.

Nuts comply wilh ASTM A-563 spacificalions and are galvanized In sccordance with ASTM A-153, unless othenwise stated.

Al olher galvanized material conforms with ASTM-123 & ASTM-525

All steel usad In the manufaciure & of n,
All Guardeall and Tarminal Sections meets 0
All Bolts snd Nuts are of Domeslic Orgin

By: i
Andrew PR
Vice President of Sales and Markeling 03 =
Gregory Highway Products, Inc. ?‘;} Sar
i

=

A Mgilted In the Unitad States®

STATE OF CHIO: COUNTY OF STARK

RECEIVED
0CT 05 205

UNLFMP

Descripllon
12GA 12FTGIN/3FT1 1/2iIN WB T2

Swom ta and subscribed befare me, a Notary Public, by
1B 1

Nolary Public, State of Ohla
My Commission Expires February 24, 2008

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

T2:pT 608Z/68/£0

oepeeLrIey

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 200c

Canton, Ohio 44708
Test Report
Customer: " UNIVERSITY OF NEBRASKA-LINCOLN BOL # 39963 DATE SHIPPED: 0510709
401 CANFIELD ADMIN BLDG Customer P.O. 4500204081/ 04/0672009
P OBOX 830439 Shipped to:  UNIVERSITY OF NEBRASKA-LINCOLN
LINCOLN, NE 6858580439 Project - TEST PANELS
GHP Order No 105271
MT # code c. Mn. P, s. Si. Tensile Yield Elong. Quantity Class Type Description
4614 021 0.84 0.011 0.003 0.03 89432 678 198 160 A 2 12GA 12FTEINGFTT 12INWB T2
—
S
N~
Bolts comply with ASTM A-307 and are gal n with ASTM A-153, unless otherwise stated.
Nuts comply with ASTM A-563 and are n with ASTM A-153, unless ofherwise stated.

All other galvanized material conforms with ASTM-123 & ASTIA-525

ARl stoal used in the manufacture is of Domestic Ornigin, “Mads and Malted in the United States™

Al Guardrail and Terminal Seclions meets AASHTO M-180, All structural steel meets AASHTO M-183 & M2TD
All Bolts and Nuts are of Domestic Origin

All material fabricated in with D.demm
g g O T SIS T A5 1 A, 1Y . STATE OF OHIO: COUNTY OF STARK

Sworn to and subscribed before me, a Notary Public. by
By mn-w-uruu-y 2000.

T Angrew Anar /
[ Vice Prasidant of Sales & Marketing e
] Gregory Products. Inc. State of Ohic
A ﬁﬁ%
% \

CYNTHIA K. CRAWFORD
e ‘}? 7,/ My Commission Expises 08-16.2012
R > \‘9

EGFQ

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

T1-79T-€0-dd.L 'ON 1odoy JSUMN
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T

FORMERLY MIDWESTERN

&‘ﬁ WHOLESALERS, INC.

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

Order Number: 89198
Project Number:
QUANTITY | DESCRIPTION CHARGE | TREATMENT | TREATER
. NO.
50 6x8-46” DSS SYP S4S BCT Post 38040 CCA MWT
I
| g
Aav”
n I a 155 ‘
. |
\ fJL' 2 \
' b
.oF
B O o
oy
| +white to 95 | |
|
| I |

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

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

- -

AMERICAN TIMBER A.ND STEEL / ~» NOTARIZED
By__ Heather L. Seward_ I-f'" 4, ’;’Lféi g ;Z JEZ'-’E? f/ Swom to and subscribed before me
Title_Sales Assistant - this _ 13th dayof  Apnl 2010.
Date__ April 13, 2010 . by %4/ floB 2D

pRY Py

. Hope Wiihelr
s $
O

oy Wi,
s Vs RS rojssion Expif
American Timbes And Steel Corp 4832 Plank Rd / PO Box 767  Morwalk, OH 44857  Ph ﬁb‘ﬁ%@p Fax: 419,663,077 . "

“THE TIMBER 3SPECIALISTS®"

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

and MGSNB-2
145



4!

MATERIAL TEST REPORT

teavi{  uBe COMPANY, LLC oo Kok 5, MAC

1717 W. 115th 51,
\TE: 09/25/07 Chicago, IL 60643
PAGE: | 1

BILL OF LADING: 164358

Phone: 773-239-7700
Phene: 1-800-LEAVITT
Fox: 773-239-1023
www. leavitt-tube.com
QA1002-0003 Rev. 0

CUST: STEEL & PIPE SUPPLY - CATDOSA OK
1050 FORT GIBSON ROAD

TUBING ?J!ANUFACTURED IN UsaA
CATOOSA OK 74015

ATTN: " Test Report Desk
106201 8027185

aTy, CUSTOMER . ORDER CUSTOMER ASTM

ITEMNO. PIECES SIZE, GAUGE,LENGTH SHIPPED P.O. NUMBER PART NBR SPECIFICATION GRADE
1 7 8.625-322HRB 2572 147 4500088611 1015580 1.000 A500-03b B
2 6 12X2-188HRB 480 240 4500088813 1016034 1.000 AS500-03b B

3-4 28 8.625-322HRB 504 1,176 4500091471 1025579 1.000 AS500-03b B

5 9 8X6-188HRB 480 360 4500092386 1029189 1.000 A500-03b B

ITEM NO. 1 2 3 4 [

COIL NO. 395453 395532 395813 395460 391232

HEAT NO. 722562 722551 722564 722564 A13386

CORRECTED COIL

CARBON 210 .210 210 210 220

MANGANESE ’ 820 860 1820 .820 700

PHOSPHORUS 004 .006 .004 004 006

SULFUR .006 .004 1006 .006 .003

ALUMINUM 047 .050 {04? .047 .024

SILICON 020 .030 020 .020 030

WELD TESTING FLATTEN FLARE FLATTEN FLATTEN FLARE

YIELD STRENGTH (PSI) 47,297 52,000 55,056

TENSILE STRENGTH (Psl) 62,162 l 70,666 70,787

ELONGATION IN 2* (%) 29.0 ! 31.0 27.0

lem{s}- 1 2 345 A

Made and Melted
In The U.S.A.

VHEREBY CERTIFY T

A ABOVE IS CORRECT
AS CONTAINED QDS OF THE COMPANY.
e

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

21-797-€0-d 4.1 "ON Modoy ASUMIN

€10T v Arenuef



Lyl

] B O,
Conor T 4

[Customer: MIDWEST MACH.& SUPPLY CO, Sales Order: 1093497 Print Date: 6/30/08
| P. 0. BOX B1097 Customer PO: 2030 Project: RESALE
| BOL# 43073 Shipped To: NE
| Docoment # 1 Use State: KS
f LINCOLN, NE 685011097
| Trinity Highwav Products. LLC
| Certificate Of Compliance For Trinity Indusiries, Inc, ** SLOTTED RAIL TERMINAL *#
‘ NCHRP Report 350 Compliant
l Pleces Deseription
64 5/8"X10" GR BOLT A307
.92 5/8"X18" GR BOLT A207
32 1" ROUND WASHER Fg44
- 64 1" HEX NUT A563 o o
j 192 WD §%0 POST 6X8 CRT MECSDR
1192 WD BLK 6X8X14 DR
64 NAIL 164 SRT
tt4 WD 39 POST 5.5X7.5 BAND
132 STRUT & YOKE ASSY
128 SLOT GUARD '93 G vscd 4
32 3/8 X 3 X4 PL WASHER rowad  Sérw

CACY5 3-8
Jpon delivery, all materials subject to Trinity Highway Prodacts , 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
LL OTHER GALVANIZED MATERIAL CONFORMS WITH ASTM-123,
&"'EIDLTS COMPLY WITH ASTM A-307 SPECIFICATIONS AND ARBE GALVANIZED [N ACCORDANCE WITH ASTM A~153, UNLESS OTHBRWISE STATED.
LS7UTS COMPLY WITH ASTM A-563 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
4" DIA CABLE 6X19 ZINC COATED SWAGED END AISI C-1035 STEEL ANNEALED §TUD 1" DIA ASTM 449 AASHTO M30, TYFE I BREAKING

S TRENGTH - 4910018 . '
& tto of Ghic, County of Allen. Swwom and Subscribed beforous dey of June, 2008 "
Trinity Highway Products, LLC s
2

/84/

~mvemtasinn Rynivae LV /_'_‘1 of 4

Figure A-30. Strut and Yoke Assembly Material Specifications, Test Nos. MGSNB-1 and MGSNB-2

T1-792-€0~-d 4L "ON Hodoy ISUMN

€10¢ ‘vz Arenuer



W

B Certified Analysis
.
o
W Trinity Highway Products, LLC
o] 2548 N.E, 28t St Order Number: 1095195
= 7t Worth, TX Oustomer PO: 2041 S —
Custorser: MIDWEST MACH.& SUPPLY CO. BOL Number: 24481
P. 0. BOX 81097 Document #: 1
Shipped To; NE
LINCOLN, NE 68561-1097 Use State; K8
Project: WESALE
>
]
E R
X Gty Prrt# Description _ fpec T TY Hent Codef Haat# leld 13 Elg Loa P s B & O O Vo ACW
S T & TS NIRRT T 7 TS U000 G0 T U G005
= :
g =20 ToLA 2SK1E.75X16 CAB ANC A6 41530935 44,500 60,880 340 0240 0750 001 0083 0.020 Q020 0000 0043 Q002 4
E 10 742G 60 TUBE SL/.183X8X4 A-500 ARPI LS50 400 27,000 252 0050 0670 0O CO05 Q036 0229 0000 0060 Qo021 4
—_ - TEEC SAMNE“ME" BEAR PLIOF A36 ) GI06195 45,760 59,900 235 0,520 0830 GO0 0005 0020 0230 0000 0070 0406 4
S
o Al SOTG  I2BUFFERMROLLED M-180 A LO0&S 54,200 73,500 250 €160 0700 (011 Q008 0020 0.200 Q00O 0100 Q0 4
fus}
o3
o
?
;'f Upon delivery, all msterials subject 1o Trinity Highway Peodacts , LLC Storage Stain Bolicy No. LG-002.
8 ALL STEEL USEN WAS MELTED AND MAMUFACTURED TN USA AND COMPLIES WITH THE BUY AMERICA ACT.
iz ALL GUARDRATL MEETS AASHTO M-180, ALL STRUCTURAL STEEL MEETS ASTM A36
ALL OTHER GALVANIZED MATERIAL CONFORMS WITH ASTM-123.
2 BOLTS COMPLY WETH ASTM A-307 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, [NLBSS OTHERWISE STATED.
P NUTS COMPLY WITH ASTM A-563 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHER WISE STATED.
2 4" DIA CABLE 6X19 7INC COATED SWAGED END AISIC-1035 STEEL ANNEALER BTUD (" DIA ASTM449 AASHTO M30, TYFE K BREAKING
o STRENGTH 49100 LB
=2
i:* Strie of Texas, County of Tatrant. Sworn end subscaibed before me this 20th day of Fune, 2008
8 plotary Pubic
3 ! Trindiy Highway Products , LLC
® Commission Exp By:

MY Cumemheisn xpies

Qtodinia Ol s

Figure A-31. Anchor Bearing Plate Material Specifications, Test Nos. MGSNB-1 and MGSNB-2
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‘ Trinity Highway Products, LLC
425 E. O'Connor
Lima, OH
Customer: MIDWEST MACH.& SUPPLY CO.

Certified \nalysis

Order Number: 1114174
Customer PO: 2213
BOL Number: 51169

~udy Progy,,,
b i

W

Asof: 9/16/09

P. 0. BOX 81097 Document #: 1
‘ Shipped To: NE
LINCOLN, NE 68501-1097 Use State: NE
Project:  RESALE
' Qty Part# Description Spee CL TY Heat Code/ Heat # Yield TS Elg C  Mn P S §i Cu Ch Cr VnACW
f— 750 545G 6'0 POST/DB:DDR A-36 J86489 50,565 68,830 26.1 0.050 0.950 0.010 0.040 0200 0.2%0 0.00 0.160 0.003 4
50 14662G 6'6 POST/S.5#/DB:DDR NB  A-36 J86489 50,565 68,830 26.1 0.090 0.950 0010 0.040 0200 0290 0.00 0.160 0.003 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 THE BUY 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.

% 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-49100 LB

State of Ohio, County of

Notary Public:
Commission Expires / /

before me this 16th day of September, 2009

Certified By:

Trinity Highwey

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

T1-792-€0~-d 4L "ON Hodoy ISUMN
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January 24, 2013
MwRSF Report No. TRP-03-262-12

Jun=16=-2008 O0B:1Zam  From-Portaous Denver 1 308 E7E 0533 T-510 P 002/003 Fe-dd2

Certification provl :;ea-b;:;Fc, ToNEBRASKA BOLT Order:124841

FASTENER DIVISION Tetephone 260/337-1800

CUSTONER

267 PORTEQUS FAST R CO. HUCOR ORDER ¥ 608934
TEST REFORT SCRIALS FBZ85188 CUST PART @ 08219-4000-00%
TEST REPORT ISSUE DANE /20707
DATE SHIPFED Aese6s07 CUSTOMER P.D, & 17078232
MAME OF LAD SANPLER: SHIRRY STANTZ, LAD TECHNICIAN
WO B R M IFIED MATERTAL TEST REPDRTIMAMANNRNNXANMESN
MUCOR PART NO NTITY  LOT MO, RIPTION
17587 7208 E22%45A 1-8 GR DH HV H.D.C.
NAMUFACTURE DATE 9/07 m— HEX NUT H.D.G.

==CRENISTRY 7 MATERIAL GRADE -1045L
MATERIAL WMCHEMISTRY COMPOSITION (MTZ MEAY ANALYSIS) BY MATERIAL SUPPLIER
ER c ] [ s sT MUCOR, STEEL -
RHO23455 .4: .:: .13, .b21 .18 :zucg &b.ll ﬂm; 2008-11-30
:2 3 oR ICAL TESTING
V&t }’{’?J&g BAX .55 L840 850
~=MECHAMICAL PROPERTIES IN ACCORDANCE WITH ASYM AS63-04A
SURFACE  CORE PROOF LOAD TENSILE STREMETH
HARDNESS  HARDMESS 40900, LBS DEG-HEDSE
(RSaN) (RC) : LBs) STRESS (PSI)
N/A 28.1 rASS WA WA
N/A 0.8 PASS NZA N/A
WA n.0 PASS NrA WA
HZA .5 PASS N/A HZA
L 2.0 PASS NAA MR
AVERAGE VALLES FROM [TESTS PRODVCTION LOY SIZE 67000 PLS

. 9.5 .
ROTATIONAL CAPACITY [TESTED IN ACCORDANCE WITH ABZE, AS563 AND FGUG TD 300 BEGREES OF ROTATION.
SAMPLE N1 PASSED ISAMPLE @2 PASSED

--WISUAL INSPECTION [IN ACCORDANCE WITH ASTN AS3-0t4a 80 PCS. SAMPLED LOT PASSED

--COATING ~ Hot Diw|Galvanizad.

.3, 0.004ES 2, (0.08404 3. 0.00866 4. 0.00%X) 5. 0.00354 6. O0.004LB 7. 0.00617
8. 0.00367 9. [p.06341 10, ©,00637 . 11.. 9.0042¢ 12, 0.08495 13. 0.08387 18. 0.00399
15. 0.00395 4. |0.80346 17, 0.00469 LS. 0.08342 19, 0.08368  20. 0.00339
AVERAGE THICKNESS FON 20 TESTS  .004L% g
NEAY TREATHENT - AUSTEMITIZED, DIL QUENCHED L TEHPERED (MIN 880 DEG F)

- <DINENSIONS PER ASHE B18.2.6-2005
mmﬂum‘a ' ‘USAHPLES TESTED HINIMUM HAXIHU
5

wiath Across Cormara 1.8190 1.8300

Thicknmas: Y NLBETO 0.9830
ALL TESTS ARE IN ROANCE H_THE LA REVISIONS OF THE METHODS FRESCRIBED IM THE AFPEI!LBI;I SAE ASTH
;;:CEILIN SAMPLES TESTED TO THE SPECIFICATIONS AS DESCRIBED/LISTED ABOVE AND WERE ACTURED
THE STE AND HANH'I’-‘IE“IIED IN THE U.S.A;: AND THE FRODUCT WAS. FANUFACTURED .Illl TESTED IN T BLAL
WE CERT DAT. ATION OF INFORHATION PI‘KQIBE! BY_THE m‘l'eum.‘mu:m :'Iﬂ“ i

'A_IS A TRUE REPR L
SUR TESTING ORY . mmmrm HATERIAL TEST REPORT RELATES OMLY TO THE ITEMS LISTED ON TMIS
g BE REFR ED EXTEPT IN L

RATION

Page 1 of 1

g*d XH4 13r¥3asg 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
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B Certified Analysis
ey
o
W Trinity Highway Products, LLC
o] IS4 N.E, 28t St Order Number: 1095199
i :
Pt Worth, TX Cuostomer PO: 2041 Asof 62008
Custerser: MIDWEST MACH.& SPPLY CO. BOL Number: 24481
P. 0. BOX 81097 Document #: 1
Shipped To; NE
LINCOLN, NE 68561-1097 Use State: KS
Project:  WESALE
-
i
E =
% Gty Part# Deseription ) Spec CL TV Hest Code/ Heat# ield 18 Bg € Maw F § 8 o O Cr Vi ACW
S T & TS NIRRT T 7 TS U000 G0 T U G005
- :
g -2 014 2SK1E.I5K16 CAB ANC A6 4153095 44,500 60,800 340 0240 0750 0012 0003 000 0020 4000 0040 002 4
S 16 742G 60 TUBE 5L/, 183X8X6 A-SOD ASPIIG0 400 £7,000 251 0050 0670 00K 0.005 0.036 0220 0000 0060 0021 4
o -0 7220 SAVNE"XE" BEAR PLIOF A3 S106195 45,760 59,900 235 0380 030 GOH 0005 0.020 D230 0000 000 0N06 4
hd .
46 S07G 12RUFFER/ROLLED M-S0 A L0049 54,200 73,500 250 G160 0700 G011 Q003 0.020 0.200 DOUP 0.100 000 4
o
o3
o
P
FI; Upoa defivery, ail materials subject to "Urinity Highway Prodacts , LLC Stomge Stain Policy No. LG-002.
P ALL STEEL USEN “WAS MELTED AND MAMUFACTURED IN USA AND OOMPLIES WITH THR BUY AMERICA ACT.
g ALL GUARDRATL MEETS AASHTO M-180, ALL STRUCTURAL STEEL MEETS ASTM A36
ALL OTHER GALVANIZED MATERIAL CONFORRS WITH ASTRM-123.
9 BOLTE COMPLY WETH ASTM A-307 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHRERWISE STATEIL
s WUTS COMPLY WITH ASTM A-563 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
2 34" DIA CABLE sX19 ZINC COATED SWAGED BND AISTC-1035 STEEL ANNEALED BTUD 1" DIA ASTM 449 AASHTO M30, TVPE I BREAKING
- STRENGTH - 42100 LB
=2
i:* Strie of Texas, County of Tatrant. Sworn end subscaibed before me this 20th day of Fune, 2008
8 plotary Pubic
3 ! Trindiy Highway Products , LLC
® Commission Exp By:

MY Cumemheisn xpies

Qtodinia Ol s

o
Yy G

T1-792-€0~-d 4L "ON Hodoy ISUMN
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January 24, 2013
MwRSF Report No. TRP-03-262-12

e i i ———

| i 1
| Customsr: | Sws imes i
| in e 1 o i 3
SPS - New Ceniury L 02378 E 05/22/2008 i '
401 Naw Cantuiry Parkway | | I 1|
Gaupa: Geoe Costame; Order Moo |
Nawr Cantury K3 55031 |- = L e || SRR P
| .54 ABCQB.LC, AGIBNT 4600104138 I
i —
| 22 N
l S it
i
i Hzat Mo Yiaid Taasile Elongation
: P50 854 % 2 Inzh
H 280638 €1,500 86,400 23.00
i
'
Hast Mo c i P s St cu M cAa A0 v
* 280838 0,040 £.230 4,010 ¢ 0.000 £.084 0.088 0.028 0.042 0,046 0.003
4
i
!
i
—_
W
N
above matsrial was man
i recoids of ow compeny. Al tast
scopa af the spegifications denoied in the specifination and grade tilas sbove.
; BMT=Grade B not testad - msets fansils propartiss OMLY.
: WENMTURES, LLC dbs EXLTUBE
i
i 1 7
} "'\_.«.-—/f/:,/"f
H N '{‘? g
i 3
. b
| o
&)
et

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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g
%25 E. 0Cems . Y A
o Lime, GH ‘ V
~
¥ Costomer: MIDWEST MACH.& SUPPLY 00. Seles Onder: 1003497 “Print Date: 6/30/08
P. 0. BOX 81097 Customer PO; 2030 Project: RESALE
§ BOL# 43073 Shipped To: NE
* Document# 1 Use State: E8
LINCOLN, NE 68501-1097
Trinity Highwev Producis. LLC
Certificate Of Compliance For Trinity Indistries, Inc. ** SLOTTED RAIL TRERMINAL **
NCHRP Report 350 Compliant
E Pieces Description
a2 12/12'6/S SRT-1
32 12/250/SPEC/S SRT-2
g 32 3/16X12.5X16 CAB ANC BRKT
32 2" X5 12" PIPE (LONG)
64 60 TUBR SL/.188X8X6
32 5/§ X 6 X § BEARING PLATE
2 32 12/BUFFER/ROLLED
32 CEL 3/4X6'6/DBL SWG/NOEWD
— 640 5/8" RD WASHER 1 3/4 OD
W 1,728 5/3" GR HEX NUT
~ 1,152 5/8"X1.25" GR BOLT
256 5/37X1,5* HEX BOLT A307
54 5/8"X9.5" HEX BOLT A307

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

27601 -29AQ

SALL 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, .
EBDLTB COMPLY WITH ASTM A-307 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ABTM A-153, UNLESE OTHERWISE STATED.
4NUTS COMPLY WITH ASTM A-563 SPECIFICATIONS AND ARE GALVANIZED IN ACOCRDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
14" DLA CABLE 6X19 ZINC COATED SWAGED END AISI C-1035 STEEL ANNEALED STUD 1'DIA ASTM449 AASHTO M30, TYPE I BREAKING

O3 TRENGTH - 49100 LB
aday of e, 2008 \_
Trinity Highway Products, LLC
Certifisd By: :

Figure A-37. 10-in. (254-mm) Long Hex Head Bolt Material Specifications, Test Nos. MGSNB-1 and MGSNB-2

T1-792-€0~-d 4L "ON Hodoy ISUMN
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January 24, 2013
MwRSF Report No. TRP-03-262-12

p&/pe/ 2009 16336 4A2-761-3288

S 2

TRINITY BIGEWAY PRODUCTS, LLC.

426 E, (’CONNOR AVENUE
Liah, OHIO 45201
419-227-1296
. MATERFAL CERTIFICATION
CUSTOMER: STOCK DATR: JANUARY £ 2608
INVOICE f
LOT # 0612098 ]
| PARY NUMBER: 3389G QUANTITY: 103,192
PESCRPTION:
518 X 1 % 58 BOLT -
Lt DATE SEIFPED:
SPRCIFICATIONS: ;
ATTM A0T-A/ALSS BEAT #: AGS270 & 445650
MATERIARL. CHEMEISTY
ciMe|r |8 |stjcu|micri{iMola | v | N [ecBsw| B |70 [me
69 | 3% | 686 | .009 | 100 | 0F | 06 | 06 | Az | 032 | 003 | DGO | 00 | LU | D00Z | 601 | W01
051 .99 }.007 | 016|090 | .08 {05 .67 | 02 | 993 | .001 | 6970 | 000 | .06 | 0001 {001 | tu1

PLATING AND/OR PROTECTIVE COATING

{_HOT DIP GALYANIZING (OZ. FER3Q. FT) | 125 AVG, |

#AOTHIS PRODUCT WAS MANUFACTURED IV THE UNITED STATES OF AMBRICA®™
THE MATERIAL USED IN THIS PRODUCT WAS MELTED AND MANUFACTURED IN THE U84,

STATE OF ORIC, COUNTY OF ALLEN
BWORN, AN Mﬂ BEFORE ME

LIRAA, OITID 45801 419.227-11%94

425 E. O'CONNOR AVENUE

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

155



@6/ B4/2689 16:35 482-761-3268

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

MLUWESS | isums s

Frc TRRATVMETALT ABIRATIRY T2 CHERITT A MAT®Y 12 54 P 142072007 P o 12
TRINITY METALS LABORATORY Page 1 of 1
A DIVISION OF TRINITY INOUSTRIES |
4001 [RVING BLVD 75247 - B0, BOX 588887 Receiverd Dets | 391982007
DALLAS, TX 75255.2887 Fa———

Phene: 214-630-7891  PAX; 114-588-7594 Heat Nurber 843270 & Alaii
LABORATORY TEST CERTIFICATE P-m L‘}V;ﬂ:mf_ grm
b Mo TAY04E0F e
CHERITY A, MASON Tast Speciicetion : FIRGASTH HETHODS
TRINITY HWY PRODUGTS, LLC #55 Mnkorial Type : AETA
ROLLFORM - 425 E. O'CONNOR AVENLUE Materlal $ize ; 5% 5 440 HIY
g g Spetlication
LIa, OH 45801 Compietion thale : 19202907
TESTS/ADDITIONAL INFORMATION
Teest TypelAdditions! information. HARDNESS ROCKWELL BW Quantity; 500
Findings: &) 1 -89 -80-90
B} 91-9-91-91
) ¥ .80-91.30
D} 89.-88.80-88
B) 62-51-91-94
Tost Type/Additional Informatiom HEAD MARKINGS Quantity : G.00

Findings: TRM USA 3074

e e e e e A G — = ——

eeriifiestion,
LAB DIRECTOR : M.lchﬁefs Baatan, P.E.

,{,

.-'1

ey ot
g
_r“‘ &4 adophifefi w'l'-f‘

[T
[ o
[ o S

Figure A-39. 5/8-in (16-mm) Diameter x 1 /-

Date : 1172072007

in (38-mm) Long Hex Head Bolt Material

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

156
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g e & : PAGE 33/52
MIDWEST MACHINERY
es/04/2009 16:38 482-761-2288
2670 GHARTER STEEL SALE e s e

CHARTER s 1658 Cold Spgs Poac
STEEL Savte, Wonorsi 2080,
) (262) 268 2400

A Diviglon of CHARVER STEEL TEST HEPORT - 800 4
Chartér Manuteciudng Gorpany, Ing. Aeverie Hes Tent And Codes — m-x

. AL

[ .
ae CEVIAMON EXT.- GREEN = R

R LAB = 0388. 02
BT LAD = MR

Teat Hsauits of Frocesaing Lot 8

€ DEVIATON EXT. PROCESSED = MR '
- Speoiflcations: Tiives anmtmoar & prr FEAtGRS with Sy BEplioaRin GRaTiar Sre Grnpians 10F (he [RGwing SUSCHIEr Sectumants:
Clgtomér Dotument = Aeuhaian - Des &

MELTED AND MAMUFACTURKD IN THE USn

AMHMW&m
T Cheriar Eeal
e Uk,
of Gy
B mrben (116 527, G096 Her Lousa, Mala,Free a1 a1 T olosinoos

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

157
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ae/04/2083 16:36 4p2-761-3288 MLDWES | P e s

CHARYER -STEEL BALE T4:08:95 10902008 15

FAX
CHARTER Wwmon o ciw
£,
STEEL CHARTER STEEL TEST REPORT (262) 2602400
b ki Revsree Hes Toxt And Codes 18004373789
Ehareer Mamusaciing Company, fnc FRX (362 2682570

Tridily Industrins, ine.
©.0. Bdx S685AT7

2585 Btommons Frasway
Dafigs, TX 7EaBS-0887
Atin: Altm:  Cheri/Carsl

1 heveby caeify thet the moterin] daseribed horeln has beon
ardl yronddrds Ustad balow and on the revessa side, and the il L3
Trst Ao #48600
Lok Gusles 7283 i
Chamisery e BN ¢ g 8 10 ] Mo =0 B W
WeBh D08 683 50D 00 SO0BD 905 007 0.02 o488 0005 0.001
Ak n B8 T wB

o035 90070 o007 G007  D.80%
CHER, DEVIATION BT ~BREEN - MR

. 7 -emmunmxmlsﬁﬁss
5 : i of Tests s Vol 2t Yalth Masn Vokis
ROTRWELL 2 (HAZW) 3 62 &2 ' a2 P LAR = OS58-02
)

© IMRE) b L HCLAS o WG
QF TEVIATION BXT-GREER = WA

Toyt Rosulis of Prosessing Lot #
26 DINATION BXT-PROCEISED = NG

e m ﬁi‘; Stoal for thn faliowing n:h-mracwmn-
Sponificetiony: L .w%m e with any Bppl wm':' m 2 1

fbdionsl Commaniz: TELTED AND MARYFACTURED N THE USA

Chariar Stanl
Snylee, W, USA

Tim Leshy
Manager of Ouslity Assursncs
Fax mumben (418) 227 2 Ann: Logad ], Malit, Faz TOMEP2006

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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SP—. s e PAGE 35/852

oe/0a/2003 16136 4a2-761-3268

252 268 2570 CHARTER STEEL SALE 15:105:58  fo-19-2006 50

Tmmmhgmmmappnummmamdammmmm: ]

;. m}:;::t::t. lehs:;:ud ri:;pmad for Eh ardar was melted, rolied and pm.?ﬁ 1?12': SnrﬁEd Statisg,

: dw;hg il manilactyre of this product; nor was tha stee] contaminatad with fnercury
Unless diracted by the customer, there ars no welds in any of the aclls produged for tils

4. The laboratory that generated the anafytioal or test results can be dentflad by the faﬂw?:ga S

[Corificats ;
| Numper | Lab odle Lshoratory e

f8se0t | 7ees | osmp Charter Stao! | 1688 Cold Spvings Poad, Saukvike, W1 s2080
ese0z | 8T csPD wmz’—'@ 1858 Cold Springs Road, Sauicilie, W 53080
038803 123833 Pa —M 8255 US Highway 23, Risingsun, OM 43457
05604 | 128544 | OSG | CharerSieel Cleveland | +00 E 49 SL, Cuyahioga Heights, Or .

441251004 3
: v - | Subcentracted s parformad by iaborsiory not in Charter Siae) aystem

8. When run by & Charter Steel Inbaratary, the foflowing 185ts were performed acconding to the latast
feviglons of the specificailons isted below, ag nated In the Charter Stea! Laboratory Quality Menael:

H La]

, P4

Oharter Stee] has been ascradited ta perdorm all of the above tasts by the Amarican Aesoclation for
Laboratory Accreditation (AZLA)}, These accredliations explra 01/31/M7

All other test results associated with a Charter Steal iaboratory that appear on the frent of this report, Fany,
wers performed aceonding to documented procadures developed by Charler Steal and &re not ascredited
by AZLA.

8. Tha test results an the front of this report are the true values measiited on the samples iaken from the

iot. They da not apply to any cther sample.

7. This test repon cannct be reproducad or disiributed exoep! In full without the wriitten permisslon of Charter
Steel, The primary customer whose name and address appear on the iront of this form may reproducs inis
test repart, subject to the fallowing reatriclions:
= It may be diskibuted only to their customers
& Both sides of afl pages must Be raproduced in full )

8. Thia ceriification Is given sobject fo the lerms and canditions of sale provided in Charter Bisel's
mmnm{dmmbywwomorfwmbﬂamﬂmmm. Both
Purchasa Order numbers appaar on the front page Report

9. Where the customer has provided a speciticaiion, the feaults on the frent of this test raport canform o
thet specilioation uniess otherwise noted on this test repart.

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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JLTHHE

PK-25

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

Made in: TAIWAN
Heat no: 1N489

Lot No:  A601-8C0501 - é
: Earnest
N Iﬂf o e

Figure A-43. 7/8-in. (22-mm) Diameter Hex Head Nut Material Spec1ﬁcat10ns 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'!

I

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
160



191

Certified Analysis Y 3

= o

Trinity Highway Produets, LLC ; ‘ r‘
550 East Robb Ave. Order Number: 1145215
Lima, O 45801 Customer PO: 2441 el
Customer: MIDWEST MACH.& SUPPLY CO. BOL Number: 61905

P. 0. BOX 703 Documenm #: 1

Shipped To: NE
MILFORD, NE 68405 Use State: KS

Project: RESALE

Qiy Partd  Deseription Spee CL  TY Heat Codef Hemt# Yield 5 Elf C Mn 5 S Czx C Cr VaACW
359 TEN ESLAT ASOIT M 9,000 3,500 328 QmWJ 000 0,060 0001 4

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

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 COATINGS PROCESSES OF THE STEEL OR TRON ARE PERFORMED IN 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 WITHE ASTM A-153, UNLESS OTHERWISE STATED.

WASHRS COMPLY W’Tﬁ m ME-436 SPECIFICATION AND/OR F-84+ AND ARE GALVANIZED IN ACCORDANCE WITH ASTMF-2329.

z T'-'_SM_AG____ED?ND AISI C-1055 STEEL ANNEALED STUD | DIa  ASTM 449 AASHTO M30, TYPE I BREARING
TRENGTH - 49100 LB o

State of Olxio, Cou eﬂ\ﬁ o:E\'md subsesjbed befors me this 15th day of Aprl, 2011

Notary Public: _,-';psf: (=73 '6'-... Certified By:
Commission Expires Fu iR

» § s Copn ™,
1w0 {7e oy
b
Y

Figure A-46. Cable Anchor Assembly Black Paint, Test No. MGSNB-2
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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 (b)

Front
Rear

FRONT
REAR
TOTAL

Left Right
1410 1368
1093| 1084
2778 Ib
2177 Ib
4955 Ib

Figure B-1. Vehicle Mass Distribution, Test No. MGSNB-1
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Actual test inertial weight (Ib)

(from scales)

Front
Rear

FRONT
REAR
TOTAL

Left Right
1410 1350
1135 1116
2760 Ib
2251 Ib
5011 Ib




Test: MGSNB-2

VEHICLE

+ 4+ + + + o+ 4+

BALLAST

wheel base

Vehicle: Rio
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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 vehicle

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 Ib

Figure B-2. Vehicle Mass Distribution, Test No. MGSNB-2
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Static Load Test

\

‘Winch or
Hydraulic
Cylinder

a
[S

B
~
X]

36" Diameter

Granular Fill _“\

a * 4 40 43"
a
Static Test P
Installation Details @ 4
Soil Gradation for Baseline Fill Soil
100
90 -
5 80 -
£ 70 7
T 60
& 50 -
2 -
o 40
& 30 -
20 4
10 =
0
10 Gra}n Size, D (mm) 01 0.01
14000 Comparison of Load vs. Deflection
12000 -—" Dynamic Test
(Acc)
10000 == ~- )
= e Dynamic Test
E 8000 !ﬁh—; (Lc)
2 6000 {4 oo Dynar.nlcTe.st
Required Min.
4000 \ e Static Test
2000 \F
0
0 5 10 15 20 25 30 35 40
Deflection (in.)
DAt .. et 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.........coooiiiiiin, 1,605 Ib

Impact VeloCity..........cooovviiiiii e, 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 - — @ Vinimum Load
é (90% Baseline)
o 4000 - 7‘—
g e VIGSNB-1- Static
“ 3000 - >~ - - Load Cell 1
/ MGSNB-1- Static
2000 | S - Load Cell 2
1000 -I( ——
0
0 5 10 15 20 25 30 35 40 45
Deflection (in.)
SOIL GRADATION
100
a e o e e e e s —
£
g NN . . - —
c
3
a e o e e e e s —
a NN
0.01
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'gnbf 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 . Static Test ‘
{ IR l Dynamic Test Installtion Details Installation Details < a4
Soil Gradation for Baseline Fill Soil
100
@
£
[TH
-
c
8
o
a
100 Grain Size, D (mm)1 01 001
16000 Comparison of Load vs. Deflection
14000 Dynamic Test
12000 [ ——— (Acc)
= 10000 -—/ = e Dynamic Test
3 | (LC)
2 8000 .
° ! ddendendad S LT L Lo X1 X4 @ e e Dynamic Test
* , \ Required Mi
\ equire n.
Static Test
0 5 10 15 20 25 30 35 40
Deflection (in.)
D7 ) (PPN 3/28/2011
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 Grawvel (GW) (see sieve analyses above)
Description of fill placement procedure..... 8-in. Lifts, High Compaction, Pnuematic Tamper
Bogie Weight.......coooiiiiiii e, 1,727 Ib

Impact VeloCity.........coveeviiiiiiii 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 Baseline Static
8000 - el Test

7000 —)° = Minimum Load

6000 N {90% Baseline)

e MIGSNB-2 Staticd
-Load Cell1

~v MGSNB-2 Staticd
-Load Cell 2

Force (Ib)

:

0 5 10 15 20 25 30 35 40 45
Deflection {in.)

SOIL GRADATION

100

Percent Finer
58888388
e

10

100 01 0.01

Grain Size, D {mm)})
-=& -~ Baseline Soil —#— MGSNB-2 Static4 Soil

DS s 6/15/2011

Test Facility & Site Location.......ccccccccc..... Midwest Roadside Satfety Facility

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

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

Figure C-4. Test Day Static Soil Strength, Test No. MGSNB-2
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VEHICLE PRE/POST CRUSH
FLOORPAN - SET 1

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 75 ax ay Az

POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) {in.)
1 24 1/4 83/4 0 25 834 0 34 0 0
2 25 1/4 123/4 -11/2 251/4 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 3/4 26 172 26 174 -6 1/2 -112 1/4 1/4
5 16 1/2 1 -3 14 16 1/2 1 -3 172 0 0 -1/4
6 17112 §1/2 -3 112 17 1/2 834 -31/2 0 14 0
7 18 3/4 12 1/4 -5 1/2 18 1/2 12 172 -5 1/2 -1/ 1/4 0
8 20 1/2 1834 | -10 20 172 18172 | -10 0 - 14 0
9 20 1/2 26 1/4 -93/4 201/2 | 26114 -93/4 0 0 0
10 12 3/4 1 -31/2 13 1 -3 1/2 1/4 0 0
11 13172 81/4 414 13172 81/2 41/4 0 1/4 0
12 15 111/4 -91/2 15 11 9172 0 -1/4 0
13 15 14 1814 | -10 15 1/4 1814 | -10 0 0 0
14 15 1/2 25314 | -10 15 1/4 25 3/4 93/4 - 14 0 1/4
15 8172 1 -33/4 81/2 1 -33/4 0 0 0
16 9 83/4 412 9 9 -4 3/4 0 14 -1/4
17 10 1/4 11172 -9 314 10 1/2 11 -93/4 1/4 -1/2 0
18 10 14 18 -93/14 10 172 17 1/2 -93/4 174 -12 0
19 10 1/4 253/4 912 10 1/2 25 1/2 912 1/4 -1/4 0
20 43/4 3/4 -4 434 3/4 4 0 0 0
21 534 9 -5 5314 834 -5 0 - 14 0
22 61/4 11.3/4 -9 3/4 61/4 11172 -93/4 0 - 14 0
23 61/2 18 3/4 9172 6172 18 9172 0 -314 0
24 61/2 26 -9 1/2 6172 25 1/2 9172 0 -1/2 0
25 11/4 3/4 -31/4 11/4 34 -3 1/4 0 0 0
26 11/2 9 -4 11/2 9 4 0 0 0
27 1 113/4 -5 112 1 11,172 -5 112 0 - 14 0
28 1 18 1/4 514 1 18 -51/4 0 -1/4 0
29 11/4 2512 -5 1/4 11/4 251/2 -5 1/4 0 0 0
30 0 0 0
3 0 0 0

DDDR\

DASHBOARD

/ DOOR

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

171



January 24, 2013

MwRSF Report No. TRP-03-262-12

TEST: MGSNB-1

VEHICLE: 2270P/Ram 1500

VEHICLE PRE/POST CRUSH
FLOORPAN - SET 2

Note: If impact is on driver side need to

enter negative number for Y

X i 4 Z X Y z aX ay aZ
POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
1 40 15 -112 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 24 114 -7 142 42172 24 -7 172 -1/4 -1/4 0
4 43 3112 1172 42172 3114 -T2 - 112 -1/4 0
5 321/2 714 -31/4 32172 714 -31/2 0 0 - 14
6 331/2 14 1/2 -33/4 3314 14 1/4 -31/2 -1/4 -1/4 1/4
7 34 3/4 18 1/2 -6 34112 18 1/4 -6 -1/4 -1/4 0
8 36 314 243/4 | 101/2 | 3634 241/2 | 103/4 0 -1/4 -1/4
9 36 3/4 3112 | 1012 | 36172 3112 | 10172 -1/4 0 0
10 29 7 -31/2 28 112 7 -31/2 - 172 0 0
1" 29 112 14 1/4 4172 29114 14 1/4 412 -1/4 0 0
12 311/4 17 1/2 -934 31 16 3/4 -934 -1/4 -3/4 0
13 3112 2412 [ 1012 | 3114 2334 | 10172 -1/4 -3/4 0
14 31.1/2 3214 | 1034 [ 31142 3112 | 1012 0 -3/4 1/4
15 24 1/2 7 -33/4 24112 7 -33/M4 0 0 0
16 25 15 -4 3/4 25 14 3/4 -4 3/4 0 -1/4 0
17 25314 1734 | -10 253/4 1712 | 10 0 -1/4 0
18 25314 2412 | -10 2534 2414 | 1014 0 - 14 -1/4
19 25314 3214 | 101/4 | 25314 3134 | 1014 0 -1/2 0
20 2034 7 -33/4 2034 T -33/4 0 0 0
21 21314 15 -51/4 21314 14 172 -51/4 0 =12 0
22 22 14 18 114 -93/4 22 1/2 18 -93/4 1/4 - 14 0
23 22 3/4 2412 | 10 22 34 2414 | 10 0 -1/4 0
24 22 34 3214 | 101/4 [ 2234 3134 | 1014 0 -1/2 0
25 1712 7 -3 17172 7 -3 0 0 0
26 17 1/2 15 1/2 4 17172 15 1/2 4 0 0 0
27 17172 18 14 -5 3/4 17 1/2 18 1/4 -53/4 0 0 0
28 17 1/2 24 112 -5 3/4 17 1/2 24172 -5 3/4 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’\

A

/DDDR

Figure D-2. Floor Pan Deformation Data — Set 2, Test No. MGSNB-1
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VEHICLE PRE/POST CRUSH
INTERIOR CRUSH - SET 1
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 b i 4 ax ay aZ
POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
Al 3912 3212 | 2234 3934 | 3212 | 23 1/4 0 1/4
A2 3912 | 4514 | 2112 3914 | 45114 | 2112 -1/4 0 0
% Al 38 3/4 57 2034 38 34 57 21 0 0 1/4
g A4 33 3534 15 33 3534 151/4 0 0 1/4
A5 3334 46 1/2 14 3/4 3334 46 1/2 15 0 0 1/4
A 3334 58 15 34 58 15 1/4 1/4 0 1/4
w i B1 44 1/4 28 14 -1/2 44 28 -1/2 -1/4 -1/4 0
g é B2 38 1/4 27 1/4 -1172 38 1/4 27 1172 0 -1/4 0
o B3 40 3/4 28 -6 3/4 40 1/2 27 112 -6 1/2 -1/4 -1/2 1/4
wi C1 29 3/4 37 314 12 1/4 29 1/4 38 14 121/2 -1/2 1/2 1/4
UQ: Cc2 20172 38 1/4 12 1/2 20 39 1/2 12 1/2 -1/2 11/4 0
— % C3 234 38 14 13 1/2 2112 39 1/2 14 -1/4 114 172
% 8 C4 28 34 1/4 0 27 1/2 34112 0 -112 1/4 0
= C5 19 1/4 34 1/4 0 18 1/2 35 1/4 0 -3/4 1 0
i C6 23/4 34 3/4 3/4 212 35 1/4 1 -1/4 1/2 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
w D7 0 0 0
8 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 /

DDDR\ .

6 C3

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 aZ
POINT {in)) {in.) (in.) {in.) {in.) {in.) {in.) {in.) (in.)
Al 52 37 22 3/4 52 37 22 3/4 0 0 0
A2 53 1/2 49 172 21 53172 49172 21114 0 0 14
5 A3 55 314 6114 19 3/4 56 61172 20 14 1/4 14
5 Ad 46 172 39 1/4 14 314 46 1/2 391/4 15 0 0 1/4
A5 48 172 50 1/4 14 1/4 48 172 50 172 14 1/2 0 1/4 1/4
AB 51172 62 14 1/4 513/4 62 1/4 14 1/2 1/4 1/4 1/4
wi B1 49 1/4 30 3/4 -11/4 49 1/4 30172 -1172 0 -1/4 -1/4
g % B2 43 1/4 29 1/4 -2 112 43 1/4 29 -2112 0 -1/4 0
o B3 45 1/2 30 1/4 -7 3/4 45 1/2 30 -T2 0 -1/4 1/4
w Cc1 3314 42 3/4 11172 32314 43 11172 -2 1/4 0
% 5 c2 24 43 11172 23112 44 11314 - 172 1 1/4
-0 C3 6 1/4 43 12 1/2 6 44 114 12 344 - 1/4 11/4 1/4
E 8 C4 33 40 14 -1 32172 40 172 -1 -12 1/4 0
= C5 23 34 40 1/4 -1 23172 411/4 -1 -1/4 1 0
Cé 712 40 34 0 7172 41172 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
3 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

NG

DDDR\ . /— DOOR

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

—~—Fleld L—=—

. (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) -1  7.775 (197)

Distance from center of vehicle to center of Field L - Dyt 19.4375 (494)

Width of Contact Damage: 38.875 (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 La ter‘al Original Profile Dist. Bet‘wecn Ref. At Crush
Measurement Location Measurement Lines

in. (mm) . (mm) m. (mm) m. (mm) in. (mm)
C, 275 (70) 0 0 1025  (260) -7.99 -(203) 0.5 (12)
Ca 3 (76) 7.775  (197) 10.48  (266) 0.5 (13)
C; 3.5 (89) 15.55 (395) 11.66 (296) -0.2 -(4)
C; 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 T (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

Distance from centerline to reference line - Lggy:

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 - Dy

Width of Contact Damage:

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

555

227
45.4
-11.5

227
11.75

(mum)

(1410)

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

(208)

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
Actual Crush
Measurement Location Measurement Ref. Lines
in. {mm) in. (mm) in. (mm) in, (mm) in. (mm)
G 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)
Cs 155  (394) 342 -(869) 11.56 (294) -1.6 -(40)
Cy 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)
Caax 26 (660) 77 (1956) 10.69 (271) 2.8 (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

Note: If impact is on driver side need to

DEIEIR\

VEHICLE: Rio enter negative number for Y
X Y z X i Z ax ay Y4
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 8 3/4 -2 1/4 29 3/4 83/4 -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 3/4 - 3/4 0
5 27 412 4 1/4 26 3/4 41/4 4 1/4 - 114 -1/4 0
6 27 3/4 834 4 1/4 27 172 834 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 0 174
8 251/4 20 3/4 -2 24 1/2 20 1/4 -2 - 314 -1/2 0
9 24 4 -5 1/2 24 4 -51/2 0 0 0
10 25 1/4 9 -7 25 1/4 834 -7 0 - 1/4 0
11 25 14 3/4 -6 1/4 25 14 1/2 -6 1/4 0 -1/4 1]
12 23172 20 1/4 -5 23 3/4 19 172 -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 9172 -13/4 18 91/2 -8 0 0 -1/4
15 18 14 1/2 -7 18 14 1/2 -7 142 0 0 -1/2
16 18 1/2 20 172 634 18 1/4 20 1/4 -7 - 144 - 1/4 -1/4
17 13 1/4 31/2 -8 13 1/4 3 1/2 -8 0 1] 1]
18 15 10 -713/4 15 934 -8 0 -1/4 -1/4
19 15 1/4 14 1/2 -7 1/4 15 1/4 14 1/2 -7 172 0 0 -1/4
20 14 3/4 20 172 6 3/4 141/2 20 1/4 -6 3/4 -1/4 -1/4 0
21 10 3172 -8 10 3172 -8 0 0 0
22 8 1/2 1114 -7 1/4 8 1/2 11.1/2 -7 172 0 1/4 -1/4
23 73/4 16 1/4 -7 114 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 1174 4 -4 3/4 11/4 334 4 1/2 0 -1/4 1/4
26 11/4 7172 5 1/4 11/4 714 -5 0 -1/4 1/4
27 1 13 1/4 -5 1 13 -5 0 - 14 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
31 0 0 0
\ DASHBOARD /
2 2

/ 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 i X Y i aXx ay a8z
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
2 353/4 14 -2 1/4 351/4 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 1/2 25 -1/2 -1 -1 1/4
5 32 1/2 9 3/4 -4 1/4 32172 91/4 4 1/4 0 -172 0
6 33 1/2 14 4 1/2 33 13 1/2 4 1/2 -1/2 -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 -2 1/2 30 25 1/2 -2 1/2 -1 -1/2 0
9 29 3/4 91/4 -5 1/4 29 1/2 9 -5 142 -1/4 -1/4 -1/4
10 31 14 1/4 -7 30 3/4 13 3/4 -7 1/4 -1/4 - 172 -1/4
1 3034 20 -6 1/2 303/4 20 -6 1/2 0 0 0
12 29 1/4 25 1/4 -5 1/2 29 1/2 25 1/4 -6 1/4 -0 -1/2
13 23 172 9 -8 23 1/2 8 1/2 -8 0 -1/2 0
14 24 14 3/4 -8 24 15 -8 0 1/4 0
15 23 3/4 19 3/4 -7 1/2 23 3/4 19 1/2 -73/4 0 -1/4 -1/4
16 24 26 -7 1/4 24 25 112 -7 /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 3/4 712 21 19 172 -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 8 3/4 -8 15 1/2 83/4 -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 2112 7172 13 3/4 21172 -7 1/2 0 0 0
24 13 3/4 26 -7 1/4 1312 26 1/4 -T1/2 -1/4 174 -1/4
25 7 91/4 4 1/2 W 914 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 63/4 18 1/2 -5 1/4 0 0 -1/4
28 7 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

DDDR—\

TEST: MGSNB-2 MNote: If impact is on driver side need to
VEHICLE: Rio enter negative number for Y
X Y Z X Y i ax ay aZ
POINT (in.) (in.) (in_) (in.) (in.) {in.) (in.) (in.) (in.)
Al 33 32172 20 172 33 32 172 21 0 0 1/2
A2 33 40 20 3/4 33 40 21 1/4 0 0 1/2
& A3 33 45 3/4 21 33 45172 211/4 0 -1/4 1/4
g Ad 26 33172 15 26 3312 15 1/4 0 0 1/4
A5 26 39 15 1/4 26 39 15 172 0 0 1/4
A6 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 1/4 134 20 1/2 25 2 -1/4 -1/14 1/4
% % B2 19 3/4 24 3/4 -3/4 19 1/2 24 1/4 -1/4 - 1/4 -1/2 172
o B3 22 3/4 25 3/4 - 3/4 22 1/4 24 12 -1/2 -1/2 -11/4 1/4
w Cc1 27 3/4 33 17 3/4 27 172 33 1/4 18 -1/4 1/4 1/4
% 5 Cc2 18 3/4 33 18 1/4 18 1/2 3314 18 1/4 -1/4 1/4 0
— O C3 73/4 34 18 314 712 3414 18 3/4 -1/4 1/4 0
E 8 C4 20 26 - 344 19 3/4 25 3/4 - 3/4 -1/4 -1/4 0
= C5 13 26 -3/4 13 25 1/2 -1/2 0 -1/2 1/4
— C6 6 1/4 26 0 6 25 374 1/4 -1/4 -1/4 1/4
D1 0 0 0
D2 0 0 0
D3 0 0 0
D4 1] 0 0
D5 0 0 0
D6 0 0 0
L D7 0 0 0
3 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/ A2

A5

/— DOORrR

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

DCIDR\

TEST: MCSNB-2 MNote: If impact is on driver side need to
VEHICLE: Rio enter negative number for Y
X Y z xX Y zZ ax aY .v4
POINT iin.) (in.) (in.) {in.) (in.) (in.) (in.) {in.) (in.)
Al 52 34 20 1/2 51 1/2 34 211/4 -1i2 0 3/4
A2 52 40 3/4 20 1/2 51 3/4 40 3/4 21 - 1i4 0 1/2
5 A3 513/4 46 1/4 20 1/2 511/4 46 1/4 21 - 12 0 1/2
S Ad 45 1/2 3434 15 45 1/4 34 1/2 15 1/4 - 1i4 -1/4 1/4
A5 46 39 3/4 15 1/4 45 3/4 39 1/2 15 1/4 - 114 - 1/4 0
Ab 45 3/4 45 3/4 15 1/4 45 1/2 46 15 1/2 - 114 1/4 1/4
w B1 26 24 1/2 1 25 1/2 24 1/2 11/4 - 172 0 1/4
Sz B2 2 24 14 | 2434 | 2334 | -4 - 1/4 1/4
— B3 28 1/4 24 1/2 -11/72 27 3/4 23172 -11/4 - 112 -1 1/4
- c1 AN 36 1/2 17 1/4 31 36 3/4 17 1/4 0 1/4 0
g c2 22 1/4 37 18 22 37 1/4 17 3/4 - 1/4 1/4 - 1/4
5 § c3 11 1/2 37172 18 1/4 11 1/4 38 18 1/2 - 114 1/2 1/4
<a c4 27 1/4 k) -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 - 114 -1/4 0
Cc6 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
w D7 0 0 0
8 D8 0 0 0
x D9 0 0 0
D10 0 0 0
D11 0 0 0
D12 0 0 0
D13 0 0 0
D14 0 0 0
D15 0 0 0
\ DASHBOARD /

Figure D-10. Occupant Compartment Deformation Data — Set 2, Test No. MGSNB-2
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)
(P __________ EREE——— . j‘@'i’
e SO\~ g
N = — | o
tg 1 A 74 s : e

Crax

Distance from C.G: fo reference hine - Lgyy:

‘Width of contact and induced crush - Field L-
Crush measurement spacing imerval (L/5) - I:
Distance from center of vehicle o center of Fiel L - Dy -

‘Width of Contact Damage:

Distance from center of vehicle o center of contect damage - D=

- ()
69 a7s3)
655 664
131 G33)

o 0
655 (1664)

0 0

NOTE: Enfer *“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 Achoh S
i () L () n (o) n () = ()
225 (57 3275 (832) 2950 (7149 -8.81 -224) 18 46)
675 (7)) -19.65 -(499) 1167 (296 39 ®9)
1175 (2989 655 -(166) 942 239 111 (283)
17 (43D 655 (166) 241 239 164 417)
1825 (469 19.65 (499) 1159 (2% 155 393)
NA NA 3275 (332) 2950 (749 NA NA
17 433 655 (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:

Model:

MGSNB-2

Rio

Year: 2005

Distance from centerline to reference line - Lygst

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 - Dy
Width of Contact Damage:
Distance from vehicle c.g. to center of contect damage - D¢:

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

33 (838)

69.75  (1772)
13.95 (354)
34.875  (886)
53.75  (1365)
43.875  (1114)

in, (mm)

Crush Longitudinal Original Profile Dist. Between Actaal Crush
Measurement Location Measurement Ref. Lines
in. (mm) in. (mm) in. (mm) in, (mm) in. (mm)
G 1 (25) 0 0 3.13 (79) 3 (76) 0.9 (22)
Ca 125 (32) 13.95 (354) 3.13 (79) 1.1 (29)
Cy NA NA 27.9 (709) 4.50 (114) NA NA
Cy 13 (330) 41.85  (1063) 4.00 (102) 12.0 (305)
Cs NA NA 55.8 (1417) 4.69 (119) NA NA
Cs Na NA 69.75  (1772) 23.50 (597) NA NA
Caax 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-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

T1-79T-€0-ddL "ON Hodoy JSYMN

€10T b Arenuef



[49!

Acceleration Severity Index (ASI) - DTS

MGSNB-1
1
Maximum AS| = 0.899006482
0.8 //\
I I/\ ol [/J\
0.6 v
WY V

)
<

0.4 N

| A

-0.2

0 0.1 0.2 0.3 0.4

Time (sec)

0.5

0.6

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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Figure E-14. Lateral Occupant Displacement (EDR-3), Test No. MGSNB-1
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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-4. 10-ms Average Lateral Deceleration (DTS), Test No. MGSNB-2

T1-792-€0-d¥.L "ON Moday ASUMIN

€107 ‘v Arenuef



2
0
-2
Q
£
>
S -4
(]
>
[\
N 6
()]
-8
-10
-12

Lateral Changein Velocity - DTS

MGSNB-2

0.1

0.2

0.3 0.4 0.5 0.6 0.7

Time (sec)

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

0.8

0.9
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Figure F-9. 10-ms Average Longitudinal Deceleration (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
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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 iy
Inislallalion Lengli: (rrl)
Matenal or Key Elements

Soil Type and Condition
Test Vehicle
TR
Designation
Model ...
Mass (kg)
Curb, —
Test Inertial
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
3205704
10-19-2005

Guardrail
T-31
68 6

W-Beam Guardrail on Steel Yielding Line

Posts with Splices at Mid-Span
Standard Sail, Dry

Production

820C

1997 Geo Metro

805

825

75
00

Impact Conditions
Speed (km/h)
Angle (deg) .....
Exit Conditions
Speed (kmv/h) ...
Angle (deg) ..
Occupant Risk Values
Irmpacd Velocily (m/fs)
Longitudinal
Lateral T
THIV (km/h) ...........

Ridedown Acceieratldns (g SJ.

Longitudinal . ......
Lateral

PHD (g's)

D ;
Max. 0 050-:. Ave:age (g b]

Longitudinal
| ateral
Vertical

1021
2032

58.0
114

64
208

-128
16
148
1.05

-102
68
24

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

Working Width
Vehicle Damage
Exterior
VES . cpnzas
CDC
Max. Extenor
Vehicle Crush (mm) ...
Interior
OCDI..

Max OccuDant Cbmpartment

Deformation (mm) ..
Postdimpact Behavior
{dunng 1.0 sec after impact)
Max. Yaw Angle (deyg)....
Max. Pitch Angle (deg)..
Max Roll Angle (deg)

0.49
0.31
134

11LFQ5
11LFEW3
290
LFO0G13000
85
-35

ke
7
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38 m (|25 b 3]?5}5)@ —“\
e
o O d \U 8] 0o B'_if‘__pl;l,- o I o
24 23|22 21 20 19 1B 17 16 15 W 13 12 11
168 m (55 ft>r—r
General Information Impact Conditions Test Article Deflection
Test AZENCY ..vvvnvnrerennes Southwest Research Institute Speed (km'hr) ..........106.3 ERBENIC sz ismviamrsmn i 0.66m (2.2 ft)
o  TestNumber ... GMS-2 Angle (degrees)........18.8 Permanent..............cccowveene...0.56 m (1.8 1)
SR - 21 07 | ———— 09/13/2006 Exit Conditions Vehicle Damage
Test Category.........oceveen.. 3-10 Speed (km'hr) .......... 30 (calculated) Exterior
Test Article Angle (degrees)........13.5 1 B 11LFEWS
] 1 TR Y Longitudinal Barrier Occupant Risk Values T 1 R T O 11-LFQ-5
Installation Length........... 57.15m (187.5 ft) Impact Velocity (m's) Interior
Nom. Barrier Height ........ 787 mm (31 in) x-direction .........7.6 OCDL s LF000D000
Tvpe of Primary Barrier.. Modified G4-1S Longitudinal Barrier y-direction .........-4.8 Max. Deform. (mm)............... 0
Seil Stable, Moist — “Standard” Sail Ridedown Accelerations (g’s)
Test Vehicle x-direction ......... -8.1
THiE smmmssmwmma Small Car y-direction .........7.1
Designation............c....... 820C Post Impact Vehicular Behavior (limited to events <1.000 seconds)
254 (o] [-] [ ——— 2001 Suzuki Swift Maximum Roll Angle (degrees) ................ 7.8 @ 0.265 sec.
Mass (Kg) vovevvereiniiienn! 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) ...........73
Gross Static Mass (kg)....893

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 et MwRSF e  Vehicle Damage
. Test Number. .MGSNB-2 VDS e 01-RFQ-5 =
o Date .o 6/15/2011 CDCM e 01-RYEW-4 (331)
e  MASH Test DeSIZNation.......coeuuruierimeereieeieeeeieeeiseeeeeesesseseeseesessseessesseenes 3-10 Maximum Interior Deformation 1% in. (32 mm)
. TSt ATHCIC oo e Non-Blocked MGS . Test Article Damage.......c.coovvueueeeririnieeeicininieieiecenneeteieen e eeerenenens Moderate
®  Total Length ..ocoveieeceiicieieciciceeceneee et sessesenenes 181 ft - 3 in. (55.3 m) e Test Article Deflections
. Key Component — Steel MGS Permanent Set..........ooovivviiiiiieieceeeee e 13 7/8 in. (352 mm)
THICKNESS ...ttt 12 gauge (2.66 mm) Dynamic ... -.29.1 In, (740 mm)
Top Mounting Height..............coovorvereereereereeeeereenens 32 in. (813 mm) Working Width..........cccooiiiiiiiiiiiiiccce 34.5 in. (877 mm)
e Key Component — Steel Posts e  Maximum Angular Displacements
POSt TYPE..rvvevrereernreereieinns W6x8.5 by 6° (W152x12.6 by 1,829 mm) Roll.. ...8.27: < 75:
POSt SPACING ...ttt 75 in. (1,905 mm) Pitch. 3.98°< 750
. Key Component — Steel W-beam Backup Plates Yaw..A‘...A...A. e e 14.24
THICKNESS......eoverveieeeiseieeiesses e 12 gauge (2.66 mm) e Impact Severity (IS)....ccccooivnnrriiiiinnriinnens 59.3 kip-ft (80.4 kJ) > 51 kip-ft (69.7 kJ)
LENEHN. ettt 12 in. (305 mm) e Transducer Data
®  SOITYPE oo Grading B - AASHTO M 147-65 (1990) : I Transducer MASH
. 2005 Kia Rio Evaluation Criteria EDR3 DTS Limit
CUID e 2,3751b (1,077 kg) oV Longitudinal | -31.17 (-9.81 3126 (-9.53 <40
P 2,408 b (1,092 kg) s ¢ 17608 200959 | (2o
Gross .S.tatlc """""""""""""""""""""""""""""""""""" 23578 Ib (13169 kg) (l'l'l/S) Lateral -15.46 (_471) -15.83 (-482) <40
e  Impact Conditions (12.2)
SPEA .o 63.0 mph (101.4 km/h) P ) B
25.5 deg ORA Longitudinal 10.47 10.20 <20.49
. Imp.a.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 ot 25.7 mph (41.4 km/h) THIV - ft/s (m/s) NA 34.65 (10.56) no't
ANGLE .ot 19.1 deg required
®  EXit BOX CIItEIIOMN ..ottt et et e e eee et eeeeeseeeeaeeeeeees Pass PHD - g’s NA 1021 not .
o Vehicle Stability.......ccooevrieernieiriicinicieeeneeieeeeereeee e Satisfactory require
. Vehicle Stopping Distance.............ccoeeerverereenene 76 ft-9 in. (23.4 m) downstream ASI 0.97 1.04 no_t
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 — }-1".: E"—."; g
41.53 m ! 'i
A A A A A ' A A A A A A | l ‘
20.00 833 mm | - ,.-‘-5.."’ i
(] [ J
T 0
!
L R—— NPG-1 waom ||
LT 2 L P e 6/29/01 ‘ |
O APPUTtenante .. . . e e wm 5 Midwest Guardrail System \ |
Bey Eleienits «nmeencasais increased mounting height. blockout depth. i +
and bolt slot length, mid-span splices ® Vchicle Angle
® Total Length................... 55.25m Impact (trajectory) ................. 20.0 deg
[\ ® Stcel W-beam Exit (trajectory) . .................. 9 deg
g i M1 Ul 1L —— 2.66 mm ® Vehicle Stability’ ... ......commvvmmnin s Satisfactory
Top Mounting Height ........ 813 mm ® Occupant Ridedown Deceleration (10 msec avg.)
Bolt Slot Length . ........... 102 mm Longitadingl - . - cvcon s vovsevassivs 6.13g's<20¢g’s
® Steel Posts Lateral (not required) . .............. 797¢g's
POoStNOS: 3=27 . v vinwinninss WI152 x 13.4 by 1.829-mm long @ Occupant Impact Velocity
Spacing ................... 1.905 mm Longitudinal . .. ................... 3.52m/is< 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 TR TR A 11-LFQ-3
Post NG 3 27 cvnsomnsnn 152 mm x 305 mm by 356-mm long SAE ovvmmns s ann swseams sy s 11LFEW3
& SHIITVPE conamsnmmuesimnays a2 Grading B - AASHTO M 147-65 (1990) ® Vehicle Stopping Distance .. ............ 41.53 m downstream
® VehicleModel ................. 1994 Geo Metro 0.71 m traffic-side face
Cub ............oin... 746 kg ® BamierDamage ....................... Moderate
TestInertial ... ............ 812kg ® Maximum Rail Deflections
GrossStatic ... ............. 887 kg Permanent Set .................... 238 mm
® Vehicle Speed DYIATNC: 15 snis i st o 516 i s-asm i 443 mm
TOPACE s woovsn wsnmrsm s s 102.9 km/h ® WorkingWidth ....................... 1.023 mm
Bt fresultant) «owosnwennsa 92.3 knvh

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

NPG-1, NCHRP 350 Test 3-10 [3]
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6CC

0.166 sec

TOUARMIOY o:vcvsivaassininess
TestNumber .......coccovicanas
Dae :
NCHRP 350 Uoéate Tes! Destgnauon
Appurtenance ... .. ..
Total Length . i s
Key Elements - Shecl W-B-am
Thickness . el
Top Mousting l-!elghl ...... .
Key Elements - Steel Posts
Post Nos, 3-27 ...
Spacing . :
Key Elements - Wood Posts
Post Nos. 1 - 2,28 - 20 (BCT) .
Key Elements - Steel Foundation Tube
Key Elements - Wood Spacer Blocks
Post Nos. 3 - i
TypeofSail .........
Test Vehicle
Type/Desigantion .. ..
Makeand Model .. ...........
Test Inertinl
Gross Static
Impact Conditions
Speed
F T R S

. 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 long
. 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

978 km/h

. 254 degrees
TPt EOCHBION <. coomioeesiomion o s

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

Exit Conditions
Speed .
Angle .
Exat Box Criterion .

Post-Impact Trajectory
Vehicle Stability . ........

Stopping Distance . ... .. ..

Occupant Impact Velocity (350 Update)

484kmh "
14.1 degrees
Pass

Satisfacrory
22.46 m downstream
0.83 m traffic-side face

Longitudinal | 452 m/s< 12 m/s
Taterml ocinns s imvaiins s 522m/:< 12m/s
Occupant Ridedown Deceleration (350 Update)
Longitudinal .. .. ... ..... 16.14 Gs < 20 Gs
T e S e 837Gs<20Gs
THIV (not required) ................ 7.26 m/s
PHD (notrequired) . ................ 16.20Gs
Test Asticle Damage . ... .. .. Seaaimee Moderate
Test Article Deflections
PermaneatSel . ..........c.e.. 5b5mm
DIYHRENE 5 e ol e i 913 mm
WorkingWidth .. ... ... seans 122 TAM
VehicleDmmge e ln e ot i e o e 5 LD OGRS
VDS*. ... 1-RFQ-6
cDc? - . 1-RYEWé
Maximun Defmmn ivis . 6 mm atright-front floorpan
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0.000 s 0.211s 0420 s 0.631s
185%-0"
o A——
LENGTH OF CONTACT i
g
’l -
GROUND LINE
%
s T =
\/ ~ B N 470" =
EXIT BOX L B g T
166'x328
imp)
IMPACT PATH—
EXTPATH
& General Information Impact Conditions Post-Impact Trajectory
o Test Agency.... ..... Texas Transportation Institute (TTI) Speed.........cvinencrninenenn.. 504 Mifh Stopping Distance ......................... 185 ft dwnstrm
Test Standard Test No. ....... MASH Test 3-10 11+ AR——— ....25.6 degrees 47 ft twd traffic
TTI Test No. ......coceeevcrnen. 420020-5 Location/Orientation ...........38 inches upstrm Vehicle Stability
Date.....cooovevievivccciinnnnn. 2010-08-26 Exit Conditions Post 13 Maximum Yaw Angle..................... 49 degrees
Test Article Speed Maximum Pitch Angle.... .-11 degrees
.. Guardrail ANGIR s Maximum Roll Angle.. ..... -16 degrees
... 31-inch W-Beam Guardrail with Occupant Risk Values Vehicle Snagging..........cccouineunacs No
standard offset blocks Impact Velocity Vehicle Pocketing...........c.............. No
Installation Length ............... 181.25 ft Longitudinal ............ccnne. 21.0fts Test Article Deflections
Material or Key Elements .... 12-ga. W-beam rail, 8-inch deep Lateral .......c.cocoorrmionnnnes 17.4 ftis Dynamic.... SR ——— 1)
routed wood blockouts Ridedown Accelerations Permanent T e I~ 4
Longitidinal .o 88G Working Width...........ccc e 238 f
Soil Type and Condition....... Crushed Limestone, Dry Lateral .......... Vehicle Damage
Test Vehicle THIV...... VB8 oo s nissevsesinssssnmssssmsssnssnsisibass 11LFQ4
TypefDesrgnatlon .. 1100C FHD...... cDC... ... 11LDEW3
Make and Model.. . 2003 Kia Rio ASl... Max. Exterlor Deformallon 12.5 inches
Curb... i . 2387 Ib Max. 0. 050-s Average OocDl... i LFC000000
Test Inemal‘ .. 24351b Longitudinal.... -6.8G Max. Occupant Compartment
Dummy ....... . 174 1b Lateral ] Deformation... PTRUPRABIG.
Gross Static.........oceviin 2609 Ib Vertical o rimmenimasinls Impact Severity ...........coeieene. 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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0.000 s 0.206 s 04135 0.617s
i
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T 'I%.l a]i =
32 in
@ oY) ;
—m: r in
L /— —_ 72 in A l}a n
3
\
\ 40 in
\®)
) L4 1 U
[
General Information Impact Conditions Test Article Deflections (m
Test Agency Texas Transportation Institute Speed (kmh) a76 Dynamic S 1.04
Test No 220570-2 Angle ideqg) 268 Permanent . y 0.73
Date ... 08-02-2005 Exit Conditions Working Width 1.12
Test Article Speed (km'h) 3 638 Vehicle Damage
TIPS et it Guardrail Angle ideg) .......cccoviiiiicien. 148 Exterior
MName ... A T-31 Occupant Risk Value vDs 11LFQS
Installation Length (m). . 68 58 Impact Velocity (m/s) CcDC y 11LFEW4
Matenal cr Key Elements VW-Beam Gua-drail on Steel Yielding Lire Longitudinal 50 Max. Extenor
Posts with Sp ices at Mid-Span Lateral 5.9 Vehicle Crush (mm).... 410
Soil Type and Condition Standard Soll Dry IHIV {<m/h) : 5 o 23D Intenor
Test Vehicle Ridedown Accelerations (g's) |51 0, — —— FS0000000
Type........ Production Lonaitudinal -6.1 Max, Occupant Compartmant
Designation. .. 2270P Lateral . 74 Deformation (mm). ... 0
Model 2002 Dodge Ram 1500 PHD (g's) i) Postimpact Behavior
Mass (kg ASl ... 070 {during 1.0 sec after impact)
Curb 2207 Max 0.050-s Average (g's) Max. Yaw Anale (deq).... 42
Test Inertial 2299 Longitudinal -5.0 Max. Pitch Argle (deg)... -14
Dummy No dummy Lateral 55 Max. Roll Angle (deq) -22
Gross Stabic. 2299 Vertical . 1.8

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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30 29 28 27 23 25 24 28 22 21

20

19 18 17 16 156 14 13

120"
General Information Impact Conditions Test Article Deflection
Test AGENCY ....ovvevenenn e Southwest Research Institute Speed (km'hr) ..........97.7 Dynamic ........coooerervennien.0.89m (2.92 f
) Test NUmber ........coceeine ! GMS-1 Angle (degrees)........25.9 Permanent...........cceeeevevnne..0.56. m (1.8 ft)
2 TestDate .o 08/17/2006 Exit Conditions Vehicle Damage
Test Category .................. 3-11 Speed (km/hr) ..........65 (calculated) Exterior
Test Article Angle (degrees)........ 12.0 CBIG ssisiwsmisssmamniaaiii 11LFEWS5
TYPE .coevieeee s e .. LONgitudinal Barrier Occupant Risk Values VDS ooeeriieeeiereesiensnesssee e 11-LF Q-3
Installation Length..........57.15 m (187.5ft) Impact Velocity (m/s) Interior
Nom. Barrier Height .......787 mm (31 in) x-direction.........5.0 AV ot commmsmmsmremmamiaraiis .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
TP cavmmmnimensny Y% Ton Quad Cab Pickup y-direction.........11.5
Designatiofn .............c........ 2270P Post Impact Vehicular Behavior (limited to events <1.000 seconds)
IVIBHELL commmss et 2002 Dodge Ram 1500 Quad Cab Maximum Roll Angle (degrees) ...............-12.3 @ 0.506 sec.
Mass (K) .vvovevivineennnnnnn 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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197'=11" [60.3 m).
. TESt AEIICY ..ttt ettt MwRSF § . Vehicle Damage ..........coceveinenininieieieeceese e Moderate
@ TSt NUMDET ......oveoeeceeceeceeeeeee e MGSNB-1 VDS e 01-RFQ-4
o Date oo 5/17/2011 CDCM e ..0I-RYEW-3 4
. MASH Test DEeSIZNAtiON.........cvrveieeiieriietirieerieeeieeereeeestee et ese e seseesenee 3-11 Maximum Interior Deformation 1% in. (32 mm)
. Test Article................. ..Non-Blocked MGS . Test Article Damage.........coevvveveuerininieiereeninieeiecenreeieeeeseeeene Moderate
@ TOtal Length ..ovvooveoveeeeeeeeeeeeeveeeeeees e 181 ft - 3 in. (55.3 m) e Test Article Deflections .
. Key Component — Steel MGS Rail Permanpnt St 19 3/8 in. (492 mm)
ThicKNesS. .....cuoveviiiiiiiciccire e 12 gauge (2.66 mm) Dynamic RS R 34-.1 in. (867 mm) 20"
Top Mounting Height...........oo..ovvvereeeeereeeeeeeseessereeessnee, 31 in. (787 mm) Working Width.......cooeeveinnnivcinnnicinnns 43.2 in. (1,097 mm) [1016]
. Key Component — Steel Posts . Maximum Angular Displacements
POSt TYPC ..o W6x8.5 by 6” (W152x12.6 by 1,829 mm ) Rpll ............................................................................... 15.7 Z < 75;’
POSt SPACING ..vovvvvevriererrieiieieisie it sees 75 in. (1,905 mm) Pitch. ..530< 750
. Key Component — Steel W-beam Backup Plates Yaw ------------------------------------- s 50.6
TRICKNESS .o vevveeeeeeeee et eees 12 gauge (2.66 mm) e Impact Severity (IS).............. 115.1 kip-ft (156.1 kJ) > 106 kip-ft (144 kJ)
LeNEHN.c.ivooceeeeeeeeeeeeee e 12 in. (305 mm) e Transducer Data
o SOl Type .coovvvviiiicccccccre Grading B - AASHTO M 147-65 (1990) Evaluation Criteria Transducer MAS.H
e Vehicle Make /Model.........c.ccoevueuecninnunnne 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 kg) s ¢ A0S 3G | (29
Gross .S.tatlc ................................................................ 5,181 1b (2,350 kg) (m/s) Lateral 17.22(-525) | -18.67 (-5.69) <40
. Impact Conditions (12.2)
SPEEA e 62.7 mph (100.9 km/h) Longitudinal -11.20 11.49 <20.49
ANGLE oo 24.7 deg ORA ongrfudina ) ) -
Impact Location ................. 14 ft - 3 in. (4.3 m) upstream of Post No. 15 g’s Lateral 851 1291 <2049
e  Exit Conditions
Speed ..................................................................... 47.4 mph (76.3 km/h) THIV — ft/s (m/s) NA 24.09 (7.34) nqt
ANGIE e 14.4 deg required
. Exit Box Criterion... PHD — g’s NA 14.0 IlO't d
®  Vehicle Stability......coveeveeueeiereeeireieinieseieeeietseie et seiseeseeas Satisfactory require
e Vehicle Stopping Distance.............ccco...... 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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23.31

Right - fromt T-re—\-

Post Nos. 1-2. 28 - 29 (BCT) .
Steel Foundanon Tube Length .. .. .
WoodSpacerBlocks

~ Post Nos. 3 -

Fxat (re<ultant)

m—

6/14/02
Afidwest Guardrail Svsiem
and foundation tube length. nud-span splices

.5525m

. 787 uan

64 mm

W52 x 134 by 1.829-mm long
1905 mm

140 mm x 190 mm by 1.080-mm long
1,829 mm

152 mm x 305 mm by 356-mum long
Grading D - AASIITO M 147-65 (1990)

- 1995 GMC 2500 *+-ton packup

1.913 kg

. 1986 kg

1.986 ke

. 98.1km/h

55 1 km'h

Vehicle Angle
Impact (trajectory) - .
Exut (trajectory) . ...
Velucle Stalnluy
OcmmmmdedorwnDecdumm(lOn:sec avg)

P

.............. 19.3 deg
............... Sausbicuny

Longiudinal . . .950g's-20g's

l.auxal(noueqlmd) .094g’s
Occupant Tmpact Velocity

Longitudinal .. .. .. ..... .... . 5.58m/s < 12 s

Lateral (notrequured) . ... ... .. ... 389mss

AR e O b ke R, 0IRFEWS
Vehucle Stopping Distasce ... ... ... ... 23.3! m downstream

0.51 m traffic-side face

BarrwwrDamage  ___ _______ _________. Moderate
Maxanun Deflecions

POEnent Sel ... oo ok 652 mm

Dynamuc 1.091 mm
Working Width 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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W DesbAPEREY v onden iwsta o
& TEREINOPANEE sty v tosais i fstoveiaciess
B ORIE. ot et R i AT
® NCHRP 350 Update Test Designation |, .
& APPOHENANEE L. oo casiasbine sote dn aiis
& Toral Ceiuth (o oonn pmimme s
® Key Elements - Steel W-Beam

TR eRR o o s acs e miaio, e

Top Mounting Height ...........
® Key Elements - Steel Posts

PogtNOB 3BT . wiimiminn asmmmmisiog

PSR L fapth s, o e

® Key Elements - Wood Posts
PostNos. 1-2,28-29(BCT) ....
® Key Elements - Steel Foundation Tube
® Key Blements - Wood Spacer Blocks
PoSINOSS=T: = cvesns samiaemn
W CLYDEOE SO wimsicasiorn. aaton i smmssiin
® Test Vehicle
Type/Designation ..............
Make and Model ..............
{651 1 PPNy P Sy e

CraBsISIatIc . o cumrresive Fisk e
® [mpact Conditions

SPEET. s uam e saval pahe] S

BB, o e G

ImpactLocation ...............

Midwest Guardrail System
5525 m

2.66 mm
787 mm

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

140 mm x 190 mm by 1,080 mm long

. 1829 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
BEE o e B7kmm 7
BABPIE 2 st s S s e s IDENEPREES
Bt Box CYREIIoN: e s Pass
Post-Impact Trajectory
Vehicle Stability . ...oovevennas Satisfactory
Stopping Distance ... ........... 47.18 m downstream
15.56 m laterally behind
Occupant Impact Velocity (350 Update)
Tasmgibad il 0 ro pm e s 4.67 /s <12 /s
Tateral, asomc e aotasvana .. 476 m/s <12 m/fs
Occupant Ridedown Deceleration (350 Update}
Lonetadtnall .. . comenmsimbapsmse £.23 Gs<20Gs
Tiateball ol sme . s St b 6.93 Gs <20 Gs
THIV (nolreguired) .......co0vue... 691 mfs
PHD (1ot tequired) . oo v s swmeun 10.76 Gs
Test Article DaMage:. . v.qmms i pes Mboderate
Test Article Deflections
PermanentSet. ................ 803 mm
DIGERE: con s kAt nsin 1,114 mm
Working Width .. .............. 1,234 mm
NENEIE DATAEE. b o e ek Moderate
VDS -t il A B S AR 1-RFQ-4
DY i e ot rmmme ey 1-RYEN2
Maximum Deformation ......... 19 mm at right-center floorpan

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