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1 INTRODUCTION

1.1 Problem Statement

The Midwest Guardrail System (MGS) is a non-proprietary, strong post, W-beam barrier
composed of W6x9 or W6x8.5 steel posts or wood guardrail posts, 12-gauge (2.66-mm) W-beam
rail, and a 12-in. (305-mm) deep blockout. The MGS has been evaluated under the safety criteria
of both the National Cooperative Highway Research Program (NCHRP) Report No. 350 [1] and
the Manual for Assessing Safety Hardware (MASH) [2] under Test Level 3 (TL-3) impact
conditions. Subsequently, the Federal Highway Administration (FHWA) deemed the MGS
eligible for reimbursement under the Federal-Aid Highway Program. However, the MGS had
never been tested with rectangular Southern Yellow Pine (SYP) wood posts to evaluate the
working width and dynamic deflection of the system. Being that rectangular SYP posts are the
most commonly used wood guardrail posts in the United States, it was proposed that an
evaluation of the MGS with SYP posts would prove beneficial for many State Departments of
Transportation (DOTS).

The MGS was previously tested and approved for use with several wood post variations.
The MGS has been successfully tested with both alternative wood species round posts [3] and 6-
in. X 8-in. x 72-in. long (152-mm x 203-mm x 1829-mm) rectangular White Pine (WP) posts [4].
WP posts have approximately 39 percent lower capacity than standard SYP wood posts [5]. The
Midwest Roadside Safety Facility (MwRSF) performed a crash test under MASH test
designation no. 3-11 on the MGS with WP posts. The 2270P vehicle was smoothly redirected in
test no. MGSWP-1, and six posts fractured or split [5]. Although test no. MGSWP-1 was a good
indicator that the MGS would perform well with SYP posts, the Midwest Pooled Fund Program
members desired to obtain the actual system behavior (e.g., dynamic deflection and working

width) for a SYP wood post MGS.
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1.2 Objective

The objective of this research effort was to evaluate the safety performance of the MGS
with 6-in. X 8-in. X 72-in. long (152-mm x 203-mm x 1829-mm) SYP posts according to the TL-
3 full-scale crash testing criteria set forth in MASH.
1.3 Scope

The research objective was achieved through the completion of several tasks. First, two
full-scale crash tests were conducted on the MGS with SYP wood posts. The crash tests utilized
a pickup truck and a small car, weighing approximately 5,000 Ib (2,268 kg) and 2,425 Ib (1,100
kg), respectively. The target impact conditions for both tests were an impact speed of 62 mph
(100 km/hr) 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 MGS with SYP posts.
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2 DESIGN DETAILS

The test installation consisted of 181 ft — 3 in. (55.3 m) of standard 12-gauge (2.66-mm)
W-beam supported by SYP wood 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 component materials are shown in Appendix A.

The system was constructed with twenty-nine wood posts spaced at 75 in. (1,905 mm) on
center, as shown in Figures 1 and 2. Post nos. 3 through 27 were 6-in. x 8-in. x 72-in. long (152-
mm X 203-mm x 1,829-mm) Grade 1 SYP wood posts with a soil embedment depth of 40 in.
(1,016 mm). A 6-in. wide x 12-in. deep x 14%-in. long (152-mm x 305-mm x 362-mm) wood
spacer blockout was used to block the rail away from the front face of each steel post. A 16D
double head nail was also driven through a hole in the front flange of the post into the top of the
blockout assembly to prevent rotation of the blockout. Post nos. 1, 2, 28, and 29 were breakaway
cable terminal (BCT) timber posts measuring 5%z 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. A tangent anchorage system was utilized on the upstream and downstream ends of the
guardrail system in order to develop the barrier’s tensile capacity. The anchorage system
consisted of timber posts, foundation tubes, anchor cables, bearing plates, rail brackets, and
channel struts, which closely resembled the hardware used in the Modified BCT system. As
such, this system is believed to be representative of existing guardrail terminal end anchorages.
All posts were placed in a compacted coarse, crushed limestone material.

Standard 12-ft 6-in. (3.81-m) long 12-gauge (2.66-mm) W-beam rails with additional

post bolt slots at half-post spacings were placed between post nos. 1 and 29, as shown in Figures
3
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1, 2, and 9. Standard splice bolts, % x 22 in. (M16x559) long guardrail bolt and nuts, were used
to attach the rail to the posts. The W-beam’s top rail height for MGSSYP-1 was 31 in. (787 mm)
with a 247%-in. (632-mm) center mounting height. The rail splices were placed at midspan
locations, as shown in Figures 1 and 2. All lap-splice connections between the rail sections were
configured with the upstream segment in front to minimize vehicle snag at the splice during the
crash test.

The installation for test no. MGSSYP-2 was 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 installation for test no. MGSSYP-2 are shown in Figure 23.
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Item No. | QTY. Description Material Specification Ht:é'siv(v’gre
al 25 |6"x8"x72" [152x203x1829] Southern Yellow Pine Wood Post SYP Grade No.1 or better PDEO2
a2 25 [6"x12"x14 1/4" [152x305x362] MGS Timber Blockout SYP Grade No.1 or better PDB11a
a3 12 |12'-6" [3810] 4—Space W-Beam Guardrail 12 gauge [2.7] AASHTO M180 RWMO4a
a4 2 |12'—-6" [3810] BCT Terminal Rail Section 12 gauge [2.7] AASHTO M180 -
aS 1 |6'=3" [1905] W—Beam Spacer Guardrail 12 gauge [2.7] AASHTO M180 RWMO1a
ab 25 |16D Double Head Nail & =
b1 4 [72" [1829] Long Foundation Tube ASTM AS00 Gr. B PTEO6
b2 4 |[BCT Timber Post—MGS Height SYP Grade No.1 or better PDFO1
b3 2 |Strut and Yoke Assembly ASTM A36 Steel Galvanized -
b4 2 |[BCT Cable Anchor Assembly »3/4" 6x19 IWRC IPS Galvanized Wire Rope FCAQ1-02
bS 2 |Guardrail Anchor Bracket ASTM A36 Steel FPAO1
b6 2 |[8"x8"x5/8" [203x203x16] BCT Bearing Plate ASTM A36 Steel FPBO1
b7 2 |2 3/8" [60] 0.D.x 6" [152] Long BCT Post Sleeve ASTM A53 Grade B Schedule 40 FMMO2
b8 112 |5/8" Dia. x 1 1/4" [M16x32] Long Guardrail Bolt and Double Recessed Nut|Bolt ASTM A307 or Grade 2 Steel/ Nut ASTM A563 FBBO1
b9 4 |5/8" Dia. x 10" [M16x254] Long Guardrail Bolt and Double Recessed Nut Bolt ASTM A307 or Grade 2 Steel/ Nut ASTM AS563 A| FBBO03
b10 25 |5/8" Dia. x 22" [M16x559] Long Guardrail Bolt and Double Recessed Nut Bolt ASTM A307 or Grade 2 Steel/ Nut ASTM A563 A| FBBO7
b11 16 |5/8" Dia. x 1 1/2" [M16x38] Long Hex Bolt and Double Recessed Nut Bolt ASTM A307 or Grade 2 Steel/ Nut ASTM AS63 A| FBX16a
bi12 4 |5/8" Dia. x 9 1/2" [M16x241] Long Hex Bolt and Double Recessed Nut Bolt ASTM A307 or Grade 2 Steel/ Nut ASTM AS63 A| FBX16a
b13 69 |5/8" [16] Dia. Plain Round Washer ASTM F844 or Grade 2 Steel FWC16a
b14 4 |7/8" Dia. x 7 1/2" [M22x191] Long Hex Bolt and Double Recessed Nut Bolt ASTM A307 or Grade 2 Steel/ Nut ASTM AS63 A| FBX22a
b15 8 |[7/8" [22] Dia. Plain Round Washer ASTM F844 or Grade 2 Steel FWC22a
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Figure 10. Bill of Materials, Test No. MGSSYP-1
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Figure 11. Test Installation Photographs, Test No. MGSSYP-1
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Figure 12. Test Installation Photographs, Test No. MGSSYP-1
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Figure 13. Test Installation Layout, Test No. MGSSYP-2
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Figure 15. Anchorage Layout, Test No. MGSSYP-2
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Figure 17. Post nos. 3 through 27 and Blockout Details, Test No. MGSSYP-2
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Figure 19. BCT Anchor Cable Details, Test No. MGSSYP-2
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Figure 20. Ground Strut and Anchor Bracket Details, Test No. MGSSYP-2
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Figure 21. Rail Section Details, Test No. MGSSYP-2
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Item No.| QTY. Description Material Specification Hcggi\:vj:re
al 25 |6"x8"x72" [152x203x1829] Southern Yellow Pine Wood Post SYP Grade No.1 or better PDEO2
a2 25 |6"x12"x14 1/4" [152x305x362] MGS Timber Blockout SYP Grade No.1 or better PDB11a
a3 12 [12'-6" [3810] 4—Space W-Beam Guardrail 12 gauge [2.7] AASHTO M180 RWMO4qa
a4 2 [12'=6" [3810] BCT Terminal Rail Section 12 gauge [2.7] AASHTO M180 =
a5 1 |6'=3" [1905] W—Beam Spacer Guardrail 12 gauge [2.7] AASHTO M180 RWMO1a
ab 25 |16D Double Head Nail - -
b1 4 |72" [1829] Long Foundation Tube ASTM AS00 Gr. B PTEO6
b2 4 [BCT Timber Post—MGS Height SYP Grade No.1 or better PDFO1
b3 2 [Strut and Yoke Assembly ASTM A36 Steel Galvanized -
b4 2 |BCT Cable Anchor Assembly @3/4” 6x19 IWRC IPS Galvanized Wire Rope FCAO1-02
bS 2 |Guardrail Anchor Bracket ASTM A36 Steel FPAO1
b6 2 |[8"x8"x5/8" [203)(203)(16] BCT Bearing Plate ASTM A36 Steel FPBO1
b7 2 |2 3/8" [60] 0.D.x 6" [152] Long BCT Post Sleeve ASTM AS3 Grade B Schedule 40 FMMO2
b8 112 |5/8" Dia. x 1 1/4" [M16x32] Long Guardrail Bolt and Double Recessed Nut|Bolt ASTM A307 or Grade 2 Steel/ Nut ASTM AS63 FBBO1
b9 4 |5/8" Dia. x 10" [M16x254] Long Guardrail Bolt and Double Recessed Nut |Bolt ASTM A307 or Grade 2 Steel/ Nut ASTM AS63 FBBO3
b10 25 |5/8" Dia. x 22" [M16x559] Long Guardrail Bolt and Double Recessed Nut [Bolt ASTM A307 or Grade 2 Steel/ Nut ASTM AS63 FBBO7
b11 16 |5/8" Dia. x 1 1/2" [M16x38] Long Hex Bolt and Double Recessed Nut Bolt ASTM A307 or Grade 2 Steel/ Nut ASTM AS63 FBX16a
b12 4 |5/8" Dia. x 9 1/2" [M16x241] Long Hex Bolt and Double Recessed Nut Bolt ASTM A307 or Grade 2 Steel/ Nut ASTM AS63 FBX16a
b13 69 |5/8" [16] Dia. Plain Round Washer ASTM F844 or Grade 2 Steel FWC16a
b14 4 |7/8" Dia. x 7 1/2" [M22x191] Long Hex Bolt and Double Recessed Nut Bolt ASTM A307 or Grade 2 Steel/ Nut ASTM A563 FBX22a
b15 8 |[7/8" [22] Dia. Plain Round Washer ASTM F844 or Grade 2 Steel FWC22a
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Figure 22. Bill of Materials, Test No. MGSSYP-2
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Figure 23. Test Installation Photographs, Test No. MGSSYP-2
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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 the National
Highway System (NHS). For new hardware, these safety standards consist of the guidelines and
procedures published in MASH [2]. 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 Desianation Test Speed : Evaluation
Avrticle g Vehicle Angle Criteria®
No. mph km/h | (deg)
Longitudinal 3-10 1100C 62 100 25 AD,FH,I
Barrier 3-11 2270P 62 100 25 AD,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:
(2) 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.
Post-impact vehicle trajectory is a measure of the potential of the vehicle to result in a secondary
collision with other vehicles and/or fixed objects, thereby increasing the risk of injury to the
occupants of the impacting vehicle and/or other vehicles. These evaluation criteria are
summarized in Table 2 and defined in greater detail in MASH. The full-scale vehicle crash test
was 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. Note that ASI values were calculated according to MASH as
developed by TTI.

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 full-scale crash test in the
same manner as used in 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

static test at deflections of 5, 10, and 15 in. (127, 254, and 381 mm) or if a dynamic test shows a
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soil resistance of at least 7.5 kips (33.4 kN) at deflections between 5 and 20 in. (127 and 508
mm). Otherwise, the crash test must be postponed until the soil demonstrates adequate post-soil

strength.

Table 2. MASH Evaluation Criteria for Longitudinal Barrier

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

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

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

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

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

Longitudinal and Lateral

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

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

Occupant Ridedown Acceleration Limits

Component Preferred Maximum
Longitudinal and Lateral 15.0¢g’s 20.49 g’s
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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 were one-half that of the test
vehicle. The test vehicle was released from the tow cable before impact with the barrier system.
A digital speedometer on the tow vehicle increased the accuracy of the test vehicle impact speed.

A vehicle guidance system developed by Hinch [6] 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. MGSSYP-1, a 2004 Dodge Ram Quad Cab 1500 pickup truck was used as
the test vehicle. The curb, test inertial, and gross static vehicle weights were 5,130 Ib (2,327 kg),
5,029 Ib (2,281 kg), and 5,199 Ib (2,358 kg), respectively. The test vehicle is shown in Figure 24,
and vehicle dimensions are shown in Figure 25.

For test no. MGSSYP-2, a 2004 Kia Rio sedan was used as the test vehicle. The curb,

test inertial, and gross static vehicle weights were 2,402 1b (1,090 kg), 2,442 b (1,108 kg), 2,612
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MGSSYP-1

Figure 24. Test Vehicle, Test No. MGSSYP-1
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Date: 8/3/2011 Test Number: MGSSYP-1 Model:  2270P/Ram 1500
Make: Dodge Vehicle 1.D.#: 1D7HA18DX4J254351
Tire Size: LT245/70 R17 Year: 2004 Odometer: 223763
Tire Inflation Pressure: 35 Psi
*(All Measurements Refer to Impacting Side)
T (R ‘ | — T Vehicle Geometry -- in. (mm)
£ wheel Wheel a a 78 (1981) b 74 (1880)
Track Track v
c 2273/4 (5785) d 47 (1194)
(— I— e 14012 (3569)  f 4014 (1022)
Test Inertial CM. g 281/8 (716) h 621/2 (1588)
q —=}=—11RE D1A i 14 (356) j_26 (660)
\ o N k 20 (508) | 281/2 (724)
%T\ m i m 677/8 (1724) n 6712 (1715)
b - ! N L o 0 44 (1118) p_3 (76)
II K O m O /) K q 30 (762) r 181/2  (470)
. f s 14 (356) t 7512 (1918)
. Wheel Center Height Front 14 1/4  (362)
’ vwrew : wpmnv Wheel Center Height Rear 14 1/2  (368)
c Wheel Well Clearance (F) 333/4 (857)
Mass Distribution 1b (kg) Wheel Well Clearance (R) 36 1/2  (927)
Gross Static LF 1437 (652) RF 1466 (665) Frame Height (F) 16 1/4  (413)
LR 1113  (505) RR 1183 (537) Frame Height (R) 24 (610)
Engine Type 8Cyl. GAS
Weights
Ib (kg) Curb Test Inertial Gross Static Engine Size  5.7L 345ClI
W-front 2856 (1295) 2798 (1269) 2903 (1317) Transmition Type:
W-rear 2274 (1031) 2231 (1012) 2296 (1041) anual
W-total 5130 (2327) 5029 (2281) 5199 (2358) FWD 4WD
GVWR Ratings Dummy Data
Front 3650 Type: Hybrid 11
Rear 3900 Mass: 170 lbs
Total 6650 Seat Position: Passenger
Note any damage prior to test: None

Figure 25. Vehicle Dimensions, Test No. MGSSYP-1

33




September 4, 2013
MwRSF Report No. TRP-03-272-13

Ib (1,185 kg) respectively. The test vehicle is shown in Figure 26, and the vehicle dimensions
are shown in Figure 27.

The longitudinal component of the center of gravity (c.g.) was determined using the
measured axle weights. The Suspension Method [7] 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 vertical component of the c.g. for the 1100C vehicle was based on historical c.g.
height measurements. The location of the final c.g. is shown in Figures 25 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 vehicles for reference to
be viewed from the high-speed digital video cameras and aid in the video analysis, 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 front wheels of the test vehicles were aligned to vehicle standards except the toe-in
value was adjusted to zero so that the vehicles would track properly along the guide cable. A 5B
flash bulb was mounted on the right side of the vehicle’s dash for both tests and was fired by a
pressure tape switch mounted at the impact corner of the bumper. The flash bulb was fired upon
initial impact with the test article to create a visual indicator of the precise time of impact on the
high-speed videos. A remote controlled brake system was installed in the test vehicles so the

vehicles could be brought safely to a stop after the test.

34



September 4, 2013
MwRSF Report No. TRP-03-272-13

Figure 26. Test Vehicle, Test No. MGSSYP-2
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Note any damage prior to test:

Date: 9/13/2011 Test Number: MGSSYP-2 Model: 1100C
Make: Kia Vehicle 1.D.#: KNADC125046350879
Tire Size: 175/65 R14 Year: 2004 Odometer: 85056
Tire Inflation Pressure: 30psi
*(All Measurements Refer to Impacting Side)
_ Vehicle Geometry -- in. (mm)
a_651/4 (1657) b 55 (1397)
¢ + ¢ 167  (4242) d 3812 (978)
vehicle
e 953/4 (2432) f 3234 (832)
g 17 (432) h 37 (942)
B i 8172 (216) j 21 (533)
k' 111/2 (292) I 22 (559)
m_561/8 (1426) n 563/4 (1441)
0 273/8 (695) p 3 (76)
q 2212 (572) r 151/4 (387)
s 11 (279) t 601/4 (1530)
Wheel Center Height Front 103/4  (273)
Wheel Center Height Rear 107/8  (276)
Wheel Well Clearance (F) 237/8  (606)
Mass Distribution 1b (kg) Wheel Well Clearance (R) 24 (610)
Gross Static LF 783 (355) RF 797 (362) Frame Height (F) 6 3/4 (171)
LR 482 (219) RR 550 (249) Frame Height (R) 16 1/2  (419)
Engine Type 4cyl gas
Weights
Ib (kg) , Curb Te§t Inertial Gr'oss Static Engine Size 14L
W-front 1517  (688) i 1496 (679) i 1580 (717) Transmition Type:
W-rear 885  (401) 946 (429) . 1032 (468) anual
W-total 2402  (1090) 2442 (1108) 2612 (1185) RWD 4WD
GVWR Ratings Dummy Data
Front 1808 Type: Hybrid 1
Rear 1742 Mass: 170 Ibs.
Total 3399 Seat Position: Passenger

Minor Hail Damage

Figure 27. Vehicle Dimensions, Test No. MGSSYP-2
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E D

e R

A

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

72 (1829) E 64 (1626) | 38 (965)
1041/2  (2654) F 4 (1041) J 2818 (716)
48 (1219) G 6212 (1588) K 41 (1041)
64 (1626) H 78 (1981) L 583/4 (1492)

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

vehicle

A

TEST #: MGSSYP-2
TARGET GEOMETRY-- in. (mm)
311/2 (800) E 4 (1067) | 17 (432)
213/4 (552) F 334 (845) J 281/4 (718)
48 (1219) G 3719 (942) K 28 (711)
91/8 (232) H 953/4 (2432) L 43 (1092)
M 52 (1321)

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

For test nos. MGSSYP-1 and MGSSYP-2, a Hybrid I 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 dummy was not included in calculating the
c.g. location.

4.5 Data Acquisition Systems

4.5.1 Accelerometers

Two environmental shock and vibration sensor/recorder systems were used to measure
the accelerations in the longitudinal, lateral, and vertical directions. All of the accelerometers
were mounted near the center of gravity of the test vehicles. The electronic accelerometer data
obtained in dynamic testing was filtered using the SAE Class 60 and the SAE Class 180
Butterworth filter conforming to SAE J211/1 specifications [8].

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. Two additional accelerometers were used to measure longitudinal and lateral
accelerations independently at the same rate. 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
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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.

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.

4.5.3 Pressure Tape Switches

For test nos. MGSSYP-1 and MGSSYP-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
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.
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4.5.4 Digital Photography

Two 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. MGSSYP-1. Camera details, camera operating speeds, lens
information, and a schematic of the camera locations relative to the system are shown in Figure
30.

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

used to document pre- and post-test conditions for all tests.
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JVC 4
ACS #6
JNC #2
73 [22.3 m] 62" [18.9 m]ﬂ—-
Operating Speed .
No. Type (frames/sec) Lens Lens Setting
= 2 AOS Vitcam 500 8 mm fixed -
8] 3 AOS Vitcam 500 Sigma 50 mm fixed -
=l AOS X-PRI 500 TV Zoom 17-102 mm 102
2 > 16 AOS X-PRI 500 Fuji 50 mm fixed i
7 AOS X-PRI 500 Sigma 24-70 mm 50
1 JVC — GZ-MC500 (Everio) 29.97
3 2 JVC — GZ-MG27u (Everio) 29.97
> 3 JVC — GZ-MG27u (Everio) 29.97
8 4 JVC — GZ-MG27u (Everio) 29.97
= Canon ZR90 29.97
2 Canon ZR10 29.97

Figure 30. Camera Locations, Speeds, and Lens Settings, Test No. MGSSYP-1
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2 Canon ZR10 29.97

Figure 31. Camera Locations, Speeds, and Lens Settings, Test No. MGSSYP-2

A0S #5
NC #3

€1-2/2-€0-dY 1 'ON Moday 4SHMIA

€102 ‘v Joquiaydas



September 4, 2013
MwRSF Report No. TRP-03-272-13

5 FULL-SCALE CRASH TEST NO. MGSSYP-1

5.1 Dynamic Soil Test

Before full-scale crash test no. MGSSYP-1 was conducted, the strength of the foundation
soil was evaluated with a dynamic test, as described in MASH [2]. The dynamic test results are
shown in Appendix C. The force vs. deflection curve for the dynamic soil test was determined
using the acceleration data from the bogie vehicle to determine both the load and deflection of
the post in the soil. While Appendix B of MASH requires the use of load cells for determination
of post-soil forces, MWRSF has demonstrated through previous bogie tests of posts in soil that
the load versus deflection as determined by accelerometers on the bogie vehicle compares well
with data obtained from load cells mounted on an impacted post. There are minor differences in
the load and deflection as measured by the accelerometer versus a dedicated transducer. First,
loads measured by the load cell are expected to be slightly higher than those measured by the
accelerometer due to the accelerometer only capturing the longitudinal component of the impact
force as the post rotates backward. The vertical component of the impact load, which increases in
magnitude as the rotation angle increases, is not reflected in the accelerometer data. Thus,
utilizing accelerometers to obtain force data would be a conservative estimate of soil strength.

The soil strength test conducted prior to test no. MGSSYP-1 demonstrated that the soil
for the test generated relatively high initial force levels, but the force level between 19 and 20 in.
(483 and 508 mm) was slightly lower than the MASH requirement of 7,500 Ib (33.4 kN). It was
reasoned that the soil strength was sufficient even though the end of the post-soil force vs.
deflection curve dipped slightly below the required threshold. First, the initial loading of the soil
was significantly higher than the 7,500 Ib (33.4 kN) force limit for the initial 10 in. (254 mm) of
deflection. This indicated that the soil stiffness was high and that the soil was absorbing a

significant amount of energy. Second, as noted above, the force data measured by the
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accelerometer is conservative and was likely underestimating the soil resistance near the end of
the post deflection. Third, the post-soil forces were only below the threshold for a limited
deflection near the end of the 20 in. (508 mm) deflection limit. As such, the effect on overall post
behavior was determined to be negligible.
5.2 Test No. MGSSYP-1

The 5,199-1b (2,358-kg) pickup truck impacted the MGS with SYP wood posts at a speed
of 62.2 mph (100.1 km/h) and at an angle of 24.9 degrees. A summary of the test results and
sequential photographs are shown in Figure 32. Additional sequential photographs are shown in
Figures 33 and 34.
5.3 Weather Conditions

Test no. MGSSYP-1 was conducted on August 3, 2011 at approximately 4:45 pm. The
weather conditions as per the National Oceanic and Atmospheric Administration (station

14939/LNK) were reported and are shown in Table 3 [9].

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

Temperature 85° F

Humidity 95 %

Wind Speed 11 mph

Wind Direction 30° from True North
Sky Conditions Sunny

Visibility 10 Statute Miles
Pavement Surface Dry

Previous 3-Day Precipitation 0.00 in.

Previous 7-Day Precipitation 0.14 in.

5.4 Test Description

Initial vehicle impact was to occur 12 ft (3.7 m) upstream of the center line of post no.
15, as shown in Figure 35, which was selected using the CIP plots found in Section 2.3 of
MASH to maximize pocketing and the propensity of wheel snag. The actual point of impact was

12 ft — 6 in. (3.8 m) upstream of post no. 15. A sequential description of the impact event is
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contained in Table 4. The vehicle came to rest 209 ft (63.7 m) downstream of the impact point

and 56 ft — 10 in. (17.3 m) laterally behind the barrier system, and its trajectory did not violate

the bounds of the exit box. The vehicle trajectory and final position are shown in Figures 32 and

36.

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

TIME EVENT
(sec)
0.000 The right-front corner of vehicle impacted rail 12 ft — 6 in. (3.8 m) upstream from
' post no. 15.
0.004 Post no. 13 deflected backward.
The right-front fender of vehicle deformed, post no. 14 deflected backward, and rail
0.022 .
kinked downstream of post no. 14.
The upstream terminal deflected downstream, post no. 1 was moved upward, and
0.030
post no. 12 deflected backward.
0.038 The right-front headlight shattered, downstream terminal rail deflected upstream,
' post no. 15 deflected backward, and rail kinked upstream of post no. 15.
0.060 The rail kinked downstream of post no. 15, and vehicle began to yaw
' counterclockwise.
0.066 The rail released from post no. 14.
0.074 Post no. 16 deflected backward.
0.080 Post no. 14 began to fracture.
The posts upstream of impact rotated toward impact point, and right-front wheel
0.095 . :
snagged on post no. 14 and disengaged from vehicle.
0.100 Post no. 15 fractured.
0.112 The rail released from post no. 15.
A kink formed in rail downstream of post no. 16, post no. 16 fractured
0.118 approximately 1 ft (305 mm) above ground level, and right-front door of vehicle
became slightly ajar.
0.136 Post nos. 17 and 18 deflected backward, and the vehicle rolled away from system.
0.144 The rail released from post no. 16.
0.154 The rail kinked at post no. 18.
0.228 The vehicle rolled slightly toward system.
0.238 The undercarriage of vehicle impacted remaining 1 ft (305 mm) of post no. 16.
0.290 The vehicle was parallel to system with a speed of 46.8 mph (75.3 km/h).
0.300 The upstream terminal was at maximum deflection, post no. 19 deflected backward,

and post no. 17 fractured.
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0.308 The rail released from post no. 17.

The vehicle exited system with a speed of 37.8 mph (60.8 km/h) and at an angle of

0.652 15.7 degrees.

0.892 The right-front brake disk contacted ground.

0.966 The right-front bumper contacted ground.

5.5 Barrier Damage

Damage to the barrier was moderate, as shown in Figures 37 through 38 . Barrier damage
consisted of deformed guardrail, fractured posts, and contact marks on the front face of the W-
beam guardrail. The length of vehicle contact along the barrier was approximately 34 ft — 4 in.
(10.5 m) which spanned from 4 in. (102 mm) upstream of the centerline of post no. 13 and
extended to 33 in. (838 mm) downstream of post no. 18.

The rail disengaged from several posts both upstream and downstream of impact. The
guardrail bolt pulled through the rail at post nos. 3 through 5, 7 through 9, and 14 through 17. A
Ya-in. (6-mm) tear was found in the rail on the upstream end of the slot at post no 3. A ¥-in. (6-
mm) tear also occurred at the bottom center of the slot at post no. 7. A %-in. (13-mm) tear
occurred on the bottom downstream edge of the slot at post no. 14.

Deformations in the rail occurred from post no. 12 to post no. 18. The top of the rail
kinked at post no. 12. The rail buckled 2% in. (64 mm) downstream of the downstream side of
the slot at post no. 13. The bottom corrugation began to fold at post no. 13. Folding of the bottom
corrugation also occurred from 52 in. (1,321 mm) downstream of post no. 13 and extended to 33
in. (838 mm) downstream of post no. 14. The rail kinked 4 in. (102 mm) upstream of post no. 13.
Flattening of the rail began 1 in. (25 mm) downstream of post no. 13 and extended to 52 in.
(1,321 mm) downstream of post no. 13. Flattening occurred again from 33 in. (838 mm)
downstream of post no. 14 and extended to 5 in. (127 mm) upstream of post no. 17. Flattening

also occurred from 23 in. (584 mm) upstream of post no. 18 and extended to 10 in. (254 mm)
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downstream of post no. 18. The bottom corrugation of the rail kinked at 31 in. (787 mm)
downstream of post no. 18. The rail also buckled at post no. 18.

The top of the blockouts of post nos. 3 through 5 were twisted upstream. The top of the
blockouts of post nos. 6 and 7 were twisted downstream. The front of the blockouts for post nos.
6 and 10 were rotated downstream. The top of the blockouts for post nos. 9 and 11 were twisted
downstream.

Damage to the posts began at post no. 6, which split on the front face downstream corner.
Post no. 10 split at the center of the top of the post from the front to the back. This split started at
the top of the post and extended 8% in. (216 mm) down the post. Post no. 11 split at the center of
the post from the front to the back. The split started at the top of the post and extended to the
groundline. Post nos. 12 and 13 rotated backwards and split at the center of the post from the
front of the post to the back of the post. The splits on both posts started at the top of the post and
continued to the groundline. Post nos. 14 through 17 were fractured at the groundline. Post no.
14 came to rest 9 ft — 6 in. (2,896 mm) behind the barrier. Post no. 15 came to rest 9 ft — 3 in.
(2,819 mm) behind the barrier. Post no. 16 came to rest 14 ft — 6 in. (4,420 mm) behind the
barrier. Post no. 17 came to rest 1 ft — 1 in. (330 mm) behind the barrier. Tire contact marks were
found 21 in. (533 mm) down from the top of the front face of post no. 14. Post no. 16 was split
into 3 pieces due to contact with the vehicle, and contact marks were also found on the front face
of the post. Soil gaps, heaves, and craters can be found in Table 5.

The maximum permanent set of the barrier system was 30% in. (768 mm) at the midspan
between post nos. 15 and 16, as measured in the field. The maximum lateral dynamic rail and
post deflections were 40.0 in. (1,016 mm) at post no. 15 and 28.1 in. (714 mm) at post no. 17,

respectively, as determined from high-speed digital video analysis. The working width of the
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system was found to be 53.8 in. (1,367 mm), also determined from high-speed digital video

analysis.

Table 5. Soil Gap, Soil Heave, and Soil Crater Measurements, Test No. MGSSYP-1

Soil Gap Location®, Soil Heave, Soil Crater,
in. (mm) in. (mm) in. (mm)

IID\IOOS.t Upstream | Downstream | Front Back | Diameter | Height | Diameter | Depth

1 1Y (38) 0 0 0 28 (711) | 3(76) 0 0

2 Y4 (6) Y4 (6) 0 0 0 0 0 0
12 Y% (13) 0 Y (13) 0 0 0 0 0
13 ¥ (19) 0 2%, (57) | % (19) | 27 (686) | 3 (76) 0 0
14 0 0 1% (44) | 2(51) | 17(432) | 2 (51) 13 (330) | 4(102)
15 0 0 0 0 0 0 42 (1,067) | 3(76)
16 0 0 0 0 24 (610) | 3(76) 0 0
17 0 0 4 (102) 0 20 (508) | 4 (102) 0 0
18 0 0 1Y, (32) | 2% (64) | 18 (457) | 4 (102) 0 0
19 0 0 Y4 (6) Y4 (6) 0 0 0 0
29 0 Y4 (6) 0 0 0 0 0 0

1 If a post is omitted in the table, there were no soil disturbances at that post location

5.6 Vehicle Damage

The damage to the vehicle was minimal, as shown in Figures 47 and 48. The maximum

occupant compartment deformations are listed in Table 6 along with the deformation limits

established in MASH for various areas of the occupant compartment. Note that none of the

MASH established deformation limits were violated. Complete occupant compartment and

vehicle deformations and the corresponding locations are provided in Appendix D.
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Table 6. Maximum Occupant Compartment Deformations by Location

MAXIMUM MASH ALLOWABLE
LOCATION DEFORMATION DEFORMATION
in. (mm) in. (mm)
Wheel Well & Toe Pan Y (13) <9 (229)
Floor Pan & Transmission Tunnel Y (13) <12 (305)
Side Front Panel (in Front of A-Pillar) % (19) <12 (305)
Side Door (Above Seat) % (19) <9 (229)
Side Door (Below Seat) 1 (25) <12 (305)
Roof 0 <4 (102)
Windshield 0 <3 (76)

The majority of the damage was concentrated on the right-front corner and right side of
the vehicle where the impact occurred. The front bumper was bent on the right lower side
approximately 8 in. (203 mm) from the centerline of the vehicle. There was also a kink on the
top of the front bumper approximately 19 in. (483 mm) from the centerline of the vehicle. There
were contact marks on the right side of the front bumper cover. The front bumper cover also had
a 5-in. (127-mm) tear along the right quarter panel. The grill of the vehicle was deformed
backward 2% in. (64 mm) on the bottom right side. The right quarter panel was folded inward 7
in. (178 mm). The right headlight fractured, and the right-front tire detached from the vehicle at
the wheel bearing. The right-front upper control arm and disc brake assembly detached. Contact
marks extended the entire length of the right side of the vehicle. Both of the doors on the right
side were slightly ajar. The top of the right-front door separated 1 in. (25 mm) from the cab of
the vehicle, while the bottom of the right rear door separated % in. (19 mm) from the cab. The
right-front door also had flattening that extended the entire length of the door 17 in. (432 mm) up
from the bottom of the door. The right-rear door had contact marks that extended the length of

the door. Flattening occurred at the bottom of the door and at the rear corner of the cab. The right
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side of the rear bumper was flattened and had a kink 12 in. (305 mm) from the right fender. The
right-rear taillight separated approximately 2% in. (64) mm from the fender. A 35 in. (889 mm)
long crack was found down the center of the windshield.
5.7 Occupant Risk

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

The results of the occupant risk analysis, as determined from the accelerometer data, are
summarized in Figure 32. The recorded data from the accelerometers and the rate transducers are

shown graphically in Appendix E.

Table 7. Summary of OIV, ORA, THIV, PHD, and ASI Values, Test No. MGSSYP-1

. L Transducer MASH
Evaluation Criteria .
EDR-3 DTS Limits
oIV Longitudinal -14.20 (-4.33) -13.25 (-4.04) <40 (12.2)
fUs (M/s) | Lateral -14.77 (-4.50) -14.74 (-4.50) <40 (12.2)
N 8.39
ORA Longitudinal 756 -8.14 <20.49
gs Lateral -7.65 -8.51 <20.49
THIV .
fi/s (m/s) NA 19.82 (6.04) not required
P;? NA 11.36 not required
ASIt 0.70 0.70 not required

ASI procedures based on MASH Appendix F
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5.8 Discussion

The analysis of the test results for test no. MGSSYP-1 showed that the system 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 15.7 degrees. Therefore,
test no. MGSSYP-1 was determined to be acceptable according to the MASH safety performance

criteria for test designation no. 3-11.
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Test Agency.....
Test Number
DAL .. o
MASH Test Designation NO..........cccuriririeirirrireeieee e s 3-11
Test Article .MGS with SYP Posts
Total LeNgth ...c.ocooveveiiiiciiiieeeee e 181 ft—3in. (55.2 m)
Key Component — Steel W-Beam Guardrail
ThIiCKNESS ...t 12 gauge (2.66 mm)
Top Mounting Height.........cccooviiiiinicincnces 31in. (787 mm)
Key Component — Southern Yellow Pine Posts
DIimension.........cccovecerinncnceenn. 6 x8x72in. (152 x 203 x 1,829 mm)
POSt SPACING......vveveiieirieiiiieiee s 75 in. (1,905 mm)
Embedment Depth .40 in. (1,016 mm)
Key Component — Wood Blockout
Post NOS. 3-27......cccviiiiiine 6 x 12 x 14% in. (152 x 305 x 362 mm)
Vehicle Make /Model ..........c.ccooorviiiinnne. 2004 Dodge Ram 1500 Quad Cab
CUM o 5,130 Ib (2,327 kg)
Test Inertial .. .5,029 Ib (2,281 kg)
GrOSS SEALIC . ..c.vveveeiiieieieiie et 5,199 Ib (2,358 kg)
Impact Conditions
SPEEA e 62.2 mph (100.2 km/h)
ANGIe (TraJECtOry) ... 24.9 deg
Impact Location.......... ... 12 ft— 6 in. (3.8 m) Upstream of Post No. 15
Impact Severity.........ccoveeeennnnee 115.5 kip-ft (156.6 kJ) > 106 kip-ft (144 kJ)
Exit Conditions
SPEEA . 37.8 mph (60.8 km/h)
Angle (Trajectory) ..... 15.7 deg
Angle (Orientation).... ... 16.1 deg
EXit BOX CHItErION ...t s Pass
Vehicle Stability ..o Satisfactory
Vehicle Stopping DiStance ...........cccovvveeninnceennienen 209 ft (63.7 m) downstream

56 ft— 10 in. (17.3) laterally behind

0.290 sec 0.402 sec 0.602 sec
[% ;] [gL:’]
Tt
[140;6]
. VENICIE DAMAGE. ....c.cuevieieiiieieii ettt Minimal
vDS™M .. ... 01-RFQ-4
CDCIA e s s 01-RYEW-3
Maximum Interior Deformation............c.ccccoerrreieninnecennnn, 1in. (25 mm)
. Test Article DaMAgE .......cueueiriiciiiieiereeie e Moderate
. Maximum Test Article Deflections
Permanent Set..........ccoeiiiiciiii 30% in. (768 mm)
Dynamic ....40.0/in. (1,016 mm)
WOrking Width .........cooeeiiiiicinnccieec e 53.8in. (1,367 mm)
. Maximum Angular Displacements
ROI .. 5.6° < 75°
Pitch. .4.4° <75°
YAW oo -44.1°
e Transducer Data
. A Transducer MASH
Evaluation Criteria EDR-3 DTS Limit
?tI/V Longitudinal -14.20 (-4.33) -13.25 (-4.04) <40 (12.2)
s
(m/s) Lateral -14.77(-4.50) -14.74 (-4.50) <40(12.2)
ORA Longitudinal 8735% -8.14 <20.49
s Lateral -7.65 -8.51 <20.49
not
THIV — ft/s (m/s) NA 19.82 (6.04) required
PHD — g’s NA 11.36 not
required
ASI 0.70 0.70 not
required

Figure 32. Summary of Test Results and Sequential Photographs, Test No. MGSSYP-1
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0352sec 0892 e

Figure 33. Additional Sequential Photographs, Test No. MGSSYP-1
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e
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0.438 sec ' 0.600 sec

Figure 34. Additional Sequential Photographs, Test No. MGSSYP-1
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Figure 35. Impact Location, Test No. MGSSYP-1
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Figure 36. Vehicle Final Position and Trajectory Marks, Test No. MGSSYP-1
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Figure 37. System Damage, Test No. MGSSYP-1
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Figure 38. Rail Damage Between Post Nos. 13 and 18, Test No. MGSSYP-1
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Figure 41. Post Nos. 13 and 14 Damage, Test No. MGSSYP-1
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Figure 42. Post Nos. 15 and 16 Damage, Test No. MGSSYP-1
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Figure 43. Post Nos. 17 and 18 Damage, Test No. MGSSYP-1
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Figure 44. Local Rail Tearing at Post Nos. 3, 7, and 14, Test No. MGSSYP-1
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Figure 45. Upstream Anchor Damage, Test No. MGSSYP-1
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Figure 46. Downstream Anchor Damage, Test No. MGSSYP-1
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6 FULL-SCALE CRASH TEST NO. MGSSYP-2
6.1 Static Soil Test
Before full-scale crash test no. MGSSYP-2 was conducted, the strength of the foundation
soil was evaluated with a static test, as described in MASH. The post-soil resistance was
measured at deflections of 5 in., 10 in., and 15 in. (127 mm, 254 mm, and 381 mm) using load
cells during a static test, as shown in Table 8. The complete force versus deflection curves for the

static post test are shown in Appendix C.

Table 8. Soil Resistance

Test Day Load Min Load
) Ib [KN IniMmum L.oal
D|§placement LkN] (90% Baseline)
in. [mm]
Load Cell #1 Load Cell #2 b [kg]
5[127] 7,814 [34.8] 7,899 [35.1] 5,547 [24.7]
10 [254] 7,899 [35.1] 8,013 [35.6] 6,650 [29.6]
15 [381] 6,852 [30.5] 6,845 [30.4] 6,973 [31.0]

At 5 in. (127 mm) of deflection, the static post-soil resistance was approximately 41
percent higher than the baseline minimum. As the post rotated through the 10 in. (254 mm) was
approximately 19 percent greater than the baseline minimum. At 15 in. (381 mm) of deflection,
the post-soil resistance was less than 2 percent lower than the baseline minimum value.
However, it should be noted that the static baseline capacity was excessively high, as shown in
Figure C-2, and it corresponded to a soil strength with significant dynamic post-soil resistance,
ranging between 10,000 Ib (44.5 kN) and 11,000 Ib (48.9 kN). As such, the test day dynamic soil
strength would have easily surpassed the 7,500-lb (33.4-kN) limit. Therefore, the soil was
determined to provide adequate strength for embedded wood guardrail posts, and full-scale crash

testing was then conducted on the barrier system.
70



September 4, 2013
MwRSF Report No. TRP-03-272-13

6.2 Test No. MGSSYP-2

The 2,612-1b (1,185-kg) small car impacted the MGS with SYP wood posts at a speed of
61.5 mph (99.0 km/h) and at an angle of 25.3 degrees. A summary of the test results and
sequential photographs are shown in Figure 49. Additional sequential photographs are shown in
Figures 50 and 51.
6.3 Weather Conditions

Test no. MGSSYP-2 was conducted on September 13, 2011 at approximately 4:30 pm.
The weather conditions as per the National Oceanic and Atmospheric Administration (station

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

Table 9. Weather Conditions, Test No. MGSSYP-2

Temperature 70° F

Humidity 53 %

Wind Speed 10 mph

Wind Direction 10° from True North
Sky Conditions Sunny

Visibility 10 Statute Miles
Pavement Surface Dry

Previous 3-Day Precipitation 0.00 in.

Previous 7-Day Precipitation 0.00 in.

6.4 Test Description

Initial vehicle impact was to occur 8 ft — 7 in. (2.6 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 to maximize pocketing and the propensity of wheel snag. The actual point of impact was
8 ft — 4 in. (2.5 m) upstream of post no. 15. A sequential description of the impact events is
contained in Table 10. The vehicle came to a rest 168 ft — 2 in. (51.3 m) downstream of the

impact location and 17 ft — 11 in. (5.5 m) laterally in front of the barrier system, and its trajectory
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did not violate the bounds of the exit box. The vehicle trajectory and final position are shown in

Figure 53.

Table 10. Sequential Description of Impact Events, Test No. MGSSYP-2

-E;l(:/lc)E EVENT

0.000 ;]I'gelréght-front corner of vehicle impacted rail 8 ft — 4 in. (2.5 m) upstream of post

0.008 The hood of vehicle separated and began to override rail.

0.030 Post nos. 14 and 15 rotated backward.

0.062 The rail penetrated front of vehicle to center point.

0.082 The blockout of post no. 15 twisted.

0.084 The vehicle impacted post no. 15.

0.088 The front bumper of vehicle started detaching.

0.090 Post no. 16 rotated backward.

0.096 The right-front door became ajar.

0.112 The rail detached from post no. 15.

0.120 The surrogate occupant’s head impacted right-front window and shattered it.

0.136 Post no. 15 fractured near groundline.

0.150 The right side of front bumper detached from vehicle.

0.164 Post no. 15 became airborne, and vehicle impacted blockout of post no. 16, causing
it to twist.

0.166 The vehicle impacted post no. 16.

0.186 The maximum deflection of system occurred.

0.194 The right-front tire impacted post no. 16, causing it to split vertically and fracture
near groundline.

0.222 The blockout of post no. 16 detached from post no. 16

0.258 The detached portion of front bumper impacted ground.

0.260 The vehicle was parallel with system at a speed of 41.2 mph (66.3 km/h).

0.262 The vehicle impacted blockout of post no. 17.

0.280 The vehicle redirected away from system.

0.290 The right-front tire impacted post no. 17.

0.320 Post no. 17 rotated slightly back toward traffic.

0.370 The front of vehicle lost contact with rail.

0.484 The vehicle exited system at a speed of 35.7 mph (57.4 km/h) and at an angle of

13.6 degrees.

72




September 4, 2013
MwRSF Report No. TRP-03-272-13

6.5 Barrier Damage

Damage to the barrier was moderate, as shown in Figures 54 through 56. Barrier damage
consisted of deformed guardrail, rotated and fractured posts, and contact marks on the guardrail
and posts. The length of vehicle contact along the barrier was approximately 23 ft — 1 in. (7.0 m)
which spanned from 2 ft — 6% in. (775 mm) upstream of post no. 14 to 1 ft — 9% in. (546 mm)
downstream of post no. 17.

The guardrail bolt pulled through the rail at post nos. 15 through 17. A 1-in. (25-mm) tear
was found in the bolt slot of the rail at post no. 15. The rail kinked at the downstream edge of
post no. 13. The rail kinked at the top of the rail at the midspan between post nos. 13 and 14. The
rail buckled at the downstream edge of the blockout at post no. 14. Flattening occurred from post
no. 14 and extended to the splice downstream from post no. 16. The rail buckled at post no. 17
and kinked at post no. 18.

Post no. 15 fractured at the groundline and splintered on the upstream corner of the front
face. Contact marks were found on the front of post no. 15. Post no. 16 fractured at the
groundline, and tire gouging was found on the front face of the post. Post no. 17 deflected
backwards. The top of post no. 17 split at the nail location, and a 6%-in. (165-mm) gouge was
found on the upstream side of the front face. Soil gaps, heaves, and craters can be found in Table
11.

The maximum permanent set of the barrier system measured from the back of the posts
was 11 in. (279 mm) at post no. 17, as measured in the field. The maximum permanent set of the
rail was 16% in. (413 mm) at the midspan between post nos. 15 and 16, as measured in the field.
The maximum lateral dynamic barrier deflection was 22.2 in. (564 mm) at the midspan between

post nos. 15 and 16, as determined from high-speed digital video analysis. The working width of
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the system was found to be 39.7 in. (1,008 mm), also determined from high-speed digital video

analysis.

Table 11. Soil Gap, Soil Heave, Soil Crater Measurements, Test No. MGSSYP-2

Soil Gap Location®, Soil Heave, Soil Crater,
in. (mm) in. (mm) in. (mm)

IID\IOSt Upstream | Downstream | Front Back | Diameter | Height | Diameter | Depth
13 0 0 Y2 (13) 0 0 0 0 0
14 0 0 2% (64) | 1(25) | 13(330) | 3(76) 0 0
15 0 0 2 (51) 0 0 0 20 (508) | 3% (89)
16 0 0 0 0 22 (559) | 2(51) | 19(483) 3 (76)
17 | 1% (38) 0 4 (102) 0 22 (559) | 4 (102) 0 0
18 0 0 ¥ (19) 0 0 0 0 0
29 0 Y (13) 0 0 0 0 0 0

1 If a post is omitted in the table, there were no soil disturbances at that post location

6.6 Vehicle Damage

The damage to the vehicle was moderate, as shown in Figures 61 and 62. The maximum

occupant compartment deformations are listed in Table 12 along with the deformation limits

established in MASH for various areas of the occupant compartment. Note that none of the

MASH established deformation limits were violated. Complete occupant compartment and

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

Table 12. Maximum Occupant Compartment Deformations by Location

MAXIMUM MASH ALLOWABLE
LOCATION DEFORMATION DEFORMATION
in. (mm) in. (mm)
Wheel Well & Toe Pan Y5 (13) <9 (229)
Floor Pan & Transmission Tunnel Y4 (6) <12 (305)
Side Front Panel (in Front of A-Pillar) % (19) <12 (305)
Side Door (Above Seat) 1Y (32) <9 (229)
Side Door (Below Seat) Y4 (6) <12 (305)
Roof 0 <4 (102)
Windshield 0 <3 (76)
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The majority of the damage was concentrated on the right-front corner and right side of
the vehicle where the impact occurred. The right-front of the vehicle was folded under. The
right-front quarter panel crushed inward 13 in. (330 mm) and into the shock absorber. Contact
marks and gouging were found on the right-front fender. The right-front wheel dented and
crushed severely. The right-front tire was punctured and deflated. The tie-rod on the right-front
side fractured. The right-front control arm bent and disengaged from the vehicle. The door on the
right-front of the vehicle was dented, ajar from the vehicle, and crushed inward. The mirror on
the right side disengaged from the vehicle. The windshield cracked on the right side from the
right A — pillar and extended 21 in. (533 mm) toward the center and the entire height of the
windshield. Tears were found along the bottom of the right-front fender behind the wheel well.
The bottom of the door frame crushed inward for 1 ft (305 mm) behind the right-front wheel
well. The front bumper disengaged from the vehicle and had contact marks and dents on the right
side. The radiator fan disengaged from the vehicle, and brake fluid leaked from the front-left of
the vehicle. Contact marks extended the entire length of the right side of the vehicle.

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
13. 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 13.

The results of the occupant risk analysis, as determined from the accelerometer data, are
summarized in Figure 49. The recorded data from the accelerometers and the rate transducers are

shown graphically in Appendix F.
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Table 13. Summary of OIV, ORA, THIV, PHD, and ASI Values, Test No. MGSSYP-2

, T Transducer MASH
Evaluation Criteria .
EDR-3 DTS Limits
oIV Longitudinal -17.13 (-5.22) -15.70 (-4.79) <40 (12.2)
fU's (m/s) Lateral -19.52 (-5.95) -20.92 (-6.38) <40 (12.2)
ORA Longitudinal -13.05 -13.34 <20.49
g’s Lateral -7.42 -9.30 <20.49
THIV :
fi/s (mis) NA 27.92 (8.51) not required
Pgl_,ISD NA 14.38 not required
ASIt 0.91 0.99 not required

ASI procedures based on MASH Appendix F
6.8 Discussion

The analysis of the test results for test no. MGSSYP-2 showed that the system 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 13.6 degrees. Therefore,
test no. MGSSYP-2 was determined to be acceptable according to the MASH safety performance

criteria for test designation no. 3-10.
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. TESE NUMDET ...ttt MGSSYP-2 17 ft— 11 in. (5.5 m) laterally in front

®  DALE s 9/13/2011 e Vehicle Damage. .. Moderate

e MASH Test Designation No. VDS[1112].... ... 01-RFQ-6

@ TESEATCIE oo MGS with SYP Posts CDCM™.eereeereeiee 01-RYEW-5

R (oL Iy Te 1 O 181 ft— 3 in. (55.3 m) Maximum Interior Deformation..............ccccovveioinieccns 1Y% in. (31.8 mm)
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THICKNESS oot 12 gauge (2.66 mm) . Maximum Test Article Deflections
TOp MoUNtiNg HEIGNE.............veeeereeeeeeeeeecesee s, 321in. (813 mm) PEIMANENt SEl.....oovvvvvveeer s 16%s in. (413 mm)
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Angle (Trajectory) ..... .. 25.3 deg (mis) Lateral -19.52(-5.95) -20.93 (-6.38) =
Angle (Orientation) 24.9d (12.2)

Ngle (Orientation) ........ccoveeueericuniirirne s .9 deg —
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Figure 49. Summary of Test Results and Sequential Photographs, Test No. MGSSY P-2
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0.000 sec

0.080 sec
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0.474 sec

0570 sec N 0.764 sec

Figure 50. Additional Sequential Photographs, Test No. MGSSYP-2
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10,700 sec © 0.288sec

Figure 51. Additional Sequential Photographs, Test No. MGSSYP-2
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Figure 52. Impact Location, Test No. MGSSYP-2
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Figure 53. Vehicle Final Position and Trajectory Marks, Test No. MGSSYP-2




Figure 54. System Damage, Test No. MGSSYP-2
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Figure 55. Rail Damage Between Post Nos. 13 and 15, Test No. MGSSYP-2
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Figure 56. Rail Damage Between Post Nos. 16 and 18, Test No. MGSSYP-2
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13 and 14 Damage, Test No. MGSSYP-2

. Post Nos.

Figure 57
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2

Test No. MGSSYP-

Figure 58. Post Nos. 15 and 16 Damage
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Figure 59. Post Nos. 17 and 18 Damage, Test No. MGSSYP-2
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Figure 60. Upstream Anchor Damage, Test No. MGSSYP-2

88



Figure 61. Vehicle Damage, Test No. MGSSYP-2
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Figure 62. Vehicle Damage, Test No.

MGSSYP-2
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7 SUMMARY AND CONCLUSIONS

A non-proprietary, Southern Yellow Pine wood post, W-beam guardrail system was
developed and crash tested according to MASH. The wood post MGS utilized 6-in. X 8-in. x 72-
in. (152-mm x 203-mm x 1,829-mm) Southern Yellow Pine posts instead of the standard
W6x8.5x72 in. (W152x216x1,829 mm) steel posts. Two full-scale crash tests were performed
according to the TL-3 safety performance criteria, as defined in MASH. Test no. MGSSYP-1
(test designation no. 3-11) consisted of a 5,199-1b (2,358-kg) pickup truck impacting the MGS
with Southern Yellow Pine posts at a speed of 62.2 mph (100.1 km/h) and at an angle of 24.9
degrees. The vehicle was contained and smoothly redirected. Test no. MGSSYP-2 (test
designation no. 3-10) consisted of a 2,612-Ib (1,185-kg) small car impacting the wood post MGS
at a speed of 61.5 mph (99.0 km/h) and at an angle of 25.3 degrees. The vehicle was contained
and smoothly redirected. Thus, the MGS with Southern Yellow Pine posts 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 14. The successful evaluation of the MGS
with Southern Yellow Pine posts as a non-proprietary system may prevent State DOTs that
already have an inventory of Southern Yellow Pine posts from having to invest in an inventory
of specialized components for use in other systems.

The standard MGS has demonstrated acceptable safety performance when configured
with either standard W6x9 (W152x13.4) or W6x8.5 (W152x12.6) steel posts [13-15], round
wood posts [3], 6-in. x 8-in. (152-mm x 203-mm) White Pine wood posts [4], and now 6-in. X 8-
in. (152-mm x 203-mm) Southern Yellow Pine wood posts. The different configurations have
exhibited similar performance, as shown in Table 15. Therefore, the MGS configured with

standard-sized, Southern Yellow Pine wood posts is an acceptable alternative to the previously-
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recommended, steel post, round wood post, and rectangular White Pine wood post

configurations.
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Table 14. Summary of Safety Performance Evaluation Results

Evaluation Evaluation Criteria Test No. Test No.
Factors MGSSYP-1 MGSSYP-2
A. Test article should contain and redirect the vehicle or bring the vehicle to a
Structural controlled stop; the vehicle should not penetrate, underride, or override the S S
Adequacy installation although controlled lateral deflection of the test article is acceptable.
D. Detached elements, fragments or other debris from the test article should not
penetrate or show potential for penetrating the occupant compartment, or present
an undue hazard to other traffic, pedestrians, or personnel in a work zone. 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.
F.  The vehicle should remain upright during and after collision. The maximum roll s s
and pitch angles are not to exceed 75 degrees.
H.  Occupant Impact Velocity (OIV) (see Appendix A, Section A5.3 of MASH for
Occupant calculation procedure) should satisfy the following limits:
Risk Occupant Impact Velocity Limits S S
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¢’s 20.49 g’s
MASH Test Designation Number 3-11 3-10
Pass/Fail Pass Pass

S — Satisfactory

U — Unsatisfactory  NA - Not Applicable
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Table 15. Comparison of MGS with Steel and Wood Post

MGS
—_— 7%4-in. Diameter 8-in. Diameter . . . 6-in. x 8-in.
Performance Criteria Douglas Fir Ponderosa Pine W6x9 Steel Posts | W6x9 Steel Posts 6-in. X 8-in. White Southern Yellow
Pine Posts .
Posts Posts Pine Posts
Test Criteria NCHRP 350 NCHRP 350 NCHRP 350 MASH MASH MASH
Test Designation No. | 3-11 3-10 3-11 3-10 3-11 3-10 3-11 3-10 3-11 3-10 3-11 3-10
. 2000P 1| 2000P 1| 2000P 820C 2270P | 1100C | 2270P 1
Test Vehicle 820C 820C 1100C 2270P | 1100C
[3] [3] [13] [13] [14] [15] [4]
Impact Severity 106.4 i 107.2 ) 1015 31.2 122.3 58.8 1315 i 115.5 56.4
kip-ft (kJ) (144.3) (145.3) (137.7) | (42.3) | (165.8) | (79.7) | (178.3) (156.6) | (76.4)
Porem et | sss | | 278 | | 260 | 94 | 3% | 199 | 33% | 0% | 16v
in. (mm) (902) (705) (652) (238) | (803) | (505) | (857) (768) | (413)
Dynamic Deflections 60.2 i 37.6 ) 43.1 17.4 43.9 35.9 46.3 i 40.0 22.2
in. (mm) (1,529) (956) (1,094) (443) | (1,115) | (913) | (1,176) (1,016) | (564)
Working Width 60.3 i 48.6 i 49.6 40.3 48.6 48.3 58.4 i 53.8 39.7
in. (mm) (1,531) (1,234) (1,260) | (1,023) | (1,234) | (1,227) | (1,483) (1,367) | (1,008)
Lonaitudinal 13.22 i 22.47 ) 18.32 11.55 15.32 14.83 | -15.27 i -13.25 | -15.72
?tI/V g (4.03) (6.85) (558) | (3.52) | (4.67) | (4.52) | (-4.65) (-4.04) | (-4.79)
s
(m/s) Lateral 13.22 i 23.56 ) 12.87 18.64 15.62 17.13 | -16.14 i -14.74 | -20.93
(4.03) (7.18) (3.89) | (5.68) | (4.76) | (5.22) | (-4.92) (-4.50) | (-6.38)
Longitudinal 8.76 - 5.90 - 9.50 6.13 8.23 16.14 -8.25 - -8.14 -13.04
ORA
£s Lateral 5.69 - 4.09 - 6.94 797 | 693 | 837 | -10.13 - 851 | -9.30

This test was not conducted.

€T-2.2-€0-ddL "ON Hoday 4SHMIN

€102 ‘v Jaquusidss



September 4, 2013
MwRSF Report No. TRP-03-272-13

8 IMPLEMENTATION GUIDANCE

8.1 Background

As previously noted, the research detailed herein demonstrated that the MGS utilizing 6-
in. X 8-in. X 72-in. (152-mm x 203-mm x 1,829-mm) Southern Yellow Pine posts, performed in
an acceptable manner according to test designation nos. 3-10 and 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 use of wood posts. 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 a curb, MGS stiffness transition to approach guardrail
transitions, MGS with reduced post spacing, and MGS without blockouts. Since several MGS
variations are available, recommendations regarding the use SYP wood posts will likely vary
depending on the nature and behavior of the special applications listed above. Implementation
guidance and/or recommendations regarding the use SYP wood posts in these special
applications are discussed below.
8.2 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 [16]. 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 SYP wood post version of the MGS to the
MGS long-span guardrail system. There are no concerns regarding the use of SYP wood posts in
the MGS long-span guardrail system. The SYP wood-post version of the MGS performed in an
acceptable manner when using the standard post spacing on level terrain and full-scale crash
tested under the MASH TL-3 safety performance criteria using both the 1100C and 2270P
vehicles. The maximum dynamic deflections of the MGS with W6x8.5 (W152x12.6) steel posts
and SYP wood posts under MASH designation no. 3-11 were found to be 43.9 in. (1,115 mm)
and 40.0 in. (1,016 mm), respectively. These results indicate that the relative deflection and
stiffness of the wood and steel post versions of the MGS are very similar. As such, the SYP
wood post version of the MGS system would not be expected to significantly alter 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
SYP wood post MGS to be attached to the MGS long-span guardrail system, as shown in Figure
63.
8.3 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 [17]. 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. Later and based on
dynamic component testing, a wood post version of the MGS system was configured with 7.5-ft
(2,286-mm) long, SYP posts and for use in shielding a 2:1 fill slope, as shown in Figure 64. For

the SYP wood post variation, the embedment depth was 58 in. (1,473 mm). Based on this
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previous research, it is highly recommended that the MGS with 7.5-ft (2,286-mm) long SYP
wood posts adjacent to 2:1 fill slopes utilize a minimum top mounting height of 31 in. (787 mm).
8.4 MGS on 8:1 Approach Slopes

Previously, full-scale crash testing was successfully performed on the steel-post version
of the MGS installed on an 8:1 approach slope with the W-beam positioned 5 ft (1.52 m)
laterally behind the slope break point [18]. 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.

Based on the similar performance of the steel and wood post versions of the MGS system
when tested on level terrain, there is little concern that the use of SYP wood posts would
adversely affect the performance of the MGS on 8:1 approach slopes. Therefore, it is believed to
be acceptable to install SYP wood posts with the MGS on an 8:1 approach slope using the
previously-evaluated offset values, as shown in Figure 65.

8.5 MGS Adjacent to Curb

The steel post 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 [19]. Based
on the similar performance of the steel and wood post versions of the MGS system when tested
on level terrain, there is little concern that the use of SYP wood posts would adversely affect the

performance of the MGS installed adjacent to a curb. Therefore, it is believed to be acceptable to
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install a SYP wood post MGS 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, as shown in Figure 66.
8.6 MGS Stiffness Transition to Approach Guardrail Transitions

Several options for approach guardrail transitions for the MGS system have been
developed. As part of those efforts, a research project was conducted with the objective of
identifying a wood-post MGS approach transition system that was equivalent to a previously-
designed and full-scale crash tested steel-post MGS stiffness transition that utilized W6x9 and
W6x15 steel posts [10]. A literature study on previous bogie testing and comparisons between
wood and steel guardrail posts suggested that 6-ft (1.8-m) long, 6-in. x 8-in. (152-mm x 203-
mm) wood posts and W6x9 (W152x13.4) steel posts have similar force versus displacement
characteristics. However, very little component testing had been previously conducted on larger
transition posts. Thus, a bogie testing program was undertaken to determine the behavior of
W6x15 (W152x22.3) steel posts and wood posts of various cross sections and embedment
depths. Early in this bogie-testing program, the propensity for wood-post fracture in stiff soil was
observed. As a result, the wood-post replacements were conservatively selected such that the
cross section had excess strength capacity to minimize the risk of post fracture. Ultimately, 6.5 ft
(2.0 m) long 8-in. x 10-in. (203-mm x 254-mm) wood posts provided similar resistance to
rotation and were selected as the replacement for the 7-ft (2.1-m) long W6x15 (W152x22.3) steel
transition posts.

The steel-post MGS stiffness transition was found to satisfy all of the TL-3 safety
performance criteria of MASH through a full-scale crash testing program. Since BARRIER VII
analysis showed the proposed wood-post transition system behaved similarly and without
increases in deflections, pocketing, or snag, it was believed that the wood-post transition system

would also satisfy the TL-3 performance criteria of MASH. Therefore, the wood-post MGS
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stiffness transition was recommended for use as a TL-3 safety barrier. Full details on the wood
post approach transition and recommendations for its use can be found in MwRSF research
report no. TRP-03-243-11. In addition, it is believed that the use of the MGS with SYP wood
posts in standard MGS guardrail upstream of the approach guardrail transition would be
acceptable as well.
8.7 MGS with Reduced Post Spacing

A steel-post 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 [19]. Subsequent analysis of the barrier system with BARRIER VI was
used to develop details for a half-post spacing version of the MGS as well. As noted previously,
the performance of the steel and wood post versions of the MGS system were found to be very
similar in terms of stiffness and dynamic deflection. Thus, it is reasonable to assume that a SYP
wood post MGS with reduced post spacing would provide similar performance to the previously
evaluated steel post system.
8.8 MGS without Blockouts

Over the years, MwWRSF has crash tested several wood-post MGS systems with
blockouts, including the rectangular, SYP wood posts evaluation detailed herein. These wood-
post MGS systems provided acceptable safety performance without concerns for vehicular
instabilities, excessive occupant ridedown decelerations, or critical occupant impact velocities.
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.
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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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Figure 63. MGS Long-Span System with SYP Wood Post MGS
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Appendix A. Material Specifications
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MGSSYP -1

Description Material Specification Reference
6"x8"x72" [152x203x1829] Southern Yellow Pine Wood Post SYP Grade No.1 or better White Tag
6”x12"x14 1/4” [152x305x362] Blockout SYP Grade No.1 or better Yellow Tag
12'—6" [3810] W—Beam MGS Section 12 gauge [2.7] AASHTO M180 4614
12'—6”" [3810] W—Beam MGS End Section 12 gauge [2.7] AASHTO M180 4614
6'—3" [1905] W—Beam MGS Section 12 gauge [2.7] AASHTO M180 10—-0142-5
16D Double Head Nail - N/A
72" [1829] Long Foundation Tube ASTM A500 Gr. B 090458—7
BCT Timber Post—MGS Height SYP Grade No.1 or better 10—-0282
Strut and Yoke Assembly ASTM A36 Steel Galvanized 090453—-8

BCT Cable Anchor Assembly

3 3/4” 6x19 IWRC IPS Galvanized Wire Rope

Black Paint "A1”

60T

Anchor Bracket Assembly ASTM A36 Steel 090453—-10
8"x8"x5/8" [203x203x16] Anchor Cable Bearing Plate ASTM A36 Steel 090453—9
2 3/8” [60] O0.D.x 6" [152] Long BCT Post Sleeve ASTM A53 Grade B Schedule 40 90458
5/8” Dia. x 1 1/4” [M16x32] Long Guardrail Bolt and Nut ASTM A307 Steel/ Nut ASTM A563 DH 100144—-1,3
5/8” Dia. x 10”7 [M16x254] Long Guardrail Bolt and Nut ASTM A307 Steel/ Nut ASTM A563 DH Black Paint
5/8” Dia. x 22”7 [M16x559] Long Guardrail Bolt and Nut ASTM A307 Steel/ Nut ASTM A563 DH Black Paint
5/8" Dia. x 1 1/2” [M16x38] Long Hex Head Bolt ASTM A307 Steel/ Nut ASTM A563 DH 11-0006—-3
5/8" Dia. x 9 1/2” [M16x241] Long Hex Head Bolt and Nut ASTM A307 Steel/ Nut ASTM A563 DH 090453—11
5/8” [16] Dia. Flat Washer ASTM A307 Steel N/A
7/8” Dia. x 7 1/2" [M22x191] Long Hex Head Bolt and Nut ASTM A307 Steel / Nut ASTM A563 DH N/A
7/8” [22] Dia. Flat Washer ASTM A307 Steel N/A

Figure A-1. Bill of Materials, Test No. MGSSYP-1
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MGSSYP-2

01T

Description Material Specification Reference

6"x8"x72” [152x203x1829] Southern Yellow Pine Wood Post SYP Grade No.1 or better (TAGGED SPA BLUE PAINT) /
(TAGGED WHITE PAINT)

68"x12"x14 1/4” [152x305x362] MGS Timber Blockout SYP Grade No.1 or better TAGGED GLOSS SUN YELLOW PAINT
12’=6" [3810] 4—Space W—Beam Guardrail 12 gauge [2.7] AASHTO M180 4614
12’=6" [3810] BCT Terminal Rail Section 12 gauge [2.7] AASHTO M180 4614 AND 3390
6’—3" [1905] W—Beam Spacer Guardrail 12 gauge [2.7] AASHTO M180 10-0142-5
16D Double Head Nail - SCAN 16d—1
72" [1829] Long Foundation Tube ASTM A500 Gr. B 090453—7 AND 09-0458
BCT Timber Post—MGS Height SYP Grade No.1 or better TAGGED WHITE PAINT
Strut and Yoke Assembly ASTM A36 Steel Galvanized 09-0453-8
BCT Cable Anchor Assembly @ 3/47 6x19 IWRC IPS Galvanized Wire Rope STAMPED "A1” AND BLACK PAINT
Guardrail Anchor Bracket ASTM A36 Steel 090453-10
8"x8"x5/8” [203x203x16] BCT Bearing Plate ASTM A36 Steel 090453-9
2 3/8” [60] 0.D.x 6” [152] Long BCT Post Sleeve ASTM A53 Grade B Schedule 40 09-0458

100144—1 (BOLTS)/ 10-0144-3 (NUTS)
AND _12-0033 (NUTS)
09-0453-2 (Green Paint) / 12-0033
(NUTS)
10-0143(GLOSS NAVY BLUE PAINT) and 114
0490 (BLACK PAINT)/12-0033 (NUTS)

5/8” Dia. x 1 1/2” [M16x38] Long Hex Bolt and Nut Bolt ASTM A307 or Grade 2 Steel/ Nut ASTM A563 DH|[11-0006—3 (HEX BOLTS)/ 12—0030 (nuts)

5/8" Dia. x 1 1/4” [M16x32] Long Guardrail Bolt and Nut [Bolt ASTM A307 or Grade 2 Steel/ Nut ASTM A563 DH

5/8” Dia. x 10”7 [M16x254] Long Guardrail Bolt and Nut Bolt ASTM A307 or Grade 2 Steel/ Nut ASTM A563 DH

5/8” Dia. x 22" [M16x559] Long Guardrail Bolt and Nut Bolt ASTM A307 or Grade 2 Steel/ Nut ASTM A563 DH

5/8" Dia. x 9 1/2” [M16x241] Long Hex Bolt and Nut Bolt ASTM A307 or Grade 2 Steel/ Nut ASTM A563 DH BLACK PAINT (bolt)/12-0030 (nut)

5/8” [16] Dia. Plain Round Washer ASTM A307 or Grade 2 Steel 09-0453-15/ N/A

11—-—0492 (bolts and nuts)/12—
0037(BOLT) and (NUT)12-0030

7/8" [22] Dia. Plain Round Washer ASTM A307 or Grade 2 Steel 1JY82,/12-0037

7/8” Dia. x 7 1/2” [M22x191] Long Hex Bolt and Nut Bolt ASTM A307 or Grade 2 Steel/ Nut ASTM A563 DH

SOIL 350 SOIL 6222011

Figure A-2. Bill of Materials, Test No. MGSSYP-2
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LUMBER COMPANY, INC.
CERTIFICATE OF COMPLIANCE

JULY 20,2010

MIDWEST MACHINERY & SUPPLY
MILFORD, NE

THE FOLLOWING MATERIAL DELIVERED ON 7/20/10 ON BILL OF LADING NUMBER 20254 HAS BEEN INSPECTED
BEFORE AND AFTER TREATMENT AND IS IN FULL COMPLIANCE WITH APPLICABLE NEBRASKA DEPARTMENT OF
ROADS REQUIREMENTS FOR SOUTHERN YELLOW PINE TIMBER GUARDRAIL COMPONENTS, PRESERVATIVE
TREATED WITH CHROMATED-COPPER-ARSENATE (CCA-C) TO A MINIMUM RETENTION OF .60 LBS/CU.FT. THE
ACCEPTANCE OF EACH PIECE BY COMPANY QUALITY CONTROL IS INDICATED BY A HAMMER BRAND ON THE END
OF EACH PIECE.

MATERIAL CHARGE # DATE RETENTION QUANTITY

6x8x6"  Line Post 10-342 7/1/10 0.62 105

THIS CERTIFICATE APPLIES TO MATERIAL ORDERED FOR your order no.: 2333
FOR ANY INQUIRIES, PLEASE RETAIN THIS DOCUMENT FOR FUTURE REFERENCE.

THANK YOU FOR YOUR ORDER.
SINCERELY,

0/4./\-.
Karen Storey

SIGNED BEFORE ME THIS 20 DAY OF JULY 2010.

Phone: 706-234-1605 P.O. Box 99, Armuchee, GA 30105 Fax: 706-235-8132

Figure A-3. Southern Yellow Pine Posts, Test Nos. MGSSYP-1 and MGSSYP-2
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September 4, 2013
MwRSF Report No. TRP-03-272-13

2 By -

LUMBER COMPANY, INC. Sep 1 s
CERTIFICATE OF COMPLIANCE

SEPTEMBER 10, 2010

MIDWEST MACHINERY & SUPPLY
MILFORD, NE

THE FOLLOWING MATERIAL DELIVERED ON 9/10/10 ON BILL OF LADING NUMBER 20374 HAS BEEN INSPECTED
BEFORE AND AFTER TREATMENT AND IS IN FULL COMPLIANCE WITH APPLICABLE NEBRASKA DEPARTMENT OF
\ ROADS REQUIREMENTS FOR SOUTHERN YELLOW PINE TIMBER GUARDRAIL COMPONENTS, PRESERVATIVE
TREATED WITH CHROMATED-COPPER-ARSENATE (CCA-C) TO A MINIMUM RETENTION OF .60 LBS/CU.FT. THE
j ACCEPTANCE OF EACH PIECE BY COMPANY QUALITY CONTROL IS INDICATED BY A HAMMER BRAND ON THE END

| OF EACH PIECE.
|
MATERIAL CHARGE # DATE RETENTION QUANTITY
1 6x8x14"  OCD Blockout 10-456 8/31/10 0.75 280
5Y2X7Y2X42Y%"  BCT Post 10-192 4/15/10 0.64 48
6x8x18"  Blockout 10-456 8/31/10 0.75 70
6x8x22"  Blockout 10-456 8/31/10 0.75 140

| THIS CERTIFICATE APPLIES TO MATERIAL ORDERED FOR your order no.: 2355
FOR ANY INQUIRIES, PLEASE RETAIN THIS DOCUMENT FOR FUTURE REFERENCE.

THANK YOU FOR YOUR ORDER.

| SINCERELY,

| oo o

‘ Karen Storey

SIGNED BEFORE ME THIS 10 DAY OF SEPTEMBER 2010.

Phone: 706-234-1605 P.0O. Box 99, Armuchee, GA 30105 Fax: 706-235-8132

Figure A-4. Southern Yellow Pine Posts, Test Nos. MGSSYP-1 and MGSSYP-2 (cont.)
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PERMA-TREAT OF ILLINOIS, INC.

1800 PERMA-TREAT DRIVE, PO BOX 99

MARIGN, IL 62959

PHz 800.572.7384 FAX# 618.993.8680

September 4, 2013
MwRSF Test No. TRP-03-272-13

This is to certify that the guardrail material has been treated and inspected
according to the Iowa Department of Transportation Specification requirements

and IM 462. Also, conforms to State of Illinois specification.

This material has been processed from Rough Sawn #1 Southern Yellow Pine.

Company:
Bill of Lading;:
| Quantity Description Charge#  Date of | Treatment = MC priorto |
Treatment Treatment |
20 XX arW  [URIS  U-u-|| [0CCAC 20%
D eXBXY i (4B00 |13 -(-10] 80 CCA-C 20%
30 lox®x T 2w a3 | o-r-\[[MCCAC | 20%
(2D (oXB Xl ceT |HaSo [Y-19-1| $0CCA-C 20%
A0 [exBx' cRT [YHHD Y.15-1][0CCAC 20%
[%_@x\muq’ 1w [HEUY Yoy ) H0CCA-C 20%
EXRX R ormes Y25  (Y-1G-1)  60CCA-C 20%
199 X8 x 1B anms US| U1 |\ WCCACT | 20%
! .60 CCA-C 20%
' | .60 CCA-C 20%
.60 CCA-C 20%
| | .60 CCA-C 20%
Pe NOTARIZED
By: 4 Sworn to and described
ore me this (0" day of _
Title: Qnsiém’\‘ 011 .
Date: S/ro/ll Bk one (7 OFFICIAL SEAL
) SARA BONDthoh
OfficalSeal  { o g (1312015

|

Figure A-5. Wood Blockouts, Test Nos. MGSSYP-1 and MGSSYP-2

113




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

Canton, Ohio 44708 :
>
=T
Test Report =
c * Ul TY OF A-LINCOLN BOL # 39963 DATE SHIPPED: 05/07/02
401 CANFIELD ADMIN BLDG Customer P.0. 4500204081/ 04/06/2009 &
P O BOX 880439 Shipped to:  UNIVERSITY OF NEBRASKA-LINCOLN
LINCOLN, NE. 685880439 Project : TEST PANELS
GHP Order No 105271
HT # code C. Mn. P, S. Si. Tenslle Yield Elong. Quantity Class  Type Description
4614 0.21 0.84 0.011 0.003 0.03 80432 67993 19.8 160 A 2 12GA 12FTBIN/3FT1 1/2IN WB T2
[EE
[EE
SN
Beite comply with ASTM A-307 specifications and are galvanized in accordance with ASTM A-153, unless otherwisa stated
Nuis comply with ASTM A-563 specifications and ans galvanized in accordance with ASTM A-153, unless otherwise stated.
Al other galvanized material conforms with ASTI-123 & ASTIA-825
Al steel used in the manufacture is of Domestic Origin, 'Made and Melted in the United States”
All Guardral and Terminal Sections mests AASHTO M-180, All structural steel meets AASHTO M-163 & M270
All Bolts and Nuts are of Domestic Origin
All material fabricated in Department of Transportation
All controlied oxidizan termifal sections meet ASTM A0S, Type 4. STATE OF OHIO: COUNTY OF STARK

Sworn o and subscribed before me, a Notary Public, by

By Andpewr Artar this 8th day of May, 2009,

1 Ancrew Artar / /
Vice President of Sales & Marketing Ll A d
Gregory Highway Procucts, Inc. ublic, State of Ohio

CYNTHIA K. CRAWFORD
Notary Public, State of Ohio
My Commission Expires 09-16-2012

Figure A-6. 12-ft 6-in. Long W-Beam, Test Nos. MGSSYP-1 and MGSSYP-2
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Customer:

HEAT #
33%0

RECEIVED

GREGCRY HIGHWAY PRODUCTS, INC. '8
4100 13th St. P.O. Box B0508 ; crosas 3
Canton, Ohio 44708 @
UNLFMP 8
Test Report . o

UNIVERSITY OF NEBRASKA-LINCOLN BOL# 15808 DATE SHIPPED: 08127105
401 CANFIELD ADMIN BLDG Customer P.O.: VERBAL JOHN ROHDE =
P O BOX 880439 Shippedto:  UNIVERSITY OF NEBRASKA-LINCOLN i
LINCOLN, NE. 68536-0439 Project : STOCK =

GHP Order No.: 44822

c. Mn. P. 8. Si. Tensile Yisld Eleng, Quantily Class Type Descriplion 'y
021 08 0013 0007 0.0 81660 62520 20.70 160 ' 2 12GA 12FTEINIFT1 112N WB T2 S
b
~
N
o
N
N

Bolts compiy with ASTM A-307 specifications and are gatvanized in accordance with ASTM A-~162, untess otherwise stated.

Nuts comply with ASTM A-563 spacificalions and are gaivanized in sccordance with ASTM A-153, unless othenwise stated.

All ofher galvanized material conforms with ASTM-123 & ASTM526

All steel ussd in the manufaciure s of Origin, gidMgited in the Unitad Stales” i
All Guardrall and Teminal Sections meets is) ruclucal steel meets AASHTO M-183 & M270

All Bolts and Nuts are of Domeslic Origin

Dt STATE OF OHIO: COUNTY OF STARK
) Swom ta and subscibed befare me, a Notary Public, by
By: Seplemher, 2005
Andrew =z \J 3 -
Vice F o A 1 s
Gregory Highway Products, Inc. s Dwn R. Batton §
A Notery Public, State of Ohia
: My Commission Expires February 24, 2006 2
]

Figure A_-f."l“:igure A-10. 12-ft 6-in. Long W-Beam, Test No. MGSSYP-2

€T-¢/2-€0-ddL 'ON 1S81L 4SHMIN

€102 ' Jaquisidss



oTT

Trinity High oduets , LLC R0,
rinity Highw  roducts, . N
25-'$ N.E. 28th St. w

Ft Worth, TX b | 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 # | Use State: KS

LINCOLN, NE 68501-1097
Trinity 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 -49100LB

1 s
State of Texas, County of T§raResa¢mm and SuBHELDR] MEQIN Ane thi 4th day of August, 2009 Trinity Highway Progupts, LLC =
)2 Notary Public, s:atz of Texas ‘Q,“ g i
%’.. .‘-{1'5 My Commission Expires Certified By: i~
Notary Public: WY 13, 20H Quality Assurargé 2o

Commission Expires / / 1 of 1

Figure A-8. 6-ft 3-in. Long W-Beam, Test Nos. MGSSYP-1 and MGSSY P-2
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MATERIAL TEST REPORT

Leavif UBE COMPANY, LLC ',‘;’,';'L": yororg
\TE: 09/25/07 : Chicago, IL 60643
PAGE: | 1
BILL OF LADING- 164358 m :7:033‘1:7“(‘!1)
CUST:STEEL & PIPE SUPPLY - CATOOSA OK TUBING MANUFACTURED IN USA f,":wfjj,,fff.,,‘ffj
1050 FORT GIBSON ROAD 5
CATOOSA OK 74015

QA1002-0003 Rev. 0
ATTN: * Test Report Desk
106201 8027185

LTT

aQry. CUSTOMER t ORDER CUSTOMER ASTM

ITEMNO. PIECES SIZE, GAUGE LENGTH SHIPPED PO, NUMBER PART NBR SPECIFICATION GRADE
1 7 B.625-322HRS 252 147 4500088611 1015580 1,000 A500-03b 8
2 6  12X2-188HRB 480 240 4500088813 1016034 1.000 A500-03b B8

3-4 28  B8.625-322HRB 504 1,176 4500091471 1025579 1.000 A500-03b 8

5 9 B8X6-188HRB 480 360 4500092386 1029189 1.000 AS500-03b B

ITEM NO. 1 2 3 4 5

COIL NO. 395453 395532 395813 395460 391232

HEAT NO. 722562 722551 722564 722564 A13386

CORRECTED COIL

CARBON 210 .210 210 210 220

MANGANESE : 820 .860 820 .820 .700

PHOSPHORUS 004 .006 .004 004 ) 006

SULFUR .006 .004 1008 .006 .003

ALUMINUM 047 .050 ;on 047 024

SILICON 020 030 020 .020 030

WELD TESTING FLATTEN FLARE FLATTEN FLATTEN FLARE

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

TENSILE STRENGTH (PS) 62,162 | 70,666 70,787

ELONGATION IN 2° (%) 29.0 J 31.0 27.0

"9"‘(5 F 1% wds Are | HERESY CERTIFY Y 'E 1S CORRECT

Made and Melted OMDS OF THE COMPANY.
In The U.S.A. >

Figure A-9. Foundation Tube, Test Nos. MGSSYP-1 and MGSSYP-2
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PAGE 456/52

MIDWEST MACHINERY

462-761-3288

a6/04/2863 16:35

Lernned Analysis ﬁfﬂ?

<
Trinity Highwey Products, LLC ‘ '
425 E. O'Conner Grder Number: 1108107
Litns, OH Cusiomer PO: 2132 Asof: 510100
Customer: MIDWEST MACH.& SUPPLY CO. BOL Numbzer: 48341
P. 0. BOX 81097 Bocument #: 1
Shipped To: NE
LINCOLN, NE 68501-1097 Use State: XS
Project;  STOCK
Gy Part® Description Spec CL  TY Wleat Codef Beat# Vield T8 Blg € #Ma P & S ©Cu € Cr Ve ACW
M-180 A 2 CAYO%T 64,500 88 600 212 0210 0850 0.010 0000 003G O.08C 0.0000060 G210 4
25 736G SYTUBE SLLIBE"XG"XS'FLA A-5090 - 785912 56,500 72,980 37.0 0210 0770 3009 0406 (016 G010 029 0.020 000 4
5 426G 60 TUBE SLLIREXBRG A-500 ¥85912 54,500 72,930 37.0 0210 0270 0009 0.006 0016 GON0 008 0020 GO0 ¢
26 4G HATX2ATXA/SOILPLATE A6 120039 46,660 73,630 269 0190 0.520 0,012 0.003 UA20 GOS0 0.00 0040 0000 4
2 923G BRONSTAD 96" W0 M-180 A 2 R0 63,520 82,000 2.6 B4%0 9230 0015 0.00¢ §.020 0110 000 000 0000 4
4 927G 1U/END SHOE/EXT M4-150 B 2 AR 58970 78,641 274 0210 050 0.017 €.005 G030 GOYD 000 0.036 0962 4

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

ALL STEEL USED WAS MELTED AND MANUFACTURED IN USA ANDCOMPLIES WITH THE BUY AMERICA ACT.
ALL GUARDRAIL MEETS AASHTO M-180, ALL STRUCTURAL STEFL MEETS ASTM A36
ALL GALVANIZED MATERIAL CONFORMS WITH ASTM-123, UNLESS CTHERWISE 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.

344" DIA CABLE 6X19 ZINC COATED SWAGED END AISI C-1¢35 STEEL ANNEALED STUD 1" DIA  ASTM 449 AASHTO M30, TYPEIE BREAKING
STRENGTH -49100 LB

Stais of Ohio, County of Aller. Swormn and ibed before me this 2204 day of May, 2009
Natary Public: }on bens
Comumission Expires  // oo

4 of 7

Figure A-10. Foundation Tube, Test No. MGSSYP-2
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September 4, 2013
MwRSF Test No. TRP-03-272-13

FORMERLY MIDWESTERN
WHOLESALERS INC.

“Thisistocertify that the-materials-shipped,-as indicated, conform-to the State-of Nebraska specifications. - — -

Order Number: 89198
Project Number:
QUANTITY | DESCRIPTION CHARGE | TREATMENT | TREATER
NO.
50 6x8-46” DSS SYP S4S BCT Post 38040 CCA MWT

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

Made & Treated in the USA. Mepts AASHTO §pees M133 & M168.

««‘V’ e —

AMERICAN TIMBER AND STEE NOTARIZED

By__ Heather L. Seward / / //ZL 4 af jM/ Sworn to and subscribed before me
Title_ Sales Assistant / this _13th _day of AD[‘ll 2010.
Date__April 13,2010 by % » /4/”///\)

nope V’Vﬂ"‘ex 7

American Timber And Steel Corp 4832 Plank Rd / PO Box 767  Norwalk, OH 44857 Ph: &

“THE TIMBER spsci"""i\'les1's"

Figure A-11. BCT Timber Post, Test Nos. MGSSYP-1 and MGSSYP-2
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0cT

125 E. O'Copnor & AR -
‘efj;m o 4 | 4

|Customer: MIDWEST MACH & SUPPLY CO, Salos Order: 1093497 Print Date: 6/730/08

| P, 0. BOX 81057 Customer PO: 2030 Project; RESALE
I“ BOL# 43073 Shipped To: NE
| Document # 1 Use State: XS

LINCOLN, NE 68501-1097

’ Trinity Highwav Products. LLC
oo Certificate Of Compliance For Trinity Industries, Inc, ** SLOTTED RAIL TERMINAL **

!r NCHRP Report 350 Compliant
|
|
| Pieces Deseription
73 5/8"X10" GR BOLT A307
) 5/8"X18" GR BOLT A307
32 1" ROUND WASHER F844
L 64 1" HEX NUT A563 o S B
j 192 WD 60 POST 6X8 CRT ‘ MES DK
L1902 . WD BIX 6X8X14 DR
i64 NAIL 164 SRT
I¢q WD 39 POST 5.5%7.5 BAND
122 STRUT & YOKE ASSY
128 SLOT GUARD 98 Cruuind Sep.ct
2 38X 3X4PLWASHER

cqcHS3- g
Jpon delivery, all materials subject to Trinity Highway Products , LLC Starage Stain Policy Ro. LG-002.

o
JALL 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
RIOLTS COMPLY WITH ASTM A-307 SPECIFICATIONS AND ARE GALVANIZBD IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
wru-rs 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 ERD AIST C-1035 STEEL ANNRALED STUD 1" DIA. ASTM 449 AASHTO M30, TYPE Il BREAKING

O TRENGTH-49100LB : '
ﬁmothio.GmtyofA]len. Swom and Subscribed beforenfe day of June, 2008 s
Tmmmrm,uc

myPnbhc_ & Certified By
D o efaning Finivae Sa v, Y iha 2 of 4

86/04/
e

Figure A-12. Strut and Yoke Assembly, Test Nos. MGSSYP-1 and MGSSYP-2
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Figure A-13.

(
Certified Analysis
Trinity Highway Products, LLC
550 East Roub Ave.
Lima, OH 45801
Customer: MIDWEST MACH.& SUPPLY CO,
P. 0. BOX 703

Order Number: 1145213
Customer PO; 2441
BOL Number: 61905

Docwment#: 1

Azofi4715/11

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

Qty  Part# Deseription Spee CL TY Heat Codef Hear Yietd 18 Kl C  Mn g s St Cex Cb Cr ¥Yaalw
25 US0G TIGEND SHOESLANT A-1CLL-SS »_va\;$?—723- v 49,00C 64,500 348 0080 0.350 D018 0,005 CO2C G050 000 0060 0001 4

Upon delivery, 2l materials subject to Trinity Highway Products , LLC Storage Stain Policy No. LG-002,

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

ALL GUARDRAIL MEETS AASHTO M-180, ALL STRUCTURAL STEEL MEETS ASTM A6

ALL COATINGS PROCESSES OF THE STEEL OR TRON ARE PERFORMED IN USA AND COMPLIES WITH THE "RUY AMERICA ACT"

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

BOLTS COMPLY WITH ASTM A-307 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-133, UNLESS OTHERWISE STATED,

NUTS COMPLY WITH ASTM A-563 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITHE ASTM A-153, UNLESS OTHERWISE STATED.
WASHERS COMPLY WITH ASTMF-436 SPECIFICATION AND/OR F-844 AND ARE GALVANIZED IN ACCORDANCE WITH ASTMF-2329,

34 DIA CABLE 6X19. COATED SWAGED END AISI C-1065 STEEL ANNEALED STUD 1" DIA ASTM 449 AASHTO M3C, TYPE I BREAKING
STRENGTH-49100L8 e S N s S O

State of Olio, Ccugﬁ\' of .Allcrsx?wo:?\ﬂﬁd subscribed before me this 15th day of April, 2011 TH

ity Bighway Products , LLC
. \| T A 2
Notary Public: ‘\\.\; 7 'r,*\__\ y ’DN\&
! Sl

Commission Expires 5
\ . 9\":}‘\‘0

5% o
“iinanes®

BCT Cable Anchor Assembly, Test Nos. MGSSYP-1 and MGSSYP-2

€1-¢/2¢-€0-ddl 'ON 1s81 4SUMIN
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Certified Analysis o gww

Upia delivery, ail materials sabject to Trinity Highway Products , LLC Storage Stain Policy No. LG-006Z.

ALY STEEL USEN *WAS MELTED AND MANUFACTURED IN USA AND COMPLIES WITH THB BUY AMBRICA ACT.
ALL GUARDRATL MEETS AASHTO M-180, ALL STRUCYTURAL STEEL MEETS ASTM A36
ALL OTHER GALVANIZED MATERIAL CONFORMS WITH AST-123.

BOLTE COMPLY WITH ASTM A-307 SPECTFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
WOTS COMPLY WITH ASTM A-563 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITE ASTM A-153, UNLESS OYHERWISE STATED.

344° DIA CABLE 6X19 ZINC OOATED SWAGED m).A.ISIC-I%SS'!ELANNBALBD STUD 1" DIA  ASTM 449 AASHTC M30, TYPE X BREAKING
STRENGTH 42100 LB

Stk of Texas, County of Tacrast. Swom ead subsaibed before me this 20th day of Tune, 2008

Pl ag Gy 7 tNmy“ELR' Trinity Highway Products , LLC :
'@’ Hate of Texas Certified By: %( obi % Ol »
Wan M imeiaten e : 9 Ummll.

Commission Expi
Figure A-14. Anchor Bracket Assembly, Test Nos. MGSSYP-1 and MGSSYP-2

482-761~3288

95/84/2683 16:36

¢%A

o
w
~
o :
Trinity Highway Products, LLC ‘ ’7
o) 2548 N.E. 28th S1. Order Number;  109519%
0. y -
¥t Worth, TX Qustamer PO: 2041 Asof: 62008
Custemer: MIDWEST MACH.& SUPPLY CO, BOL Number: 24481 ~
P. 0.BOX 81097 Document # 1
Shipped To: NE
LINCOLN, NE 68561-1097 : Uhse State:  KS )
Project:  RESALE
I Qty Part¥# Deseription . Spec CL TV Heat Codef Haat# Yieid T8 Big C Ma | 2 E3 & O T Cr Vo ACW
i [CEmbrding BEIG0 A pxire I ¥1300 54 0080 5030 0012 (001 G040 D080 .00 UOs0 G008 €
.
g == 20 oA 25K1LISX16 CAB ANC A36 4153005 44,900 SGA0R 340 Q240 0756 DOL2 O.083 0020 0020 0000 0040 0002 4
E i 742G 60 TUBE 517 188X8XS A-500 ASPRIG0 TEL00 FTH00 253 005¢ 0670 0013 0005 Q030 (220 0.030 0.060 0.021 4
= 20 TRZQ SAVHS"RR" BEAR PIICF A36 6106198 46,700 69,900 235 6320 0830 0.010 2.005 0020 0230 0000 00 2066 4
40 907G I2BUFFER/ROLLED M-180 A LOD4S 54,300 73500 250 0160 0760 (011 4008 0020 0.200 0000 0,100 000 4

€1-¢/2¢-€0-ddl 'ON 1s81 4SUMIN

€102 ‘v Jaquialdag



d Certified Analysis Y X
o4
" Triaity Wighwsy Prcducts , 140 "'
'g FAENE 26 S Qrtier Nusiber: 1995193
1 ek, TX Cusleesey PO, 294) x Awof WISt
Costmer MIDWEST MACHLA SUPPLY OO POL Mumber: 2481
F Q. BOX 8109 Dot & 1
Shipped Ta: NI
LRMOOLN, NE S8504-1097 e St KS i
Projeet  BESALE
z Oty Parld Docipten e Q1 TY Bt Ootw’ S @ Yiole " < < Ma A O OO O VAW
i LA L YR o
-
ﬂ 3 A DNLISOECABANC A% s wo @MD M5 M B 00 490 008 L0 AN 00N SN 4
g w0 M0 KO TUDE S 1 es A ALV W 000 3 A8 00 201 £80L 000 0330 0000 GOS0 A8 4
H
0 - TN WA IRARNAY AN o W0 Msed TAS O OS0 A01H 66N LAN 0330 006 0L G ¢
“© WX PRI MNawa Lo “as Rk 200 200 0T AMS 08 dos OO0 AN aMe D) ¢

BOLTS CONTPLY WITH ASTN A-307 SPRCIPICATIONS AND ARE GALYANIZED IN ACOORDANCE WITE ASTM A-153, UNLESS OTHERWISE STATED.
NUTS COMMLY WITH ASTM A-55) SPECIFICATIONS AND ARE! GALVANIZED BY ACCORDANCE WITE ASTM A.153, UNLESS OYHER WIS STATHD.

1" 1A CABLE 6X19 INC COATED SWAGED BMD AZSI C 1003 STEEL ANNEALED 3YUD §* DIA  ASTMA49 AASETTO W20, TVPE R BREAKING

)

? Upos detivery, all umertads sebéect t Trinity Tighway Prodechs , LLC Stags Stvin Pedicy Mo, LO-02.

4 ALL STERL USEN %AS MELTED AND MAMUNACTURED I USA AND COMPLAES WITH THE BUY AMERICA ACT.
ALL GUARDRAIL MESTS AASETO M- 180, ALL STRUCTURAL STEEL MEETS ASTM AY
ALL OTHER GALVANIZED MATERIAL CONFORMS WIVH ASTM 123,

S

@

£ STRENGTH - 49100 LI

§ Statoof Voo, Crunty of Yool Sworm end pubmciind bafore o s 200 day of e, 2008

Trindty Highway Profects , LLC
Cecified By:

Ghebinie Ormnl.s

Figure A-15. Anchor Cable Béaring Plate, Test Nos. MGSSYP-1 and MGSSYP-2
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Figure A-16. BCT Post Sleeve, Test Nos. MGSSYP-1 and MGSSYP-2
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e 2099418

uad 6209

ej R b] 1897 masy 28™M sr. LORADI, OX 44055
FHONE:  230-438-5694 PRX: 330-428-5695

Phdan sl oF 0ty r

CERYTFICATE OF TESTS LIC ENGINEERED PRODUCTS May 6, 2009
PAGE L

or2
PURCHASR ORD: 130863 PURCRANE OROER DATE: 4/1/2008
PARY NUMBER: 1009418 ACCOTNT FRIMRR ¢ $380-3007-01
ORDIR. NIMBER; 1408019 -~ O3 : SOBOULE $063-0¢
HEATY S072004 REVISION: i
=s=w~ CHARGE AOURESS 2 SHID TO srsnewmawsssausmywinhs

TRINITY INDOSTRIES INC TROGTY INDUSTRIRS INC

WIGRWAY SIGETY DRODUCTS INe G/ 5CS WETRLS PRE®

P O 30X 308087 <TR PLOCR 5800 STERLING AVE

DALIAS, TZ 75356-0807 MAPLE MEIGHTS, OH €A137

------- A emmnm e o mmmmmeememmemme MNTRRIAL DESCRIPYION >
HOT BOLLED STEBI COILS CASBON AISI-1015 AX AL XIZLED FINR GRAIN COLD WORKING QUALITY TEST PEPORTS OF

........................................ Lanhe . PO SR SR RS
g 14 5 ar L2 4
0.8 0.47 0.006 2.003 .08 .08 t.06 8.05
v w aw AL (]
1009 0.0z 0.008 0.04% 6.000 0,008
..................................... CALCULAIED TESTS <msmennsmnssimens casmmecsocmummasinsshonans

REDDCTION RATIO 113.1 10 3
AURTENITIC GRAIN SIRE 5 OR FINER BASED ON A TOTAL ALUMIHUY CONTENT EQUAL 7O OK GREATER TRAN .020% FER
Aa™ n

NOTXS
CHIMICAL REAGYSIS CONFOIAS TO ”vm‘ SPECE: ASTM llll CaL10139, ALI0230, AvTw E1019.
LYLI0150, LELAOL14, AND ASTH E1085, Lalioisd, LAL10109.

HFRREDY CERTTET THAT THD MATRRIAL LEATAD HEREIN RAS BERN IMOPOCTED AND
TEATED TN ADCORDANCE WITH THR METHOOR PRRESCALESD IN THE OOVERNING SPRCIFICATIONS AND BASED UPCW THE
RESULYS OF SOCK INSPECTION 200 TESTING MAS DEEN APMRCVED FOR CONFORMANCE TO THE SPECIPICATIONS.

CERTIFICATE OF TRSYS SHALL NOT BR REPRODUCED EXCEPT IN FULL.
ALL TES7ING JINZ BETN PERFORMED USING TRE oF THE SIRCIFIOATIONS .

' RECORDING OF FALSE, FXCTTTIOUS OR FRAUCULINT FTATEMENTS OR INTEIES ON THIS DOCUNENT WAY S5 PINISERD
AS A FELONY DNUER PRU STATOBS TIILE )8 COWTRER 47.

THE MAYFRIAL WAS ¥O7 EXDOMED 70 MERCURY OR ANY METAL ALLOY THAT X8 LIOUTD AT JAMUISNT TRMPEKATORR
DURING PROCESSTNG OR WNILE IN CUR POSSESSION.

WO WELD OR WELD AEIAIR WAS PRAFORMED OW TRIS MATERIAL.
R, A, SEELIGA . BY HILDA DOSUR
Manate

Figure A-17. %-in. X 1%-in. Bolts, Test Nos. MGSSYP-1 and MGSSYP-2
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- LA
TRINITY HIGHWAY PRODUCTS, LGC.- A
Plant #55 : AN " 4
425 £. O' CONNOR AVENUE
Lima, OH 45801 :
419-227-1296
MATERIAL CERTIFICATION
CUSTOMER: STOCK DATE: JULY29,2009
i
INVOICE #
A LOT NUMBER: 0597038 B
PART NUMBER: 3360G QUANTITY: 110,765
DESCRIPTION: 58%"x1 %° GR BOLT DATE SHIPPED:
SPECIFICATIONS: ASTM A307-A /A153 HEATS: 5072004
MATERIAL CHEMISTRY
clmv|ir | sistim jcRiMicwlsn | via| ~n]| s |n!ne
A5 147 1006 1003 |09 (.06 |85 |02 (.05 |.005 | 008 |.0d6 | 0063 | 00O 000

PLATING AND/OR PROTECTIVE COATING

mem FT) I’ ' 135 Avg. 1

#344THIS FRODUCT WAS MANUPACTURED IN THE UNITED STATES OF AMERICA™**
THE MATERIAL USED IN THIS PRODUCT WAS MELTED AND MANUFACTURED IN THE
USA

WE HEREBY CERTIFY THAT TO THE BEST OF OUR KNOWLEDGH
CONTAINED HEREIN 1S CO

425 B. O "CONNOR AVENUE TAMA,OR 45801 © 419-227.1296

Figure A-18. %-in. x 1%-in. Bolts, Test Nos. MGSSYP-1 and MGSSYP-2 (cont.)
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HOT ROLLED STASL COILS CARBON AXBIT1015 AK AU, XILLZD PiNE GRAIN LOLD WORXING QUALYTY TEST REDCRIS OF -
MECMNTCAL DROPEXTIES FOR INFO ONLY BXTRA TRSTING
STER: W4 1,2190 DIAM X OOIL

RDS 30,9626 DIAX X COIL

.......... savavemrmrnmwsusmaammameneeese LADUE CHEMISTRY & ~----—v-sssanssm-ac-sansmssancancamaentnn

< L v 81 (=4 NI c®

0.18 0.45 9.012 0.003 0.1¢ 0.0 e¢.05 g.07
w s N

0 092 0.02 0.006 0.037 0.%200 0.0080

m”1!°).1701
AUSTENIYIC QRAIN SI%8 5 OR PINER BASED ON A TOTAL ALUMINUN CONTENY EQUAL 70 OR SREATER 7TRAN . 020Y PER
AST™

RRSULTS OF RUCH INSPBOTION AND TESTING MAS DNEZN APPROVED FOR CONPORMANCE TO THE SPROIPICATIONS.

CERTIFICATR OF TRSTS SHALL FOT GE REPRODUCED EXCEPT IN FULL.
ALL TESTING HAS DEEN PEIRFORMED USING TRE CURKENT REVISION OF THB TRSTING SPRCIPICATIONS.

RRCORUING OF FALGR, FICTITIONS OR FRAUDULENT STATENENTS OR EWTRIES OF THIS DOCUMENT MAY BR JUNTLHED
RG A FELORY UNDER PED STATURS TITUR 10 CHAPTER 47.

THS MATERIAL WAS FO7T RXPOSED TO MBRCURY OR ANY METAL ALLOY THAT IS LIQUID AT AMBIENT TEMPERATURR
DURING PROCESESING OR WHILE IN COR POSSESSION.

HO WRLD OR W2LD REPAIR WAS PERFORMED ON TRIS MATERIAL.
TX2 REZSULTS REPORTED REIATE OWLY 70 THR I1TEMS TRSTED

MELTED AND MARUPACTURRD IR THE U.S.A,

R. A. BULLOCK BY NILDA &RCUR
DIRBOTOR QUAL. ASSURANCE
PR

Figure A-19. % in. Nut, Test Nos. MGSSYP-1 and MGSSYP-2
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PAGE
OF2
PURCHASE OBD: 130965 PURCHASE ORDER DATS: 4/15/2088
PART MOMBER: 200944B ACOOUNT NOMEER: 5550-3087-01
ORDSR NUMSER: 1409650 - Ok SCHFDOLE: 2 5977-48
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2 0 ROK G6ROYT 4TH PLOOR 3000 STESLING AVE
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11/04¥2063 ©6:189 402-761-3288 MIDWEST MACHINERY TPAE BT T ——
N : "
Trinity Metals Laboratory Aol
ADIVISON OF TRINITY NOUSTRES i"”‘,;
4007 IRVING BLVD. 78947 - P.0, BOX 562887
™ RAA? AR OO0E 2000040
Phone: 214.580.7501 FAX; 214.580.7504
Lab No: 9080059F Received Date; (RTT72008 Cormpiotion Dnoe: 08MOK2009
SUE HENLINE ”.r:ncm mm“m .
i Ui d e o 8 mw%ﬁ::m “Matetied Slzez S8 GR Nuta 33408
LA O S Otar information: Lot # OBDT1TNZ . }
i
HARDNESS TEST:
) " ‘Val " " PASSED
Hardness Typa: HARDNESS ROCIWELL BW o
Hardnese Location: SURFACE of WRENGH FLAT - A Maasired Vavo ad
Herdness Avarsge: 50.5 Moogured Velue 88
PASSED
Hardneos Typs: HARDNESS ROCKWELL BW Moasured Value Measured Amt
Hardnoss Locatin: SURFACE of WRENCH FLAT - B Measured Value )
Hardvass Aversge: 52 : M 1 Value P
N
z PASSED
Hardness Type, MARONESS ROCKWELL BW Moasured Value -1 . Measured Amt ‘
Heardngss Logtion: SURFACE of WRENCH FLAT - ¢ Moesurnd Valve 88 ‘
Hardneas Averags: 87.6 ™ 1 Voo o7
P PASSED
Hardnsns Location: SURFACE of WRENCH FLAT - D Maeaturod Valun 90
Hardnoes Avernger 285 Mearersd Value o
tha abova results %o bo @ ruo and ofthe subrrittad. of this
ﬂ mbnmn'o'm:tw mm‘mmmuym: mmm
wwmwmm«vqwd Sederal govammont.
ey e ———
N Puge1 of 2

Figure A-20. % in. Nut, Test Nos. MGSSYP-1 and MGSSYP-2 (cont.)
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11/0442609 ©6:18  482-761-3288 MIDWEST MACHINERY s e —
| :

Trinity Metals Laboratory et

:mHRWN&.W 8247 - PO, BOX 568287 & :

 TAAT - P.O, »
™7 NP V8 SO0t 0Ad

Phonoe 214.586.7961 FAX; 214,500,7664

Lab No: S080059F Recaived Dele: 080772009 Complation Data: 0BMNV2008

SUE HENLINE et oo “muua

Y PRODUTI: SO PC or Work Crder: 5550083 Material $iz0: §89¢ GR Nuka 33400

LIVA, OM 48801 Toot Spoc.

PASSED
Hardnoss Typs: HARDNESS ROCKWELL BIN Measured Value | Meoasured Amt '
Herdness Locstion: SURFACH of WRENCH FLAT - B Maoured Vsko L]
Hardnans Avarage: 88 Measurod Valse e
OTHER TEST:
Type: NUT PROOF LOAD Quantity amount; §
Samples PASSED proof loads of 156,850 LB8S.
— Type: HEAD MARKINGS Quantity amount: 1
y TRN L :
We o above rmeults 1 be 8 true and accuraie dwaocgzw.ma:-ngomam
nm“ﬁwummﬁma efinciive fheough 12-31-09,.This raport may nat be used o cladm product
cantifeation, fodors! govornment,

appeovi, o andorsement by NVLAS, NIST, or any agenay of the

L Dirstioe, Michant §, Seutcn, PE

Page2of2

Figure A-21. % in. Nut, Test Nos. MGSSYP-1 and MG
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<,

TRINITY HIGHWAY PRODUCTS, LLC.
o 425 E. O'CONNOR AVENUE qr
LIMA, OHIO 45801
419.227-1296
MATERIAL CERTIFICATION ‘
| DATE: JULY 27, 2009
| INVOICE #
LOT#: 090717N2
PART NUMBER: 3340G _QUANTITY: 62,008
SPECIFICATIONS: L
ASTM ASE3-A/A153 HEAT 5072080
MATERIAL CHEMISTY
ciMn| P | § ST |CU|NI|CR| V [MO|SN| AL |CB| N
14| 45 | 013 | .003 | .94 |05 | 05| .07 | .002 | .02 | .006 | .037 | .000 | 006

= PLATING AND/OR PROTECTIVE COATING

2.81 AVG. |

| HOT DIP GALVANIZING (OZ. PER SQ. FT.) |
#+**TH]S PRODUCT WAS MANUFACTURED IN THE UNITED STATES OF AMERICA®**

WE HEREBY CERTIFY THAT TO THE BEST OF OUR KNOWLE
CONTAINED HEREIN IS CORRECT.

it o=

STATE OF OHIO, COUNTY OF ALLEN
SWORN AND BEFORE ME
THIS 27)" DAY y
NOTARY PUBLIC
LIMA, OHIO 45801 419-227-1296 i

425 B. O’CONNOR AVENUE

Figure A-22. % in. Nut, Test Nos. MGSSYP-1 and MGSSYP-2 (cont.)
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NUS !

s UCTS, LLC. QV l
TRINITY l“Gg?oAY P:OD !
| P * LIMA, OHIO 45801 l
419.227-1296

MATERIAL cmmﬂcﬂwh

lNVOlcr. #:
I lLor: R TIE) L1t

PART NUMBER: 3U0G_ __| QUANTITY: 106,000 .

DESCRIPTION: 8" GRNUT | DATESHIFPED
SPECIFICATIONS: |
ASTMASESAALS | gpATA 20131470 & 20131460
MATERIAL CHEMISTY i

~ 5
[-c P s [m]cn MO |Cu| SN Lv AL | N
Fcc|gs a7 | Lend LE? 5|05 [ @ 09 007 | .00& | 023 | DOS

T8 | end 06 406|004 |25 |06
r.”y—“ RS os‘[mTroo' o[ [ o06 [ees T '

PLATING AND'OR PROTECTIVE COATING

- - {
| HOT DIP GALVANIZING (OZ PER SQ. FT.) ] 5 252 AVG. £ |
|

**Y*THIS PRODUCT WAS MANUFACTURED IN THE UNITED STATES OF AMERICA***
ROD IN TIE US54

THE MATERIAL USED IN THIS PRODUGCT WAS MELTED AND MANUFA

WE HEREBY CERTIFY THAT TO THE BEST OF OUR KNOWL
CONTAINED HEREIN 18 CORRE

STATE OF OHIO, COUNTY OF ALLEN
SWORN AND SUBSCRIBED BEFORE MK
3T DAY OF MARCH, 2011 |

- Qi) IMast woTARY PUBLIC |

425 E. O’CONNOR AVENUE LIMA, OHIO 45801 4192271296

Figure A-23. % in. Nut, Test No. MGSSYP-2
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Lab No: 11040021F
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Rncersed Ont: SUDII0T
Wk Spact

Huut Code:

BUmRG,c Hast Nunbur 2013480 R 20131470 Wanerial Typa: A 563 A
unber - R
mg:‘,"" ToLLES A0 or'Work Ondor: 19021802 Matertal S7ec 68" GR Ny
LINA, OF (5801 Test Spec: FEOS ASTM METHOOS
Oner Informatiore 5561587
" HARDNESS TEST:
Measured Value ] Moasured Amt PASSED.
Typa H LEw —
Fardruees Loction: Su-tece of Wench Pt A Mosmred Valig a4
Fadneks foeape: 365 Moasred Vakso | ar
PASSED
Hardmass Type HARDNESS ROCKWELL SW Measured Value Measured Amt
Hardress Locason: Surfacs of Wench Fiat 3 Magsered Ve "
Hardrazs Average: B4 Moowiod Vi 3 j
PASSED
Hawdness Typer HATONESS ROGKWELL W Moasured Value Measured Amt
Hardness Locstion: Suface of Wiwsch Pl C Miasired Vake o
Hardness Asemaga: 87 Meastred o7 l
PASSED
Hardress Type: HARDNESS ROCKWELL B Moasured Value Measured Amt
Hardnods Leoason Guriaos of Wicenoh Mat O Nasare) Vo [ 13
Hadnoss Avange: 373 T, »
dotal Qg

W cartfy 0 abows rezuls 1 be 3 tiue and sCoiaR

ssen of the et bETeT A o partial

. o tis
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CArcYIon. APReoval, of €00 Sement Ty NWLAR, NET, of any a0ancy of the S2and Gormtnaert.
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Puge 1ot

Figure A-24. % in. Nut, Test No. MGSSYP-2 (cont.)
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Lab No: 11040021F Recaved Dats: (404207 1

Compition Dun: B4042011

R HAMWWRG No:‘w‘mﬁ‘lGOQmquo mm?m:a\ma
B Numton ! ype
a'&?&’&'.‘,‘,’“ RGOS PO or Work Crder: 1%0018K2 tntnead Saw S8 CR N ]
LA, O 45801 Tout Spac: FHOE ASTN NETHODS !
Cthar plermetas 5551507
PASSED
ey Ty HARMESR ROCKWR | e Measured Value Measured Amt
Facness Lecasor: Sufece of Wieneh Flat € Neasumd Vil ar
Haniness Aerage: 85.5 pees Vol PP !
OTHER TEST:
Type: NUT PROOF LOAD (1o 30K) Quantity amourt: § L
Samples PASSED proaf Inads of 18,950 Ibs.
Typa: HEAD MARKINGS Quantity smaount: 1 !
TJRN N
|
|
|
|
|
W cartity s above resubts 1o be & tnje 3nd acosrale reps of he submied Ae of gk repy of the.
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Figure A-25. % in. Nut, Test No. MGSSYP-2 (cont.)
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Figure A-26. % in. x 10 in. Bolt, Test Nos. MGSSYP-1 and MGSSYP-2
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N\ i Wast Fabricating Company
Rociemili Division
3115 West Fair Avenue

Lancaster, OH 43130
(740} G8i-q411

Lab Test Report

347

Data Results
Pate: 24-Sep-08 Swosple Z: Z68
Pavt Momber; 10-5 Samaple 2 284
Duscription: 10" POST BOLT W/6" THRD B e
X Sawnpis & 2.95%
Lok Mumber; 83217 Sample 5 3,98
Qustomerr Toinity Bxmole & 213
Test Type: Permiscopa Demple 7t 3.12
Heat Nomber: 7261613 Somple 8 264
> - Colamt Sammple 5! 3250
Sample 18; 37
Testing Standgms: ASTM=A1B3-A153/98 Swmpte 312 248
Sanpie Qly: 20 Semole 13t 3,01
Disposition: Ship Sanypie 14 A,
Ship Ir XBO Sampla 15 2.86
BRryae 18 3.28

Somple 171
Fampie I8 2,39
Sampie Z9: 244
Sorpde 3! 2.88
Average: 284

Y Conformance -
Nen-Conformance

Perjoemed By: DStk

e MMMWM!hMMMWWmlef
s M1 Wast Fabricating Company's Quality Dopartneent

e ——————————

Figure A-27. % in. x 10 in. Bolt, Test Nos. MGSSYP-1 and MGSSYP-2 (cont.)
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........ | : T MACHINERY
ph/ 847 2689 16:36 482-761-3288 MIDWES

e e

%% Mid West Fabricating Company
Rockmiil Division
3115 West Fak Avenue

{740) 6814412
Dats Rosuls }
1
Date: 2A-Sep-0B Semipde I: 8820 {
Part Number: 15-6 Ses  Ww
Deseription: 10° POST BOLT W/6" THRD Sowne 51 W0
> Snopie 4 85,00
(ot Humbar: $5257 _ PR 8860
Costemer: Trinity Sample 5 820
Tast Types Rockwell Sampfe 7r 0.00
Heat Aambery 7261611 Seople 3 208
Cotun Sange 51 .80 L
Semiple 1 0,08
| Tasting Standard: ASTM=E12-28 S 12 .00
W 49-100 "8" Somyia 13 0.0 .
Sample Ryt 5 A Lopiais I8: 080
Disposition: Sorep ' Sompis 240 0,00 |
Stvip 70 Soympie 18 .08
Swigpde 16 0,90
Sasmpeic 172 vok .
Swemyse 25t 0.00
Sample 19: 8,00
Ssenpio 20 2,00 L
Aversga: gE2.80
Y  Conformance
Non-Conformancs Performed By ©.Smith
Thi mmmuw mmhmumunwdmmm
» wiast Pabricating Company's Quality Depsriment.

Figure A-28. % in. x 10 in. Bolt, Test Nos. MGSSYP-1 and MGSSYP-2 (cont.)

136



September 4, 2013
MWwRSF Test No. TRP-03-272-13

LY

MIDUEST MACHINERY
ac/as/oaP 16136 432-761-3288

Mg Wast Fabricating Company
% Rockmili Division
3115 West Foir Avenus

Lancaster, O 43130 Lab Test Report
(7407) 683-4443
Data Resulis
Dsde 24-Sep-08 Sl L 16,850,00
PRI g =5 Sample 2 17,370.00

Semple 3: 17,490.00

Dascription: 10" POST DOLT W/6" THRD & 17,500.00

i

bt Mniues 9. Sumpla 5: 17,306.00 _
Cugtomer? Trinkty Rarmgls & 2,00
Test Typer Rociowell Savnpie Xt .00
Heat Nambper: 72818135 Snple 8: 0,00

Sompla 8; 000
Sampie 10: 00
Sanpie 31 00

Procoszar: Columbus
Tagiing Slancard; ASTMeFGOE-55%

Repdroment: 13,580 b Sonipis 1.2 0,00 v
Sample Gty: 5 J Samie 332 c.00

Disposition: Sasp . Samye 14: o.o0 '
Stip 10: Spmmprie 15¢ | X
Spvrds 18; o0

Swmiple 17 a60
Sampile 18; 2.00

Semipie 19: o0.6e '
Sempls 200 .00 i

Aversge: 17,242.00
Y Conformance
HermConfonmance Porformad By:  D.5mith

Thvis report shali not ba raproducad, axoapt n ful, withont tha written apgrowal of
Wil West Rabricnting Company’s Quality Department.

Figure A-29. % in. x 10 in. Bolt, Test Nos. MGSSYP-1 and MGSSYP-2 (cont.)
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06/44/11 03: 40 PM 315-689-39899 via VSI-FAX Page 2 or 7 ®2I12U0 1t

INSPECTION CERTIFICATE.. ... .. ...

ROCKFORD BOLT & STEEL CO.
126 MILL STREET
ROCKFORD, IL 51101
815-968-0514 - FAX#815-968-3111- - .

CUSTOMER NAME: BENNETT BOLT WORKS

CUSTOMER P.O.: 8008015
INVOICE #: 945308 DATE SHIPPED: 213111
LOT #: 21306
SPECIFICATION: ASTM A307, GRADE A MILD CARBON STEEL BOLTS
TENSILE RESULTS: SPECIFICATION ACTUAL
60,000 min. 77720 75314
77.787 753567
HARDNESS RESULTS: SPECIFICATION 8B80 8546

100 MAX 8083 86,83

COATING: ASTM SPECIFICATION F2328 HOT DIP GALVANIZE

STEEL SUPPLIER: NUCOR, NUCOR
HEAT NO. NF1010253801, NF1020257001
QUANTITY AND DESCRIPTION: © - oo+ v -

500  PCS §8"X 22" GUARD RAIL BOLT
WE HEREBY CERTIFY THE ABCVE BOLTS HAVE REEN MANUFACTURED BY RCCKFORD BOLY AND STEEL - -F12 MATERIM. USED WASMELTED =+« i e =
ARD MANUFACTURED N TRE US.A. 'WE FURTHER CERTIFY THAT THIS DATA IS A TRUE AEPRESENTATION OF INFORMATION PROVIDED ~ " =+ o mmmme e s
BY THE MATERIALS SUPPLIER, AND TrAT OUR PROCECURES FOR THE CONTROL OF PRUDUCT QUALITY ASSURE THAT ALL ITEMS
FURNISHED ON THIS OROER MEET OR EXCEED ALL APPLICABLE TESTS, PROCESS, AND NSPECTIONREQUIREMENTS FER ABIVE "~

SPECIFICATION

STATE OF ILLWNOIS

COUNTY CF WINNEBAGO : .
i~ ierte Ay SN 4 )me S leanas 5ty fin
. APPROVED SIGNATORY DATE

Figure A-30. % in. x 22 in. Bolts, Test Nos. MGSSYP-1 and MGSSYP-2
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Page 3 of 7 w2120 |

06714711 03: %0 PH

Mill Certification Details

NUCaR
NUCOR CORPORATION
NUCOR STEEL NEBRASKA

Mill Certification Details - 8/19/2010 8:47 AM

Customer: KING STEEL CORP - GRAND BLANC

Bill of Lading ®: 178801

Chief Metaliurgist : Ji= Hill
Heat @ ; NFI010253801

Product : WIRE
Grade: 2010
Commants ;
Chemical Propertics -Wt.%
o2 T T T

WOR 020 0.030 0UIS G2 GO09 009 002 0032 0.000 0.0C2 0,000 2.011 90,0005

Date: 7/1372010
Tag #: NFIOLLO97050
Size :.594-19/32 Wire Rod

Division ; Norfaik, NE

0

0 0000 10U

Physical Properties
2.5 '1')‘;(%
REE SRR ERE
Tensile:
Yieid:
Eoagation (in 8 inches):
Elongation (in 2 Inches):

ThC testing was conducted (N accordance with the requirements of this specification
manufaciuring processes were perfarmed in the United States of America

i B
A & G

Ll

Jim M
C vison Metal vy st

Billet Heat #: NF10102533

+ All meiting and

139

Figure A-31. % in. x 22 in. Bolts, Test Nos. MGSSYP-1 and MGSSYP-2 (cont.)
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06/1%/11 03: 40 PM 315-689-3999 via VSI-FAX Page 5 of 7 #2120 i

Mill Certification Details

NUuUCOoOR

NUCOR CORPORATION
NUCOR STEEL NEBRASKA

Mill Certification Details - 8/5/2010 11:22 AM

Customer: {RUCGER & CO - ELMNURST
Bitl of Lading #517028%- -

Chief Metadlurgisy @ Jim Rl Date : F/L3/2010
Hear &1 NFIC202570D1 Tag #: NF10110977111
Product : WIRE Sixe : .594-19/32 Wire Rod
Grade: 1010 Division : Nocfolk, NE
Comments : Biltat Heat #: NFLO2025/0

Chemlical Properties -We %
& ‘ TR P e | | 8L

- PN RS SLEY W e T LN SR e

092 030 020 0032 0.012 0.23 0.07 0.08 0.04 9.003 0,903 0.000 0.600 0,069 0.00C2

“3e

2.900< 0.C01

Physical Properties
Tre SR T A
& R
Tensile:
Yield:
tiongation (in 8 inches):

Flongation (In 2inches):

The testing was conducted in accardance with the raquirements of this specification. Al melting ard
man sfactiuning proccsecs were performed in the United Staves of America e
o R AEN
PR R U
' {vﬁw
Jim Hill
Dviswun Maetarug st

Figure A-32. % in. x 22 in. Bolts, Test Nos. MGSSYP-1 and MGSSYP-2 (cont.)
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10-05-08;04: 15PN ; Bennett-Bol t-Norks Midwest Machinery ;3156883880 g S/10

INSPECTION CERTIFICATE

ROCKFORD BOLT & STEEL CO.
126 MILL 8TREET
ROCKFORD, IL 81101
815-968-0514 FAX# 815-968-3111

CUSTOMER NAME: BENNETT BOLT WORKS

CUSTOMER P.O. : 8005874

INVOICE #: 941848 i !)ME SHIPPED: 712400
LOT#: 19934 L 7

“SPECIFICATION: ASTM A307, GRADE A MILD CARBON STEEL BOLTS

TENSILE RESULTS: SPECIFICATION AGCTUAL
60,000 min, 76513 75083 77.417 76,876
TOT98 74660 7728 76838

HARDNESS RESULTS: SPECIFICATION ACTUAL
100 MAX 8122 8880 598 Ma2
8180 8525 av10 8100

COATING: ASTM SPECFICATION F2328 HOT DiP GALVANIZE

STEEL S8UPPLIER: NUCOR, NUCOR, NUCOR, NUCOR
HEAT NO. 848853, 749237, 945289, B4g872
QUANTITY AND DESCRIPTION:

600 PCS 68" X 22" GUARD RAIL BOLY

o RATE 3
Mmmmmtmmﬁm\imwuwg(mwn AND STECL THE MATTIIAL LISED WAS MELTED
ARD VANUEACTURED 4 THE U.5A. WE HURTHER CERTIFY THAT THIS DATATS A TRUE REPRESENTAMON OF s GRIATION PROMICED
BY YHE MATERWLS SUPFLIER AND THAT OUR PROCEDURES FOR THE CONTROL OF PAOCLGT QUALITY ASSURE THAT ALL ITENG
FURNIEHED ON THIS CROEA MEET OR EXCEED ALL APPUCABLE TESTS, PROCESS, AND MNSPECTION REQUIREMIENTS PER ABOVE
SPECMCATON

STATE COF INUNQIS
COURTY OF WIMNEBAGD

le _7bafey
DATE

ROVED SIGNATORY

R £ TR
Afad JRED Y ROGK ML
LT TS CATAG A YRS

toa N

Figure A-33. % in. x 22 in. Bolts, Test No. MGSSYP-2
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10-05-09:04: 15PM; Bennett-Bo| t-Works Midwest Machinery ;3156883599 ¥ 6/ 10

HuCom KING STEEL

AR MiILL GROUOUF

Mill Certification Details - 2/11/2009 9:43 AM

Customer: KING STOEL

- Bl of Lading #:
\ Chied Metalurgist ; Jim il Dage : 1/11/2000
} Heot # ; B4R6S3 Top # - 121729214
Product : Wire Roe Stze : [ 594-1%/32
Grade: 1010 Divigion : Necfolk, NG
Comments ; Tast confiorm o ASTM A29, ASTM €415 and ASTM E1019<wsuiphunioed gracies,
Omunicate: 0700-01 txphes: 02/28/09
Coarse Gron Pray
Chomical Propertien -Wt.9%
O I A T S T 3

A7 .54 %6 034 0% 21 01 00 02

Physical Properties
LA LR L LI L
Tenslle: 66,201 456
Yield: 47,546 s
Bongation (in 8 Inches): 28 % P
Bongation (In 2 inches):

Reduction Ratsa: 359:1

LR AN B S )

The testiop was 18 aetordonce with the reqy o this spects AR metnng e
Rrocesses were performed o the Uwited States of Amors 5 ang mb: g

A A
Laniid

Sim Hd
D vizion Metal iig st

Figure A-34. % in. x 22 in. Bolts, Test No. MGSSYP-2 (cont.)
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5-08;04%: 15PM;Bennett-Bol t-Works Midwest Machinery ;3156803098 2 710

From: suppost@nucorbar.com [mailnrsuppartfnucorbar.com] =
Sent: Wedresday, Jonuary 14, 200 223PM -

n s .
b ente & fhik spec™L

KING STEEL

Mifl Carvification Detalls - 1/14/2009 2:23 PM

Custemer: KING STEUL

B of Lading ¥
Chid Metailhurglsr © m NG Date ; 4132008
Heat & @ 745237 Tog @ @ 12118340
Proguek © wire Rod e ;59410032
Grace: 1210 Division : Nodase. N
Commants : Test confeom t ASTH A2, ASTN £415 and ASTM E1010-redulphurizas graces.
Coticaty; 0760-01 Expires: 12/51/08
Coarse Groin Prsdios
Chamical Propertios ~We.%
CMmS s P QucmMe : :
13 B8 A 031 DY 34 89 B8 s o i e
AN R Vs 07 RISS T T
rhysical Propartiss i
lmpanty] -pal  Metrk -mos
Teogla: 64,790 a4z
Yiaki. 46,204 18
Bongaten [in B hches): 25% n

Hangaton (n 2 yohes):

Bodains Batio, 1881

NRRLGAS]

he tacting sag curdirtod In azcartanne with the sesckdvastv il O E glachiiaiion. Al meiting ans mamsdacturing
PECUEEML warh PATOMAL N The Linites Glates of Amarica.

LD

P
Civision Meted uryst

Figure A-35. % in. x 22 in. Bolts, Test No. MGSSYP-2 (cont.)
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Midwest Machinery ;3156853599 g 8/ 10

Date: 2/17/09 Nucor comomﬁon Beat Mumber: 849289

Nucor Steel Division
Post Office Box 309 Norfolk, Nebraska 68702 Phone (402) &44-0200
Mill Certification

e T“t%"r‘go 0
tificate: n . b
Expires: 11/30/10 CivemicalAnalysis

Teat conform to ASTM AzS-05, ASTM'EALY WEd'¥STM E1019-resulpburized grades

Spec: 1010 Size: .594-19/32
c 22 b ] .0Ls Mo .03
Mn .54 (=5} .32 Pb .eay
91 18 -t 1z
-3 026 i 11
Physical Properties
Impexial Metric
vield 49,471 | w--w-= psi 3a1 mesene MPA
Tensile 67.947 sl 468 MPA
¥ Blongation .28 % in 8% 28 3 in 203.3% mn
Strand Cast

Reduction Ratio: 215%:1
Coarse Orain Practice

L i Aty

i

XIRG STREL
5225 BAST COOX ROAD
CRAND BLANC,MT ‘48433

Jgim A1l Diviasion Metaliurgist

A1l manufacturing processes, inoluding melting have been performed in the U.38.A,
Mercuxry, in foxm, has not been used in the production or teating of this
material. Wa or weld ngnir was not pearformsd on this material. mat~
evial conformae te the mpecifications described on this document and mway not be
reproduced except in full, without written npgrorvu ©f Nucer Corporation. This
atodnct is MAPFTA certified under Paragraph ¥B" of the MNAFTA rules of origin.

sorvoe swichin Our A2LA Accreditation Sccoe HT3000R )

LT ST

&g b W

Figure A-36. % in. x 22 in. Bolts, Test No. MGSSYP-2 (cont.)
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10-05-09;04: 15PM; Bennett-Bolt-Norks Midwest Machinary ;2158803093 # 9/ 10
Nucar Bar Mill Group - Mill Certification Details Page 1 of 1
Mill Certification Details

x| N B M Grove
i KRUEGER & CO.

Mill Certefication Details - /142008 5:02 PM

Customer: KRUEGER &CO.
Bill of Lading #; 293611 e o
Chicf Metallurgis : Jun Hill Date : 7/1/2008
Heat 4 : 846672 Tag # ; 12095061
Product - Wire Rod Size :.594.19/32
Grade: 1010 Division : Norfolk, NE

Comments : Test conform to ASTM A29, ASTM E415 and ASTM E1019-
resulphurized grades. Certificate; 0780-01 Expires: 11/30/08
Course Grain Practice

Chemical Properties -Wt.%
CMnS § P CuCrNiMo Al V Nb Ti
J1.53 17 .026 .014 .23 .08 .08 .02 .001 .001 .001 0008

Physical Properties
Imperisl -psi Meatric ~mpa
Tensile. 63,969 441
Yield: 41,456 286
Elongation (in 8 inches): 27 % 27
Blongation (in 2 inches):

R0 BEREA

Reduction Ratio: 159.1 )

The testing was conducted in sccordance with the requirements of this specification. All
meliing and manufacturing processes were perfonned in the United States of Ametica.

=\

file://C:\Documents and Scttings\lmccomas\Local Settings\Temp\Ht, ¥846672 him 7147200

Figure A-37. % in. x 22 in. Bolts, Test No. MGSSYP-2 (cont.)
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AN
A4

TRINITY HIGHWAY PRODUCTS, LLC.

425 E. O'CONNOR AVENUE
LIMA, OHIO 45801
419-227.1206
MATERIAL CERTIFICATION

: CUSTOMER: STOCK 1 DATE: SEPTEMBER 29, 2000 =

| RICRE e o

| = _*wu@mz S Y

PART NUMBER: 380G | QUANTITY: 119,201

DESCRIPTION: |

9% X 115 HH BOLT

DATE SHIPPED: -
P SPECIFICATIONS:
ASTM A30T-A/A1S3 : J
[ _,,___” T HEAT £ 7367052, T3664847368369
i 2 MATERIAL CHEMISTY
—— — - -'»-.'_.—p-—..l ey e g,
c myrlsj:l CU | N1 | CR ?MOIAL VT—N [cn sv’n |n[ T
I.ns‘.49 008|002 o~ 03| { 029|002 [0 [ .01 | 001 | 000|000 |00
a3 38 007 om 03 | .04 o.n om m)a 001 001 | 000 | ,000 | 600
|14 43 | 006 | 008 | .0 .oc 04| 2 oz 4 002 | 008 | 001 | .001 | .000 | .000 | 000
PLATING ANDIOR PROTECTIVE COATING

[ HOTDIP GALVANIZING (07 PERSQ.¥T) | 274aVG. ]

S4ATHIS PRODUCT WAS MANUFACTURED IN THE UNITED STATES OF AMERICA***
THE MATERIAL USED IN THIS PRODUCT WAS MELTED AND MANUFACTURED IN THE US.A,

WE HEREBY CERTIFY THAT TO THE BEST OF OUR KNOWLEDGE INFORMATION
CONTAINED HEREIN IS CORRECT,

STATE OF OHIO, COUNTY OF ALLEN '
SWORN AN SUBSCRIBED B lrom: ME ,
THIS 29™ HAY SEPTE

_NOTARY PUBLIC

425 E, O"CONNOR AVENUE LIMA, OHIO 45801 419-227-1256

Figure A-38. % in. x 1% in. Hex Bolts, Test Nos. MGSSYP-1 and MGSSYP-2
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% ,{y‘!‘;ﬁ.’f:.
Trinity Metals Laboratory 2 W’ S
A CPVISION OF TRIMITY INOUSTRIES it
4001 IRVANG BLVD), 75247 - .0, BOX S68537 Hrg ¥ CRIRTIITEN IR
DALLAS, TX 75355 3837 ‘2
Phane: 214.589, 7551 FAX: 214,559, 7504 y it
Lab No: 9010250F Qncamed Dite: 0312172009 Gomplaten Daa: 1242000
SUE HENLINE Heat Cades Wod Szec
TRINTY HWY PROCLCTS. LLE #35 Haa! Numﬁ TIETO52, V86484, and TIENMR Tyoe: A 307 A
ROUWFORM A0 or Wiork Order: Lot 0901238 Matnria Sizo: 51 x 112" HHE
LIMA OH 48801 Tes1 Spac: FE08 ASTM METHODS
Cther nformaticn: -~ 304 5548502
OTHER TEST: ¢

Type: HARDNESS ROCKWELL 8W

A) 90-91-90-89
8) 868-90-61-81
C) 89-91-91-07
D) 80-83-91.84
£) 91-91-90-88

Typo: HEAD MARKNGS
TRN 307A  USA

Quantity amount: 20

Quantity amouwnt: 0

Vin corify tho 300vVe MRsuRE tO b & trae and acowrae reprosantation of thae samok(a) sulsizad. Alleraian o parisl saprocuction of s
report WE void certfiction. NVLAP Certficate of Acorodtation eective teough 12-33-08.This report may not be used 10 can ot
cenfication, aporoval, o erdarsemant by NVLAR, MST, or ary agency o the fodaral gawimment,

VS Rt

10 ke, MOl S Breke PE

Paget o

Figure A-39. % in. x 1% in. Hex Bolts, Test Nos. MGSSYP-1 and MGSSYP-2 (cont.)
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2718/ 7906 1::19 332-67e-3158 RESLELIC ENGINGER PRsE  83/9q
<
A Caliia Sesth
R@Ub 1807 TAsY 28TH ST, LORAIN, O 440%
m Aoy i rtinans PHONE: 330-438-56594 FAX: 330-438.56¢
CERTIFICATE OF TESTS REPUBLIC ENGINEERED PRODUCTS July 5, 2008
PAGE |
QF 2 A
PR RS DL LE RS DR L Ll “ R Ll S L D R DL+ L L L Bl L L 1 P A
FURCHASE ORD1 127585 . FURCHASS ORIER DRTR: /14/3005
FAXT WIVBER, 1008430 t { ALUOUNT WMnER $550-3007-02
cEDER SUMASRR: 1379747 -« 02 [ SCHEDCLE 411688
KEAT: 73c0ens REVISION: 1
ensnsy CHARCGE ADORZES Erarmsenewnnenereravessmvan SHIF T wemszsrascsncesqsnannae
TRINITY INCOSTRIES INC v , TRINITY IMOUSTRYES In
MICHRAY AASETY PRODUCTS INC LC/0 BCS METALS PRED
P O BOX 5€6887 ATH FTLXCR 'S800 STRALING AVE
DALLAS, TX 75355-8887 ) MAPLE HTM, OH 44117
P o e LA b e e e VARNTRS DBACHIWTROH v it e em i oAb e ada b o st si v s

NOT ROLLED STEEL COLLES CARRON AIFI-1015 AX AL XILLED PINS GRAIR COLD WORKING QUALITY TEST REFORTE QF
NECHANICAL SROPERTIZES FOR INPO CELY EXTRA TRETING
SIZE: BDS 6350 DIAM X COIL

FOS 16.3706M OIAM X CORY

B L L L L L L L Tl L I m CHEMIBIAY ¥ sertrencncmcccssssrncam e L
c vy P 81 o " (]
0.£3 0.38 0.007 a 002 9.10: 0.0) G.04 0.0%
v 1 NO 3 A on 4

0.203 0.¢3 9.001 0.037 oo.em 0.0840

PRSP N ——— SesatiTasccannmsans - PALCULATED TERATE roavromur e s s s s tacciatarmansssoncnnn -

FEOOCTION RATIO 1313.7 M1
AUSTENITIC GRAIN SLER & OR FIKER BAGKD ON A TOTAL ALUMINDM OONTENT SQUAL TO OR GMMATER TIHAM .010% #R%

ASTH A25.
FRLsE R AL e sg s i mner e~ GENT - FIRISHEDR ARIOLTR ecemwe- e Ay ——
messee=. cEswecsap s cemnn “sssssscene FINTAHRD SIXE AZSULTS covcssraccaans cssssmstocnmnermey R
TENZILE TRAT STANDARD FORMAT

TERSILE YIELD(O. 28] A E

paz 34 ) *
PCE 10427 597028 422000 2.4 450
FARCWESS TEST ASTM E10/AST™ AI70 HEW AS~RLD/CD HEW

MID-RADIUE

PR 20420 (107

e < PO - SRR swwesen NOTES ~cmcvewe-noraccmcans R
CHEMICAL AALYSIS CONFORME TO muam.t GFRCS: ASTM E41S. LELIDIZA, LBL1IOI30, AST™ ELO1Y,
[SL1SL1SA, IRLINII4, AND ASTM RI0G5. LELIDIA4, LRALIOLED,

BEPUGT T ENTIINREATT SAACOOTC UVERSY STDYTOV OTMAT THWR MATRUELAL LISTED HIUYIN UAS BEAN DNSDROTRD AND
TRATED IN AQCORDANCE NITX THE METHCOS PRESCRINED TN THE GOVERNING SPECIVICATIONS ANT SASED UFCN THE
RESULTS OF SUCH INMSIECTION AND IELTING JAS BEEN APPROVED FOR CONVORNASCR TO THR SPICIPICATIONG
CERTIFICATE OF T237TS SHALL MOT UK REFROOOCST EXCEPY IN PULL,

ALL TEATING MRS BEEN PERNFORMED USING TR CURRTRT REVISION OF THR TRETING SPROIFICATIONS

RECORDING CF PALSS, PICTITIOUS OR FRAUDOLENT SYATEVENTS Oﬁ_ ENTRI®S 0N THIS DOCLMENT MAY 5§ PURISHED
AR A FPRLONTY USTER PR STATURS TITLR 15 CRAPTER 4T,

TUE NATERIAL WAS NOT EXPOSED TO MERCURY OR ANY METAL ALIQY THAT IS LYWID AT AMIIENT TTMIRRATURR
OURING PROCESIING OR MMILE IN OOR NISsESSICR.

¥O WHLD OR ¥DLD REFAIR WAS FPERFORMED ON THIG MAYBRIAL.

R K. SZELIGA ' 97 JANET K. FARTLINE
MAMAGER TECR, SERVICES

A 44/7‘
Figure A-40. % in. X 1% in. Hex Bolts, Test Nos. MGSSYP-1 and MGSSYP-2 (cont.)
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e R Ubllc 1887 BAST 70YM ST, LORAIS, OH 44055
130-432-5634 PAX) 330-498-5605

CLRTIFICATE ontsn T RCPLBILC ENGINERRED PROOUCTS September 13, 2008

PAGE 1

oF2

CEE L T - - T LT S TN P R L TS St p b S L L DL

PURCHASE 0D : £27595m FURCHAER QROER DATH 4/14/3000

PART NUMATR: 104094:8 ACCOUNT NUMDRR: 5550300702

ORDER NUMSESR 1179747 - 83 SCHEDULE - 1)27-485

HEAT TIS052 REVISION: 3

axanes CHAMGE ANDRPAS Susssssssssrstsarayssufionss vy rnasspsey ssnssvsrne SHIP 10 crvoarssancavancansnnse

TRINITY INOUSTRIKS 280
HICHHAY SACEYY PRODUCTS INC
PO BOX 543547 47% FLOOR
DALLAS, TX 751581047
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Figure A-41. % in. x 1% in. Hex Bolts, Test Nos. MGSSYP-1 and MGSSYP-2 (cont.)
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Figure A-42. % in. x 1% in. Hex Bolts, Test Nos. MGSSYP-1 and MGSSYP-2 (cont.)
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Certificate Of Compliance For Trinity Industries, Inc. ** SLOTTED RAIL TERMINAL **
NCHRP Report 350 Compliant
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% 32 12/12/6/S SRT-1
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64 0 TUBE SL/,188X8X6
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Figure A-43. % in. x 9% in. Hex Bolt, Test No. MGSSYP- 1
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Southeastern Bolt & Screw, Inc.
1037 16" Avenue West
Birmingham, AL 35204

Certitication OFf Compliance

DATE: September 28, 2010

CUSTOMER: Midwest Machinery & Supply RE: Purchase Ordex No. 2351
SBS Shop Order Ne. 1093439

P.O. Box 703
Milford, NE 68405

DESCRIPTION

SPECIFICATION

HEAT/LOT NG,

' 150_

1100

500

160

500

, 100

11X 10 Hox Balt
5/8-1X X 12 Hex Bolt
65/8-11 X 19 Hex Bolt
3/4-10 X 8 Hox Bolt
7/8-9 X 14 Hex Bolt

7/8-9 X 16 Hex Bolt

Surface coating: Al53 Grade C

We certify the materials Listed meet or exc

B0z =l 228%

B1/18 39vd

O.

AB07 Grade A
AB07 Grada A
A307 Grade A
A307 Grade A
A307 Grade A

AB0T Grade A

7

ﬂx Waddell -~
Quality’Assurance Managey

ONILNNOOOV

1S8PESTSAT

DL10101883405
10776881
DIL10101333405
1077638-2
DI10101333405
1077688-3
11893810
10776984
D11010333403
1077688°5
DL1010333403
10776886

the latest ASTM specification as shown,

¢G8@ B19T/iB/01

Figure A-44. % in. x 10 in. Hex Bolt, Test No. MGSSYP-2
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sl%ﬂ Road

793
96 9701

DA'MNGYE?N

Sold To %r‘s As,"{&ﬂu ALY & SCHEW INC Ship Te: 9(:(;1"}% STER BOLT & SCREW NG
S%EP&LEA“M AL 252010000 {?AM AL 382050000 5
Fa (20 se0-152¢ &?ﬁ’.ssz,'.z.‘ 2
Custoesyr P.0.| 8947 Salew Quder | 120158 1
Product Growp | Merchsnl Bae Quality Part Mumber | 300005624205740
Grade | ASTM AGTUAS72M.07 GR A TYZI N0 LociO | DIL10193324
Size | 5615 Rownd Heat 10| OLIDIATI405
Pioduet | S816" Round 40° AG72.55 B.L. Number | C1-537010
Descdpbon | ABY2:50 - ASTM ASY203 Load Number| C1-223418
Costome: Spet = Sustomer Pt ¥
;;;:;IMI mAw Y < meh ) dowst L) H.ﬂnméNl“wmrMM
c Mn 3 s Bl Cu Nl Cr Mo v Ch
02a% 1.26% 00074 0,0%% 0.13% 0.34% 0.09% o12% 000 COI5% 0.008%

Yield 1° 83000psi {490MPa)
Yool 2 £300Cps| (434MPa)

Tencie 1: $1000psi (627MPa)
Tensiie 2 01000pe: {B27MP3)

Etengalien: 10% w 8°(%in 203 Iman)
Elongation 19% (0 €Y% in 203.3reen)

3 VELTGRE NEREAR

3. MERCURY, RADINM, CR M.PMAS

jﬂl %ERFOﬂMﬁO ON TS MATERIAL '
RGE MATERIALS INANY FORM MAYVE NOT BEEN USED IN THE PRODUCTION OF TH S MATERIAL

.

James H. Blow
AN AD May 12, 2000 Division Metalurgist
at/e  3vvd HNTINCTOOR

TGRUFE A7 GAT.

Page2 of 3

75I8R  ATAZ/IRMT

Figure A-45. % in. x 10 in. Hex Bolt, Test No. MGSSYP-2 (cont.)
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(AN

MFG Lot No (1T) 1N1060583

LOT NO (K) 10051715
BOX SEALED TO SECURE INTEGRITY
5

FINISHED HEX NUTS COARSE

Figure A-46. % in. Hex Nut, Test Nos. MGSSYP-1 and MGSSYP-2
¢ (1) 1JY82

i s
A

H#8280068 PCS./P2S.25 PR
Made infHecho en China

LOT#HO1?7989?
Flat Washers SAE
‘I“I I I, m Arandelas Planas SAE
5/8
3323683130 M15.9

m S
Figure A-47. % in. Flat Washer, Test Nos. MGSSYP-1 and MGSSYP-2

ree ri-oyqz

(1) 1KB62
Pk-25 ' 5

Hi#8200390  PCS./PZ8.25 g:m
Made in/Hecho en Talwan @ L
LOT#HO1692125

NN

6 88236 824

L _

Figure A-48. % in. X 7% in. Hex Bolts, Test Nos. MGSSYP-1 and MGSSYP-2

Hex Cap Screws Grade § USS
Torn Cabeza Hex Grado 5 USS
5/8 11 7-1/2
190.5
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7 T
'\ ; m%oéunnmﬂn

= m

EL 'ro!Euun INTI
A E EGRITY
COARS

Figure A-49. 7% in. x 8 in. Hex Bolts Test Nos MGSSYP and MGSSYP 2
(1) 1Jyss

DU

H#8280072 PCS./P2S.10

Made inHecho en China @
LOT#HO1788740
[, Hl l Flat Washers SAE
}’ Arandelas Planas SAE
I ﬂ 78
m22.2

Figure A-50. 7 in. Flat Washer, Test Nos. MGSSYP 1 and MGSSYP-2

I

16d 3" Y,BQGm
BRIGHT DUPLEX

BRILLAMTE DOBLE
NAILS-CLAVOS

16‘"\

LB 26T KG
MADE INHECHO EN:CHINA Net Waight/Peso Neto

Figure A-51. Double Head Nail, Test Nos MGSSYP-1 and MGSSYP-2
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Appendix B. Vehicle Center of Gravity Determination
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Test: MGSSYP-1

Vehicle:

2270P/Ram 1500

September 4, 2013
MwRSF Report No. TRP-03-272-13

Vehicle CG Determination

Vert M

VEHICLE  Equipment Ib-in
+ Unbalasted Truck(Curb) 144399.5
+ Brake receivers/wires 294
+ Brake Frame 120
+ Brake Cylinder (Nitrogen) 572
+ Strobe/Brake Battery 186
+ Hub 375.375
+ CG Plate (EDRS) 240
- Battery -1517
- Oil -128
- Interior -1298
- Fuel -3135
- Coolant -703.5
- Washer fluid -102
BALLAST Water 1900

Misc. 0

Misc. 0

313208.5| 496.125| 141203.4

TOTAL WEIGHT Ib CG location (in.)| 62.5229] 0.099037| 28.18712
wheel base 140.5 |Ca|cu|ated Test Inertial Weight |

MASH Targets Targets CURRENT Difference

Test Inertial Weight (Ib) 5000 + 110 5009.5 9.5

Long CG (in.) 634 62.52 -0.47710

Lat CG (in.) NA 0.10 NA

Vert CG (in.) =28 28.19 NA

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

Curb Weight (Ib)

Front
Rear

FRONT
REAR
TOTAL

Left Right
1470 1386
1007 1177
2856 Ib
2274 Ib
5130 Ib

Actual test inertial weight (Ib)
(from scales)

Left Right
Front 1424| 1374
Rear 1090] 1141
FRONT 2798 Ib
REAR 2231 Ib
TOTAL 5029 Ib

Figure B-1. Vehicle Mass Distribution, Test No. MGSSYP-1
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Test: MGSSYP-2 Vehicle: 1100C
Vehicle CG Determination
Weight LongCG LatCG LongM Lat M

VEHICLE Equipment (Ib) (in.) (in.) (Ib-in.) (Ib-in.)
+ Unbalasted Car (curb) 2402| 35.27841( 0.211464| 84738.75| 507.9375
+ Brake receivers/wires 6 129.25 0 775.5 0
+ Brake Frame 5 27 -12 135 -60
+ Brake Cylinder 22 62.5 -15 1375 -330
+ Strobe Battery 6 56.75 0 340.5 0
+ Hub 20 0 -35.5 0 -710
+ CG Plate (EDRs) 7.5 39 0 292.5 0
+ DTS 18 63 9.5 1134 171
- Battery -29 -8.5 -15 246.5 435
- (0] -3 -6.5 10 19.5 -30
- Interior -38 40 0 -1520 0
- Fuel -6 81 -4 -486 24
- Coolant -8 -17 0 136 0
- Washer fluid -7 -14 22 98 -154
BALLAST Water 25 81 -4 2025 -100

Misc. 0 0

Misc. 0 0

TEMP
CG 89310.25| -246.063

Estimated Total Weight 2420.5(Ib location | 36.89744| -0.10166
wheel base 95.75 in.
MASH targets Test Inertial
Test Inertial Wt (Ib) 2420 (+/-)55 2442 22.0
Long CG (in.) 39 (+/-)4 37.09 -1.90766
Lateral CG (in.) N/A -0.02311 NA

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

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

CURB WEIGHT (Ib)

Front
Rear

FRONT
REAR
TOTAL

Dummy = 166lbs.

TEST INERTIAL WEIGHT (Ib)
(from scales)
Left Right Left Right
778| 739 Front 765| 731
414 471 Rear 457| 489
1517 Ib FRONT 1496 Ib
885 Ib REAR 946 Ib
2402 Ib TOTAL 2442 |b

Figure B-2. Vehicle Mass Distribution, Test No. MGSSYP-2
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Appendix C. Dynamic and Static Soil Tests
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1 | e |
[ Y
Dynamic Set up
W6x16 —_
I O
4 i NG \
72" =2 e
407 4 [ 4’3" Dynamic Test Installtion Details
Soil Gradation for Baseline Fill Soil
100
90
~ 80 ha
1]
2 7 \
5 <0 N
£ .
& 30
20 =
10
0
100 10 1 0.1 0.01
Grain Size, D (mm)
18000 Force vs. Displacement
16000 - e
14000 DTS-CH.4
DTS-CH.6
- 12000 = = = Dynamic Test Required Min.
2 10000 v
Q
Qo
5 8000 BRI T =
= Vi
6000 7
4
4000 7
U4
2000 4
0 t
0 10 20 30 40 50
Displacement (in.)
Date. ... 8/3/2011
Test Facility & Site Location................c...c.... Midwest Roadside Safety Facility
In situ soil description (ASTM D2487)............. Well Graded Gravel (GW)
Fill material description (ASTM D2487).......... Well Graded Gravel (GW) (see sieve analyses above)
Description of fill placement procedure........ H.E. -8
Bogie Weight..........cocoimiiiiiiiiiieeceeeanes 1,7241b
Impact VeloCity......cccceviieiiniiiiiiiiiieceeceeeaen, 20.5 mph

Figure C-1. Test Day Dynamic Soil Test, Test No. MGSSYP-1
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Static Load Test

\*Winch or "
i f
WEx16—_ ! 103" ! \ = m
IQ_‘V 3((53" Dialme(’ﬁlrl « 4 =
32" 242" RS m\-@ ranular Fil ™~
S N A
NEE 43
7| . ’ . E
ol d B . ) : Static Test
l A1 ‘T Dynamic Test Installtion Details Installatif)n ]e)setails a IR
Soil Gradation for Baseline Fill Soil
100
90
s 80 ~N
2 70 \
% 60
£ o N\
g >0 )
& 30 \
20 —E_’
10
0
100 10 0.1 0.01
Grain Size, D (mm)
18000 Comparison of Load vs. Deflection
16000 Dynamic Test
14000 +—- (Acc)
= 12000 +— — Dynamic Test
K-} T —
® 10000 +— v\ J \_A_~ ~ (LC)
L=}
.§ 8000 — ;== I - - Dynarnic Te:st
6000 - R Required Min.
4000 /2, \ N\ ——— Static Test
2000 e’ QN
4
’ I\
1 T
0 5 10 15 20 25 30 35 40
Deflection (in.)
Date....ciiiiii 7/8/2011
Test Facility & Site Location..................... Midwest Roadside Safety Facility
In situ soil description (ASTM D2487)......... Well Graded Grawel (GW)
Fill material description (ASTM D2487)...... Well Graded Grawvel (GW) (see sieve analyses abowe)
Description of fill placement procedure..... H.E. -8
Bogie Weight.........ccooviiiiiiiiiiceeeieens 1,726 Ib
Impact VelocCity......ccoovieiiiiiiiiiiiciieereaens 22.03 mph

Figure C-2. Summary Sheet for Strong Soil Test Results, Test No. MGSSYP-2
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Static Load Test Setup Post-Test Photo of Post

5000 Comparison of Load vs. Deflection
8000 - | Baseline Static
7000 Test
— . e Minimum Load
= 6000 // (90% Baseline)
¢ 5000 - )
< / —— MGSSYP-2 Static-
@« 4000 - / 1-LoadCell 1
3000 MGSSYP-2 Static-
\ \ 1-Load Cell 2
2000 W
1000
0 1
0 5 10 15 20 25 30 35 40 45
Deflection (in.)
SOIL GRADATION
100
90 ‘\\
.8 ~
g N
s
[= LY
g >0 ».
s 40 ST
30 S e Erl &
R s L ==¢
10
0
100 10 1 0.1 0.01
Grain Size, D (mm)
==®--Baseline Soil —%— MGSSYP-2 Static-1 Soil
[ 2] S 9/13/2011
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-3. Test Day Static Soil Test, Test No. MGSSYP-2

162



September 4, 2013
MwRSF Report No. TRP-03-272-13

Appendix D. Vehicle Deformation Records
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TEST:

MGSSYP-1

VEHICLE: 2270P/Ram 1500

VEHICLE PRE/POST CRUSH
FLOORPAN - SET 1

Note: If impact is on driver side need to

enter negative number for Y

DDDR\

X Y z X Y z AX AY AZ
POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
1 25 12 3/4 K 25 13 -1/2 0 1/4 1/2
2 30 19 1/4 4 30 19 1/2 -3 3/4 0 14 1/4
3 30 25 3 30 25 21/2 0 0 1/2
4 28 3/4 29 11/4 28 1/2 29 1 -1/4 0 1/4
5 21 10 11/4 21 1/4 10 1 1/4 0 1/4
6 22 14 1/2 -3 3/4 22 14 1/2 31/2 0 0 1/4
7 231/2 211/2 7 23 1/4 211/2 7 -1/4 0 0
3 23 3/4 29 1/4 6 3/4 231/2 29 3/4 61/2 -1/4 1/2 1/4
9 12 1/2 33/4 21/2 12 1/2 3 3/4 2 1/4 0 0 1/4
10 18 9 2 3/4 18 9 1/4 2 3l4 0 1/4 0
11 19 13 3/4 51/2 19 13 1/2 51/4 0 ~1/4 1/4
12 20 1/2 18 8 3/4 20 1/2 18 81/2 0 0 14
13 20 3/4 24 1/4 81/2 20 1/2 24 8 1/4 -1/4 - 14 1/4
14 20 3/4 28 3/4 81/2 20 3/4 28 3/4 8 1/4 0 0 1/4
15 11 6 2 3l4 11 6 21/2 0 0 1/4
16 16 3/4 15 -8 3/4 16 3/4 15 -8 3/4 0 0 0
17 16 3/4 21 1/2 81/2 16 1/2 21 1/2 81/2 - 1/4 0 0
18 17 29 1/4 81/2 17 28 3/4 8 1/4 0 ~1/2 1/4
19 ) 61/2 3 ) 6 1/4 2 3l4 0 - 14 1/4
20 11 13 -8 3/4 11 12 3/4 81/2 0 - 14 1/4
21 11 3/4 19 81/2 11 1/2 18 8 1/4 -1/4 1 1/4
22 11 1/2 24 1/2 81/4 11 1/4 24 1/4 8 ~1/4 ~1/4 14
23 11 1/4 29 1/2 -8 11 1/4 29 1/4 -8 0 - 14 0
24 11/2 61/2 21/2 11/2 61/2 2 1/4 0 ) 14
25 3/4 13 1/4 41/2 3/4 13 1/4 41/2 0 0 0
26 1 20 3/4 -4 1/4 1 20 1/2 4 0 - 14 1/4
27 1 27 1/2 4 1 27 3l4 4 0 1/4 0
28 0 0 0
29 0 0 0
30 0 0 0
31 0 0 0
\ DASHBOARD /

/DDDR

Figure D-1. Floor Pan Deformation Data — Set 1, Test No. MGSSYP-1
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September 4, 2013

MwRSF Report No. TRP-03-272-13

TEST:

MGSSYP-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

DDDR\

X Y Z X Y zZ AX AY AZ
POINT @in.) @in.) (in.) @in.) (in.) @in.) @in.) (in.) (in.)
1 40 3/4 19 1/4 -1/4 40 1/2 19 3/4 0 -1/4 1/2 1/4
2 46 25 1/2 314 46 25 1/4 3 0 - 1/4 14
3 46 31 3/4 2 46 311/2 112 0 - 1/4 1/2
4 44 1/2 35 3/4 [0} 44 35 1/2 1/4 -1/2 -1/4 1/4
5 3714 | 163/4 -3/4 37 16 1/4 -1/2 - 14 ~1/2 1/4
6 38 21 3 38 21 2 3/4 0 0 U4
7 3912 | 28 6 1/4 3912 | 28 6 0 0 14
8 393/4 | 351/2 51/2 393/4 | 351/2 51/2 0 0 0
9 281/2 | 101/2 21/4 2812 | 101/2 2 0 0 /4
10 34 16 -2 1/2 34 16 -2 1/4 [0} [0} 1/4
11 35 1/4 20 1/4 -4 3/4 35 20 1/4 -4 1/2 -1/4 0 1/4
12 363/4 | 2414 -8 3612 | 2412 8 ~1/4 14 0
13 37 30 3/4 712 363/4 | 303/4 712 - 1/4 0 0
14 37 35 1/4 714 37 35 7 0 - 1/4 /4
15 27 12 3/4 21/4 27 12 3/4 2 1/4 0 0 0
16 33 21 3/4 8 1/4 33 21 1/4 8 1/4 0 ~1/2 0
17 32 3/4 28 1/4 -7 3/4 32 3/4 28 -7 1/2 0 -1/4 1/4
18 33 1/4 35 1/4 -7 1/4 33 35 -7 -1/4 -1/4 1/4
19 2414 | 1312 212 24 13 1/2 2 1/4 ~1/4 0 14
20 2712 | 191/4 8 27 18 3/4 -8 ~1/2 ~1/2 0
21 273/4 | 2512 7 3/4 27 12 | 25 712 ~1/4 - 1/2 1/4
22 27 1/2 31 1/4 -7 1/4 27 1/2 31 -7 0 -1/4 1/4
23 2712 | 3612 7 27 U4 | 36 6 3/4 ~1/4 ~1/2 14
24 17 1/2 13 1/4 -2 17 1/2 13 1/4 -1 3/4 0 0 1/4
25 17 20 1/4 4 16 3/4 | 20 3 3/4 ~1/4 - 1/4 14
26 17 27 1/2 314 17 27 1/2 3 1/4 0 0 0
27 17 34 1/2 3 17 34 1/4 23/4 0 - 1/4 /4
28 0 0 0
29 0 0 0
30 0 0 0
31 0 0 0
\ DASHBOARD . 3/

/|

(|

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

165



September 4, 2013
MwRSF Report No. TRP-03-272-13

VEHICLE PRE/POST CRUSH
INTERIOR CRUSH - SET 1
TEST: MGSSYP-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 JAVA
POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
Al 40 3/4 41 1/4 22 1/2 40 3/4 41 23 o] -1/4 1/2
A2 40 1/2 48 3/4 22 3/4 40 3/4 48 3/4 23 1/4 0 1/4
% A3 40 58 22 1/2 40 57 3/4 22 1/2 o] -1/4 o]
g A4 32 3/4 43 1/2 13 1/2 32 3/4 43 1/4 13 1/2 o] -1/4 [o]
A5 33 1/4 51 1/2 14 1/4 33 1/4 51 1/2 14 1/2 0] 0 1/4
A6 33 60 1/4 14 1/2 33 60 1/4 14 3/4 0 0 1/4
w o B1 22 27 1/2 -2 22 27 1/4 -2 o] -1/4 [o]
% <Zc B2 20 27 1/2 -11/2 20 26 3/4 -11/2 o] - 3/4 o]
o B3 20 1/2 27 3/4 -5 20 1/2 27 1/2 -5 o] -1/4 o]
w C1 29 3/4 39 1/2 18 3/4 29 39 3/4 19 1/4 -3/4 1/4 1/2
% o Cc2 18 1/2 39 1/2 18 1/2 17 3/4 40 19 -3/4 1/2 1/2
5 8 C3 5 3/4 40 19 5 41 19 1/4 -3/4 1 1/4
E a C4 26 34 11/4 25 34 11/2 -1 [o] 1/4
= C5 18 1/4 333/4 3/4 17 1/2 34 1 -3/4 1/4 1/4
B C6 5 34 1/4 2 41/2 35 21/4 -1/2 3/4 1/4
D1 o] [o] [o]
D2 o] o [o]
D3 ] 0 o]
D4 o] 0 o]
D5 o] [o] [o]
D6 Omitted due to low probability of damage o] 0 o]
L D7 o] o] o]
8 D8 o] [o] [o]
o D9 o 0 o
D10 o] 0 [o]
D11 o] [o] [o]
D12 o] 0 [o]
D13 o] 0 [¢]
D14 o] [o] o]
D15 o] 0 [o]
\ DASHEOARD /
C1
DOOR ~\ ,;z[ DOOR
C3

Figure D-3. Occupant Compartment Deformation Data — Set 1, Test No. MGSSYP-1
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September 4, 2013
MwRSF Report No. TRP-03-272-13

VEHICLE PRE/POST CRUSH
INTERIOR CRUSH - SET 2

TEST: MGSSYP-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 53 3/4 41 23 1/4 54 41 23 3/4 1/4 o] 1/2
A2 53 3/4 48 3/4 23 1/2 54 49 24 1/4 1/4 1/2
% A3 58 1/4 58 23 3/4 58 58 24 -1/4 [o] 1/4
<Dc A4 47 1/4 43 14 47 1/2 43 14 1/4 1/4 o] 1/4
A5 47 3/4 51 1/4 15 1/4 48 51 1/4 15 1/2 1/4 [0] 1/4
A6 52 3/4 60 1/2 15 3/4 52 1/2 60 16 -1/4 -1/2 1/4
w o B1 38 3/4 24 1/2 -3/4 38 1/2 24 -3/4 -1/4 -1/2 [o]
% <Z( B2 36 1/4 24 1/2 o] 36 1/2 24 o] 1/4 -1/2 [o]
o B3 37 1/4 25 -3 3/4 37 1/4 24 1/2 -31/2 0 -1/2 1/4
w C1 33 1/2 45 1/2 20 32 3/4 46 20 1/2 - 3/4 1/2 1/2
% o Cc2 22 45 3/4 19 3/4 21 1/2 46 20 1/4 -1/2 1/4 1/2
- O C3 8 3/4 46 1/4 20 1/4 81/4 47 20 1/2 -1/2 3/4 1/4
% 8 C4 32 41 3 31 41 31/4 -1 o] 1/4
= C5 24 41 2 23 1/4 41 1/4 21/2 - 3/4 1/4 1/2
B C6 10 1/2 41 1/4 31/4 10 42 31/2 -1/2 3/4 1/4
D1 0 [o] [o]
D2 0 o] [o]
D3 0 o] [o]
D4 0 o] [o]
D5 o o] [o]
D6 Omitted due to low probability of damage 0 0] 0
L D7 0 [o] [o]
8 D8 0 [o] [o]
« D9 0 0 0
D10 0 o] [o]
D11 0 [o] [o]
D12 0 o] [o]
D13 0 [o] [o]
D14 0 [o] [o]
D15 o o] [o]

DDDEﬁ\

DASHBOARD /

/ DOOR

™~

Figure D-4. Occupant Compartment Deformation Data — Set 2, Test No. MGSSYP-1
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September 4, 2013
MwRSF Report No. TRP-03-272-13

Date: 9/30/2011 Test Number: MGSSYP-1

Make: Dodge Model: 2270P/Ram 1500

Year: 2004

REF -

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

Width of contact and induced crush - Field L:

Crush measurement spacing interval (L/5) - I:

Distance from center of vehicle to center of Field L - D, :

Width of Contact Damage:

Distance from center of vehicle to center of contect damage - D¢:

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

Crush Lateral Original Profile Dist. Between Ref. Actual Crush
Measurement Location Measurement Lines

in. (mm) in. (mm) in. (mm) in. (mm) in. (mm)

Cy 4.24  (108) 0 0 10.25  (260) -5.52 -(140) -0.5 -(12)
C, 5 (127) 7.8 (198) 10.48  (266) 0.0 (1)
Cs 6 (152) 156  (396) 11.66  (296) -0.1 -(3)
Cy 10.75 (273) 23.4  (594) 13.39  (340) 2.9 (73)
Cs NA NA 31.2  (792) 16.81  (427) NA NA
Cs NA NA 39 (991) 29.00 (737) NA NA
Cmax 14 (356) 25 (635) 14.06  (357) 5.5 (139)

in. (mm)
106.5 (2705)
39 (991)
7.8 (198)
19.5 (495)
22 (559)
28 (711)

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

168



September 4, 2013

MwRSF Report No. TRP-03-272-13

Date: 9/30/2011 Test Number: MGSSYP-1
Make: Dodge Model: 2270P/Ram 1500 Year: 2004
+
! | ‘ ?
\5 |-~ Dr !
c | , |
Cs C, G |
oo | | 1] 1 |
: o | T e oy ey - S O S
i j{‘ [l I
| ‘l ‘ T | “\
L | ) ﬂ’” i
=—Cont. L — |
+ 1 =
DS s e I ——t——*
|
in. (mm)
Distance from centerline to reference line - Lgge:  48.25 (1226)
Width of contact and induced crush - Field L: 227.75  (5785)
Crush measurement spacing interval (L/5) - I: _ 45.55 (1157)
Distance from vehicle c.g. to center of Field L - Dg.: -11.125  -(283)
Width of Contact Damage: 227.75  (5785)
Distance from vehicle c.g. to center of contect damage - Dc: 11.125 (283)
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 h
Measurement Location Measurement Ref. Lines ctua Crus
in. (mm) in. (mm) in. (mm) in. (mm) in. (mm)
C, 12 (305) 2125 -(3175) 16.00 (406) 175 -(44) 2.3 -(57)
C, 11 (279) -79.45  -(2018) 10.50 (267) 2.3 (57)
Cs 9.5 (241) -33.9 -(861) 11.63 (295) -0.4 -(10)
Cy 11.5  (292) 11.65 (296) 11.25 (286) 2.0 (51)
Cs NA NA 57.2 (1453) 10.50 (267) NA NA
Cs NA NA 102.75  (2610) 35.25 (895) NA NA
Cuax 225 (572) 83 (2108) 11.50 (292) 12.8 (324)
Figure D-6. Exterior Vehicle Crush (NASS) - Side, Test No. MGSSYP-1
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September 4, 2013

MwRSF Report No. TRP-03-272-13

TEST:

MGSSYP-2

VEHICLE PRE/POST CRUSH
FLOORPAN - SET 1

VEHICLE: 1100C

Note: If impact is on driver side need to

enter negative number for Y

DDDR\

X Y z X Y z AX AY AZ
POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
F1 28 3/4 33/4 -1/4 28 1/2 41/4 0 -1/4 1/2 1/4
2 30 11 1/4 1 29 1/2 11 ~3/4 ~1/2 - 14 14
3 28 1/2 16 11/2 28 1/4 16 11/2 -14 0 0
4 25 1/2 211/2 0 25 1/4 21 3/4 0 - 14 1/4 0
5 24 3/4 4 -31/4 24 3/4 41/4 -3 1/4 0 1/4 0
6 27 8 3/4 -3 3/4 27 8 3/4 31/2 0 0 1/4
7 26 1/2 13 -3 3/4 26 1/2 13 1/4 -3 3/4 0 1/4 0
8 24 3/4 19 1/4 3 24 3/4 19 3/4 3 0 1/2 0
9 22 51/2 6 22 51/2 6 1/4 0 0 - 14
10 22 1/2 11 51/2 22 1/2 11 1/4 51/2 0 1/4 0
11 22 1/4 16 51/2 22 1/2 16 1/4 51/2 14 1/4 0
12 21 3/4 21 6 21 3/4 20 3/4 6 0 -1/4 0
13 17 1/2 51/4 6 1/4 17 1/2 51/2 6 1/4 0 1/4 0
14 18 11 1/4 5 3/4 18 11 1/2 5 3/4 0 1/4 0
15 19 15 3/4 6 19 15 3/4 6 0 0 0
16 18 1/2 21 6 18 1/2 21 6 0 0 )
17 13 3 6 12 3/4 3 6 -14 0 0
18 14 9 3/4 6 14 91/2 6 0 -1/4 0
19 14 1/2 14 1/2 5 3/4 14 1/2 14 1/2 5 3/4 0 0 0
20 15 20 3/4 6 15 20 3/4 6 0 0 0
21 8 1/4 5 6 1/4 8 1/4 51/4 6 1/4 0 1/4 0
22 7 34 9 3/4 6 1/4 7 3/4 91/2 6 1/4 0 -1/4 0
23 714 14 1/2 6 7 1/4 14 3/4 6 0 1/4 0
24 81/4 19 3/4 6 8 1/4 20 6 1/4 0 1/4 - 14
25 11/2 33/4 2 3/4 11/2 33/4 2 3/4 0 0 0
26 1 8 1/2 31/2 1 81/2 31/2 0 0 0
27 1 13 3/4 31/2 11/4 13 3/4 -3 3/4 1/4 0 - 14
28 11/2 20 1/2 -31/4 11/2 20 1/2 -3 1/4 0 0 0
29 0 0 0
30 0 0 0
31 0 0 0
\ DASHBOARD /

/DDDR

Figure D-7. Floor Pan Deformation Data — Set 1, Test No. MGSSYP-2
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September 4, 2013
MwRSF Report No. TRP-03-272-13

TEST:

MGSSYP-2

VEHICLE PRE/POST CRUSH
FLOORPAN - SET 2

Note: If impact is on driver side need to

VEHICLE: 1100C

enter negative number for Y

DDDQ\

X Y z X Y Z AX AY AZ
POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
1 37 1/4 93/4 0 37 1/4 9 3/4 0 0 0 0
2 38 1/2 16 3/4 1 38 1/4 16 1/2 ~3/4 -1/4 ~1/4 1/4
3 37 14 211/2 13/4 36 3/4 211/2 11/2 -1/2 0 1/4
4 34 27 1/4 - 14 33 3/4 26 3/4 0 - 14 ~1/2 1/4
5 33 1/4 8 3/4 3 331/2 91/2 3 1/4 3/4 0
6 35 3/4 14 1/4 31/2 35 3/4 14 1/2 31/2 0 14 0
7 35 1/4 18 1/2 4 35 1/4 19 -3 3/4 0 1/2 1/4
) 331/2 25 1/4 3 1/4 331/2 24 3/4 31/2 0 ~1/2 -1/4
9 31 10 1/4 6 30 3/4 10 3/4 6 -1/4 1/2 0
10 31 1/4 15 3/4 51/2 31 1/4 16 1/4 51/2 0 1/2 0
11 31 1/4 21 5 3/4 31 1/4 21 1/2 5 3/4 0 1/2 0
12 30 1/2 26 1/4 6 1/4 30 1/2 26 6 1/4 0 - 14 0
13 26 1/4 10 1/4 6 26 1/4 10 1/2 6 0 1/4 0
14 27 16 1/2 5 3/4 26 3/4 16 3/4 5 3/4 -1/4 1/4 0
15 28 20 3/4 6 28 21 1/4 6 0 1/2 0
16 27 14 26 1/2 6 1/4 27 1/4 26 1/2 6 1/4 0 0 0
17 211/2 8 6 211/2 8 6 0 0 0
18 22 3/4 14 3/4 6 1/4 22 3/4 14 3/4 6 1/4 0 0 0
19 231/2 20 6 231/2 20 1/2 6 0 1/2 0
20 23 3/4 26 1/4 6 1/2 24 26 6 1/2 14 ~1/4 0
21 17 10 1/4 6 1/4 17 10 3/4 6 1/4 0 1/2 0
22 16 3/4 14 1/2 6 1/2 16 3/4 15 61/2 0 1/2 0
23 16 19 1/2 6 1/4 16 1/4 20 6 1/4 1/4 1/2 0
24 17 1/4 25 1/4 6 1/2 17 1/4 25 1/2 61/2 0 1/4 0
25 10 1/4 9 3 10 1/4 9 2 3/4 0 0 1/4
26 93/4 14 -33/4 10 13 3/4 -3 3/4 14 - 14 0
27 10 19 1/4 4 10 19 1/4 -4 0 0 0
28 10 1/4 25 3/4 31/2 10 1/2 26 31/2 1/4 1/4 0
29 0 0 0
30 0 0 0
31 0 0 0
\ DASHBOARD /

/|

/DDDR

(|

Figure D-8. Floor Pan Deformation Data — Set 2, Test No. MGSSYP-2
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September 4, 2013

MwRSF Report No. TRP-03-272-13

TEST:

MGSSYP-2

VEHICLE: 1100C

VEHICLE PRE/POST CRUSH

INTERIOR CRUSH - SET 1

Note: If impact is on driver side need to

enter negative number for Y

X Y z X v z ax av 2z
POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
Al 351/4 | 323/4 | 2214 | 3434 | 3212 | 2212 _12 _ 14 1/4

A2 3514 | 3912 | 22 3434 | 3012 | 22 “12 0 0
5 A3 3514 | 4614 | 2134 | 3434 | 4614 | 22 _12 0 1/4

o) A4 2812 | 3312 | 163/4 | 2814 | 34 16 3/4 _ a4 1/2 0

A5 28 1/2 | 40 1612 | 2814 | 393/4 | 1612 _ 4 _ 14 0
A6 2812 | 4612 | 1614 | 2814 | 4612 | 1612 “va 0 1/4
o B1 34 24 1/2 3 3414 | 24 2 3/4 1/4 “1/2 14
o= B2 3312 | 233/4 _1/4 3312 | 2312 | 0O 0 _ a4 1/4

o B3 363/4 | 2412 “12 363/4 | 24 “12 0 "2 0

0 c1 26 /4 | 33 1814 | 2614 | 33 1814 | o 0 0

=N c2 17 3234 | 183/4 | 17 3312 | 183/4 | 0O 3/4 0
58 c3 712 3334 | 1914 | 8 34 19 1/2 1/2 1/4 1/4
28 ca 2134 | 26 11/2 2134 | 2614 | 134 o 1/4 1/4
= cs5 15 25 1/4 1/4 1434 | 25 o _ a4 _va 14
B co 3 2534 | 3 31/4 2512 | 314 1/4 “va 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 o 0 0

D12 0 0 0

D13 0 0 0

D14 0 o 0

D15 0 0 0

\ DASHBOARD /
B3
Al A2
N =
I 1 A5
DOOR \ / DOOR
7
b4
Zz

Figure D-9. Occupant Compartment Deformation Data — Set 1, Test No. MGSSYP-2
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September 4, 2013

MwRSF Report No. TRP-03-272-13

TEST: MGSSYP-2

VEHICLE: 1100C

VEHICLE PRE/POST CRUSH

INTERIOR CRUSH - SET 2

Note: If impact is on driver side need to

enter negative number for Y

X Y z X v z ax av 2z
POINT @in.) (in.) (in.) (in.) (in.) @in.) @in.) @in.) (in.)
Al 503/4 | 3412 | 2212 | 50 3412 | 22 _3/4 0 _1/2
A2 503/4 | 4012 | 22 50 403/4 | 2112 _3/a 1/4 _1/2
5 A3 511/2 | 463/4 | 2112 | 503/4 | 47 211/2 _3/4 1/4 0
5 Al 45 35 163/4 | 443/4 | 3514 | 163/4 _ a4 1/4 0
A5 45 41 1612 | 45 2012 | 1612 0 _1/2 0
A6 4512 | 47 16 45 14 | 47 16 14 _va 0 1/4
D B1 381/2 | 253/4 2 3/4 381/4 | 25 2 1/2 _ 14 _3/4 _1a
Q=2 B2 373/4 | 243/4 _3/4 38 24 12 _ 14 1/4 _ 14 1/2
o B3 41 25 3/4 “1/2 41 25 3/4 “3/a 0 0 “va
u C1 203/4 | 3612 | 18 203/4 | 363/4 | 17314 | 0O 1/4 _ 14
=N c2 203/4 | 37 1814 | 2012 | 3712 | 1814 _ 14 1/2 0
gl c3 1114 | 37va | 10 1112 | 3812 | 190 1/4 11/4 o
% 8 ca 26 14 | 3023/4 11/4 26 30 3/4 11/4 _ a4 0 0
= c5 1914 | 3012 _3/4 19 30 3/4 _1/2 _ a4 1/4 1/4
B c6 7 1/2 30 3/4 2 1/2 7 1/2 31 2 3/4 0 1/4 1/4
D1 0 0 0
D2 o 0 0
D3 0 0 0
D4 o 0 0
D5 o 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 o 0 0
D12 0 0 0
D13 0 0 0
D14 o 0 0
D15 o 0 0
\ DASHEBOARD
DOOR \
b e
Z

Figure D-10. Occupant Compartment Deformation Data — Set 2, Test No. MGSSYP-2
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September 4, 2013
MwRSF Report No. TRP-03-272-13

Date: 6/7/2012 Test Number: MGSSYP-2

Make: Kia Model: 1100C Year: 2004

in. (mm)

Distance from C.G. to reference line - Lree: 74 1/2 (1892)

Width of contact and induced crush - Field L: 65 1/4 (1657)

Crush measurement spacing interval (L/5) - I: 13 (331)

Distance from center of vehicle to center of Field L - Dg: 0 0

Width of Contact Damage: 25 1/8 (638)

Distance from center of vehicle to center of contect damage - Dc: 20 (510)

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

Crush Lateral Location Original Profile Dist. Bemeen Ref. Actual  Crush
Measurement Measurement Lines
in. (mm) in. (mm) in. (mm) in. (mm) in. (mm)
C; NA NA -325/8  (-829) 2912 (749) -41/3 (-110) NA NA
C, 912 (241) -194/7  (-497) 112/3  (296) 21/6 (55)
C; 81/4 (210) -6 112 (-166) 93/7  (239) 31/6 (81)
Cy 812 (216) 61/2 (166) 92/5 (239) 3317 (87)
Cs 10172 (267) 19 477 (497) 113/5 (294) 31/4 (83)
Cs NA NA 325/8 (829) 2912 (749) NA NA
Cwax 15 (381) 26 1/4 (667) 145/9  (369) 4.4/5 (122)

Figure D-11. Exterior Vehicle Crush (NASS) - Front, Test No. MGSSYP-2
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September 4, 2013

MwRSF Report No. TRP-03-272-13

Date:

6/7/2012

Make:

Kia

Test Number: MGSSYP-2

Model: 1100C

2004

Cy
C,
Cs
C,
Cs
Ce

CNIAX

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)

Distance from centerline to reference line - Lgge:

Width of contact and induced crush - Field L:
Crush measurement spacing interval (L/5) - I:
Distance from vehicle c.g. to center of Field L - Dg:
Width of Contact Damage:

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

in. (mm)
42.5 (1080)
89 (2261)
17.8 (452)
25.25 (641)
89 (2261)
25.25 (641)

Crush Longitudinal Original Profile Dist. Between
. . Actual  Crush
Measurement Location Measurement Ref. Lines
in. (mm) in. (mm) in. (mm) in. (mm) in. (mm)
10.25 (260) -19.25  (-489) 3.13 (79) 6.5 (165) 0.6 (16)
10.25 (260) -1.45 (-37) 3.13 (79) 0.6 (16)
10.75 (273) 16.35 (415) 3.13 (79) 1.1 (29)
NA NA 34.15 (867) 4.00 (102) NA NA
21 (533) 51.95 (1320) 4.13 (105) 10.4 (264)
NA NA 69.75 (1772) 23.50 (597) NA NA
21 (533) 51.95 (1320) 4.13 (105) 10.4 (264)

Figure D-12. Exterior Vehicle Crush (NASS) - Side, Test No. MGSSYP-2
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September 4, 2013
MwRSF Report No. TRP-03-272-13

Appendix E. Accelerometer and Rate Transducer Data Plots, Test No. MGSSYP-1
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LLT

MGSSYP-1

Longitudinal CFC 180 10 msec Extracted Average Acceleration - DTS

10

Acceleration (g's)
o
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I AWV

-10
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Time (sec)

0.8

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

0.9

Figure E-1. 10-ms Average Longitudinal Deceleration (DTS), Test No. MGSSYP-1
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8.T
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Figure E-3. Longitudinal Occupant Displacement (DTS), Test No. MGSSYP-1
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Figure E-8. Acceleration Severity Index (DTS), Test No. MGSSYP-1
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Figure E-11. Longitudinal Occupant Displacement (EDR-3), Test No. MGSSYP-1
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Figure E-12. 10-ms Average Lateral Deceleration (EDR-3), Test No. MGSSYP-1
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Figure F-1. 10-ms Average Longitudinal Deceleration (DTS), Test No. MGSSYP-2
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Figure F-5. Lateral Occupant Impact Velocity (DTS), Test No. MGSSYP-2
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Figure F-7. Vehicular Angular Displacement (DTS), Test No. MGSSYP-2
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Figure F-12. 10-ms Average Lateral Deceleration (EDR-3), Test No. MGSSYP-2
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Figure F-14. Lateral Occupant Displacement (EDR-3), Test No. MGSSYP-2
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Figure F-15. Acceleration Severity Index (EDR-3), Test No. MGSSYP-2
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Figure F-16. 10-ms Average Longitudinal Deceleration (DTS), Test No. MGSSYP-2
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Figure F-17. Longitudinal Occupant Impact Velocity (DTS), Test No. MGSSYP-2
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Figure F-18. Longitudinal Occupant Displacement (DTS), Test No. MGSSYP-2
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Figure F-19. 10-ms Average Lateral Deceleration (DTS), Test No. MGSSYP-2
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Figure F-20. Lateral Occupant Impact Velocity (DTS), Test No. MGSSYP-2
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Figure F-21. Lateral Occupant Displacement (DTS), Test No. MGSSYP-2

€T-2.2-€0-ddL "'ON Hoday 4SHMIN

€102 ‘v Jaquuaidss



v1¢

-5
o)
(]
)
o -10
[
(O]
€
(]
(&)
8 -15
o
52
a
@
S -20
(@)
[
<
-25
-30
-35

Euler Angular Displ

acements - DTS

——Euler Yaw y (deg)

—— Euler Pitch 6 (deg)

Euler Roll ¢ (deg)

MGSSYP-2
T Roll
RN ~ T~
\ \ Pitch
\\ \/
\
\
N —
\.\’// Yaw
0 0.2 0.4 0.6 0.8
Time (sec)

1.2

Figure F-22. Vehicular Angular Displacement (DTS), Test No. MGSSYP-2
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